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UDC 551,557(215-17)

EMPIRICAL MODELS OF WIND VELOCITY DISTRIBUTION IN THE STRATOSPHERE AND
MESOSPHERE OF THE NORTHERN HEMISPHERE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 5~10

[Article by Professor S. S. Gaygerov, M, Ya. Kalikhman and V. V. Fedorov,
Central Aerological Observatory, submitted for publication 15 January 1980]

[Text] Abstract: The article describes construction
of empirical models of the wind (including
zonal and meridional components) for alti-
tudes greater than 30 km on the basis of
joint use of data from rocket and satellite
sounding.

The atmospheric layer in the range 30-80 km remains poorly investigated due
to a lack of data, This layer is situated over the upper level of system-
atic ascents of radiosondes and considerably lower than the layer studied
by orbital artificial earth satellites. Accordingly, the climatological de-
scription of the stratomesosphere for the time being is in the stage of
empirical modeling on the baesis of data from infrequent rocket launchings
and thermal sounding from satellites.
. The term "empirical models of the atmosphere" ususlly means the typical
(spatial and temporal) distribuations of its parameters, obtained on the
basis of statistifcal processing and analysis of experimental data.

Great difficulties arise when developing empirical models of zonal and mer—
idional components of wind velocity in connection with the need for taking
into account the longitudinal differences which are especially significant
during winter., It is found that for the levels of the upper atmosphere the
- greatest longitudinal differences are characteristic of the meridional
wind components [5-7]. Due to the lack of data on the global distribution
of wind in the COSPAR International Reference Atmosphere (CIRA-1972) data
are given on the zonal components of wind velocity [3]. Even relatively
recent studies are limited to a synoptic and statistical analysis of the

zonal components of the wind, for the most part along the meridian 80°W
[1, 2].
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Due to practical requirements the need arises for obtaining empirical
models of the wind based on global data, with the models extended to the
levels of the upper mesosphere. The possibility of constructing such
models is becoming increasingly realistic in conmectinn with the appear-
ance during recent years of high-level charts based on a joint analysis

of rocket and satellite data, and also with the development of wind ob-
servations in the high layers of the atmosphere by indirect methods (radar
tracking of the drift of meteor trails, observations of ionospheric inhomo-
geneities, etc.).

In this article we give an example of the development of empirical models
of the distribution of the zonal and meridional components of wind velo-
city in the altitude range 30-8U km. These models are based on an analysis
= of the actual wind and geostrophic wind values, computed from pressure pat-
- tern charts constructed on the basis of joint use of satellite and rocket
data.

Data sources and methodological problems. The principal result of conmstruc-
- tion of wind models for the stratosphere and mesosphere of the northern
hemisphere was maps of the mean zonal and meridional components of the
wind and their standard deviations for the levels 30, 35, 40, 45, 50, 55,
60, 70 and 80 km.

- In compiling these maps use was made of data from the international network
of rocket sounding stations and USSR scientific research ships for the
period from 1962 to 1977. The mentioned data were taken from the bulle-
tins of results of rocket sounding published in the USSR and in the United

= States.

vig. 1. Maps of mean monthly zonal (a) and meridional (b) wind components
and their standard deviations. January, level 40 km. 1) lines of equal
values of westerly and southerly components; 2) easterly and northerly
components; 3) lines of equal values of standard deviations.

2
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On the maps for the levels indicated above we plotted tlhe monthly values
of the zonal and meridional components of wind velocity and their stan-
dard deviations, which were corrected by means of construction and anal-~
sis of high-level time sections.
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Fig. 2. Time sections of mean values of the zonal wind along the meridians
0-180° (a) and 90°E - 90°W (c) and standard deviations 0-180° ¢b) and 90°
E - 90°W (d). January.

Taking into account that the observational data for some rocket stations
did not ensure the necessary spatial resolution for representation of the
planetary wind fields, the results of thermal sounding from satellites
were also used in constructing the wind models. Weekly pressure pattern
charts for 5, 2 and 0.4 mb for each Wednesday in January and July for a
five-year period were compiled using rocket and satellite data for com~
puting the values of the geostrophic wind. For the years 1972 and 1973

the charts were taken from [8]. Since 1975 such charts have been compiled
at the Central Aerological Observatory on the basis of data from satellite
sounding (VIPR radiometgr) received from the United States by way of ex-
change of scientific information. The charts gave rocket data and the geo-
potential heights on the basis of data from thermal sounding from a satel-
lite. The rocket and satellite data were in very satisfactory agreement.

The values of the geostrophic wind were computed using weekly pressure

pattern charts at 48 points in the hemisphere (each 20° of latitude and
30° of longitude). Then we computed the mean monthly values of components
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of the geostrophic wind, which together with the corresponding values
obtained on the hasis of rocket ohservations were plotted on charts for
the levels 35, 40 and 55 km (which approximately correspond to the levels
5, 2 and 0.4 mb) and analyzed. Examples of construction of such maps are
given in Fig. 1. Maps of wind at the remaining levels were analyzed pri-
marily on the basis of the results of rocket sounding.

The next stage in the development of wind models was the construction (on
the basis of the charts) of vertical sections of the mean monthly values
of the zonal and meridional wind components and their standard devia-
tions along four meridians (0, 90°E., 180, 90°W) from 10 to 80°N. The
choice of the irdicated meridians was determined from the following con-
siderations. The ~ection 0-180° gives the latitudinal distribution of

the wind over the oceans of the northern hemisphere, whereas the section
90°E - 90°W represents the wind distribution over the continents.

Description of models. As an example we will examine the distribution of
the zonal wind along the above-mentioned meridiams in January. Figure 2a,
¢ shows that westerly transfer predominates along both meridians. Differ-
ences in winter circulation in the upper atmosphere in its western and
eastern parts are clearly expressed in the section 0-180° longitude. Over
the Atlantic Ocean there are two maxima of velocity of the westerly wind.
One of these is situated at an altitude of 40 km near 50°N; the second is
present in the upper mesosphere at 40°N. Over the Pacific Qcean there are
three weaker maxima: the first is situated in the middle stratosphere at
- latitude 60°N, the second is at approximately this same latitude in the
region of the stratopause and the third, which is situated in the middle
mesosphere, is displaced into the tropics (Fig. 2a). It should be noted
that the velocity of westerly transfer over the Pacific Ocean in the en-
tire thickness of the stratosphere and mesosphere is approximately half
the wind velocity over the Atlantic, which is attributable to the devel-
- opment of the Aleutian High. The easterly winds in the stratosphere and
mesosphere over the polar regions are associated with frequent movements of
the center of the circumpolar cyclone into the Canadian and European sec-
- tors of the Arctic.

Figure 2c shows the latitudinal distribution of the zonal wind along the
meridian 90°E - 90°W. It is possible to discriminate two characteristic
peculiarities: stronger westerly transfer in the middle mesosphere and
the presence of only one maximum of velocity of the westerly wind over
North America.

Figure 2b,d, which shows the variability of the zonal wind along the men-
tioned meridians, makes clear that the highest standard deviations of the
zonal wind component are situated in the neighborhood of the stratopause
and in the middle mesosphere. This agrees with the great variations of
temperature and geopotential of the isobaric surfaces transpiring during
the winter and having a quasiperiodic nature.
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Results of Comparison of Represented Empirical Model of Wind Distribution
in the Northern Hemisphere Upper Atmosphere (EVM~1978) and International
Reference Atmosphere COSPAR (CIRA-1972). Zonal Component

3BM.1978 — CIRA-1972
H 10 2 30 40 50 66 70 [80°c w6

2 Ausaps, 90”3 1
60 —16 —6 | —I12 15 42 8 50 45
55 -7 4| —10 —21 43 —1t 15 65
50 -5 9 —8 —35 27 ~12 25 72
45 —2 3 —6 —40 19 —~6 0 66
40 -9 0 —1 —38 23 1 —20 52
35 —it -1 1 —28 41 2 —27 35
30 ~12 -7 1 -7 39 -5 —22 16

3 Hioas, 90° 3. 1.
60 5 1 12 3 14 7 9 6
55 -9 -9 2 -3 7 —2 1 4
50 —9 —8 —5 -2 2 —2 4 4
45 —~4 —4 —8 -3 -3 0 5 4
40 —2 -2 —8 | -2 -3 0 6 2
35 0 0 —8 —3 —1 2 5 —1
30 0 —1 —7 —4 | 2 3 5 1

. 4 Axsaps 90° s 1. _

60 | —22 —4 —5 —34 -8 -8 't 15 11
55 —12 0 3 —32 | —18 —23 ! 28
50 4 13 13 —d48 | —34 —25 —3 33
45 —2 3 1 —57 | —45 | —22 —5 35
40 —8 —3 12 —59 | —40 —20 —2 31
35 —10 —1 12 —52 | —31 —24 —1 18
30 —8 0" 8 —40 | —30 —53 —10 —4

5 Hwas, 90° &. 2.
60 -3 —18 13 11 29 12 12 4
55 -2 -2 8 8 17 3 4 3
50 -3 6 3 5 7 ! 4 3
45 -3 1 0 3 —1 2 5 4
10 -3 3 —2 2 —1 ! 6 2
35 -1 7 0 1 4 5 6 0
30 6 9 4 5 8 7 8 1

KEY:

1. EVM~1978 -~ CIRA-1972
2. January, 90°W

3. July, 90°W

4, January, 90°E

5. July, 90°E

6. N

In summer, by virtue of the sympmetry of circulation in the stratosphere
. and lower mesosphere, the latitudinal distribution of the zonal wind in
all the sections has an approximatély #dentical character. As indicated

5
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above, the principal form of representation of the developed models is
maps of the distribution of the zonal and meridional components of the
wind in the stratosphere and mesosphere in the northern hemisphere. Fig-
ure la shows that at an altitude of 40 km over the northern part of the
Atlantic Ocean and adjacent regions of the continents there are maximum
velocities of westerly transfer, which 1s considerably reduced over the
Pacific Ocean. The axis of the westerlv jet stream with maximum winds

of more than 60 m/sec is oriented approximately along 50°N. Weak easterly
flows predomipate over the western part of the Pacific Ocean, bounded by
the Arctic region, in counection with development of the Aleutian High.

The interpretation of meridional circulation is most complex because of
poor study. In winter the distribution of the meridional components in
the polar and subpolar reglons is most chararteristic. Figure 1b shows
that there is a predominance of air transfer from Eurasia to North Amer-
ica in the stratosphere, which is attributable to development of thLe
Aleutian High and frequent displacement of the center of the circumpolar
vortex irto the Canadian and European sectors of the Arctic. Judging
from the maps constructed for the higher levels, in the mesosphere there
is a compensating flow in the opposite direction. The latter can be at-
tributed to the fact that the Aleutian High cannot be traced in the upper
mesosphere, whereas the center of the cyclone is displaced into the east-
ern sector of the Arctic.

Comparison with models developed earlier. Up to the present time different
authors have repeatedly undertaken to comstruct global empirical models

of wind distribution in the high layers of the atmosphere. The most modern
of these is the International Reference Atmosphere COSPAR (CIRA) [3]. It
is therefore of interest to carry out a comparison of the mean values of
the zonal wind on the basis of the data in the model described here with
the values in the CIRA-1972 model. The results of the comparison are pre-
sented in the table, in which we give the differences in the mean values
of the zonal wind to an altitude 60 km along two meridians for winter and
summer. The limitation of altitude 1s attributable to the fact that in

the CIRA~1972 model above €0 km the longitudinal differences are not tak-
en into account.

It is easy to see a considerable discrepancy in the compared data in Jan-
uary. For example, at latitude B0°N over North America they attain 70 n/
sec, and in the middle latitudes approximately 40 m/sec. In the eastern
hemisphere these differences are also considerable and in the middle lat-
itudes approach 60 m/sec.

Such discrepancies can be attributed to the fact that, first of all, for
the development of the represented model we also made use of a consider-
able number of observations carried out in 1971=1977 using an improved
method. Second, in the considered model a more precise allowance has been
made for the longitudinal differences in the characteristics of large-scale
circulatory processes observed in winter in the northern hemisphere.
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As is well known, during summer circulation ian the upper atmosphere has
an ordered stable character which varies extremely insignificantly from
year to year, From this point of view the small differences in the mean
values of the zonal wind in July which are discovered in a comparison
of the two mentioned models are entirely explicable. At the same time
this can serve as additional confirmation of the reality of the model
described here.

- Summary. Thus, on the basis of observations of the wind made using rocket
probes and data on the geostrophic wind, computed with the additional
use of the results of thermal sounding from satellites, we obtained a
model distribution of the values of the zonal and meridional wind com-
ponents and their variability over the northern hemisphere in the layer
30-80 km, It appears that the characteristics described above really
reflect the wind distribution in the stratosphere and mesosphere in the
northern hemisphere.

It should be noted that the proposed models of latitudinal distribution
of the wind give some idea concerning the mean long-term conditions of
circulation in the stratosphere and mesosphere in the northern hemi-
sphere. The models of zonal and meridional wind components for July com~
pletely reflect the characteristics of atmospheric circulation in summer
because the year—to-year variability at this time of the year is insig-
niricant. This cannot be salid of the winter wind distribution (January)
due to the development of stratomesospheric warmings and the circulatory
restructurings associated with them. It 1s well known that mid-winter
warmings in the upper atmosphere in the polar regions of the northern
hemisphere are observed every year. Nevertheless, the circulatory re-
structurings associated with them are not observed every winter and ac-
cording to the data in some studies have a quasi-two-year periodicity [4].
- Accordingly, the routine use of long-term mean wind values in the high
latitudes is not always justified because in the process of averaging
over a series of years there is a considerable smoothing of the data.
Thus, the considerable year-to~year variability of wind distribution in
the polar regions of the northern hemisphere in winter is not reflected
in averaged models. As is well known, in some reference and standard at-
mospheres winter temperature models for the stratomesopause were develop-
ed separately for winters with and without warmings. In the future it is
evidently necessary to consider similar approaches in constructing wind
models; it is necessary to develop models for winters without circulatory
restructurings (with a predominance of westerly flow over the polar re-
_ glons) and winters with restructurings (with easterly winds over the Arc-
- tic).
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UDC 551.551.2
NCNLOCAL PARAMETERIZATION OF TURBULENT FLUXES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 11-1i9

[Article by Doctor of Physical and Mathematical Sciences V. M. Voloshchuk
and Candidate of Physical and Mathematical Sciences P. N. Svirkurov, In-
stitute of Experimental Meteorology, submitted for publication 20 Febru-
ary 1980]

[Text] Abstract: The authors examine a general scheme
for nonlocal parameterization of turbulent
f£luxes based on a formal solution of the con-
tinuity equation. The kernal of the integral
expression,relating the turbulent flux to the
gradient of the mean concentration of an impur-
ity, is expressed in terms of the statistical
characteristics of the turbulent medium., The
article indicates the possibility of a nonlocal
relationship between the global meridional heat
flux and the gradient of the mean temperature

- profile, following from the well-known Budyko
climatic model.

The problem of parameterization of turbulent fluxes is one of the most com~
plex aspects of the theory of turbulent diffusion which has not been com~
pletely investigated. In most of the existing theories there is predomin~
ance of a semiempirical approach, the basis of which 1s a local parameter-

ization [5]: - -
qQ = -KV‘<C>,

where ?f i1s the turbulent flux, < c¢> is the mean (determined from turbulence
records) concentration of the impurity, K is the so-called coefficient of
turbulent exchange (in a general case a second-order tensor).

In order to ascertain K we make use of a variety of physical assumptions,
as well as empirical data. However, in a general case it is impossible to
make an unambiguous comparison of the exchange coefficient with the stat-
1stical characteristics of the turbulent medium. This is indicated, in
particular, by the circumstance that in the field of stationary turbulence
for some conditions, for example, with boundary conditions not dependent

= 9
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on time, the K coefficient can be represented conveniently by some func-
tion of coordinates, whereas for other conditions, such as diffusion
from an instantaneous point source, there are data indicating that K
is a function of time. A detailed analysis of this problem is given in
- [9]. The main reason for such a circumstance is that the transport of an
impurity in a turbulent flow is determined by the entire spectrum of
velocity fluctuations, up to fluctuations of external scales. The exter=
- nal scale of the turbulent flux as a rule is comparable with the charac—
teristic scale of change in the mean concentration profile [4, 5]. As a
result, the turbulent flux can be dependent not only on the gradient of
the mean concentration, but also on higher-order derivatives. The pres-
ence of this sort of "latent parameters" does not make it possible to re-
late the exchange coefficient unambiguously to the statistical properties
of the turbulent medium.

It appears probable that such difficulties can be overcome by using a non-
local parameterization in which the turbulent flux is related by a linear
integral expression with the mean concentration gradient. This hypotheses
was expressed for the first time in [2], in which, proceeding on the basis
of physical considerations, the author proposed some integral expression
relating the turbulent flux in the surface layer to the impurity concen-
tration gradient.

In this article we propose a general scheme of nonlocal parameterization
based on a formal solution of the continuity equation.

Such an approach makes it possible, on the one hand, to confirm the hypo-
thesis of a nonlocal parameterization by formal reasonings, and on the
other hand, makes it possible to express the parameterization nucleus in

= terms of the statistical (generally speaking, Lagrangian) characteristics
of the turbulent flux. The latter can be useful in refining the different
approximate approaches in the theory of turbulent diffusion.

1. As the basis for the examination we will use the continuity equation for
a passive scalar substance

'76 , ) - - i »
S +divev =Q(r, 8 )

-
where ¢ is the concentration, Q(;i t) are the sources, V(E: t) is the
velocity field.

In order to simplify the reasonings we will consider the medium to be in-
compressible: div v = 0.

Applying the usual averaging procedure, which we will represent by the sym-
bolization<...>, from (1) we obtain

0<E> | giv (<T><e> + <TE>)=Q (r) 2 (2)

10

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300040014-9

FOR OFFICIAL USE ONLY

ac’ iy — oy _— —/ !
7+divvc-div<'vc> dive' <c' >. 3
Here c' = ¢ -<c> ' v = v —<v> The fundamental problem is to relate the

turbulent flux<¥'c'> to the characteristics of the mean concentration
field<c> .

We will introduce the function of the point source of equation (1), which
we will denote by G(r, t ] ', t'). This function satisfied the equation

96 GivoG =3 (r—r') 1) )

and the causality condition G(T, t{r', t') = O with t'>t. In explicit
form

B Ly

G, t|7, 1) =b(—R(t]7", 1),
where R(tfr » t') is a Lagrangian trajectory passing through the point i
at the time t'.

In order not to complicate the examination with boundary conditions, we
will solve the problem in all space. Using the function G(%, t|Z', t),
the solution of equation (3) will be written in the form

¢ = {d: ('d—G(r i, £)(d 1v<'uc>-—diV'v <c>) (5)
ir
Here T is the initial moment in time. +5d’ G (’ tl" -7 (f - T).

If the fluctuation c (r, ~T) has been "prepared" by the turbulent flux,
then, writing for ¢'(¥, -T) an expression which is similar to (5), and us~
ing the group property

§drG(r, tir', ') G ( t’]rn, LY=G(r, tlry, ty); t>t>4,
it is possible to shift the initial condition in the solution (5) to a later
moment in time, in particular, to the moment when the concentration is for
the first time stipulated arbitrarily, in a form not correlated with the
velocity field. This circumstance makes it possible to neglect the influ-
ence of the initial value of the fluctuation. Henceforth as a simplification
we will assume that T = 00,

Multiplying expression (_)’ v (;, t) and averaging, for the components of
the turbulent flux q <v'e'> we obtain

. ) . .
B 7= jdt'ydr'(/\'ui’ (r, ) G(r, tlr, ¢)>divg (7, t')— *

~ < (7, H Gt ) B (7, E) > va<e (F, B>

11

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300040014-9
- FOR OFFICIAL USE ONLY

Using repeating indices, as usual, we represent sumpation from 1 to 3.
The expression for div § is found by averaging expression (5) directly.

It follows from this that - - - - - .
divg = | dt, dr,dt,dr, <G (r, tirit) > X
€

N <G (o il 7o ) W (P B> W< (1) >
Here < G(r, t‘ ?1, t )>‘l is the kernel of the integral operator, the
reverse of <G(¥, t|¥), t1)>.

- Substituting (7) into expression (6), we obtain a final expression for the
flux: S T :
g, ={dt;dr dt,drydt; dr, v (rt)G(r, tln, 4)> X

X <G (Fo b]F0 8)>71 <G (P ] 72 ) ¥, (7 8) S0 <e(ra &) > = (8)

— [t dr, < v (7. &) G(Fy 8|7 £) Ty (P 8) D> Ve < (rys ) >

Symbolically, in shortened operator form, expression (8) can be written
in the form ... e T

7= (<7 G><G> <Gu>— VG >) v <> )

Thus, expressions (8), (8a) show that the turbulent flux is expressed,

generally speaking, nonlocally in the form of a space and time integral
of the mean concentration gradient.

The accuracy of the approximation of local parameterization will be de-
- pendent on how close the Ern_e’l of expression (8) is in its properties
to the delta function §(¥ -~ r')S(t - t").

Ig, the subsequent examination we will limit ourselves to the case when
<v> = 0, that is, we will examine diffusion in a coordinate system mov-
ing with a mean velocity. As indicated by (8), (8a), the turbulent flux

is determined by two terms which correspond to the two terms on the right-
hand side of equation (3). It appears that the second term is related to
the temporal nonuniformity of <c>. In actuality, integrating it by parts
and taking into account that G(Y, t| ', t') in the coordinates ', t' sat-
igfies the equation

99 0P, )Y, 0=0, @

we will have - o .
—{dtdr <u(r, £) G, Elr, £) 0 (7, 0> g, < (7, £)> =
= fardF <v, (7 0) v, (7, #) §, G (7] t]7, £)><e (7, ¢)>= (10)

oG

3
=—(dr j dr <’U; (r, t)W

-0

S<c (P, t)> =
12
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=jdr ydt' <v {nt) G tir, > 252

Ll (10)

which had to be demonstrated, In particular, in a stationmary case it is
equal to zero. It is important to bear this circumstance in mind when de-
veloping different approximate approaches when it is necessary to evaluate
the role of different terms in the expression for a turbulent flux.

Expression (8) can be considerably simplified by integrating the first term
by parts. It appears that it contains a contribution compensating (10) and
the final expression for q4 is rewritten in the following equivalent form:
g ={dt,drdt,dr, <v,(r, ) G(F, t|F, £)> X
(6H))
X <G (ry b|ry B)>71<e(r 4)>.

We will emphasize that the representations (8) and (11) in essence are for-

- mal identities; in order to put them in specific form it is necessary to
invoke additional physical considerations. Assume, for example, that the
velocity field is a Gaussian random function. Then, using the known Frunts-
Novikov formula [3], we will have

<v(r, 1) G(r, t|Fy t)> = — jdt'jdr B,,(r, t|r t’)v (12)

X<G(r fl"utx)v.a(f tlr t)>x
-’
where Bik(;zl r*t') is the velocity field correlation function.

Then it is possible to act in the spirit of the Kreychan approximation and
the mean of the product in expression (12) is approximately replaced by the
product of the means. As a result we obtain

qlzjdr jdt'B,,,(r L, t’)<v~0(r,t|r O)><e(F 1>

It is evident that this approach incorporates the shortcomings of the
Kreychan approximation [6], although it can be expected that it will be
more precise than local parameterization.

2, Now we will examine the case of homogeneous isotropic turbulence in
greater detail. It is convenient to make the examination in terms of a
time~and-space Fourier transform because as a result of homogeneity the

- integral expressions (8), (11) represent convolutions in space and time,
and it 18 known [7] that the Fourier transform of convolutions of the func~
tions 1s equal simply to the product of the Fourler components. The latter
is determined by the expressions

13
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<G AP B> = [ 28 exp (HF—7) —iwit=1) G (K, v,
» dkd o - (14)
<e(r, B)>= S—(rn;%— exp (ikr — v t) c (R, w).

- o d
It follows from the isotropicity condition that < vG ) (k, &)~ k. Taking
this circumstance into account, after simple transformations from (11) we
obtain

g (k, w)= =% (G-' (E, 0)+iv) c(%, v). (15)

Inverting (15), for the flux we obtain the expression

- 4 o - _
g=—[d7 [t AT=7, t-8) y<e (7, 10>, (16)

_ in which the kernel A(?, t) was determined b}f» E*_“?_P_‘g!_-’_eﬁs}qq
AG, 1= o bt ex (Rr—iw§)(G " (& ») +10). an

On the basis of expressions (15)-(17) we will examine some limiting situa-
tions. First we will discuss the diffusion approximation and the corrections
to it. For the fumction <G(F, t \?1t1)> we use a Gaussian approximation

<G(f‘,t|r’t’)>=(2m?(t—t')) exp | — 5=y )’ - (18)

- where O'2(t - t') 1s the dispersion of the displacements of a particle of
the impurity during the time t - t'.

Accordingly G(-k’,»aJ) will be determined by the integral:

~ 0
G (F, o)= [ atexp (iwt-— s (t)). (19)
6
For O 2(t) we will use the Taylor formula and the asymptotic expansion fol-

lowing from it:

a’(t):?v’tjdt’(l-—tT)R(t’):h(t-—t‘,-}-O(t';’)), (20)
0

where R(t) is the Lagranglan correlation function, normalized to unity

= { dtR() O
b
is the turbulent diffusion coefficient,

’

t = (Kdt (R (t))( fdt R(:))q
\6
14
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is a_value closE in sense to the Lagrangian time scale, For the time t <
£y o2(t) = 2v2t4 + o(e3d).

Using these expansions in an evaluation of the integral (19), for ?(E’,d)
we obtain an asymptotic expansion:

TR )= — k(=R +ixwt, + O (8) ¢ (Rw), (21)

- and for the turbulent flux g(r t) we accordingly will have

5(7,t)=-7-(?<0>—xt,Av<c> t - V<c>+0(t2 ) (22)

The first term in (22) corresponds to a local parameterization; the others
correspond to corrections to it.

If we denote by L and T the characteristic spatial and temporal scales of

the mean concentration field, it can be seen from 322) that t:he expansion

is carried out in powers of the parameters %ty L™4 and tL"" . For prob-
lems with sufficiently slowly changing external conditions the parameter
t), T"* can be small. However, the value yt L~2 for typical conditions of
turbulent currents in order of magnitude i1s equal to unity. This circumstance
is also the reason for the shortcomings in local parameterization. In order
to make them clearer, we will examine in greater detail the situation xt)
L™%>1, For the function <G(%¥, t|¥',t")> we will use a self-similar rep-
resentation which follows from dimensionality and :I.sotropicity considera-

tions [5], e e e
rf
<G(r, t|r, t)> =23 (1) z(J———vL, {,_,,) (23)
In this case the normalization condition must be satisfied
4= 5 dxx'g(x)-—l (24)
The function z is related to the dispersion O by the expression
- - o (t):4r [ dxx‘g(x z* (2). (25)
Under the condition %t) L'2>>1, as is well known., [5], z(t)~t,
We will examine the more general dependence
2(B=1t. (26)

We will limit ourselves to the stationary case g<c> /2 t = 0. In this
case the flux will be determined by the component G(k, 0), which can be
computed without putting g(x) into specific form:

15
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Substituting (27) into (15) and inverting the Fourier transform, we obtain
the sought-for relationship
§=—[d7 AG=F1v<e 7>, (28)

where A(r) is determined by the expression

Tl __[- ~1
dex  ° g (x)) =
(s Ty (29)

LD . 1
—f — 14—
|in2(a_.[) r-\\-2

1 —a
2%) {+a

- Jla
i)

A(r)=

In particular, in the inertial interval (z~t) we have an essentially non-
local relationship

\'<C (’ ) (30)

With.et—>1/2 (diffusion approximation) it can be shown that A(?) ~§ (;)
- and we will return to a local parameterization.

3. A nonlocal parameterization can find use in simple models of climate.
As is well known, their basis [8] is the energy balance equation inte-
grated in latitude __ . . e e -

sz?coso(Q—l(T))="‘-H(? @

- On the left-hand side we have the difference between the heat receipts due
to solar energy and losses due to thermal radiation. On the right-hand
side we have the derivative of the total meridional heat flux. In formul-
ating the model an important consideration is the parameterization of the

- flux H(®). It can be assumed that H(4) in a general case is nonlocally

related to the mean meridional temperature profile'

H(?):——J"d?'A(?, ¥) o (32)
0

The A(<%, ¢ ') kernel in its sense should characterize the distribution of
- sizes of the vortices or disturbances of zonal circulaticn, making the prin-
: cipal contribution to meridional transfer. Unfortunately, at the present
time there 1is not sufficient information for drawing definite conclusions
concerning the form of A(¢Y, ('), Nevertheless, the representation (32)

is convenient because it makes it possible to examine different approximate

16
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approaches used in simple models of climate from a common point of view.
For example, the North model [10] corresponds to the local parameteriza-

tion A(¢p, gx')~cos PS(P-9")
Q—I:D—c—o?];-o-af; cos_w-% T. (33)

Such an approach corresponds to the assumption that the characteristic
dimensions of the vortices responsible for meridional transfer are much
less than the earth's radius. We will examine another dependence A({,4'),
modeling the nonlocal parameterization and allowing simple examination,

Ale. 9)=B—F lp—p'l. (34)
Here B and F are some constants, p= sin .
Substituting expression (34) into (32) and (31), we obtain
Qel=2(T-T), (35)

where Tp 1s the mean arithmetical temperature between the temperature of
the pole and equator.

Expression (35) is very similar to the known Budyko model [1]. The differ-
ence 1s that in the Budyko model in place of the mean arithmetical temper-—
ature Tp there i1s a global mean temperature_

7=?d9cos«p T.

However, since the really exist::l.ngu dependence T(¢) is quite smooth, this
difference 1s small. It 1s possible to select more precisely a dependence
A(%®, ¢') which would correspond directly to the Budyko model, For this
purpose we will examine the relationship between the divergence of the
heat flux and the temperature characteristic for the particular model:

T TnRicosg 09 d

! J H(qw):@(T——-fd(pcoqu\). (36)

Hence, using the variable p = sin 4, we obtain

, T '
Hp=2sRB[ds' TN e—8 k=) (37)

0

Integrating by parts, it is possible to reduce expression (37) to a more
symmetric form .

. o
Hw)=—2nRe8 (apoy —p'8 (b —s) =0 (' W) 3. (38)
0
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which determines the corresponding expression for A(Y, #'). Since the
Budyko model rather successfully describes the fundamental characteristics
of the earth's climatic system, this can serve as an indirect indication
that a nonlocal parameterization of the heat flux corresponds more closely
to meridional transfer.
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UDC 551.509.323:62-5:519.24
CHOICE OF PARAMETERS FOR FORMULATION OF REGRESSIONAL MODELS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 20-26

[Article by M. S. Kogan and Candidate of Physical and Mathematical Sciences
L. N. Romanov, West Siberian Regional Scientific Research Institute, sub-
mitted for publication 23 January 1980]

[Text] Abstract: The article examines the procedures for
arrangement of parameters and obtaining evalua-
tions of regressional models with the use of al-
gebrailc methods for supplementation and limita-
tion., Constructive algorithms are proposed for
the choice of an optimum set of parameters using
continuous checking, making it possible to for-

= mulate regressional models on the basis of exper-
: imental data represented by great masses of infor-
g mation. Experiments in formulating temperature
forecasting models are described.

Introduction. The choice of a set of parameters (predictors) is the funda-

- mental problem in formulating statistical forecasting models, the solution

. of which to a considerable degree determines their effectiveness. The fun-
damental possibility of obtaining a regression function in all possible
combinations of initial parameters still does not make it possible to solve
the problem of choosing an optimum set because this also requires effec-

- tive methods for evaluating the mean risk (mean error using independent
material), On the other hand, a complete sorting-out of all the possibilit-
ie@ cannot be considered satisfactory from the point of view of solution
of practical problems. These two aspects of the problem give rise to two
stages into which it is natural to break down its solution. The first stage
involves the arrangement of the parameters from a stipulated set; in the
second stage some optimum number of the first parameters is selected from
the arranged set of parameters. The solution of the first stage involves
purely algorithmic difficulties, whereas the second stage, in addition to
algorithmic difficulties, also involves fundamental difficulties associated
with evaluation of “he models under conditions of restrictions on the sample
of situations.

19
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At the present time studies on the formulation of statistical models de-
vote considerable attention to problems relating to the arrangement of
parameters [3, 6, 12]. Nevertheless, exiating solutions of these problems

4 cannot be considered final due to their limited possibilities in the solu-
tion of practical prohlems. The arrangement models used in formulating
statistical models are either inadequately effective in the sense of the
"quality" of arrangement or are considerably limited with respect to the

- possibilities for the processing of data represented by great masses of

. information.

The problem of choosing spatial dimensionality is related to the creation
of effective methods for the evaluation of models. Existing evaluation
methods, using theoretical premises, are usually based on assumptions 1im-
iting universality. The striving for universality of the method usually
leads to a loss of accuracy.

The most universal method for evaluating statistical models under conditions
of limitation of the initial sample is the "continuous checking" method,
first proposed in [1] for evaluating linear alternative models. This meth-
od, involving one-by-one exclusion of situations from the sample and the
evaluation in these situations of the quality of operation of a model for-
mulated in the remaining situations is, with its direct use, the most time—
consuming with respect to the computations required. The authors of [11]
proposed a simplified algorithm for carrying out continuous checking for
the evaluation of alternative models formulated on the assumption of nor-
mality of the distribution of multidimensional situations. In monograph
[2], in evaluating linear alternative models obtained using the general-
ized portraits model, the author formulated an algorithm making possible a
substantial reduction in the time required for carrying out continuous
checking. The method for constructing a separating hyperplane, based on an
ordered sorting-out of situations [8], also serves for continuous checking;
the time required for this procedure does not exceed the time for con-
structing the hyperplane itself. An unbiased nature of the evaluation of
continuous checking was demonstrated in [5].

In [9] continuous checking was used in evaluating regresslonal models. In
order to shorten the time required for calculations on the basis of the
teaching material, in each case a group of situations of a prestipulated
scale is employed, not a single situation.

The use of continuous checking for the choice of parameters became realis-
- tic only due to the use for these purposes of algorithms based on the syn-

thesils of algebraic methods for limiting and supplementation [10]. In this

study we examine constructive algorithms for the arrangement of parameters
- for the purpose of formulating regressional models; we also solve the prob-
lem of choosing the optimum set of parameters, This article represents a
continuation of investigations [4, 7, 8], related to the use of supplement-
ation and limiting methods in the formulation of statistical models, and
also includes a description of experiments in formulating models with the
use of real data.
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Formulation of problem Assume that there is a stipulated set of N situa-~

- tions x1,...,XN, each of which consists of n parameters, and assume that

B there is a stipulated series of numbers yy,...,yy, representing the values

- of the function to be restored at the points_xX1,...,%Xy. Using the stipulat-
ed information, from the set of parameters x,...,x" 1t is necessary to dis-
criminate some subset x 1,...,ka and from this subset obtain the linear re-
gression function

{ + k‘( 1 -,
y=f(e=2x"+ .. L +yx e, I6D)

having some optimum properties. It is natural to require that the subset
of predictors he selected in such a way that the function (1), obtained on
the basis of the condition
. N ;
; Z {yi = f(x))?* = min, (2)
il 17, ¢

will minimize the mean square error
. (y= 1 (%) (3
on the basis of independent material.

Expressing the regression function in matrix form, we will have
y=x'A-'MY,
where A is a matrix of covariations of the order Y x L, M is the matrix

of ) -dimensional situations | x N, Y is the vector of the known values of
the function.

In order to find the function (1) the initial parameters are arranged by
minimizing the empirical risk (mean error on the basis of dependent mater-
ial). However, we will determine dimensionality proceeding on the basis of
the mean risk minimum (3) obtained using continuous checking.

Arrangement of parameters. In order to discriminate a subset from the ini-
tial set of parameters xl,...,xN we will arrange it:
ML, xh

so that in a systemw of "embedded" subsets
Sh(S ... (St ®

where ski = {xkl,...,xki], there is assurance of the greatest rate of de-
crease in the nonclosure of the solution of the corresponding systems of
normal equations. Such an order of the system of "embedded" sets (4) evi-

= dently corresponds to the maximum rate of increase in the multiple correla-
tion coefficient,
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We will arrange the set of initial iarameters by their successive inclu-
sion. For this purpose as the set § 1 ye will select a parameter imparting
a maximum value to the special correlation coefficient. In order to obtain
the set S¥2 we iaclude in S 1a parameter which together with that already
selected imparts a maximum to the multiple correlation coefficient with
the predicted parameter. In order to obtain gk3 we include in S*4 a para-
meter which together with the first two imparts a maximum to the multiple
correlation coefficient with respect to the variables xKt, xkZ, xX3, etec.

We will assume that | parameters have already been ordered. This means that
for the covariation matrix

>
i

of these parameters its inversion Ail is known. In order to include the i+
- 1-st parameter we will examine the matrix

A( bl+1

A[;] = ,
b,_H Q1. 143

!
in which Ay is the main minor of the matrix Ag4] of the ozder x40,

s = (@1 s, -« -, Gim ) b = (@ o o Q).
Representing the matrix which is the inverse of A9_+l in the form
o B, B
A= Blet Gt g |

it is possible to obtain the expressions

(&8}

R
- Ba = 2 Al (%
g, it = Ml T T b;+1 AI_I bl+l’
— - - _l : —X
By=Ar a1y (A7 by by AT

by means of which it is easy to evaluate the matrix AI-]Fl' The sorting-out
of the n -} remalning parameters, which is necessary for selecting the

) +1-st parameter, does not require the operation of matrix inversion, but
requires only an (n - {)-th correction of its elements.

Thus, using expressions (5) for the matrices

Q1 Q42 Qg

.

ay Gy ||
T, 182 G Ay, .

)

fa, i,

21 Qa2
a3 3 Qg
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from which each next is obtained from the preceding by means of limita-
tion, it is possihle to obtaln a sequence of inverse matrices and thus
in each interval avoid unwieldy matrix dinversion operations, If the co-
variation matrix formed on the basis of all parameters is nondegenerate,

A the process of arranging the parameters will be ended after computation
of the matrix Ar—x%

In arrangement by means of exclusion (reverse procedure) in each interval
we determine the parameter whose exclusion imparts a minimum increase to
the nonclosure of solution of the system of normal equations or the mini-
mum decrease to rhe corresponding multiple correlation coefficient. Such
an arrangement involves a great volume of computations and for its real-
ization requires multiple solution of systems of linear equations. How-
ever, using the limitation method, the number of operations when arrange-
ment is by the exclusion procedure can be reduced by an order of magnitude.
For this we use the expression

Ar'=B8,—aq el By, ©

which can be derived easily from (5). Thus, 1f the matrix A’%]_ is known,
using formula (6) it is possible to compute a matrix of the j—th order
{+1 times using this same matrix and thereby determine the parameter
whose elimination imparts the minimum decrease to the multiple correlation
coefficient. By repeating the considered procedure n -] times, we obtain
a new series of parameters the order in which corresponds to the order of
their exclusion,

It is evident that the order of the parameters obtained by means of inclu-
sion with whatever considerable dimensionality cannot coincide with the
order obtained by means of exclusion. However, the use of direct and re-
verse procedures in arrangement frequently makes it possible to obtain a
more precise solution.

Choice of set of parameters, After the parameters are arranged, the problem
of choosing the optimum set 1s reduced to determination of the number of
firgt parameters with which the evaluation of the mean risk attains a min-
imum value, The mean risk will be computed using the formula

N

8 = - M= F () \? .

01 g Z —!_ﬁ_i__) (I)
APy ( l—x A™ i

which follows (see [7]) from the matrix identity (see [13])
= e
-1 — -1 y
Brl=A"+ 1+v B~ lu

- correct for any nondegenerate matrices A and B = A ~ uv', Here u and v are
arbitrary vectors of the dimensionality coinciding with the dimensionality
of the A matrix. By computing §) for all 1g ),< h, it is possible to deter-
mine the dimensionality k for which

N s
mlIn G = 0.
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Introducing the notations in formula (7) for the denominator of the ex~-
pression and the regression function with the corresponding dimensional-
- ity L

T () =(1—x; A7 x)p

f (x)=(x, A=! MY), (8
by means of expressions (5) it is easy to obtain the expressions

1 (X)) = ‘(HJ (x‘)w_- at+1z+1 (X Prr1)?
£ (x) = frrr (%) — g, 1 (X Brp)(Begr MY )i,

€))

Using the recurrent expressions (39), the volume of computations in deter-
- mining the optimum dimensionality can be reduced considerably by use of
the results of computations (8) obtained in the preceding interval.

An evaluation of the mean risk by use of (9) can be made after arrangement
by both inclusion and exclusion.

- Experiments. Using the method described above we carried out experiments
for predicting temperature for different short times in advance., The pur-
pose of the experiments was primarily a clarification of the general laws
of behavior of the mean error in dependence on the dimensionality of the
ordered set of parameters, and alsc an investigation of the possibilities
of the algorithms in the sense of the effective processing of data repre-
sented by great masses of information.

In order to predict temperature at Novosibirsk 33 hours in advance we
selected data recorded at radiosonde and surface observation stations loc-
ated in a radius of 1,000 km. The sample consisted of 868 June-July situa-
tions taken in chronclogical order 1957-1970, Each situatlion was represent-

- ed by 60 parameters. The initial information in the form of a matrix (868
x 60) was used in formulating models and continuous checking: the matrix
columns are arranged by inclusion of parameters and procedures for evalua-
tion of the mean error and the choice of dimensionality are used.

Then the parameters were rearranged by means of exclusion using expression
(6) and the dimensionality with which the mean error attains a minimum was
again determined.

Figure 1 shcws two curves representing the dependence of the mean error on
the dimensionality of the ordered space, the difference in which is caused
by forming of the regression using different sets of parameters. Curve 1

corresponds to an arrangement by means of inclusion of parameters; curve 2
corresponds to an arrangement by means of their exclusion. The figure shows
that the minimum for curve 1 is attained with a number of parameters equal
to 27, whereas arrangement by means of exclusion leads to a minimum with a

24
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number of parameters equal to 30. The closeness of the local minima with
the two types of arrangement indjicates a stahility of the evaluations of
dimensionality hy means of continuous checking and at the same time makes
it possihle to hope for a closeness of the resulting minima on a plane

to the global minimum in multidimensional space., The smooth behavior of the
curves 1s evidently the result not only of the stability of evaluations of

) the mean error, hut also the result of effective arrangement of the para-
- meters.

Fig. 1. Curves of the dependence of Fig. 2. Curves of the dependence of
the mean error computed using contin- the upper evaluation of mean risk
uous checking on the number of arranged on the number of arranged para-
parameters, Curve 1 corresponds to ar- meters. Curve 1 corresponds to ar-
rangement by inclusion, curve 2 -- ex~ rangement by inclusion, curve 2 —-
clusion. exclusion.

_ 725r

24

_ Fig. 3. Curves of dependence of mean error computed using 427 independent
situations on the number of arranged parameters. Curve 1 corresponds to
- arrangement by inclusion, curve 2 -~ exclusion.

Figure 2 shows similar curves constructed using the same initial informa-
tion, but using the ordered minimization method {4]. The figure shows that
the behavior of the curves differs in having a lesser smoothness and the
corresponding minima differ more in their value.

Figure 3 shows curves of the dependence of the mean error on the dimension-
ality of the space, constructed on the basis of 427 situations not used in
constructing the models (independent material). The figure shows that the
curves are characterized by a lesser smoothness than the curves in Fig. 1.
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However, the global minimum shown in Fig. 3 is quite close to the mini-

mum obtained using continuous checking (see Fig. 1). It is interesting

to note that the point of the minimum of the upper evaluation of the mean
B risk (see Fig. 2) is rather close to the point of the local minimum with
- a dimensionality 8 obtained on the basis of independent material,

The probable success of a temperature forecast for 33 hours in advance by
means of a model using 27 parameters is 90.3%. The forecast is considered
unsuccessful if its error exceeds 5°C.

Processing of other masses of meteorological information by the described
method confirms the nature of behavior of the curves shown in Fig. 1.
This is expressed in the fact that they all have a U shape, and if some
fluctuations sometimes appear, impairing the uniqueness of the minimum,
as a rule they are usually insignificant. It therefore follows that the
time required for calculating the optimum dimensionality can be substan-
tially reduced. In actuality, after the mean error begins to increase
stably the computation process can cease without danger of the appearance
of a deeper minimum with higher dimensionalities.

All the computations were made using a BESM~6 electronic computer; the time
for arrangement by inclusion and the determination of dimensionality was
about five minutes. Arrangement by the exclusion of parameters required
approximately the same time.

In this article the choice of the set of parameters was accomplished for
the purpose of optimizing linear models. However, the importance of creat-
ing constructive arrangement algorithms and choice of the parameters for
forming a linear regression is dictated not only by the need for restora-
tion of a linear dependence. Using the mathematical approach of restoration
of the linear dependence, it is possible to formulate a more complex plece-
wise~linear model. Such a model as a part includes linear models formulated
on the basis of corresponding subsamples. The restoration of a polynomial
dependence also involves the use of the approach of restoration of a lin-
ear regression. Effective models for rapid arrangement and obtaining eval-
uations of models make it possioie uut oniy to determine the degree of the
approximating polynomial, but also to discriminate power terms, and also
mixed products of power terms exerting a positive influence on the quality
of the approximation.
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OPTIMIZATION OF A METHOD FOR SOLVING THE BALANCE EQUATION IN A SPHERICAL
COORDINATE SYSTEM

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 27-34

{Article by Candidate of Physical and Mathematical Sciences G. S. Rivin and
Z. K. Urazalina, Computation Center Siberian Department USSR Academy of Sci-
ences, submitted for publication 15 October 1979]

. [Text] Abstract: A second parameter & 1s introduced
for the single-parameter (parameter 1)) Miyakoda-
Shuman method for solving the nonlinear balance
equation in the case of a spherical coordinate
system. The region of optimum values of these
parameters is found by means of numerical exper-
iments. It is shown that the choice of optimum
o¢ and N values will make possible a substantial
decrease in the number of iterationms.

Introduction. Recently in the construction and use of numerical models of
the atmosphere based on the full equations of hydrothermodynamics ever-in-
creasing attention is being given to stipulation of the initial fields,
matched with one another in such a way that the results of computations
with a numerical model are not distorted by "meteorological noise” [10].

Already the first investigations [13, 14, 21] revealed the possibility of
such matching. Thus, in a linear case the use of the geopotential and

wind fields, related to one another by geostrophic expressions, as the in-
itial data, has the result that the amplitudes of the undesirable noise
become less than the amplitudes of movement with a low frequency [14]. It
is possible to obtain a further decrease of undesirable noilse if the ini-
tial fields mentioned above satisfy the balance equation [13]. The use of
such fields as the initial fields improves the quality of the forecast [61,
although it does not give a good suppression of the undesirable noise [21].

The balance equation relates two functions with one another —- the stream
function and the pressure function (if altitude is used as the vertical
coordinate) or geopotential (if pressure is used as the vertical coordin-
ate) .
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If geopotential (pressure) is considered to be known in the balance equa-
tion, whereas the stream function 1s considered unknown, from the mathe-
matical point of view it i1s a nonlinear differential equation of the Monge-
Ampere type, With stipulation of the real geopotential (pressure) values
this equation is an equation of a mixed type, that is, there are regions
in which 1t is elliptical, and regions in which it is not elliptical.
Attention was immediately given to this circumstance in the very first
studies [11], but experiments indicated that the region of nonellipticity
1s considerably smaller than the region of ellipticity. A rather complete
investigation of the position, size and frequency of appearance of regioms
of nonellipticity for different levels was presented in [19] on the basis
of data for one year, beginning with June 1969, for the extratropical zone
of the northern hemisphere.

A small change in the values of the geopotential (pressure) field makes it
possible to arrive at a geopotential (pressure) field for which the balance
equation becomes elliptical., The geopotential (pressure) field was reduced.
to an "elliptical" form prior to solution of the balance equation, beginn-
ing from the first studies [12, 22], and as noted by many authors and is
confirmed by our experiment, this requires small changes in the field.

at an insignificant number of points of intersection,

A number of studies [1, 4, 8, 9, 11, 12, 17, 22] have been devoted to the
formulation of iteration methods for solving the balance equation and cor-

_ responding difference schemes., The iteration method, proposed independent-
ly by Miyakoda [17] and Shuman [22], hae come into the widest use; it is
based on a preliminary representation of the balance equation by means of

- the Petterssen transform [20] in the form of a quadratic equation relative
to AY -~ the Laplacian of the stream function. Then expressing Ay as a so-
lution of a quadratic equation through the stream function and the known
geopotential (pressure) Ap=F(p).

where F is the corresponding nonlinear function, whose form will be indi-
cated below, we arrive at the following Miyakoda~Shuman #teration method

ALP(H'” - F(‘P(” ), (1)
where j is the number of the iteration and'Vf(O) is stipulated.

A rather careful investigation of the choice of the difference scheme and
the lteration process was made by Miyakoda [4], who proposed that the
iteration process be changed, to wit:
A.¥u+1/2) = F ("),
G+ =2 0,5 ¢4+ 40,5 v,
This process can be modified if the above-mentioned quadratic equation is

obtained by simple addition of the function n(AW)z to both sides of
the balance equation, where 7} is some parameter; then we arrive at the

(2)
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following iteration process:
APUHID 2= F (4D, 7),

YU+ = 0,5 -1 4 0,5 U, 3

We note that with M = 0.5 the iteration process (3) coincides with (2).

- Then selecting the optimum value of the 17 parameter [7], it is possible
to achieve a further acceleration of convergence of the Miyakoda—-Shuman
process.

All the studies mentioned above were made in a Cartesian coordinate system
for a rectangular region or for a Cartesian coordinate system in the plane
of a stereographic projection and were used in a number of numerical mod-
els.

A changeover to global models requires solutions of the balance equation
in a spherical coordinate system. The corresponding ellipticity condition
was derived in [15] and a generalization of the Miyakoda-Shuman method (2)
for a spherical case was used in [16]. A further increase in the rate of
the iteration process (2) was obtained by Paegle and Tomlinson [18] in the
- following way. They described an iteration process (2) in the form
A';;(H"/?) = F (4,([) )y
,:,(;—'—l) = a‘,!,(I-HI?l + (1 —a) 4,

and it was demonstrated that o¢ = 0.75 is optimum. We note that in this ar-

ticle we have actually introduced the parameter 7, but it is related to

o , as is easily confirmed, in the following way:

Ce=1(0+V).

In addition, in contrast to all the preceding studies, in each iteratioa
they used a direct inversion of the Laplace operator. The choice of the
optimum & value was obtained by them in the zone 9°8<69°, where 9 is
the complement to latitude, for the 500 mb surface and a uniform latitule-
longitude grid with the interval A9=AA= 3°. In addition, prior to reduc-
tion to an elliptical form we carried out triple smoothing of the geopoten-
tial field by the Shuman method [23] with v = 0.5, the Coriolis parameter
and p were regarded as constant.

(4)

The objective of our article is a study of the behavior of the rate of con-
vergence of the iteration process .
AQUHD = F (9, ),
@(H‘l) = gq)(l-i-ﬂ'l)_[_ (1 - a.) q,(/)
with different values of the parameters o and Y7, in the choice of their
optimum values at different levels in the zome 10°< 6 70° with AB= 5°,
AX = 10°, variable values of the Coriolis parameter and B with use of a

direct method for inversion of the difference analogue of the Laplace op-
erator.
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Formulation of problem and solution method., In a spherical coordinate sys-
tem (A, @, z) for finding the stream function ¥ from the known field of
pressure p in the D region with the boundary dD the balance equation has

the form e T .l__._w,-___
2 J (4, v)— an——'E-—d—‘;- + = l ctge——] (u? +7))
(5)
1
== A
- As the houndary condition we use the following:
(. B)=GQ, 8), (4 8)CD. )

The following not:at:ions are used in these expressioms:
J | [év Ou  dv Ou
(0. v)= a* =|n6 oK 00 dO or

1 o, 1 ad

b=<728 V== "7me 9.’

= 2§cos @ is the Coriolis parameter, §) is the angular velocity of the
earth's rotation,

=m[“0_ﬁ\? +sln9 ) (Slﬂe 76 '

- is the Laplace operator. I

- _ 1 9

- ﬁ - ‘; T:

a 1is the earth's radius, P is air demsity, @ 1is the complement to lati-

tude, A is longitude, G(A, 8) is a function stipulat~i at the boundary
d D of the D reglon,

The balance equation (5) is a nonlinear equation of the Monge~Ampere type
and has no more than two solutions if the ellipticity condition is satis-
fied o e

%-{--—-—Ap———‘a——, (u--*-'v)>0 €))

As in [6], to both sides of equation (5) we add the value rz(AyJ)z, where
n is some nonzero parameter, then

1, (_\u ¢fi.a—-/" 0. (8)

where S e .
ol

F:-——Ap+2 J (@ ':J)-—Z—-d——-e-

= |1 —ctg @ 5 ](u + v%) + 7 ()%
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: Solving (8) as a quadratic equation relative to Ay, we obtain

- (MW= (= f£ VT raF). O]

For finding the stream function in the northern hemisphere we use the fol-
lowing iteration process:

BRI L (— f VA D),
(10)
"!’U—H) — aq)(l‘*'l’:) +_ (1 — U.)' 4'(“’

$¥=p (n, B)(ef) (. 8)ED,
G 8)=p (1, 8){pf), () 8)EdD.

An inversion of the difference analogue of the Laplace operator was carried
out by a direct method [3]. This method uses a fast Fourier transform for
expansion of the sought-for solution and the known right-hand side along
the parallel into series of R TR
{COST. sin _Tv‘}

The equations then derived for the coefficients were solved by the elimin-
ation method along the meridian. The determined coefficients were used in
deternining the value of the sought-for function at the points of grid in-
tersection once again using the fast Fourier transform [3, 5].

Numerical experiments. The regions of the optimum & andn values were deter-—
mined by numerical experiments due to the nonlinearity of the iteration
- process.

In evaluating the rate of convergence of the iteration process (10) it is
important to choose the norm for which this evaluation is made because we
are interested not so much in the convergence ¥ (3) as 1in the convergence
of the derivatives of this function. As in [7], we traced the behavior of

the value
1Ui = EV&@+a N,
N

where U = (u, v)' is the wind velocity vector, N is the number of internal
points in the D region.

The convergence of the iteration procegs (10) was evaluated by a comparison
of U() with the precise solution U(®®), For each level as | U{®)| we

- selected the |JU(30)| value, which did not change even one of the first tenm

- significant decimal places in the subsequent iteration.

Henceforth we will say that U(j) has n true places, if for all izj we
have the inequality
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pUO = UD < 055"
where m is the decimal order “ Uoo!]'
. Table 1

Number of Iterations Required for Obtaining n True Places cf Solution
With M-Parameters, (I), With PT-Parameters (II) and With RU-Parameters (III)

3 anpeas 3-April— 22 arrycra 99 August
z=2900 z=5460 2=29120 2==2900 £=5460 2=9120
n==§
1 28 28 41 22 24 40
I1 17 ' 18 25 12 18 24
11 8 | 9 9 9 10 10
) n=7
1 22 ! 25 33 19 22 33
- 1 13 12 21 9 13 20
1M 8 | 8 8 8 8 8
nmb
1 12 18 23 16 18 26
11 10 10 15 8 10 20
111 6 6 6 5 . 7 7

In [7] we carried out an adequate number of numerical experiments for clar-
_ ifying the optimum Y] values with & = 0.5 with data in a rectangular region
- covering all seasons of the year. In this connection numerical experiments
were carried out using data analyzed by Professor I. V. But' for 3 April
and 22 August 1965 at six levels. As the levels we used z = 0, 1400, 2900,
5460, 9120, 11 870 m. These values correspond to the altitudes of the stan-
dard atmosphere with p = 1000, 850, 700, 500, 300, 200 mb. The finding of
. the p values with the above-mentioned z values on the basis of data for
the isobaric surfaces was accomplished using the equation of statics, as
was described in [2].

Hereafter as a convenience we will use the following notations: we will

< call the pair ® = 0.5 and 77 = 0,5, used by Miyakoda, the M-parameters,
the pair & = 0.75 and N = 0.5 from [18] -- the PT-parameters, and the val-
ues & = 1,0 and 7 = 0,15 ~~ the RU-parameters.

The table gives the number of iterations necessary for obtaining 8, 7 and
6 true places of the solution with M-parameters in case I, with PT-para-
meters in case 11, with RU-parameters in case III. This table shows that
the choice O = 0.75 gives a gain in the number of iterations in comparison
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with @ = 0.5, as in the study by Paegle and Tomlinson. At the same time,
. with this value & = 0,75 a choice = 0.15 instead of N = 0.5 leads to a
- further acceleration of the rate of convergence of the iteration process
1 (10), as can be seen clearly in Fig. 1., This figure shows curves of the
number of iterations necessary for obtaining n true places of the solu-
tion with z = 0, and z = 11 870 m respectively. We note that with n = 8
as a rule the nonclosure of the initial equation becomes a value of about
10716 gec-2,

Now we will examine these results in greater detail. In oxder to obtain

8 true places of the solution at the level 1000 mb for 22 August with use

of the M-parameters it is necessary to have 38 iterations; with the PT- —
, parameters it is necessary tc have 23 iterations; using the RU-parameters

it is necessary to have only 9 iterations. With these same values of the

parameters for the data for 3 April at this same level it is necessary to

have 30, 18 and 8 iterations respectively.
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Fig. 1. Dependence of number of iterations s required for obtaining n true
places of solution on values of (¢ and Y] parameters at the level z = 0 (at
left) and z = 11 830 m (at right) for altitudes of isobaric surfaces 1000
mb (at left) and 200 mb (at right) on 3 April (at top) and on 22 August
1965 (at bottom),

Similar curves were also constructed for other levels. The behavior of the
curves is very similar, which makes it possible to speak of an optimum

value of the RU-parameters both in comparison with the M-parameters and in
comparison with the PT-parameters.

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9

FOR OFFICIAL USE ONLY

In order to clarify the optimum & and 7 intervals, Fig. 2 shows curves of
the nunber of iterations necessary for obtaining 8 true places of the
solution with z = 5460 m for different of and 1) values (as a convenience
a nonuniform scale has been used along the x-axis).
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Fig. 2., Curves of the number of iterations s required for obtaining 8 true
places of solution at level z = 5460 m for altitudes of isobaric surface
500 mb for 3 April (at top) and 22 August 1965 (at bottom).

With each fixed & value the preferable interval for is the segment [0.05;
0.25]. The advantage of choice of the N values from this interval in com-
parison with N = 0.5 is obvious. We note that with a fixed & value for
different N the number of required iterations from the mentioned interval
virtually does not change. Such a rather broad region of optimum N values,
common for all & , makes it possible to hope that the choice of one of the
N wvalues from the indicated region will not give a marked change in the
behavior of the rate of convergence of the iteration process even with
other factual data.

On the other hand, with stipulated 1] from the indicated interval it can be
seen that with o = 0.5 the iteration process (10) converges considerably
more slowly than with all remaining & values. For example, for 7= 0.15

it 1s necessary to have 14 iterations with o¢ = 0.75; 10 iterations with & =
1.0; 9 iterations with &¢= 1.1; 11 iterations with &= 1.15, but 25 iter-
ations witho = 0.5 (for data for 22 August). For the data for 3 April

the behavior of the relationship in the number of iterations with these
same values of the & parameter is very similar. It should be noted that in
both cases with 6¢ = 0.75 it is necessary to have more iterations than with
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oL = 1.0 andot= 1.1. Thus, for o the interval (0.75; 1.15) can be consid-
ered acceptahle.

Summary. Similar curves were also constructed for the other levels. The be-
havior of these curves also leads us to the conclusior that the region of
optimum 1, values is the segment [0.05; 0.25], but with R values from this
region o¢ from the interval (0.75; 1.15) are optimum., The results of numer-
ical experiments show that the use of optimum o and N values, without
changing the total number of arithmetical and logical cperations in one
iteration, decreases the number of required iterations on the average by

a factor of 3 in comparison with the M-parameters and by a factor of 2 in
comparison with the PT-parameters.

Although the region of optimum values for each level was found only for two
dates, our experience [7] with computations for a Cartesian coordinate sys-
tem with different values of the r) parameter with a fixed o value shows
that the region of optimum N values is virtually independent of the initial
information., Thus, the above-mentioned optimum values of the & andnpara+
meters can be recommended in practical computations for any factual data.
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. SPATIAL STRUCIURE OF CIRCUMPOLAR VORTICES OF THE ATMOSPHERE AND CIRCULATION
IN THE EQUATORIAL ZONE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 35-41

[Article by Candidate of Geographical Sciences Ts. A. Kanter, Saratov State
University, submitted for publication 11 November 1979]

[Text] Abstract: In the 60~km layer of the atmosphere
there was found to be a three-level spatial
structure of circumpolar motion with strongly
expressed broadenings in the region of the
tropopause and stratopause. It is shown that

- in the layer 20-40 km, where the circumpolar
vortex of the winter hemisphere has a minimum
diameter, the subtropical zone of high pressure
adjacent to it migrates along the meridian and
causes a change in westerly and easterly cir-
culation in the equatorial stratosphere. It is
postulated that a quasi-two-year cycle is the
characteristic period of interaction of pro-
cesses in the northern and southern hemispheres.
A difference in the structure of circumpolar
vortices in both hemispheres was established.

A knowledge of the patterns of general circulation of the atmosphere is a

highly important link in creating a theory of climate and improvement in

long~range weather forecasts. Accordingly, at the present time work has

, considerably broadened on the investigation and modeling of large-scale at-
mospheric processes.

However, the fact should be noted that the largest features of planetary
circulation. caused by the temperature difference between the equator and
the poles, circumpolar vortices (CPV) of the northern and southern hemi~-

= spheres, for the time being have been poorly investigated, However, the cir-
cumpolar motion is a grandiose unified three~dimensional formation. It
takes in the extratropical latitudes, at least the troposphere, strato-
sphere and mesosphere; it is easily detected on pressure pattern charts for
all levels above 1000 mb. Now we will turn to these materials.
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Mean long-term pressure pattern charts have now been published for each
month for the northern [2] and southern [3, 4] hemispheres. They were pre-
pared for nine isobaric surfaces: 1000, 850, 700, 500, 300, 200, 100, 50
and 30 mb, that is, to an altitude of 24 km. In addition to long-term
maps, daily charts are published for the northern hemisphere which char-
acterize the pressure field to an altitude of 30 km (10 mb). Above 30 km
mean weekly pressure charts for six levels (35, 40, 45, 50, 55, 60 km) are

- published for the northern hemisphere on the basis of data from rocket
sounding of the atmosphere [1].

We used the materials enumerated above, characterizing the 60-km layer of
the atmosphere in the northern hemisphere and a 24-km layer in the south-
ern hemisphere.

Figure 1 shows long~term mean monthly pressure pattern charts for the north-
ern hemisphere (January) for the isobaric surfaces 850 and 300 mb and Fig.
2 shows pressure charts for the levels 40 and 60 km (January 1977). An an~-
alysis of this material, first of all, does not leave doubt that in the
winter (at least to an altitude of 60 km) there is a well-expressed cyclonic
circumpolar vortex; it is the largest feature of semiglobal circulation.
Second, in a comparison of the diameters of the CPV vertically there is
found to be a clear pattern -- first the vortex expands conslderably (Fig.
1), then it 1is narrowed (Fig. 2a) and thereafter again expands (Fig. 2b).
This pattern is confirmed by all cartographic materials, both long-term
mean monthly and daily, to wit: topography of the isobaric surfaces 700,
500, 200, 100, 50, 30, 10 mb; pressure charts at the levels 35, 45, 50, 55
km. The CPV is very well expressed in the southern hemisphere, where its
contours are more concentric with the circles of latitude than in the
northern hemisphere and the pattern described above is manifested still
more clearly.

- Fig. 1. Mean long-term maps ATgso and AT3pg (a, b). January, northern hemi-
sphere.

39
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300040014-9

Fig. 2. Pressure maps at the levels 40 and 60 km (a, b).. January 1977, north~
ern hemisphere.
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Fig. 3. Models of planetary circumpolar movement of atmosphere. a) January;
b) July; I) northern hemisphere, II) southern hemisphere.

In order to compare the magnitude of the circumpolar vortices at different
altitudes in different hemispheres and seasons it is necessary somehow to
make a quantitative evaluation of the space occupied by them. The area
bounded by the last closed isohypse of the CPV can serve as such an evalu-
ation. In the proposed investigation the area was determined using a spec—
ial overlay proposed in [5] and later improved.:

Figures 1-2 show that the isohypses of the circumpolar vortices do not dif-
fer too much from the circles of.latftude; therefore, for the purposes of
clarity the position of the last closed 1schypse should be expressed in
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degrees of latitude of the parallel which limits the area identical to it.
The described method was used in determining the boundaries of the CPV for
January and July at all isobaric surfaces in both hemispheres and on rocket
sounding maps for the northern hemisphere., This made it possible to con-
struct models of planetary circumpolar motion, represented in Fig. 3,
where for January and July we successively plotted (vertically) the dia=-
meters of the circumpolar vortices at the isobaric surfaces 1000, 850, 700,
500, 300, 200, 100, 50, 30 mb, at the levels 40, 50, 60 km, and envelopes
were drawn through their ends.

_ ' Table 1

Boundaries of CPV (in Degrees of Latitude) in Troposphere and in Lower
Stratosphere in the Winter

1 HasoGapnueckne nosepxuocts, u6

IOOOI 850 f 700

500

300 200 100 | 56 30

2 Cesepxoe noaywapue, susaps

HeT 37 i 26 24 15 15 y 23 29 29
(s | | | | | i | |

4 3 Oxmoe noaymapue, Hioan

42 | 38 | o7 . 19 | 15 I 16 24 ! 30 | 36

KEY:
1. Isobaric surfaces, mb
2. Northern hemisphere, January
3. Southern hemisphere, July
4, no CPV

Since the vertical structure of the CPV was specific, we will examine its
most important peculiarities in greater detail.

Table 1 gives the limits of the vortex at all isobaric surfaces according
to the mean monthly long-term pressure pattern charts in the layer from
1000 to 30 mb.

An analysis of this table and Fig. 3 clearly shows that in winter in each

of the hemispheres in the troposphere and lower stratosphere the circum-
- polar movement has a highly expanded part which is situated in the layer
300-200 mb. The area of the vortex in the region of the expansion on the
average 1s twice as great as outside it (850 and 30 mb). It mus" be noted
that the expansion of the CPV coincides with such atmospheric features as
the tropopause and jet streams. These three phenomena have a high probabil-
ity of an interrelationship and there is possibly an intercausality.
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A comparison of the data in Table 1 shows that the winter circumpolar
movement in the layer from 1000 to 30 mb in both hemispheres has virtually
identical 1limits at all levels. The difference between them is that the
southern hemisphere vortex has a greater depth than that in the northern
hemisphere (Table 2).

Table 2

- Geopotential Height (dam) in the Central Part of the CPV in the Northern
and Southern Hemispheres at Standard Isobaric Surfaces According to Mean
Long-Term.Data

= 1 Toaywapue 2 H3obapnueckne nOBEPXHOCTH. M6

1000 l 830 700 500 370 | 200 | 100 20 30

l

. Ceseproe 3 wer g| 128 270 504 836 | 1083 | 1516 | 1832 | 2240
LI[1B :
Oxnoe 4 —0,12 112 252 484 824 | 1036 { 1452 | 1832 | 2112

KEY:
1. Hemisphere
2, Isobaric surface, mb
3. Northern
4, Southern
5. No CPV

Table 3

Limits (in Degrees of Latitude) of Circumpolar Vortex in Troposphere and
Lower Stratosphere According to Data for 15 January for Five Years in the
Northern Hemisphere

Haobapryeckasn |
HOBEPXHOCTS, Mﬁll 1971 1974 ‘ 1975 1976 1977 Cpeanee 2
850 38 46 41 35 37 40
700 29 31 34 27 29 30
500 24 25 27 25 25 25
300 22 22 20 20 20 21
200 23 23 21 23 19 21
100 24 26 ‘ 25 26 2] 24
50 40 47 35 39 43 40
30 654 53 4] 45 47 48
10 59 47 52 47 42 49
KEY:
1. Isobaric surface, mb
2. Mean
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Now we will examine to what degree the limits of circumpolar movement in
the troposphere and lower stratosphere are stable. In the first approxim-
ation this can be done by examining the vertical profile of the CPV on in-
dividual days. As an example we will take the 15 of January for different
years (1971, 1974, 1975, 1976, 1977). The boundaries of the vortex are
given in Table 3.

Here we can note two facts. The first 1s a stable regularity involving a
broadening of the CPV from the lower levels to the isobaric surfaces 300
and 200 mb and subsequent narrowing of the vortex with altitude. This can
be seen from the data in each column., The second is the great stability
of the horizontal dimensions of the CPV in the layer from 500 to 200 mb,
whereas above and below it the 1imi¥s” of the vortex vary substantially and
in individual cases the area of the expanded part is three times greater
than outside it.

Table 4

Limits of CPV in Atmosphere (in Degrees of Latitude) in Layer 40-60 km in
January in Two Years in the Northern Hemisphere

! 1976 | 1977

Yposens, o Uucaa
Kn 3—9 | 10—16 17—23 | 2430 31—7 8—14 15—21 | 2228
1 12 3 4 5 6 7 8
40 54 1 49 46 40 50 44 57 50
30 53 | 40 45 38 50 48 40 33
60 30 32 20 29 53 54 35 22
KEY:
1. Level, km
2, Dates

Thus, the circumpolar vortex has the most stable limits in the region of the
tropopausal expansion. The variation of its boundaries in the lower tropo-
sphere 1s evidently associated with the distorting influence of macrotur-
bulent vortices, cyclones and anticyclones, whereas the instability of the
boundaries in the stratosphere is attributable to the fact that its temper-
ature regime in winter is unstable (the depth of the CPV and its diameter
are sharply reduced in the layer where stratospheric warming occurs).

Next we will turn to the vertical profile of the winter circumpolar vortex
in the layer 40-60 km on the basis of data from rocket sounding of the at-
mosphere [1]. Since these data for the time being are not being reduced to
long-term values but are being published, as mentioned above, in the form
of mean weekly pressure charis, we will cite the limits of the CPV in this
layer for four weeks in cach of the Januaries of 1976 and 1977 (Table 4).
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Here in columns 2, 3, 4, 7 and 8 it is easy to trace the broadening of the
vertex from altitude to altitude. In column 1 this expansinrn is expressed

weakly, whereas in columns 5 and 6 it can be seen that the limits of the

vortex are even narrowed with altitude.

An attentive study of all the materials for the mentioned time intervals
and also similar materials for other winter months indicated that usually
from 40 km and above the CPV expands and it is narrowed only in the case
and in the layer where winter stratospheric warming occurs. This narrowing
i1s the greater the stronger the warming.

After summarizing the peculiarities of the vertical profile of the circum-
polar vortex in winter it can be said that in the 60-km layer of the atmo-
sphere it is characterized by a three-level structure with two expanded

- parts in the regions of the tropopause and stratopause (we will call them
tropopausal and stratopausal expansions), and there 1s a third narrow part
between them (we will call it the "saddle" of the CPV),

Now we will examine the relationship between the vertical profile of the
winter CPV and the peculiarities of circulation in the tropical and equa-
- torial zones. Figures 1-2 clearly show that the circumpolar vortex borders
on the subtropical region of high pressure. Naturally, circulation in the
tropical and equatorial zones 1s determined by the position of the axial
line of this region. )
The vertical profile of the subtropical zone of high pressure, like the
circumpolar vortex, has a three-level structure. At the levels of the tro-
popause and stratopause, where the CPV is considerably expanded, the sub-
tropical anticyclonic zone is narrow and is "pressed" toward the equator.
Its axial line reaches latitude 10° (Fig. 1b). In the region of the saddle
- of the CPV the high pressure zone is "floating." For example, in the north-
ern hemisphere in January 1976 its axial line at the isobaric surface 30
mb ran approximately along the parallel 28° and in January 1977 -- 7-9° to
the south.

Migration of subtropical anticyclones along the meridian has a very impor-
tant series of consequences. It leads to a change in the direction and in-
tensity of transfer in the tropics and-in the equatorial zone. In the equa-
torial stratosphere the change in circulation has a quasi-two-year cyclic-
ity. This phenomenon, discovered about 20 -years ago, is now being extensive-
ly studied [6-9]. It is exceedingly noteworthy that the layer in which an
alternation of westerly and easterly circulations is observed completely
coincides with the region of narrowing of the circumpolar vortex, that is,
with the region in which the anticyclonic zone can first come close to the
equator and cause an easterl; flow in its zone, then withdraw from it, giv-
; ing place to a small-cellular circulation with westerly, less stable winds.
- We recall that this peculiarity of the pressure field is characteristic of
the winter hemisphere. However, on the planet one of the hemispheres is
alwvays a winter hemisphere. It can be assumed that in the course of one year
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they alternately ensure eastzrly transfer in the equatorial stratosphere,
and in the course of the next -- westerly, manifesting itself as an indi-
cator of a unified circulation mechanism. In this case the quasi-two-year
cycle is the characteristic period of interaction of processes in the two
hemispheres. This assumption requires further checking. It becomes possible
with an increase in the quantity and quality of aerological and rocket ob~
servations in the equatorial and tropical zones.

Now we will proceed to an examination of summer circumpolar movement of the
atmosphere in both hemispheres (Table 5).

Table 5

Limits of CPV (in Degrees of Latitude) in Troposphere and Lower Stratosphere
in Summer

1 Hsobapnueckne nosepxHocTs

|
1000 ' 850 l 700 l 500 300 l 200 100 ‘ 50 ‘ 30

2 Cepepiioe noaywapue, Hiob

- wer | 38 ‘ 37 l 39 l 4 | 4 l 53 lamnuumon laxmmuxnon
3unB | | 4 4
5 1Omnoe nonymaphe, aHBapb 4

47 | 41} 36 1 2% | 24 | 24 | 34 | 35 | auTHIHKAOH

KEY:
1. Isobaric surfaces
2. Northern hemisphere, July
3. No CPV
4, Anticyclone
5. Southern hemisphere, January

As indicated in the cited tables, and also in Fig., 3, in summer, as in win-
ter, the circumpolar vortex has a three-~level structure, The lower part is

the cyclonic vortex, the upper part is the anticyclouic vortex, at each of

the considered levels taking in all the hemispheres, whereas the third is

a thin layer between them in which the circumpolar movement is disorganiz-
ed (in the northern hemisphere this is the layer between 100 and 50 mb,

and in the southern hemisphere -~ 50-30 mb).

The difference in the vertical profiles of summer CPV in both hemispheres
is substantial and involves the following. First, its lcwer part -- the cy-
clonic vortex ~— differs with respect to vertical extent by approximately
4-5 km (in the northern hemisphere it is shorter). Second, in the southern
hemisphere there is a clearly expressed tropopausal expansion of the CPV
(Fig. 32), whereas in the northern hemisphere it does not exist (Fig. 3b).
Third, in summer the cyclonic circumpolar vortices of the southern hemi-
sphere have a greater depth than in the northern hemisphere.
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Thus, the difference in the underlying surfaces in both hemispheres finds
total expression in the difference in spatial structure of the largest
features of planetary circulation.

Summary

In a study of circumpolar vortices in the 60-km layer of the atmosphere it
was discovered that they have not only a strongly expressed three-level
structure, but in accordance with this, the subtropical high-pressure
field has a similar structure, that is, in essence, the entire planetary
pressure field. A direct result of this is a multilevel structure of the
wind over the equator.

It was found that in the expanded parts of the CPV there are such atmospher-
ic phenomena as the tropopause, stratopause and jet streams, whereas in the
layer of narrowing of the vortex subtropical anticyclones migrate along the
meridian, causing a change in the westerly and easterly circulations over
the equator.

A specific structure of the pressure field probably could also be detected

- in a study of layers of the earth's atmosphere above 60 km, as well as in
the atmospheres of other planets. This would make it possible to clarify
specifically how physicochemical and astronomical factors exert an influ-
ence on planetary circulation.

The fact that the difference in the underlying surfaces of the northern and
southern hemispheres is manifested totally in the difference of the ver-
tical structure of their circumpolar vortices can become a key to con-
struction of models of the "underlying surface ~ three~dimensional planet~
ary circulation" system. Such models are necessary both for reconstructing
the pattern of general circulation of the atmosphere in climates of the

past and for predicting the nature of future circulation as a result of nat-
ural or inadvertent change of the underlying surface.
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MODELING OF TRANSBOUNDARY TRANSPORT OF SULFUR DIOXIDE WITH ALLOWANCE FOR
VERTICAL MOVEMENTS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 42-49

[Article by Candidate of Physical and Mathematical Sclences N, S. Vel'ti-
shcheva, USSR Hydrometeorological Scientific Research Center, submitted
for publication 25 January 1980]

[Text] Abstract: This paper presents the results of work
on improvement of the model for evaluating the
long-range transport of sulfur dioxide by means
of improvement in the approximation of boundary
conditions at the earth's surface, introduction

- of a nonuniform vertical interval, and also al-

lowance for vertical movements. The author gives
the results of computation of the flux of sulfur
dioxide through elements of the boundary and its
precipitation onto the underlying surface.

A study of the transport of contaminating substances for distances of 1,500-
2,000 km is important for determining the contribution of different coun-
tries to contamination of the air basin. Experimental methods for determin-
ing the fluxes of impurity through boundaries are costly. Accordingly, dur-
ing recent years there has been development of a combined approach matching
the use of different models and observation systems [8].

The development of models for evaluating the transport of impurity pursues
two objectives. First, using them, compute the quantity of matter transport-

- ed across the boundaries of different countries. The second objective is a
determination of the quantity of substance precipitated onto the underlying
surface. The collection of this information is necessary for evaluating the
degree of the effect of contaminating substances on the environment.

A three-dimensional model for computing the concentration of sulfur dioxide
during its propagation over a distance of 1,500-2,000 km has been formulat-
ed at the USSR Hydrometeorological Center (1976) [2]. The choice of a dif-
ference scheme and an investigation of its stability for solution of the
three~dimensional equation for the transport of mass of impurity were
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described in [3]. In this investigation emphasis is on improvement of the
model [2] by an improvement in the approximation of boundary conditioms at
the earth's surface, introduction of a nonuniform vertical interval, and
also development of a variant of a model with vertical movements taken in-
to account. In addition, we give an algorithm for computing the flux of
contaminating substances across the elements of a boundary and their precip-
itation onto the underlying surface.

The propagation of an impurity in the atmosphere will be described by the
three-dimensional equation

% ., 9%  _ 9d dg . [og | g
ot ”_o?'”a—y'*‘wﬁ?—Ks(E}T'*"ay—!)'*‘ &

tr (K ) -R-S+F,

where q 1s the volumetric concentration of 8095 u, v, w are the components
of wind velocity; Kg, K; are the coefficients of horizontal and vertical
dif fusion; R and S are the 507 losses as a result of chemical reactions
and washing out by precipitation, F is the source.

In order to solve equation (1) we selected the following boundary and ini-
tial conditions:

Kz%"aq:o at z = 0, )
g=0 at z = H, -

where ﬁ is a parameter determining the interaction between the impurity and
the underlying surface; H is the height of the mixing layer, which was as-
sumed to be constant for the entire region and equal to 2 km for the com -
puted cases. A zero concentration was stipulated at the lateral boundar-
- ies.

g(x, 4 2 0)=0 (3)
for model computations and

a(% 4 2 0)=4o(x, y, 2) (4)

for comparison of the results of computations and observational data, where
qp(x, y, z) is the mean daily 50, concentration during the preceding 24-~hour
period.

Before proceeding to an exposition of the results of numerical experiments
we will discuss two matters related to representation of equation (1) and
checking of the conservative character of the scheme.

- The equation for the transport of a mass of impurity was reduced to dimen-
sionless form using the following expressions for its coefficients:
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L : V. w=w X,

x=x3L: 2= 25 —; n=uV: v=1v,V. w=w—;
L , ‘ LY . . _ 36 K-'. s v (5)

t:to-v; i\}.:K,.(,LV; K,_:/\;.g—m:, b= ——

[ 6 = dimensionless] where L is the horizontal scale, which was stipulated
at 106 m; V is the characteristic velocity (10 m/sec); m is a scale factor
determining the relationship between the horizontal and vertical scales

(5 x 102); the subscript "é'" indicates dimensionless values.

In making the numerical experiments the difference scheme was checked for
the conservation of mass, The balance of mass was computed in the entire
volume in each time interval on the assumption that the impurity is intro-
duced by a single source situated at an adequate distance from the lateral
boundaries in order to exclude their influence and also with B = 0.

N hd N g ‘
T Fat=L =+ LR+ S) 8= I (K. G t+

G ’ (6)

i=1 i=1

[
+ X 5 (wg), AL,

G

where N is the number of points in the considered redgion; the last two
terms on the right-hand side of expression (6) designate the loss of mass
through the upper boundary (G) as a result of diffusion and vertical move-
ments. For a more precise evaluation of the loss of impurity through the
boundary the derivatives were approximated with a second order of accuracy.

_g_;f’_ = ‘\‘lz._. (2 qn—5 Qn-1 + 4 gn-1— qn—a))
. 7
3 3 Lo
; 2. (wq):—sl-z—(-— 2 (W)t + = (Wa', + -2—('mq)n-:)-

The results of the following numerical experiments relate to solution of
equation (1) without allowance for vertical movements.

Model computations, using equation (1) and its dimensionless analogue, ob-
tained using expressions (5), indicated that the mass deficit ~- the dif-
ference between the left and right sides of formula (6), is reduced by a
factor of 3 when using the dimensionless form of equation (1). These re-
sults can be attributed to the fact that with a changeover to a dimension-
less analogue of equation (1) there is a decrease in the relationship be-
tween the horizontal and vertical intervals, and als~ between the terms
of the difference equation.

Now we will examine the problem of the approximation of boundary conditions
at the ground surface. In a preceding study [2] 2q/3 z in equation (2) was
approximated with the first order of accuracy by means of introduction of
a fictitious level, in accordance with [4]. In this case the value of the
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B first elimination coefficient Kodz—32 :
G=Resz =57

to a high degree was dependent on the relationship hetween K, and ,H . With
ag~> 1 the solution became little stable. In order to improve the approx-
imation use was made of a principle proposed by A, A. Samarskiy [7] and
based on expansion of 2q/dz into a Taylor series at a boundary point
and its determination through the solved equation. Then the first elimin-
ation coefficients assume the following form:

. SR
Ky +BAz+2azyat”

=

(8)

b - Kt —Krgn—qo38z+ 248880
L Kz+8Az +2 3201t '

where Az and At are time and height intervals and the subscripts on q
indicate the level at which this value was selected, In such an approxim-
ation method the question «rises: what 1s the value of the sought-for func-
tion at the level adjacent to the boundary which should be used in com u?-
-ing ag and bg? We tested two variants: 1) at z = 1 -~ use the value q

with a correction for scattering by diffusion; 2) at z = 1 — take the val-
ue . Model computations indicated that the use of qR at z = 1 gives a
better value of the deficit of mass of impurity (37) in comparison with
qn+273, at which the mass deficit is 11%.

Lue to the fact that most of the sources are situated in the lower part of
the boundary layer, a more detailed allowance for the structure of this
layer is desirable. A solution of this problem was carried out in two di-
rections:

~- the initial algorithm, using a uniform vertical interval, was modified
by the introduction of an additional level (150 m) in the lower 300 m;

-- the change in the coefficient of vertical diffusion with altitude was
taken into account.

The introduction of an additional level considerabiy reduces the deficit
of impurity mass: whereas the use of a large interval in the lower part
of the atmosphere gave an excess of the remaining mass by 17% in compar-
ison with that introduced, when the grid was made finer in a downward
direction the mass deficit wvas reduced to 2-3%. The sharp decrease in mass
imbalance of the impurity observed with the introduction of the addition-
al level 1is attributable to the fact that this level is introduced in a

- layer of a considerable concentration gradient (the source in our case
was stipulated at a height of 300 m). As was demonstrated in [3], the
closer the initial dispersion 1s to the selected grid interval, tlie lesser
is the value of the residual term with the replacement of the differential
equation by a difference equation. The concentration levels in the entire
layer in the case of a nonuniform interval were somewhat lower and above
the source its sharper decrease was observed.
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The inclusion in the model of a variable with height K; (in our case K; in-

creases to 300 m and decreases upward) leads to a syatematic excess (up to

- 9%) 1in the mass of matter remaining in the considered volume .. comparison
with the mass introduced. The reason for this becomes und:.standable if we
represent the term describing vertical diffusion as

'] 9 AK, dg diq

(Ko 5t) = S + K

When K, changes with height, the vertical transport value is determined by
both terms, and in the last analysis is dependent on the K; and q profiles.
1t has been established theoretically and experimentally [6, 8] that both
functions decrease with height, except for the lower 200-300 m, and there~
fore the contribution ‘

will almost always be positive. In other words, the introduction of the var-
iable K; into the equation for the transport of mass will lead to a nonsta-
tionary solution. With respect to the concentration profile, we note that
with a constant Kz there will be slower mixing in the layer where the source
is situated and therefore a smoother change in q with height than with var-
iable K .

Now we will proceed to the formulation of a difference scheme which takes
vertical movements into account. The inclusion of w in the model for the
transport of contaminating substances involves two difficulties. One of
these is determined by the complexity of computation of the vertical velo-
city components. The second 1is associated with the introduction of the term
dq/dz into the model. The considerable anisotropicity of the process in
horizontal and vertical directions requires the creation of a stable numer-
ical scheme which would be economical.

We computed the transport of impurity for a distance of 1,500-2,000 km on
the basis of the real wind field at the standard isobaric levels. Accord-
ingly, as a first approximation it was decided that vertical movements

_ would be computed from the continuity equation, using the same information.
In order to increase accuracy and obtain a greater smoothness the deriva-
tives were approximated with a second order of accuracy using a six-point

- scheme within the region

/] 1
= or (B ey ) — Tl‘ (@i, 41 = Fporic) —

9

1
T i = P, 1=0)b

and using a three—point scheme at the boundary. For example, for 1 = 0 (the
x coordinate) the derivative was computed using the formula

P I T T
'7,;"%7;(2 ® 1= 5 €0 =59, 2>' (10)

&
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Vertical movements were determined using layers with a thickness of 500 m.
A qualitative evaluation demonstrated a satisfactory agicement of the

computed fields of vertical movements with the nature of the pressure
field.

A numerical scheme for the solution of equation (1) with the conditions
(2)-(3) or (4) belongs to the splitting method. The principle for its con-
struction is that the operators for each direction of coordinates are re—

_ duced to the upper time level and are represented in the form of a product.

k At the lower time level we select an expression satisfying the approxima-
tions of the differential equation and stability. An important difference
in our scheme is in the method for obtaining the products of the operators.
Adhering to the idea expressed by Ye. G, D'yakonov in [5], the product of

- the operators present on the right side of the difference scheme is

(11)

where N~ 5q.-~K 2q.

s =1, 2, 3; E is a unit operator, realized in the rfirs‘ time interval.
However, taking into account -the great difference in the order of the ad-
vective transport terms and the scattering by diffusion [2], the operators
describing advection were solved alternately in all the intermediate inter-
vals, and diffusion, the gains and losses were included only in unit time
intervals. Taking what has been said into account, the scheme for realiz—
ing (11) can be written in the form
3 3
- (Et+ A g = 3 (E- A) e 40 3 Tortt (F-R—S)

s=1 " s=1

(12)
(E + _é_ _\:) onHY = g1

(B )i = s
A solution of system (12) was obtained by the elimination method. On the
basis of the results described above, we introduced an additional level in
the lower layer and w Jq/ @z was approximated using the expression

9 _ 2 s L T ks .
SR R @3)
b wi+|wi| 5—z_,
p) Z 00— 2 (ql—qi"l)]'
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The same as the scheme without verivical movements, conservancy was deter-
mined by expression (6).

Numerical experiments carried out with a different number of levels select-
ed at different heights indicated that the use of seven levels in compar-
ison with five considerably improves the mass deficit (1%), whereas with
five computation levels the deficit is 12%.

It is interesting to evaluate the influence of vertical movements on the
vertical distribution of the concentration. It was found that with the
introduction of vertical movements there is a more uniform distribution of
the impurity than without them. In addition, the introduction of vertical
velocities reduces the time for stabilizing the solution, that is, with
the introduction of w the solution becomes stationary 36 hours after the
initial moment, whereas when they are absent a complete stabilization of
the solution does not occur even after 48 hours.

Fig. 1. Computed mean daily concentration of sulfur dioxide (Fg/m3) at
ground surface (1) with allowance for vertical movements (a) and without
allowance for vertical movements (b) and precipitation of sulfur dioxide
onto surface (g/(m2~day)) (2) on 15 September 1974. The observed concentra—

. tion values are indicated in circles.

Figure 1 gives the computed concentration fields with and without allowance
for vertical movements, As can be seen from a comparison with the measured
values, a model with w hetter describes the concentration field than with-
out w. Appreclable difference: are observed in southern Scandinavia, in
northern France and in southern England.
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In solution of the problem of propagation of an impurity an important ques-

B tion is the form of representation of S0, effluent. In further developing

- the model we used data on S02 effluent obtained as a result of implementa—~
tion of the "Joint Program for Evaluating the Distant Transport Sf Air Con-~
taminants in Europe" [8] and representing the S0, flux (tons/(km“-year))
from an area of 127 x 127 km2. In the case of oné-dimensional models the
conversion from the flux to the influx of 80y ({ g/(m3+hour) is accomplish-
ed by normalization to the height of the considered layer, This assumption
is not correct from the point of view of experimental reliability [8]. The
entry of SO into the atmosphere occurs for the most part through stacks
whose height is from 40 to 150 m and the effective height of the effluent
[1] is in the range 100-600 m.

We made the assumption that the ejection of S0 from a definite area corres-
ponds to the total influx to the layer into which the contaminating sub-
stances enter. For conversion from the flux of impurity to the influx we
introduced the function F = -3Q/d z, which was computed by layers. Such

a representation can be used in a more realistic description of the ver-
tical nonuniformity of effluent.

The influence of different stipulation of the S02 discharge on the distrib-
ution and degree of the surface concentration was evaluated using a vari-
ant of the model with the introduction of real effluent and with stipula-
tion of the initial concentration at the earth in the territory of Eurasia.
The concentration fields were computed using the real wind for a 48-hour
period and were compared with the measured S02 levels in the European net-
work of stations. Three experiments were computed: 1) the 502 mass was in-
troduced into a 1,000-m layer and uniformly distributed vertically; 2) the
502 influx to a layer with a thickness of 400 m was stipulated in the form
2 Q/2 z and was introduced at the level 500 n; 3) an experiment similar to
the second, but the S0y mass was nonuniformly distributed in the 625-m lay-
er (in 250 m -~ 20%, in 500 m -~ 80%). An analysis of the results indicated
that the distribution of centers of high concentration, like its value, co-
incide more with the real data when the sources are described by the third
method (Fig. 1).

- The precipitation of SOy onto the underlying surface was determined by time
integration of the flux at the ground, determined from condition (2). The
quantity of S02 in mg/m2 in 48 hours is shown in Fig. 1b. We note the fact
that although the concentration levels in regions remote from large indus-
trial centers (for example, Scandinavia) are small, the precipitation of
302 here is close to the quantities observed over central Europe.

Finally, the S02 flux across elements of the boundary was computed using the
formula - e

Q==-q—n, z Vn z COs (2), (14)
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vhere Hn and Vh , are the concentration and velocity at the center of

an area with sided equal to the length of an element of the boundary and
the vertical interval, ohtained by means of interpolation from the near-
est points of grid intersection; ¢« is the angle between the direction of
the normal to an element of the boundary and the extension of the vector
determining the wind direction.

~~[ 0 0-200-500

! -200 .
3w (3)
mul; !

! .
lg——" 50

S
/ ﬁ
(/[
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Fig., 2. Vertical time section of fluxes (W -- westerly, E — easterly) of
sulfur dipxide through segment of western boundary of USSR observed on 13-
14 September 1974,

Figure 2 shows a vertical time section of impurity fluxes (in kg/hour)
across a segment of the western boundary of the USSR (from Kaliningrad to
the Gulf of Riga) as observed on 13-14 September 1974. We should note the
considerable variability of the fluxes both vertically and with time. The
latter circumstance is particularly important in computing the quantity of
natter transported across the boundaries of individual countries.
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EFFECT OF CHANGE IN ALBEDO OF THE EARTH'S SURFACE ON THE EARTH'S
THERMAL REGIME

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 50-56

[Article by Doctor of Geographical Sciences N. A. Yefimova, State Hydro-
logical Institute, submitted for publication 15 January 1980]

[Text] Abstract: The author evaluates the influence
of the feedback between changes in mean glo-
bal air temperature and albedo of the earth's
surface (including changes in albedo with a
change in vegetation cover) for conditions of
warming of climate in the example of the epoch
of the Early Pliocene and for conditions of
cooling during the last glaciation.

Introduction. In a study of climatic changes with the use of semi-empir-
ical models it is necessary to take into account the feedbacks between
the thermal regime of the atmosphere and outgoing radiation, air humidity
and albedo of the earth's surface. It must be remembered that the influ-
ence of the first two factors on the thermal regime is manifested in all
cases, whereas the third is manifested when there are more or less pro-
longed climatic changes.

Changes in the albedo of the earth's surface when there are variations
in the thermal regime occur as a result of an increase or a decrease in
- the area of the polar ice, snow cover, and also due to changes in the
types of vegetation on the continents.

An allowance for feedback between the thermal regime and the snow-ice
cover was introduced in the studies of M, I, Budyko (1968) and Sellers
(1969).

In the studies of Manabe and Wetherald (1975, 1979) the feedback between the
the thermal regime and changes in snow cover on the continents and sea ice
was taken into account separately,

Cess (1978) brought attention to the need for allowance for the feedback
between the thermal regime and the change in the albedo of the vegetation
cover on the continents. An evaluation of the change in albedo of the
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vegetation cover and its influence on air temperature was made by Cess
in the example of the epoch of the last glaciation on the basis of data
from CLIMAP (1976) and Gates (1976).

In this study an attempt is made to evaluate the overall effect of all the
components of the feedback between change in the mean global air tempera-
ture and albedo of the earth's surface. These evaluations were made for
conditions of climatic warming in the example of the epoch of the’ Early
Pliocene (about 6 million years ago) and for the conditions of cooling
during the last glaciation (about 18,000-20,000 years ago). The results
are compared with paleoclimatic data and the results of computations

using a climatic model.

Warm climate, Early Pliocene. As the initial data for determining albedo
of the surface of the continents under the conditions of the warm climate
of the Early Pliocene we used the maps prepared by V. M. Sinitsyn (1965,
1967) showing the distribution of the vegetation cover, air temperatures
of the warmest and coldes* months, and the annual sums of precipitation
over the territory of Eurasia. On the basis of these data, with modern
climatic analogues and types of vegetation into account, it was possible
to reconstruct the annual variation of temperature and the characteristics
of the snow cover in the high latitudes, Then, using a known method (Budy-
ko, 1971; Yefimova, 1977), we determined the mean monthly and annual al-
bedo values for the territory of Eurasia and the northern half of Africa.
The mean annual albedo values obtained in this way for the latitudinal
zones of the mentioned continents were deemed characteristic for the lat-
itudinal zones of the continents in the northern hemisphere as a whole

by analogy with the circumstance that in the modern epoch the mean albedo
values for the latitudinal zones of Eurasia are extremely close to those
for the northern hemisphere.

The mean annual albedo values for the continents in the present epoch were
obtained on the basis of materials used in constructing maps of the heat

- balance components (Budyko, et al., 1978; Mukhenberg, 1967). When determin-
ing the albedo of the continents for the modern epoch an allowance was made
for the real areas of forested expanses, meadows and agricultural fields.

According to paleoclimatic data, the climate of the Early Pliocene was
warmer and moister in comparisen with the modern epoch. In the middle and
high latitudes of Eurasia and North America the vegetation cover was char-
acterized by a richer species composition and the forests occupied exten~
sive territories extending to the northern shores of the continents and

to the south of the boundary of the present-day forested zone.

The snow cover was situated considerably to the north and was briefer than
at the present time. As 1s well known, the albedo of the forests both dur-
ing the growing season and in the presence of a snow cover is less than the
albedo of tundra, grassy vegetation and thin forests. Accordingly, over a
great part of the surface of the continents the albedo was less than is

the case at the present time,
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The mean albedo of the land surface in the northern hemisphere in the Plio-
cene was 0.060 less than the present-day value (the difference in albedo

of the land in the northern hemisphere between the present-day epoch and
the Pliocene was obtained as the mean weighted value of the differences in
the albedos of the latitudinal zones, taking into account the solar radia-
tion levels incident on the earth's surface).

Taking into account the relationship of the areas of the land and ocean,
the mean difference in albedos between the present epoch and the Pliocene
for the entire surface of the northern hemisphere was 0.024.

In order to evaluate the influence of change in albedo of the surface of
the continents on the thermal regime we determined the difference in al-
bedo of the earth - atmosphere system in the considered epochs (4%g).

It was obtained by summing the differences in albedo of the earth's surface
of the latitudinal zones (A«l,..., AxT), taking into account the influence
exerted on planetary albedo by Rayleigh scattering and cloud cover (N) in

the form proposed by Cess (1978): i
3a, = 3a’ (0,69 — 0,52 N),

where AOL'S is the difference in zonal albedo of the earth - atmosphere
system.

The mean zonal differences in albedo are given in the table. The mean dif-
ference in albedos of the earth - atmosphere system for the entire north-
ern hemisphere between the present epoch and the Early Pliocene was 0.0104
(in the averaging allowance was made for the dependence of receipts of
solar radiation at the upper boundary of the atmosphere on latitude). This
value was governed by the change in albedo of the continents as a result
of change in the types of vegetation and snow cover. Some of the differ-
ence in albedo caused by differences in the vegetation cover was obtained
from a comparison of present-day data on albedo of the surface of the con-
tinents during the summer months wich the albedo in the Pliocene under
conditions of absence of a snow cover over the entire considered terri-
tory. This part of the difference in albedos was equal to 0.0040; the re-
maining part -- 0,0064 —— was related to differences in the distribution
and duration of presence of snow cover during these epochs.

It is known from paleogeographic investigations that at the end of the
Tertiary the area of the sea ice in the arctic basin was considerably less
than today. In accordance with the data of V, M. Sinitsyn on the thermal
regime of the cold season in the northern part of Eurasia it can be assum-
ed that in the Early Pliocene the boundary of the sea polar ice ran approx-
imately 15° of latitude to the north in comparison with the present time.

An evaluation of change in albedo of the earth - atmosphere system due to
this contraction of the area of sea ice indicated that it decreased by

0.0035. Thus, the total decrease in albedo of the earth - atmosphere sys-
tem during the Pliocene was 0.0139, including 0.0104 as a result of the
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change in the albedo of the continents and 0.0035 due to a decrease in the
area of the sea ice. The contribution to the total change in albedo from
the change in albedo of the vegetation cover was substantial, constituting
sbout 307 of the total change in albedo of the earth - atmosphere system.
We note that this evaluation applies to the northern hemisphere. For the
earth as a whole the general change in the albedo of the earth — atmosphere
increased somewhat due to the great changs in area of the polar ice and de~
creased due to the lesser area of the continents in the southern hemi-
sphere; the corresponding albedo change was 0.0i02 (0.0050 due to the de-
crease in the area of sea ice, 0.0052 as a result of decrease in the snow
cover and change in vegetation). The contribution of the difference in the
state of the vegetation cover to the change in albedo for the earth as a
whoie was less than the evaluation cited above, constituting about 20%.

Cold climate. Epoch of the last glaciation of the Pleistocene., In deter-
mining the albedo of the continents in the epoch of the last glaciation

of the Fleistocene (about 18,000-20,000 years ago) we used CLIMAP data
(1976), the paleogeographic generalizations of A. A. Velichko (1973),

I. T.Avenarius, M. V. Muratova, et al. (1978) and others. In these inves-
tigations it was established that under conditions of a cold and in many
regions of more arid climate of the glaclal period the forest vegetation
on the continents was replaced in the high latitudes by tundras, in the
temperate latitudes by tundra steppes and thin forest, in the lower lati-
tudes hy savannas and steppes. There was a considerable broadening of
zones of dry steppes, semideserts and deserts. In accordance with this
change in the vegetation cover, and also in connection with the occurrence
of continental glaciation in the high and temperate latitudes there was an
increase in the albedo of the surface of the contiments.

Taking these changes into account, we determined the mean annual albedo
values and the difference in albedo of the surface of the continents in
the glacial period and the modern epoch for the earth's latitudinal zomes,
The mean difference in the albedo of the land surface during the period
of glaciation and the present epoch (obtained by averaging the differences
in the albedos of the land by 10° latitudinal zones, with allowance for
their areas and the distribution of solar radiation) was 0.083.

Taking into account the ratio of the areas of the land and ocean, we com~
puted the mean zonal differences and then the total difference in albedo
of the earth's surface caused by the change in albedo of the continents
during the glacial period in comparison with the present epoch, which was
0.024,

Taking into account the already considered dependence of planetary albedo
on cloud cover and the receipts of solar radiation we computed the mean
zonal (see table) and total mean difference in the albedos of the earth —
atmosphere system during the glacial period, caused by an increase in the
albedo of the continents as a result of change in the vegetation cover and
the presence of continental glaciation. This value was found to be equal
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Mean Zonal Albedo Differences
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to 0.0105. It was found that the contribution of the increase in continen-
tal glaciation to the change in albedo of the earth - atmosphere system 1s
0.0041, whereas the remaining part —~ 0.0064 — is attributable to the
change in albedo due to a change in snow cover and vegetation (0.0030 and
0.0034 respectively).

An evaluation of the influence of an increase in the area of polar sea ice
on change in albedo during the glaclation period indicated that because

of this the albedo of the earth — atmosphere system increased by 0.0110 in
comparison with the present epoch. Most of this albedo difference (0.0090)
is attributable to the extensive occurrence of a zone of sea ice in the
southern hemisphere. Thus, the total increase in albedo of the earth - at-
mosphere system in the glacial period in comparison with the present epoch
was 0,0215; the contribution of change in the albedo of vegetation (0.0034)
to the total change in the planetary albedo was about 15%.

In a study by Cess (1978) the change in the albedo of the vegetation cover
in the glacial period is about 0.0l or 40% of the total change in the
planetary albedo, which also was somewhat greater (0.025) than that ob-
tained in our study. These differences are probably partially attributable
to the fact that Cess determined the differences in albedo for July, where-
as here we have made computations of the mean annual values. Another rea-
son for the indicated difference is the noncoincidence of the data used on
the albedo of the surface of the continents. We feel that the data of Posey
and Clapp (1964) on the albedo of the continents in July for the present
epoch, which Gates and Sess used in the computations, are considerably too
low. For example, in large territories occupled by different types of vege-
tation — from forests and thin forests to steppes, prarles and savannas,
they adopted an albedo of 0.07-0.15, whereas using the observational data
which we employed in constructing the maps the albedo of these types of
vegetation is from 0.12 to 0,22,

Effect of feedback of albedo changes on thermal regime. The changes in al-
bedo of the earth — atmosphere system in the Early Pliccene and during the
last glaciation make it possible to evaluate the changes in mean global air
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Earth - Atmosphere System (Ax'g)
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temperature at the earth's surface caused by this factor. Assuming that
with a change in planetary albedo by 0.01 the global temperature changed
by 2.1°C (Budyko, 1974, 1979) we find that in the Pliocene the change in
the mean annual air temperature at the earth's surface as a result of
change in the albedo of the earth - atmosphere system was about 2.1°C,
including 0.4°C due to a change in the albedo of the vegetation cover,
0.7°C -- due to changes in the snow cover and 1° due to change in the
area of sea ice. Taking into account that the approximately doubled com—
tent of carbon dioxide in the atmosphere in this epoch leads to 2 temper-
ature increase by approximately 2,5°C (Budyko, 1972, 1977), we find that
the total increase in air temperature in the Early Pliocene in comparison
with the modern epoch 1s about 4.6°C,

The increase in air temperature in the northern hemisphere (4.6°C) obtained
for the Early Pliocene is very close to the similar value determined from
the paleoclimatic maps prepared by V. M. Sinitsyn (4.8°C).

During the period of the last glaciation the decrease in air temperature
as a result of the increase in planetary albedo, in accordance with the
data cited above, was 4.5°C, including by 0.7°C due to the change in the
albedo of vegetation, by 0.6°C —- due to change in the snow cover, by
0.9°C -~ due to an increase in continental glaciation and by 2.3°C —-

due to an Increase in the area of polar sea ice, especially in the south-
ern hemisphere. The difference in the mean global annual temperatures dur—
ing the glacial period and in the modern epoch (4.5°C) found here is close
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to the values obtained for July by Gates (1976) —~ 4.9°C and by Cess
(1978) — about 5°C.

1t is obvious from the materials cited here that in the study of climatic
changes transpiring over long time intervals there is a need to take into
account all the principal factors exerting an influence on the albedo
of the earth's surface, including the state of the vegetation cover.

.2 das

202
a0

-5 -J -1 7 J 4arc

’ a0 .
-0,02%

Fig. 1. Dependence of change in albedo of the earth - atmosphere system
Ax g on change in global temperature AT. 1) Pliocene - modern epoch, 2)
last glaciation — modern epoch.

Influence of changes in air temperature on planetary albedo. Figure 1 il-
lustrates the dependence of planetary albedo on changes in mean global
air temperature at the earth's surface. In this figure Ao denotes the
change in albedo of the earth - atmosphere system in comparison with the
modern value, A T is the difference 'in mean air temperature relative to
the modern epoch, determined independently on the basis of paleoclimatic
data and computations using climatic models.

We note that the accuracy of the data used in comstructing this graph is
limited, in particular, due to the failure to take into account the in-
fluence exerted on planetary albedo by changes in the cloud cover.

It is evident that the feedback between air temperature and albedo of the
earth's surface considerably intensifies the sensitivity of the thermal
regime to variations in the heat influx. Taking into account the depen-
dence of temperature of the lower alr layer on albedo of the earth - atmo-
sphere system cited above, it can be concluded that the relationship rep-
resented in Fig. 1 doubles the sensitivity of the thermal regime to vari-
ations of the heat influx with an increase in the concentration of carbon
dioxide in the atmosphere in the Pliocene.
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A still greater role is played by the change in albedo in development of
cooling during the last glaciation. Assuming that this glaciation was
caused by the redistribution of the solar energy arriving during the wamm
and cold seasons of the year at different latitudes, we can conclude

that change in the albedo of the earth's surface was of decisive impor~
tance for the mentioned cooling.

Although the influence of changes in the albedo of the earth's surface
1s fully manifested for prolonged climatic variations occurring during
time intervals during which continental ice covers are formed or are de-
stroyed, it 1s also of importance for relatively short climatic changes
transpiring over the course of decades and centuries which lead to a

change in the area of sea ice, snow cover and vegetation on the contin-
ents,
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UDC 551.(583+521.14+524) (268/269)

DEPENDENCE OF THE ALBEDO OF POLAR ICE ON AIR TEMPERATURE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 57-60

[Article by Candidate of Geographical Sciences L. A. Strokina, State Hydro-~
_ logical Institute, submitted for publication 15 January 1980]

[Text] Abstract: A study was made of the dependence of
the albedo of the snow-ice surface on air tem-
perature and the angle of incidence of solar
iays in regions of Arctic and Antarctic ice
cover for more precise determination of the
feedback between the thermal regime and the
area of polar ice in models of the theory of
climate. )

Beginning with the studies of M. I. Budyko [1] and W. Sellers [12], in
most modern models of the theory of climate an allowance is made for the
feedback between ailr temperature and the area of the polar ice. Since with
an increase in the ice area the albedo of the earth's surface increases,
this leads to a decrease of absorbed radiation and a decrease in air tem-
perature. The inverse process occurs with a decrease in the ice area.

Since the considered feedback intensifies the fluctuations of the thermal
regime, in accordance with the adopted terminology it is considered posi-
tive.

For a correct allowance for the dependence between the thermal regime and
the area of the polar ice in models of the theory of climate it is neces-
sary to study the influence of air temperature and the angle of incidence
of the solar rays on albedo of the ice cover.

In one of the first studies devoted to this problem it was postulated that
with an Increase in the area occupled by the 1ice cover the mean albedo of
the earth-atmosphere system in the ice cover zone changes little since a
decrease in albedo due to an increase in mean solar altitude in the first
approximation is compensated by a change in climatic conditions in the

ice zone, ircreasing the mean albedo [2]. Later Lian and Cess [13] made
quantitative computations of the dependence of albedo of the earth-
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atmosphere system on latitude, with allowance for the influence exerted

on albedo by changes in solar altitude.

However, they did not take into ac-

count the effect exerted on reflectivity of ice by changes in the complex
of climatic conditions in connection with spreading of the ice cover. From
these computations it follows that there is a decrease in the mean albedo
of the ice zone with an increase in its extent.

Fig. 1. Latitudinal variation of the
albedo of sea ice (1) and air tempera-
ture (2) in the Arctic during the Ap-
ril-September period.
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Fig. 3. Dependence of albedo of snow-
ice surface in Arctic and Antarctica
on air temperature for solar zenith

- angles from 55 to 65°.
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Fig. 2. Dependence of albedo of the
snow-ice surface in the Arctic (1)
and Antarctica (2) on air temper-
ature in the course of the polar
day.
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Fig. 4. Change in albedo of snow-
ice surface in Arctic and Antarc-
tica in dependence on air tempera-
ture and solar zenith angle.
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This conclusion evidently does not correspond to the conditions of a real
climate. It can be noted that with the existing differences in the ex-
tent of the Arctic and Antarctic ice covers the mean albedo of the earth-
atmosphere system, according to satellite data, is greater over Antarctic
ice, which in area exceeds the zone of arctic ice. This fact is probably
attributable to a considerable degree to the above-mentioned effect of a
change in climatic conditions, which are associated, in particular, with
the appearance of stable regions of high pressure over extensive ice
covers. Under such conditions cloud cover is usually limited and the al-
bedo of the earth-atmosphere system is closer to the albedo of the under-
lying snow surface than in the case of an overcast state of the sky [3].

In order to understand the dependence between the temperature regime and
the area of the polar ice it is first of all interesting to clarify the
relationship between the albedo of the 1ce surface and air temperature
on the basis of empirical materials. For this purpose we used climatic
handbooks and monographs on the meteorological and radiation regimes of
the polar region in which most of the data are presented in the form of
charts of the mean long-term monthly air temperature and the albedo of
sea ice [4, 5, 7-9, 11]. From the mentioned maps of the Arctic Ocean we
read the air temperatures and albedo of the sea ice during the period of
the polar day (April-September) in the polar region and at the circles of
latitude corresponding to 65, 70, 75, 80 and 85°N with a longitude in-

- terval of 5°. The mean latitudinal temperature and albedo values deter-
mined in this way for the Arctic are presented in Fig. 1 as a function of
latitude.

It can be seen that the albedo of the surface of arctic ice changes consid-
erably with latitude, decreasing from the pole to the southern edge of the
floating ice by 23% (curve 1). This change in albedo corresponds to an in-
crease in the mean air temperature during the period of the polar day by
11°C (curve 2). It is necessary to clarify to what degree the discovered
albedo change 1is dependent on the thermal regime and to what extent -- on
the angle of incidence of the solar rays.

The presence of a dependence between air temperature and ice reflectivity
can be postulated from data presented on the graph (Fig. 2). This graph
shows the mean monthly data for albedo of the ice cover surface in the
Arctlc and also data on the albedo of the snow surface in Antarctica, ob-

- tained from long-term observations at the statioms Mirnyy (66°33'S, 93°01'
E) and Vostok (78°28'S, 106°48'E), in dependence on air temperature.

In an examination of the data in Fig. 2 it must be taken into account that
the mean monthly albedo of the ice changes not oniy due to the differences

- In air temperature, but also as a result of changes in solar altitude, de-~
creasing with an increase in these altitudes.

For a separate analysis of both dependences we found the empirical relation-

ship between the mean monthly albedo values for the polar ice and air tem-
perature for several 10° intervals of the values of the minimum monthly
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solar zenith angle (z), falling in the range of zenith angles 40-90° dur-
ing the period of the polar day. Figure 3 ghows one such graph, which cor-
responds to the minimum monthly values of solar zenith angle from 55 to
65°.

In this figure, as in Fig. 2, one can clearly see the correlation between
the albedo of the ice surface and the air temperature, which intensifies
considerably when the temperatures are above -10°c.

- The materials in Fig. 3 and graphs similar to it for other zenith angle
intervals made it possible to evaluate the dependence between the mean
monthly albedo values and the minimum zenith angle for air temperatures
below -10°C (Fig. 4). As might be expected, it was found that with one
and the same air temperature with an increase in the soiar zenith angle

- the ice albedo values increase. However, this change in albedo is not

great. It does not exceed 4-5% at ailr temperatures ~20°C and below. In

the temperature region above -20°C this dependence is still weaker. For
higher air temperatures, close to 0°C, it is difficult to establish the
dependence of ice albedo on zenith angle on the basis of empirical data
because in this case small temperature changes result in considerable
variations in the albedo values, which greatly exceed its changes caused
by differences in solar altitude.

The slight dependence of the albedo of a gnow-ice surface on solar alti-
tude was also pointed out by A. A. Timerev {10]. As a result of an analy-
sis of measurements of albedo in the polar regions the author drew the
conclusion that within the limits of observational accuracy the change

in reflectivity of the snow-ice surface is caused by a change in the state
of the underlying surface. A definite role in the state of snow and ice

in the change of albedo was also noted in the investigations of M. S. Mar-
shunova and N. T. Chernigovskiy [4, 11]. It can be seen from the data
cited above that in the Arctic with a decrease in air temperature from

4.0 to -6.0°C, when there is a marked change in the state of the ice

cover surface, the albedo increases by approximately 50% (Figures 2, 3).

Although the nature of the dependence of albedo of the ice cover on air
temperature in the regions of both polar caps is identical, we note some
difference in the albedo values in the Arctic and Antarctica with one and
the same air temperature values and with identical zenith angle values.
The albedo values in Antarctica are usually several percent higher than
in the Arctic, which is probably attributable to the greater dryness of
the snow, the lesser contamination and more even surface of the snow and
ice cover in comparison with the ice cover of the Arctic basin [6, 7].

The mean albedo of the surface of the snow and ice cover in the Arctic
Ocean, determined from the above-mentioned data, is 65%. It is difficult to
determine the similar value for Antarctica due to the lesser volume of ob-
servations made there. However, without question, the mean albedo of the
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surface of the Antarctic ice cover is considerably greater than the value
cited above. Thus, in particular, the albedo value at Mirnyy station, sit-
uated at the periphery of the Antarctic glacier, during the period from
October through March is 81.4%. On the glacier plateau of Central Antarctica
the albedo is still greater.

In this connection it can be surmised that with an increase in the polar
ice covers the mean albedo of their surface increases. This favors an in-
tensification of the positive feedback between air temperature and the
area of the polar ice. .
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UDC 551.509.314

SMOOTHING OF EMPIRICAL HYDROMETEOROLOGICAL RELATIONSHIPS BY A CUBIC SPLINE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 61-67

[Article by Professor A. R. Konstantinov and N. M. Khimin, Leningrad Hydro-
meteorological Institute, submitted for publication 28 February 1980]

[Text] Abstract: The authors examine problems in
the theory of splines applicable to an an-
alysis of hydrometeorological processes.
The article formulates the problem of non-
linear multiple regression and existing
solution methods are evaluated. Splines are
regarded as a universal tool for construct-
ing nonlinear relationships between statis-—
tically linked variables. Recommendations
on the use of splines can also be useful in
an analysis of this class of problems in
other scientific fields, but the effective-
ness of thelr use is demonstrated in stat-
istical problems of a hydrometeorological
nature,

Most hydrometeorological relationships have a nonlinear character. In these
cases the use of the multiple linear regression approach leads to substan-
tial errors. Accordingly, researchers have been forced to seek new ana-
lytical methods. Among such methods 1s the "residual method" of statis—
tical analysis, suitable for any form of relationships, including nonlin-
ear relationships. Initially the relationship between the selected func-
tion and the first determining argument is taken into account; the residual
value of the function is related to the second argument, etc. This method
has found extensive application abroad [4, 10, 11, 13]. During recent years
it has also heen used in Soviet investigations {5].

In order to realize this method it 1s necessary to construct graphic re-
gressions of the sought-for relationships., Such a construction sometimes
to one degree or another has a subjective nature, although it is accomplish-
ed using the condition of maximizing of the closeness of the correlation
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between the values of the function for one and the same arguments, deter-
mined by experimental points and regression curves [5, 6]. Some problems
in the mathematical approximation of the graphic regreasion curves were
exanined in [6].

The method proposed in this article makes it possible to construct the men-
tioned graphic relationships quite rigorously and objectively., It can also
have broader application for constructing any one-dimensional relationships.
In developing the method it is assumed a priori that the relationship be~
tween the determining factor and the phenomenon is expressed by a smooth
function, whereas the experimental data can have a considerable scatter.

The construction of the smoothing function is an approximation problem.

In this study we give an algorithm for solution of this problem; its real-
ization in some hydrometeorological examples is demonstrated.

- Assume that in the segment [a, b] the grid
w, = | -—=x0<x;<. L. <x,=b, ¢H)

is stipulated and the values yy, 1 = 0, 1,...,n are stipulated at the
points x4y. The yj values can be regarded as quantitative characteristics
of some process at the times xj. As an adequately general mathematical ex-
pression we use a model from [2] in the form

= @

In this model the observed series is regarded as the sum of the determined
sequence [qf(xi)} and the random sequence {Ai] . These compcnents are usual-
ly computed theoretical values,

Tt is assumed that at least theoretically it is possible to repeat the ex-

- periment fully as many times as desired, obtaining new sets of observa-
tions. With such repetition the function ¥ (x), called the trend, should
remain one and the same, but the random components would be different as
different realizations of a random process.

The problem of smoothing of experimental data includes the forming of the
- function f(x), in some sense being the best approximation to the trend

_ ¥(x) in [a, b].

Splines have recently come into wide use for smoothing purposes. We will
recall the definition of a polynomial spline. The breakdown (1) is stip-
- ulated in the segment [a,b]. The function Sp(x) = Sm(x, wn) is called a
polynomial spline in the breakdown wp 1if:
A e . .
DS, (%) € P, xglx, Xig], =0, 1, .
2) S,y (X)ECEm=N [q, b),
where Py is a set of polynomials of a degree not higher than m, m> 0, but

¢k) [a,b] 1s a set of functions in [a,b] having a continuous k-th deriva-
tive.

o, =1
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There 1s a series of approaches to solution of the smoothing problem lead-

ing to splines (see review [12]). A distinguishing characteristic of all :
these approaches is that in actuality for constructing a smoothing func-
tion 1t is necessary to know the value of the standard error in measuring
the y{ value, We will examine one of these problems, the algorithm of
whose solution is given in [14]; we will use it in the text which fol-
lows.

It is necessary to find the function f(x) by which is attained
b

min/ (g)= | g (x) dx 3

a

amongst all g(x)& C(Z) [a,b] and satisfying the inequality
n .
g(x)—y\?

i=0

Here § y4>0 and S»0 are stipulated numbers.

In other words, among all the functions for which the deviation from the
measured values with the weights § y?_z does not exceed a stipulated value
we seek a function which is smoothest in the sense (3). The integral in

(3) gives a good approximation for the integral of the square of curva-
ture of the curve y = g(x). If an evaluation of the standard error of the
ordinate yi is used as dyy, S should fall within the interval (N = (ZN)l/Z,
N + (2N)1/ )> N=n+ 1. A solution of this problem is a cubic spline which
we will represent in the form :

3
f(-r):Za.U(x—x,)/, X Sx S )

/0
If yi is the result of a laboratory experiment, the Ai values in (2) for B
the most part are governed by the errors introduced by the measuring appar-
atus. These errors can be considered normally distributed random values
with zero mean values and dispersions which are easy to evaluate if infor-
mation on the accuracy of the used instruments is taken into account. In
this case the ¢ yj values are known and function (5), being a solution of
= problem (3), (4), serves as a good approximation to the trend ¥ (x). -

We have a different situation in an experiment under natural conditions. In
this case the Ai values are governed by both instrumental inaccuracy and by
the influence exerted on the yj values by external factors, not taken into
account, which can have a random character. In this case the §yj values are
unknown and the evaluation of the parameters of the distribution of the Ay
random values in this case 1s an extremely complex problem having indepen-
dent importance.

Now we will proceed to the problem of smoothing from points of view some-
what different than in the studies cited above. Regardless of the nature
of the Ay values, henceforth we will call them errors. We will assume that

the Ai errors are uncorrelated and have a zero mean value. This means that
Ay form a purely random process, but the determined dependence of y on x
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1s completely determined by the trend lﬂ(x). In this case, according to
[3], the autocorrelation function P (k) of the A4 process is equal to 0
for all whole positive k.

Assume that r(k) is a sample autocorrelation function determined by the ex-
pression ek
Z (-‘l+k—'3_’(-\z—_-\_)
_i=0
r(k)= -
pIETENL

=

(6)

where A is the sample mean value of the sequence {ﬂi} . In [3] it was dem—
onstrated that when the number of terms in the series 1s sufficiently great
it i{s admissible to assume that r(k) is distributed in conformity to a nor-
mal law with a zero mean value and a dispersion equal to n~1. This means
that in order for the sequence Ai} to be considered a sample of a set of
purely random numbers, r(k) must satisfy the expression

- Ir (W<~

where q is the selected significance level and ug can be obtained from a
normal distribution law table. In most practical cases the function lr(kﬂ
is decreasing. Accordingly, hereafter we will 1imit ourselves to an exam-
{nation of the r(l) value, being an evaluation of the first-order autocor-
relation coefficient for the series [Ai] , which we will denote by ri. As
the randomness test for the {Ai]sequence we use the expression

€)]

Uq
Irl= s =rga-

Assume that
3=y, —glx), g(x)€EC®[a, b]. (8)

Assume that G 1s a set of such g(x) for which the sequence {5&} satisfies
the randomness test (7), that is

n=1

Tt =D =7 (9
l"1l= =2 <renm
(4 =)
0

T s

- where jf-is the sample mean value of the series {Si} .

We will call the f(x) function best with a C(2) [a,b] approximation to

the trend W(x) of the observed yj series if f(x) minimizes the functional
(3) amongst all g(x)&G. Now the problem of smoothing of experimental data
1s formulated in the following way.
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It is necessary to find the function f(x) with which the minimum of the
functional (3) among all g(x)& c(2) [a,b] is attained, for which the
conditions (8), (9) are satisfied. In other words, among all the twice con-~
tinuously differentiahle functions for which the series of residues (8)

can be considered a sample from a set of purely random numbers it is neces~
sary to find the smoothest in the sense of the integral (3). - :

For solution of this problem we will use an algorithm for solution of prob-
lem (3), (4). In (4) we will assume that Syi = Sy, i=0,1,...,n and we
will Introduce the parameter Q = (§ y)2S. The inequality (4) will be writ-
ten in the form

Eolg' (x)—yP=Q (10)

In accordance with the "existence and uniqueness theorem" [12], each Q cor-
responds to a unique function fQ, being a solution of problem (3), (10). We
wlll use to denote a set of such values Q for which the functions f
satisfy condition (9). The set of functions fQ corresponding to Xq will be
denoted FQ.

According to the definition of the best approximation to the trend 1}"(:(),
- glven above, the sought-for function fo(x) minimizes the functional (3) in

the set F,.,
Q

Since a unique fq & F, corresponds to each Q& Xq, we can determine the un-
ambiguous function q(Q): -

3
9(Q = fo 07 dx, an
a
being, eviaently, a nonincreasing function.

It was demonstrated in [14] that there is such Q'> O that for all Q2qQ’
the solution of problem (3), (10) is a straight line L(x), constructed
by the least squares method on the basis of observed values (%1, y{)-.

We will denote by r'y the evaluation of the autocorrelation ccefficient,
- computed using formula (6) with k = 1, for the sequence

A=y —1(x).

[t 1s easy to show that r'j with a probability not less than (1 - q) sat-
isfies the condition ri > = TIq,n-

]
It therefore follows that either r;r n and then the straight line ) (x)

is the sought-for approximation to the trend W(x) or r;> Tq,n* In the
latter case Xn is a limited set. ’

We denote Qq = sup {XQ} - It is evident that Qp<Q'. Since q(Q), determined

by expression (11), is rigorously decreasing when Q<Q0, then the function
fo(x), imparting a minimum to the functional (3) in the set FQ is a
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solution of the problem (3), (10) with ¢ = QO{

wix
J

al
Fig. 1. Comparison of trend Y (x) (2), constructed from values yj = -cos
x5 + Ai’ and curve of the function y = -cos x (1).

a

-1

R o
t4
.Z - 1 ’
14 100 200 x; M1
Fig. 2. Correlation between area Fig. 3. Curves of correlation uy =

of field S% and depth of snow cover uy (x;) between initial (x;) and
h» 30 cm for different h values, cm. normalized (Uj) variables” (j = O,
1) curve constructed by author [9], 1, 2, 3).

i 2) trend V (x) . Ty ﬁ“(x‘\); (,r;","tio‘): 2)- "1"("; )
' (xyp wy) 3) uy (x). (3gp by):
4) Uy (xa), (xgp Uy))

Thus, the solution of the formulated problem is either a straight line,
constructed by the least squares method, or a cubic spline (5), being a
solution of problem (3), (10) with Q = Q. In the latter case the solution
of the problem is reduced to a determination of Qg and further application
of the algorithm represented in [14]. On a practical basis it is necessary

78
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9

ey

FOR OFFICIAL USE ONLY

to find ( belonging to a quite small neighborhood of the Qg value.

We wrote the program in ALGOL~60 language, formalized in the form of a
TREND procedure for realizing solution of this particular problem.

Jn order to check the quality of operation of the TREND procedure we cartr-
ied out a great number of numerical experiments with different mssses of
values y;(4 = 1,...,n) which were stipulated by expressign (]_)2 where as
Y (x) we tested different smooth functions of the type x%, x1/ » sin x,
cos x, eX, and Ai were a realization of a random value having a zero

mean value and distributed either uniformly in [-1, 1] or normally with a
dispersion equal to 1. The A4 were generated by a computer, x{ were a
uniform breakdown of the segment [a, b], the a and b values were different
for different ¥ (x). The experiments were carried out for n = 50, 100, 250.
The f3(x) function, obtained as a result of use of the TREND procedure,

in each case was very close to the true trend ¥(x).

Figure 1 shows the result of one of the experiments. The values ¥ (x) =
-cos x in [-31,M], n = 100, A, had a normal distribution. The dots in
the figure show the yj values and the solid curve represents the approx-
imation fg(x) to the trend ¥ (x), obtained as a result of application of
the TREND procedure.

We deliberately selected as an illustration of use of the algorithm a case
when the characteristic change in the values of the trend ¥ (x) in [a,b]
is comparable to the mean square error in measuring the % (x) values. This
case 1s very characteristic for hydvometeorological processes, where quite
often 1t 1s necessary to seek the relationship between poorly correlated
variables.

Figure 2 {llustrates the application of the algorithm described above in
agrometeorological practice. The example was taken from [9].

As the next example we will demonstrate the possibility of using approxima-
tion splines in the method of nonlinear multiple regression proposed by

G. A. Alekseyev [1]. The method is based on the transformation of initial
variables xj into normalized variables uj. In [1] this transformation is
accomplished using tabulated values {xji» u44} by means of the.procedure
of smoothing "by hand." For closing the Alekseyev algorithm it is necessary
to carry out this procedure analytically, In our opinion, splines are an
applicable tool for solving this problem primarily because the method for
constructing them is completely "blind," that is, is based only on initial
information, without relying on any a priori information on the character-
Istic form of the dependence uj (xj). The latter circumstance is decisive
for complete automation of the Alekseyev algorithm.

Figure 3 shows the curves for the correlation uj(xj) for the example, pub-
lished in [1], of determination of the correlation between runoff during
December and precipitation during December, November and Octnber for the
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the White Hollow River basin. The constructed curves represent curves of
approximation cubic splines.

As indicated at the beginning of the article, the residual deviations meth-
od is an extremely promising multidimensional statistical analysis method.
At the present time we have developed an algorithm realizing this method

in analytical form [7]. The central place in the algorithm is occupied by
the smoothing procedure described in this article.
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DETERMINING RUNOFF DURING WINTER AND TRANSITIONAL PERIODS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 6877

[Article by V. S. Ryazanov, Upper Volga Territorial Administration of Hy-
drometeorology and Environmental Monitoring, submitted for publication 30
October 1979]

[Text] Abstract: The possibility of using correlation-
hydraulic models based on the Chezy-Manning for-
mula for taking winter runoif imto account in
operational work is examined. In the example of
individual hydraulic scations, situated on the
rivers of the basin of the upper Volga and haw-
ing a different character of flow pattern under
winter conditions it is shown that the multiple
regression equations, computed on the basis of
measurements from preceding years, are an objec~
tive basis for routine (operational) determina-
tion of winter water runoff.

At the present time there are no objective methods for routine determina-
tion of river runoff in the absence of an unambiguous dependence between
water discharges and levels, in particular when ice formations are present
and ice has set in. In actual practice use 1g made ~f intuitive procedures
for the extrapolation of water discharges up to the next measurement when
it is possible to correct them. Such procedures lead to considerable errors
in computing daily water discharges, considerably exceeding the admissible
accuracy of $£10%. Recently hydraulic models have been proposed for the hy-
drometric determination of runoff [1]. Their checking and experimental in-
troduction have been carried out at a number of hydraulic stations on rivers
in the Volga basin. The article gives the results relating to models of hy-
drometric determination of winter runoff.

The appearance of ice formations on rivers leads to an increase in hydraulic
resistances to the movement of flow. For this reason water discharge in the
presence of ice formations and setting-in of the lce (Qwin) differs from

the water discharge when there is a free state of the channel (Qg) with one
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and the same river level (H). This difference in the Quin and Qg values
is evaluated using the conversion factor

Kuin = Quin/Q = @yin Vwinlajo Voo (1)

where @y and @/ are the cross-aegtional areas of the open channel and

- the river channel under the ice in m“, vq and Vyin are the mean current
velocities of the water in the cross section of the open flow and under
the ice in m/sec.

When using the Chezy and Manning formulas expression (1) for determining
Kyin 1s written in the fm;m of‘til}g _19_193:9_f_9mu{9

5)3

Ky = m, (1 - -;,f;) —"9—( -”“—)""’. (2)

Daun 0

[3UM = win; TN = ice] where o ce ia the area of the submerged ice in mz;

)y and ng are the ctoss~sectionnl area in m? and the open channel rough-
ness coefficient respectively; Nyipn 18 the generalized coefficient of
roughness of the channel under the ice; I, and Iyip are the hydraulic slopes
of the open and ice~covered river channels; m; is a coefficient taking into
account the relationship between the hydraulic radius and the geometrical
characteristics of the flow cross section.

For the period of continuous ice cover, when the wetted perimeter (Pyin)
1s equal to doubled the wetted perimeter of the channel when in an open
state (Pg) and the hydraulic radius 18 Ryin = 0.5 Rg, the coefficient mj
= 0.63. During the transitional periods of freezing and opening-up of the
river, when Pyy, varies in dependence on the degree of coverage of the
water surface with ice formations and is difficult to determine; the coef-
ficient my is also virtually impossible to determine.

Many authors, including P, N, Belokon', V. N. Goncharov and S. I. Kolu-
paylo, in investigations of the possibility of applying formulas of the
type (2) for determining Kisin, made the assumption of an equality be-
tween I9 and Iyin [3]. The same assumption was rade by I. F. Karasev [1]
in the multiple correlation equation which he proposed as a computation
model for determining Kyip

—5r ;5L
Tl 2y O m L, T
Koz=m—mmygme D—mpm b pomome fhome it (g
m;’ ‘ 2 77 -5 T
tym——gmm 2 T

where T{.e 1s the duration of ice coverage of the river channel in days,
varying from T = Q to T = Tjce, my is an empirical coefficient,

. Equation (3) in general form describes the change in the conversion factor
Kyin during the entire period of the winter low water (from Kyin = 1.00
at the beginning of the appearance of ice formations in autumn to Kyin =
1.00 with the clearing of the river from ice at the beginning of the spring
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high water). The terms of this equation take into account the influence
of the two principal factors on which the carrying capacity of the chan-
nel is dependent:

-— the changing roughness of the lower ice surface, represented in depen-
dence on the time T from the time of setting-in of the ice,

-- degree of restriction of the river channel.

The terms on the right side of expression (3), except for my, cen be re-
garded as variables entering into a regression equation in the form
: e, phnhe s S

y=a,+ Lax, (4)
i=1
where
3 T —_— T
. T —7_1- Wy a4 1,
B \‘__-l—;-e . \f»_;-’;:. x""'...,, Tle
. -3 L
v o T
X, = ——— Xy = e—y —— ¢

i wh Ty
ag, ajp,s..s,as are the parameters of the regression equation.

The cross-sectional area of the open channel (0)0), entering into equation
(4), on any date is determined from the dependence &, = f(H). The area of
the submerged ice (CJice) is determined using data on the ice thickness

(hy.e) in a hole: o

ice = MyhiceBicer

Here Bic X By 1s the river channel width at the hydraulic station in m; m,
is a coe%ficient taking into account the noncoincidence of the mean thick-
ness of the ice in the width of the channel and its thickness measured in
the hole.

Since daily measurements of ice thickness are not made at hydrological posts,
we also tested a model which takes into account the known relationship be-
tween the increase in ice thickness and the sum of negative air tempera-
tures. According to investigations of different authors, for example, F. I.
Bydin, hy.e Y tf. According to observations made on the rivers of the
upper Volga basin during the period from 1946 through 1965, Z. S. Surina

(4] obtained the dependence oo

hue’ 0,97 (J T ¢])ese,

Accordingly, the area of the submerged lce (wice) in.eqﬁation (3) can be
completely represented by the expression

W ice = M5Bice IZtl , (5

where ms is a proportionality factor.
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After substituting expressions (5) in place of @/ice the regression equa-
tion (4) as one of the determining factors will take the temperature fac-
tor Iinto account.

Models based on the multiple regression equation (4) and using data on the
ice thickness or on the sum of negative air temperatures are valid only for
conditions of a stable ice cover without significant ice jam - water-under-
snow phenomena during the period of winter low water. Precisely such a re-
gime is characteristic for most of the rivers in the upper Volga basin. On
the basis of the nature of river freezing in the considered basin, in ac-
cordance with the classification proposed by R. A, Nezhikhovskiy, types I
and II can be distinguished. A fixed ice cover on them is established for
the most part by a gradual expansion and closing-in of ice forming along
the sliore (type I) or by simultaneous formation of "bridges" in a number

of places where the ice-transporting capacity of the flow is reduced, with
the subsequent filling of the spaces between the ice bridges with floating
floes (type II).

The entire difficulty in operational determination of runoff is that the
daily water discharges are computed under conditions when there is still

no complete set of measurements of discharges for a particular year. In this
case as a base for the computations it is possible to use regression equa-
tions of type (4), derived using the results of preceding measurements
either during periods with winters close in severity (WCS) or during the
long-term period as a whole (LTP). Such a type of regression equation with
the use of data on the ice thickness (WCS-I, LTP-I) and on the sum of neg-
ative alr temperatures (WCS-II, LTP-II) was computed for the period 1959
through 1975 for the hydraulic stations Oka River (Gorbatov), Oka River
(Murom), Oka River (Belev), Vetluga River (Vetluzhskiy) and Mera River (Malo-
Berezovo), having basin areas from 224,000 to 820 kmZ.

The parameters of the multiple regression equations were determined at the
Computation Center Verkhne-Volzhskoye Administration of the Hydrometeorolog-
ical Service by the least squares method using a "Minsk-32" electronic com-
puter with a standard program developed at the State Hydrological Insti-
tute. The mean air temperature during the time Ty.. was adopted as the in-
dex of winter severity. Winters for which|¥ t|/Ty,e<7.0 were classified

as mild, with|Zt|/T{.e = 7.0-9.0 -~ as normal, with ¥ t|/T4ce>9.0 -~ as
severe.

The free term (ap) in the derived regression equations was always close to
1.00, which is natural, because with T = 0 ) ., = O and Kyin = 1.00. The
remaining parameters of the regresaion equations (aj,...,ag) vary in a
rather broad range and reflect the physical conditions of processes of

change in Kgq,.

The derived regression equations in mest cases have rather high multiple
correlation coefficients (Ry = Q.75-0.95). An exception is the regression
equation for the station on the Mera River, Malo-Berezovo, Rg for which
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{s only 0.56-0.73, The multiple correlation coefficients as a rule are high-
er for models using data on ice thickness in comparison with models taking
Into account the temperature factor and this 1s logical. The highest Rg
correspond to the regression equations for severe winters when a stable
ice cover is formed on rivers rapidly and is not impaired by thaws to the
very beginning of the spring high water. ‘The minimum mean square errors
(A Q), which directly characterize the accuracy of the values computed
from the regression equations, correspond to these same winters. The RQ
values are usually lower for gentle unstable winters when the formation

of the ice cover lasts a long time and is disrupted by thaws leading to
the temporary clearing of ice from the river.

In actual hydrological computations it is necessary to compute the daily
water discharges during years when the measurements of discharges during
the winter low-water period are not made at all. The need for this kind
of computations arises, for example, in cases of restoration of winter
runoff on the basis of measurements of preceding or subsequent years. In
such cases it 1s usually recommended that winter runoff be computed from
the K in values for the closest years or the means for a number of years.

- However, such averaged Kiyin(T) curves usually do not make it possible to
compute the daily water discharges with sufficient reliability. For this
reason the results of such computations of winter runoff during past years
in most cases were deemed unreliable when preparing the handbook SURFACE
WATER RESOURCES IN THE UBSR.

Comparison of the Kyin values on the basis of measurements and computations
using WCS models, on the assumption that measurements were not made, was
carried out for the posts Oka River (Gorbatov) and Oka River (Murom) in the

_ years 1958-1959 and 1975-1976, that is, during winters not entering into

- the period adopted for determining the regression equations. Taking into
account that the mean air temperature for the winter of 1958/1959 for Gor-
batov was —4.4°C and for Murom was -5.2°C, the Kyin values were computed
using the following type of regression equations for gentle winters:

1) Oka River -- Gorbatov

WOS-T Kyqp = 089—16351—338 % — 10,253+ 8.37 £, +31.7 xs,
WCS-1T Kygin = 10141,605,—0.031,—2,05x5—0.0001xe+0. 14x5;

2) Oka River -~ Murom

WCS-T Ky = 0.99—4 621, —2,72.3— 14,7x3+ 1,944+ 2055,
WCS-IT Roqp = 108—3.00x,—0.05x,—1.195--0,0003+0.13xs.

For the winter of 1975/1976 thc mean air temperature at Gorbatov was -7.7°C
and at Murom was ~8.6°C. Proceeding on the basis of this value, Kyin was
computed using regression equations for normal winters in the form:
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1) Oka River -- Gorbatov

WCS-I Kyip =

0,94-—7.99x, 6.1 4.2 + 11763420, 4x,— 34315,

WCS-IT Kyin = |,00—7.45 x,—0.04 X3+ 0,72 x3+0,001 X,—0.05 x5

2) Oka River —-- Murom

WCS-T Kyqp = 0,95-—2,l3x,—2,57x2—35,8x3+1,34x4+266x5,
WCS-IT Kyyp = 0,99--0,74.,+0,0002x2— 1,6425—0,002x, +0,10x;.

Table 1

Results of Computations of Water Discharges (WCS Model) for Cases of

3 Omxaomenns BHAHCACMAMX 3HaueHuf Q
. OT H3MepeHHHX, §
Mepioa Koausecrso P %
H3MepenH#H
1 2 % A-O'-’ AOnpeunnoe apara
A Y
6 Modeas YPII, ywuressrowas dannsie o ToAWuNe Avda
8 P. Oxa—r. Top6aros
10 3uma 1958/59 l 11 I 86 , 234 l 1 XI1 1958
3uma 1975/76 14 104 22,3 17 XII 1975
9 p. Oxa—r. Mypou
Jma 1938/59 |10 15, | 287 | nm 1958
_ 3uma 1975/76 1 16 94 247 19 XI 1975
7 Modeas YPII, yuurwnsarouas rexneparypusd ¢axrop
8 p. Oxa—r. Top6atoa
3uma 1958,'59 ’ 1 ’ 136 , 45,6 , 1 XII 1958
3nvo 1975776 14 90 20,6 17 XII 1975
9 p. Oxa—r. Mypou
3uma 1958,'59 | 0 l 140 l —33,4 I 22 XIT 1958
3ume 1975776 | 15 122 473 19 X1 1975
KEY:
1. Period
2. Number of measurements
3. Deviation of computed Q@ values from measured values, %
4, Limit
_ 5. Date
6. WCS model taking into account data on ice thickness
7. WCS model taking into account temperature factor
8. Oka River -- Gorbatov
9. Oka River -- Murom
10. Winter...

Absence of Measurements

87
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9

FOR OFFICTAL USE ONLY

The results of comparison of the computed and measured Kyi, values are giv-
en in Table 1.

Lot

Fig. 1. Matching of runoff nydrographs. a) Oka River -~ Gorbatov. Winter
1977/1978; b) Oka River —-- Gorbatov. Winter 1975/1976; c) Vetluga River —
Vetluzhskiy post., Winter 1974/1975. 1) According to hydrological yearbook;
2) According to WCS model; 3) According to routine data; 4} Measured water
discharges.

The cited data make it possible to draw the preliminary conclusior. that
models of the WCS type are adequately effective, especially models taking
into account data on the thickness of the ice, for the purposes of recon-
structing the winter daily water discharges during years when no measure-
! ments are made, However, very high deviations (AQ) when using models of
the WCS type in individual cases are considerable and usually correspond
to the characteristic points at the beginning of winter when there is a
ninimum Kg,yn value determining the general form of the K;,i,(T) function.

Computed models of the WCS type, when reliable long-term weather forecasts
(of the nature of winter) are available, could also serve as a basis for
routine determination of water runoff. But, unfortunately, hydrologists
for the time being do not have such forecasts. For this reason for opera-
tional purposes at the present time it is possible to use only models

- based on the WCS, obtained on the basis of long-term data for the preced-
ing years of observations.

Numerical experiments with the use of such models for the purposes of rou-
. tine computation of daily water discharges were carried out for the posts
Oka River -- Gorbatov and Vetluga River -- Vetluzhskiy post. Gorbatov post
on the Oka River was of the greatest interest from the point of view of
the possibilities of use of correlatiomn-hydraulic models for operational
determination of runoff: it is one of the two principal stations for
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- Table 2

Comparative Results of Operational Computation of Daily Water Discharges
Using LTP Model With Allowance for Temperature Factor

OTKI0HEHIIA PAacX010B OT ONVOAHKORIHHMX
. B [HAPONOrHYCCKOM eXKerulHiKe, G 3
Xapakrepn-
Mepuon CTHKa 4 no monenk VPM } O ONepaTHBHHM KaHKHM
cTOKa
vl — ——
83 |VIT [80med| 3T 175 |2 Qupes.
8 P Oxka—r. lop6atos

7 3uma 1DeyTouHRI 8,1 105 310 - - —

1975/76 1] AcKaauu 7.7 98 —25,0 - - —

1 p vecauumi 3.6 4.7 —6.4 - - -
3uma l CYTOYHHR 6,0 78 27,1 119 16,1 34.5
1977/78 | dexaanud 4.9 5,7 —8.0 11.2 143 —~21,8
| stecaynsn 3,8 48 —50 9.6 11,9 —151

9 p. Berayra —p. n. Berayxckui:
3ima CYTOUHMI 8,6 11,8 34,5 19.9 21,8 444
1973/74 ICKaIHHIT 8.4 10.5 21,6 18.4 21,0 420
HECRUHNR 6.1 76 11,8 20,4 23,0 31,2
3uma CYTOURBN 4,7 99 —26.6 194 23,7 51,6
1974/75 ACKAIHBIA 2,8 39 —19.3 184 22,5 44,7
“4eCAUHUIR 2,6 3.1 53 16,8 20,5 40,2
3nM.a ! CYTOYHBR 6,2 71 —35.6 8.8 11,9 —44,7
- 1975/76 AeKAAHBI 4,2 6.4 —15,2 87 11,5 ~31,7
HECAUHBf 3.3 38 45 85 10,9 20,4
KEY:
1. Period

2, Runoff characteristic

3. Deviation cf discharges from data published in hydrological year-
book, %

4. Using LTP model

5. Using operational data

6. DQrin

7. Winter

8. Oka River -- Gorbatov

9. Vetluga River -- Vetluzhskiy post

10. 24 hours

11. 10-day period

12. month

determining the annual discharges «f Volga water at Gor'kily below the con-
fluence of the Oka. Upstream is the post at the Gor'kovskaya Hydroelectric
Power Station, at which routine determination of runoff is accomplished

quite reliably. In the experiments we used the following regression equa-
tions for a long-term period in which the degree of channel restriction
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- was taken into account through the sum of negative air temperatures (LTP-
I1):

1) Oka River -- Gorbatov

Kyin = 1,01—5,38 x,—0.04 x,+ 0,23 X3+ 0,001 x;—0,02 xs;

2) Vetluga River -- Vetluzhskiy post
Kyin = 1.01—4,78v,—0,03x,—0,10x3+ 0,000003x,--0,02xs.

The values of the mean daily air temperatures entering into these equa-
tions were used for the post Gorbatov on the Oka River in accordance with
observations at Gor'kiy (Stri_.n70) meteorological station and for the post
Vetluzhskiy on the Vetluga River on the basis of observations at Krasnyye
Bakl meteorological station.

Taking into account that in the routine computation of the daily water dis-
charges the actual duration of ice phenomena and presence of ice (Tjice) is
an unknown value, as the computed T{se values it is desirable to use the
mean for the long-term period of preceding observations. Such an assumption
does not exert a significant influence on the final results of computations.

In order to tie in the LTP parameters employed in routine computation of
annual water discharges to the peculiarities of the winter for the comput-
ation year we carried out correction of the free term of the equation (Qq)
on the basis of factual Kyip values for the date of each measurement of
water discharge (4) written relative to (ag),

[3UM = win] dg = (Ko — @ (X,); — @y (£a); — Gy (X3)i— @y (X — s (xs)e (6)

A comparison of the data from the hydrological yearbook and the results of
determination of the annual water discharges by existing methods and on
the basis of the LTP model is given in Table 2 and in the figure.

The deviations (AQ) show that the values of the daily water discharges,
- computed using the LTP model, for the most part coincide with those pub-
lishr4 in the hydrological yearbooks and are considerably more exact than
the daily water discharges computed using schematic procedures for the ex-
trapolation of winter water discharges used for routine purposes at the
present time. However, during the initial period of river freezing, and
in individual cases also during the opening-up period, the deviations of
{ the daily water discharges, computed using the LTP model, on individual
: days attain 307 or more. Particularly significant errors are observed in

the initial period of river freezing when a considerable time elapses

from the date Kyin = 1.00 to the date of the first measurement of water

discharge. An example is the winter of 1975/1976 for Gorbatov post, when

the possibility of correction of the free term (ag) appeared only after

1 1/2 months from the onset of setting-in of the ice on the Oka River
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(Fig. 1b). This once again confirms the correctness of the requirement
for the need of measuring water discharges during the period of river
freezing as frequently as is practical, taking into account safety con-
ditions 1in performing the work.

Table 3

Parameters of Regression Equation Based on Logarithmic Model. Mera River ~-
Malo-Berezovo Station, F = 820 kn?

I . i |
: - "OAMYECTBO !
Bua ypantewn 1“iUM0PEH“E dy a ap 5 ay Ry
3 YPII 2as warkux aum } 68 —0.128 0,537 | 0.841 0,006 0.81
4 YPIT 1an wopsa.ibumx t
IKM ' 103 2472 —0895 | 2410 0.007 0.89
5 zg?\ ATR CYPOBLIN jHM | 81 0.734 0.126 1.732 0.007 0.90
6 M 33 nepuoa |
1960—75 rr _‘ 252 0.841 0,064 1.661 0.006 0.8~

KEY:
1. Type of equation
2. Number of measurements
3. MCS for gentle winters
4. MCS for normal winters
5. MCS for severe winters
6. LTP model for period 1960-1975

In cases when additional resistances to flow, caused by ice formations and
an lce cover, are apyravated by any other additional factors, the use of
models of the type (4) loses physical sense and leads to considerable
errors {n computation of daily water discharges. One of these additional
factors, distorting the general form of the function Kyin(T), 1is water
vegetation, which, dying out i{n the autumn, In many small rivers in the
Volga River basin {s not carried away by the current, but continues to
exert an additional influence on the relationship between water discharge
and Tevel. An example of this type of river is the Mera River at Malo-Ber-
vzovo station, adopted as one of the analogue rivers in the scheme for
vperational computation and prediction of the daily lateral inflow into
Gor"'kovskove Reservoir.

The daily water discharges during the period of winter low water on the
Mera River at Malo-Berezovo, like on most such rivers, are computed using
the coefficlent Kyyy, pre(T). Therefore, the WCS and LTP data computed for
a particular post uslng a model of the form (4) have low multiple correla-

- tlon coefficients (Rg = 0.56-0.73). The use of these models for operation-
al computation of water discharges leads to inadmissibly high errors (on
the average 25-~45% with values of the limiting errors exceeding 100%).

In such cases when the Ky, conversion factor loses physica% sense, an at-

tempt was made to apply a model for determining water runoff which makes
direct use of the Chezy-Manning formula
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- Wynx Riﬁ 7
- Q = TR Vl:lx .
[3MM = win; T = 1ce] e n

transformed by I. F. Karasev [1] into the expression

Qo L o Row T

RV L (8
The reduction of expression (8) to loéarithmic form makes it possible to
obtain a multiple correlation equation in the form (4) in which

y=1gQ X =lgwwi L=IE R

x, = 1g (n,) V] + el' "4‘ Table 4

[BUM = win; J1= ice]

Comparative Table of Deviations of Computed Discharges From Those
Published in Hydrological Yearbook for
Mera River - Malo-Berezovo Station

Mo noraprgmuueckod Mo onepaTHsNHM
Xapaxreprctd- |3 wonean YPM 4 naHBHM
Mepuoa 4 gl c-ngxa '

2 — = —
EYe) V sQ: ¢ A Q

3uma 1975/76 b cyrounnit 73 13.2 80 10,8

> 7 nexanunt 61 89 60 66

B MecRUHbA 33 50 358 5.2

3uma 1976/77 cyTouHNf 9,3 12,1 122 15,8

aexanup 5.2 6.8 9.8 123

MecAuHN# 37 4.7 g4 10,7

KEY:
- 1. Period

2. Runoff characteristic

3. According to LPT Jogarithmic model
4. According to operational data

5. Winter

6. 24 hours

7. Ten-day

8. Month

The ag, a1, a2, a3 values statistically generalize the parameters of equa-
tion (7), including the constant slope Iyin. The factor x3 for simplifica-
tion of the computations is adopted in the form of the sum of the moduli

- of negative air temperatures (lz:,), which integrally take into account
the degree of channel restriction and roughness.

The equations derived for the Malo-Berezovo post on the Mera River (WSC
and LTP) with the use of a logarithmic model are given in Table 3.
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Checking of the possibility of use of a multiple regression equation (LTIP)
for the purpose of operational computation of the daily water discharge
war carried out during the winter of 1975/1976 and 1976/1977. Data on

air temperature were taken from observations at Ostrovskoye meteorolog-
ical station, the closest to Malo~Berezovo station.

The correction of the free term of equation (ap) for the purpose of tie-
in of the LTP parameters to the pecullarities of winter of a specific
year was carried out applicable to equation (8) using the expression

Qo = UG QN —ay (1) — @y (x2),— a5 (xy) : 9)

The comparative results of the computations are given in Table 4. The dis-
crepancy of the discharges A Q characterizes only the degree of coincid-

- ence of the data in the hydrological yearbook and the results of computa-
tions on the basis of models and does not at all serve as an evaluation
of the accuracy of the latter, The deviations A Q are related primarily
to the inadequate soundness of the procedures for computing the dally
water discharges contained in the yearbooks, According to evaluations
made by the Hydrometry Section at the State Hydrological Institute, cor-
relation-hydraulic models ensure a decrease in the errors in operational
determination of runoff by a factor of 1.2-1.5 in comparison with the
methods used.

The results of numerical experiments presented in the article show that
equations of the LTP type, taking the temperature factor into account,
are an entirely objective basis for operational determination of river
runoff during winter on rivers where an increase in hydraulic resistances
to the movement of the flow is caused only by ice formations and the ice
cover, In the case of rivers on which additional resistances, caused by
ice formations or an ice cover, are complicated by the influence of water
vegetation remaining in the channel, [t is desirable for operational pur-~
poses to use a logarithmic model for taking winter runoff into account,
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METHOD FOR MAKING OBSERVATIONS OF THE WATER SURFACE SLOPE OF RIVER FLOWS
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[Article by Candidate of Technical Sciences V. V. Kovalenko, Leningrad Hy-
drometeorological Institute, submitted for publication 21 January 1981]

[Text] Abstract: The author defines a quantitative
) criterion which makes it possible to select
the location of a hydrometric station and the
length of the base for making observations of
the water surface slope of river flows. The
restrictions on base length which follow from
- the hydraulic conditions of the water flow cur-
rent are pointed out.

= The slope of the free surface of a river flow is one of the most important
hydraulic characteristics [5, 6, 16]. However, the recommendations on the
organization of slope observations given in [13, 14) sometimes have a pure-
1y qualitative character, which sometimes leads to subjectivity in siting
a hydrometric station and the choice of the slope base length.

In this article an attempt is made to define objective quantitative cri-
teria making it possible to regularize slope observations.

The equations of hydromechanics relate the field of velocities and the pres-
sure field. Within the framework of one-dimensional hydraulic idealization
this has the following result: in principle, on the basis of the measured
pressure differential (or piezometric slope) it is possible to judge the
discharge passing in the section. In the well-developed countries most of
the industrial flow meters (in Great Britain, for example, 907%) are based
precisely on measurement of the pressute differential (slope).

The principal norm-setting documents in the field of hydrometry of slopes
[13, 14] define the purpose of "Gbservations of the longitudinal slope

- as follows:
1) for estimating the capacity of the channel, determined by the water dis-
charge; .
2) for ascertaining the value of the Chezy coefficient C, taking into
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account the hydraulic resistances.

- Taking into account that the water movement in the river flow has a nonuni-
form and nonstationary character, it is natural to generalize the Chezy
formula and obtain a general mathematical model which can be used for the
above purposes and more graphically reflect the role played by the slope
in the solution, possibly, of other hydrometric problems. In order to ob-
tain such a "hydrometric model" it is natural to use hydraulic idealiza-
tion equations, for example, in the following approximation [8]:

oh

; — 1 L,nUr)U a-1 U oF
t—-g:;——j'i‘g—*ﬁ—-r A A + 5+
l on on oh
gF[ wiw (ﬁ FRU Z-+8:.FR 5 )+ o (s,FRuza.+ @
+ 2 FRU S, 2)
OUF ., OF

5 T =0

where j is a dissipative term; &, ﬁ )32, ﬁ3, 4 are coefficients de-
pendent on the velocity distribution in the cross section; the remaining
notations are those in general use in hydrometry.

For a case of practical interest, when information is kncwn on the level
H = f(x, t) and the morphometry of a fixed hydrometric location with the
coordinate xg, after simple transformations of equations (1) and (2) it
is possible to derive an equation in full derivatives [10]

B0 (e ) U i ) U+ (i) = Fo 5 B -

In (3) the functions f1, f';, f2, £3, with a known morphometry of the hy-
drometric location, are dependent only on the water level and its deriva-
tives in coordinates and time,

If it follows from the Chezy formula for uniform movement that Q = f(H),
then from (3) for smoothly changing movement

- COH  OHY\
- Q= £@H, ox ot )'
whereas for a general case TN I

__/; oH OH o H
’ dx’ dl ‘ ax- [.13] "")’

that is, in the most general case for determining the discharge it 1s
necessary to have information not only on the level and slope, but also
on the curvature and derivatives of curvature of the free surface.
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Information on the water surface slope is necessary for the solution of at
least four fundamental problems in hydrometry which in general form can be
solved using equation (3), to wit:

a) indirect measurement (determination) of water discharge,

b) extrapolation of discharge,

¢) restoration of the hydrograph;

d) determination of hydraulic resistances (Chezy coefficient).

An investigation of the sensitivity of equation (3), that is, for discharge
or current velocity, to changes in the parameters entering into it [2], re-
vealed that the free surface slope is the most important.

We note that in the determination of hydraulic resistances from equation
(3) (with measured slope and current velocity) the measurement of convec-
tive acceleration in actuality is not accomplished from the difference in
velocities in two sections (which in the case of nonstationary movement
leads to considerable errors), but from the slope and derivative of the
level in time (more detail concerning this is given in [2]). In addition
to the piezometric level, which has been discussed until now, a certain
role is played by the inertial and hydraulic (dissipative term in equa-
tion (3)) slopes. For example, in determining the additional slope caused
by the difference in dissipation in 2 uniform flow from that in the case
of nonstationary movement, the pilezometric slope is used again [3].

The following points can be noted in comection with the method for making
slope observations [13, 14]:

a) choice of site for a hydrometric post for slope observations;

b) choice of length of segment (base) for measuring slope.

The instructions give quite clear and spzcific recommendations only on the
choice of base length, with accuracy characteristics taken into account;
otherwise the instructions are limited to qualitative indications, for ex-
ample, on the unidirectional change in the areas of the cross sections in
- the sector. In order to obtain quantitative criteria for the purpose of
designating the site of the hydrometric post and base length it is natural
to select a criterion which at the most "advantageous" hydrometric post
would assume an extremal value. In obtaining such a criterion it is neces-
sary to take into account the purpose of the slope observations, that is,
on the one hand, at the optimum hydrometric post the measured slope must
: react well to a change in discharge and hydraulic resistances, and on the
other hand, with the further use of the slope in computations the dis-
charges and resistances must be adequately sensitive to slope. As such a
criterion we can use the extremm (in the longitudinal coordinate) of the
matrix norm of the corresponding sensitdvity functions Sj in some func~
tional space whose metrics is determined by the purpose of the observa-
tions (stationary long-term observationms, high-water observations, observ-
ations of minimum runoff, etc.).
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The sensitivity functions are derived from equations (1) and (2) by known
methods. In particular, the equation for the function of sensitivity of
discharge to slope will be

[ —FRCGR —%%?-—IaBQ'-'C'JRJ-gO'IF—aQ3C3Rl—6-x—)’
S‘*‘{ 1) OFCR

+ 4)

-+ I1 BQ*C*R + IgFC‘-‘R] S= gFQC2R — a BQ3C2R?

\a = 1) QFCR (a + 1) C*RQ*F

The solution of equation (4) with zero "initial" conditions and "freezing-
in" [11] of the coefficients and free term, corresponding to their values
at the hydrometric post, will be

§=(gFQCR — 1BQCR) (— FOR & — [eBQ'CR + gQ F -

— 2 QC*R (%?H /a2 BQ'C'R + IgF3C*R)-! { | —exp [— @+

+ 1) CRRQ2F)-1 (__ Fi‘C'&'R% —1aBQ*C'R + gQ*F —

In a general case the components of the matrix of sensitivity functions
are dependent on the coordinate of the hydrometric post, the extent of
the channel reach (slope base), time and specific realization of the hy-
drological year or observation interval. The location of the optimum hydro-
metric post and the slope base length are not independent of one another,
have a stochastic nature and are determined by the extremum of the norm
of the matrix of sensitivity functions, After designating the location of
the hydrometric post it is necessary to select the length of the base on
which the slope will be determined. If the equations of hydraulics are
u used as a point of departure, we have g~ —FH "
a =)m g

From the point of view of hydraulics, it would seem that the best base is

a zero base (we note that there are methods for measuring a slope at a
- point [1, 4]). In actuality, however, this is not the case.

The longitudinal coordinate x explicitly enters the sensitivity function
S. Theoretically S attains its maximum value when x = ©0, On a practical
basis, as has been done in an investigation of dynamic systems [9], it is
reasonable to limit ourselves to those x = L values for which the exponen—
tial term in S attains the level 0.63. Using (5), taking into account the
principal hydraulic characteristics and channel morphometry, we derive a
formula for base length
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L R3E
" gmF—0,5 h”a(

oF
ax e (6)

The restrictions on base length, following from formula (6), are related to
the inertial effect in water flow movement. However, there is still another
restriction associated with the correctness of the one-dimensional hy-
draulic idealization itself. The H level, figuring in the equations of
hydraulics, naturally differs from that level z which in actuality is ob-
served in a real flow and with which the relief of the free surface 1s
assoclated. The difference between the averaged (hydraulic) and actual
levels also dictates the choice of the slope measurement base from che con-
dition that the drop of the averaged slope be at least an order of magnitude
greater than the level drop as a result of its random variations, that is

LI oH
Lf-l,,—,;— dx & 5-3—; dx, M

where f 1s the norm of level variations not taken into account by the
one-dimensional idealization. At the present time only estimates of the
systematic level deviations in width from a horizontal position as a re-
sult of rounding-off of the flow, Corielis force of the earth's rotation
and relief of the channel cross section are real. At the present time
nothing is known about the dependence of this same systematic deviation
on the phases fotr the hydrological year, and also about the distribution
of water volume in the long-term section. It is reasonable to adopt the
following hypothesis: e s e e

= max |H—z].

y € {—BJ2, B)2]

The slanting of the free surface due to the enumerated factors can be de-
termined using the known formulas {7]. :

Using the mean value theorem, from (7) we obtain an estimate of the slope
measurement base length T iaﬂ}n'““"m*““ o
—tel =L,

r

(8)
where the bottom slope can be taken approximately as 1.

The instructions [13, 14] recommend a formula for designating the base
length, using as a point of departure the accuracy in measuring water
level and the leveling of posts, that 1s, the determination of L is re-
lated only to the possibilities for technical outfitting of the hydrolog-
ical network. However, the restrictions corresponding to formulas (6) and
(8) have a fundamental character and cannot be eliminated by any tech-
nical means. Taking into account that when making slope observations

in the network use-is made of a standard program and technical means, the
errors in leveling and level measurement can be considered identical. Then
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the base length, according to [13, 14], will be determined only by the flow
slope. B

¢ 1 2 J z%n‘
anh it
Fig. 1. Results of analysis of field data. 1) theoretical curve, 2) data
from yearbooks.

On the other hand, the bilinear symmetric functional corresponding to the
scalar product of the sensitivity vector in measurements and the sensitiv-
ity vector in computations and relating the measured and computed para-
meters, is dependent not only on the slope, but also (in the simplest case
of a quasisteady regime) on chamnel roughness, depth of filling and the
value (QF/dx)x.

However, the instructions do not fix the base length in dependence on chan-
nel filling and roughness, but only in inverse dependence on slope, which
should lead to a decrease in the correlation of the measured slopes and
discharges with an increase in roughness and a decrease in filling, In
order to check this assumption we made an analysis of 1,500 measured dis~
charges (on the basis of data from the yearbooks) at 78 hydrometric posts
located on different rivers in the USSR. The results of computations are
shown in Fig. 1 (significance level 5%). Taking into account the measure-
ment errors and the fact that data from standard observations cited in
yearbooks cannot be used in calculating the above-mentioned functional at
each point in the observation interval, with allowance for semsitivity to
the Chezy coefficient, along the y-ordinate we plotted the product of the
discharge-to~slope and slope-to-discharge regression coefficients m. An
evaluation of statistical homogeneity was made using the Fisher test [15].
The figure shows that the representativeness of the observations is less
than is theoretically possible. The dropoff of the theoretical curve from
their point of intersection is attributable to the fact that with a zero
base a zero sensitivity is adopted.

Summary
1. The official norm-setting documents dealing with slope observatione have
a qualitative character, which can reduce the representativeness of meas-

urements.

2, The site for a hydrometric post and slope base length are not mutually
independent.
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3. An objective method for designating the hydrometric post coordinate in-
volves finding the extremum of the norm of the matrix of sensitivity func-
tions within the limits of the channel reach in which the carrying out of
hydrometric observations is planned.

4. The slope measured at a point, that is, on a zero base, may or may not
characterize the discharge acually passing through the hydrometric post. D
Due to the explicit dependence of the sensitivity function on the longitud-
inal coordinate there is a finite length of the base in which the measured
slope will determine discharge. This base is dependent for the most part
on channel filling, roughness and morphometry of the channel reach.

5. The base length should be such that the drop of the averaged (hydraulic)
level not only substantially exceeds the error in determining slope, but
also is an order of magnitude greater than the level drop as a result of
its random variations (wind waves, etc.) or the systematic deviations as-
sociated with incorrectness of the one-dimensional hydraulic idealization
(vater surface slanting in the case of channel curvature or in the case of
a nonuniform distribution of diescharge in the cross section).

6. At the 5% significance level there are systematic deviations of field
data from the theoretical data, which indicates a nonrepresentativeness of
the measured slopes at a number of posts in the network and the desirabil-
ity of taking into account the results cited above when organizing slupe
observations.
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UDZ 556.(536+537)
STUDY OF KINEMATIC STRUCTURE OF FLOW IN RIVER MOUTH REACH MODEL
Moscow METEOROLOGIYA T GIDROLOGIYA in Russian No 7, Jul 80 pp 84-89
[Article by Candidates of Phyéical and Mathematical Sciences N. A. Mikhayl-

ova and V. P, Petrov, O. P. Petrosyan, Moscow State University, submitted
for publication 25 October 1979]

[Text] Abstract: Data from laboratory investigations
are compared with the energy spectra of tur-
bulence in the main channel and in the mouth
reach of a river. It is shown that the dimen-
sions of the eddies in the thickness of the
flow coincide with the dimensions of the macro-
scale channel formations at the bottom of the
flow.

Despite the fact that the problem of formation of the mouth reaches of
rivers has long attracted the attention of researchers, until now there
has been no clear understanding of the mechanism of this process and its
quantitative evaluation. The mouths of rivers are characterized by all the
peculiarities of channel flow determined by the primciple of interaction
between channel and flow formulated by M. A. Velikanov. But at the same
time there are additional difficulties associated primarily with consider-
able horizontal broadening of the channel, including with depth. All the
mentioned circumstances determine the specific structure of flow in mouth
reaches, which as of yet has not been adequately studied. In analyzing the
considered flow it is evideatly desirable to apply the method already de-
veloped for the investigation of channel flows [3, 4]. To be sure, it is
nece3sary to take into account the peculiarities of movement of sand waves
and bars under conditions of nonuniform movement of the flow [2].

The investigations described in this article were carried out under labora-
tory conditions in the hydrophysics laboratory of the Department of Physics
of the Sea and Waters of the Land of the Physics Faculty at Moscow State
University. The model of a microriver with a mouth reach was formed in a
channel flume 21 m in length, 4 m wide and 1 m high using sand 0.2 mm in
diameter. The initial groove was linear longitudinally and in cross section
had a trapezoidal configuration with the following river parameters: width
at bottom 30 cm, side slope coefficient 1:2, longitudinal bottom slope
0.001.
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Flow Characteristics

10¢ 1 80«
i 1 1 1 1
h cx 11,6 17,8 10,5 11,4
2 Voeaje 41,1 37,1 376 38,7
Fr 0,15 0,09 0,13 0,13
Re 0,48-10° 0,67-108 0,38-10% 0,44-10°
KEY: ’
1. hours
2. cm/sec

L

* 120 740

200 Zen
Fig. 1. Transverse sections of channel (up te its midpoint along the right
bank) at post I 10 (curve 1), 50 (curve 2) and 80 (curve 3) hours after on—
set of experiment (a) and distribution of mean velocity in depth of flow at
post I 10 hours after onset of experiment (b).

In the mouth reach the horizontal configuration persisted but the bottom
slope changed sharply and was equal to 0.0l. The banks of the model, which
were horizontal in the river reach, had a slope 0.015. The length of the
microriver was 16.5 m; thé remaining part of the model was accounted for
by the mouth reach of the river and sea. The microriver was formed with

a water discharge Q = 44 liters/sec. The experiment lasted 82 hours. During
this time the channel of the microriver and its mouth reach were reformed;
the intensity of the process gradually attenuated with transition from the
river to the mouth, where there was a marked broadening of the flow.

In order to judge the temporal change of characteristics of the channel and
flow along the length of the model we selected characteristic control points
at distances of 14 m, 17.5 m and 18 m from the entry into the flume. Point
("post") I was in the channel reach of the model where there was no influ-
ence from the broadening and deepening of the flow, points II and III were
in the mouth reach. Table 1 gives the flow characteristics at points I and
II 10 and 80 hours after onset of the experiment. All the characteristics
relate to the vertical on the flow axis, When carrying out the experiment
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observations were made of formation of bottom relief in the channel and
mouth. At the indicated moment in time the mean length of the sand waves
in the channel was 12 cm and their rate of movement was 5 cm/sec. Measure-
ments of the bottom profile were made systematically at the control points.
Figure la shows cross sections at point I 10 (curve 1), 50 (curve 2) and
30 (curve 3) hours after onset of the experiment. The sections were run

to the midpoint of the channel along the right bank. The cited curves

show that with the course of time the shore slope becomes more gentle and
the channel is widened. In this process the bottom readings in the middle
‘'of the channel increase, whereas on the slope they decrease.

As a characteristic of the degree of formation of the channel we used the
flow width B at point I, which was measured each 5-f hours. With the course
of time the B value first increased rapidly and after attaining some value
during the time t = 55 hours then remained essentially constant. By this
time the bottom relief in the channel (point I) had already formed. In

the mouth reach (points II, III) the formation of a bar was observed.

Two series of measurements of the mean and fluctuating characteristics of
velocity at points I and II on the vertical in the middle of the chanmel
were carried out for a comparison of the kinematic and emergy characteris—
tics of the flow in the channel and mouth in the stage of formation and in
a formed state. The first series of measurements was made after 10 hours
and the second was made 80 hours after omset of the experiment. At these
same moments in time we measured the bottom profile along the axis of
channel symmetry (see Fig. 2c,f). Measurements of the mean velocities
were made with a vane. As an example, Fig. 1b shows the velocity curve at
point I 10 hours after channel formation. The origin of the coordinate
system was matched with a point on the -bottom through which the control
vertical passed, where measurements were made. Both in the initial stage

- of channel formation and in the case of a forming channel it was found that
the velocity gradients in the bottom region at point I were greater than
at point II. However, the elevation of the bottom region, where the mean
velocity varies substantially, at point II is greater; this is attribut-
able to broadening and deepening of the flow.

Fluctuations of the vertical and horizontal velocity components were regis-
tered using a thermohydrometer with a compensating resistor [5]. Registry
was with an N-327 automatic recorder; a UT-401B amplifier with a microcir-
cult was used. At each point registry was for 1 min, Since the water dis-
charge did not change in the course of the experiment, and channel deforma-
tion was insignificant during the time of registry, during this time inter-
- val the flow movement can be comsidered steady. In processing these records
we applied a theory developed for stationary random processes [l]. Each
record was represented in the form of a serles of 600 points; the dis-
creteness ‘Interval was A t = 0.1 sec and the corresponding Nyquist fre-
quency was

fN = l/ZAt =5 HZ,
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which is less than the limiting frequency transmitted by the recording
instrument. The duration of the record (1 min) imposes a limitation on
the minimum frequency

10 ‘
Satn = - =0,16 Hz,

where T is the length of the record.
yem

0 a
6.8, eM/C

s R

nb
cm/sec

" % w17 W Am
Fig. 2. Vertical distribution of standard deviations of horizontal (1)
and vertical (2) velocity components at posts (points) I (a, d) and II
(b, e) after 10 and 80 hours and also longitudinal section of chanmel
after 10 and 80 hours (¢, f) from omset of experiment.

Thus the range of investigated frequencies falls in the limits
0.16 Hzg€ ££5 Hz,

On the basis of the results of statistical processing we obtained data
on the distribution (in the depth of the flow) of the standard devia-
tions of fluctuations of the horizontal O and vertical 0, velocity
components at points I (Fig. 2a,d) and II ‘(Fig. 2b,e) 10 and 80 hours
after onset of the experiment. At point I the O, and O‘ values in both
cases have a maximum at the bottom, where the main zone of production of
turbulent energy is situated. Then, beginning with a distance of 0.4 H
from the bottom, the intensity of the turbulence remains constant, which
agrees with the investigations in [4].

- At point II, with an unformed mouth (10 hours after onset of the experi-
ment) O, has a maximum at the bottom and the elevation of the region
with an 1ncreased Oy value is greatly increased. However, when the
mouth is formed, the O, and O’v distribution curves, together with the
maxima at the bottom, have a tendency to an increase in the values of
the mentioned characteristics at the midpoint of the flow as well.

In order to evaluate the contribution of velocity fluctuations of differ-
ent frequency to the energy of turbulent fluctuations we examined the
correlation functions and the spectral density functions. These were
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computed from numerical series, processed in accordance with a program
prepared by V. R. Nikitin applicable to the problems described in [3].
In order to reduce the record to a stationary form we employed the
"noving average with a Tukey cosine-kernel" operation. In this case the
“moving' mathematical expectation for the i-th term of the series was
determined by the expression

R ETLY
Ui: m 2 Ui+k (1 -+ cos —[—).
=~
In order to select the optimum value of the filter parameter L we carried
out a methodological study similar to that described in [3]. In all the
investigated cases for both velocity components the spectral demnsity
functions S(f) are multimodal and the main energy of the turbulent fluc-
tuations is concentrated in the region of low frequencies. As a sample,
Figure 3 shows the energy spectra of fluctuations of the horizontal (a)
and vertical (b) velocity components at point II 10 hours after omset of
the experiment at a distance of 0.05 H from the bottom. The maximum of
the S(f) functions, obtained for point I 10 hours after onset of channel
formation, falls at one and the same frequency fur the vertical and hori-
zontal velocity componenis. At points situated at a distance of 0.05 H and
0.15 H from the bottom the spectral functicns have a clearly expressed
maximum at a frequency of 0.3 Hz. With increasing distance from the bot-
tom the intensity of this maximum decreases for both the vertical and hor-
izontal components, remaining greater for the horizontal component. How-
ever, at the surface, at a distance 0.8 H from the bottom, once again
there is a marked increase in the intensity of the first maximum, evi-
dently caused by the presence of an interface. With increasing distance
from the bottom of the flow the spectra become more broad-banded.

S(F:
10
a6
96
a4
42t

L L Lo N

a 2 4 0 2 “fly Hz

Fig. 3. Energy spectra of fluctuations of horizontal (a) and vertical (b)
velocity components at point II 10 hours after onset of experiment at
distance 0.05 H from bottom.

In order to estimate the degree of concentration of energy at a particular
frequency we used the characteristic fg/A f, similar to the quality of the
vibrational system &,/2A% in radiophysics. Here Af is the width of the
spectral curve at the 0,7-level from the maximum value, fo is the fre-
quency which corresponds to the maximum. An increase in the fo/Af charac-
teristic with an identical fg value 1s evidence of a clearer definition

of structural formations in the flow. The maximum values of the fo/Af
parameter are observed at the bottom and at the surface of the flow and
are equal to 3 and 2.5 respectively.
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On the assumption of correctness of the hypothesis of "frozen—in" turbu-
lence we made an evaluation of the size of an eddy using the expression

L = UT,

where U is the mean velocity at a point, T is the characteristic period,
obtained using the spectral function,

The characceristic size of the eddies, corresponding to a frequency f = 0.3
Bz, is 1,1-1.4 m, which is 13 H.

At this same vertical with forming bottom relief 80 hours after onset of
the experiment the main energy of the turbulent fluctuations is also con-—
centrated in the low-frequency region. However, in this case the spectra
become wider-banded. For both velocity components the spectral density
functions have maxima at one and the same frequencies and the first maximum
falls at a frequency of 0.2 Hz. In contrast to the initial stage in channel
formation, the first maximum for the vertical velocity component is every-
where more intensive than for the horizontal component. The characteristic
size of the eddies corresponding to a frequency of 0.2 Hz 1s 1.4~1.9 m,
which is 20 H and is equal to the size of macroscale formations at the
bottom of the flow. The maximum values of the fg/A f parameter, the same

as in the initial stage of formation, are observed at the bottom and at

the surface of the flow.

In spectra obtained 10 hours after the omset of formation of the mouth at
the bottom at distances 0.05 H and 0.15 H from the bottom, the first maxi-
mum falls at a frequency of 0.4 Hz. The £g/A f value attains a maximum val-
ue at a distance 0.05 H; 0.4 H; 0.98 H from the bottom, Both'the spectral
components have maxima at the same frequencies., The main energy of the tur-
bulent fluctuations is concentrated in the lcw-frequency region. The char-
acteristic dimensions of the eddies present in the bottom region of the
mouth and corresponding to a frequency of 0.4 Hz are equal to 0,14-0.27 m,
which corresponds to a dimension of the order of the depth of flow at this
vertical. The formation of such eddies i1s evidently associated with a mark-
ed deepening of the flow at the investigated point. In addition to these
eddies, in the upper part of the flow there are eddies measuring about 6 H.
Thus, the eddies arising during the passage of the flow in the channel

also persist in the mouth reach.

The spectra obtained at this same vertical after 80 hours, when the mouth
- has been formed, and the bar has already been formed, are wider-banded. The
main energy of the turbulent fluctuations is also concentrated in the low-
frequency region. The maximum values of the fg/A f parameter are attained
at the bottom and at the surface., The characteristic sizes of the eddies
corresponding to a frequency of 0.3 Hz, at which the first S(f) maximum
falls, are equal to 1.1-1.3 m, which corresponds to 12 H, that is, we again
observe eddies existing also at point+I:(in the channel) with a formed
bottom.
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Summary

1. The kinematic structure of the flow in the mouth reach was governed by

. the broadening and deepening of the channel and differs from the structure
of the flow in the channel. The bottom region, where there is a substantial

- change in velocity in the depth of the flow in the mouth reach is greater

than in the main channel. ‘

2. Energy spectra in the main channel and in the mouth reach are multimodal

- for different moments of channel formation. The main part of the emergy in
all cases is concentrated in the region of low frequencies. However, if the
main frequency in the channel persists in the entire depth, in the mouth
reach it becomes lower with an increase in elevation.

3. In the channel reach there are eddies of about 10-13 H which also persist
in the upper part of the flow in the mouth reach. The indicated sizes of
eddies coincide with the sizes of the macroscale channel formaticms on the
bottom of the flow.

4. The standard deviations of the velocity fluctuations have maxima at the
bottom, which indicates the existence of a region with an increased turbu-
lence intensity. In the mouth reach the distribution of the standard devia-
tions has a tendency to an increase in the middle of the flow.
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UDC 551.5:633.14
EFFECT OF WINTERING ON THE YIELD AND GROSS HARVEST OF WINTER RYE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 90-96

[Article by V. A, Shavkunova, USSR Hydrometeorological Scientific Research
Institute, submitted for publication 27 February 1980]

[Text] Abstract: The author cites the results of in~
vestigations of the effect of wintering condi-

R tions on the yleld and gross harvest of winter
rye. The change in the yield of winter rye dur-
ing the last 20 years 1s investigated. Equations
reflecting the trend of this change with time
are derived for oblasts, republics and economic
regions in which plantings of winter rye are for
the most part concentrated.

The principal grain crop in the Nonchernozem zone is winter rye. About 80%
of the entire area of winter rye in the USSR is located in this zone. Due
to the climatic characteristics in the Nonchernozem zone its yields are
more stable than in a number of other agricultural regions in the country.
However, even here there are variations in yield by years. For example,
during the period from 1958 through 1978 the maximum yield of winter rye
in a number of regions was 22-25 centners/hectare, whereas the minimum
yield was 5-9 centners/hectare. (Table 1).

Many researchers have dealt with the problems relating to the influence of

agrometeorological conditions on the yield of winter crops in our country

[1, 3, 4, 6]. They determined the influence of wintering on the yield of

winter crops on the basis of the sgate of sown crops in spring (using the

= number of plants and stems per 1 m“ or using the thinness of plantings
after wintering).

The investigations of V. A. Moiseychik [3] have demonstrated that with a
decrease in the number of stems in spring in comparison with their number
in autumn as a result of damage to the sown areas during the wintering per-

iod the yield is reduced with one and the same state of the winter crops
in autumn. The correlation between the yield and the percentage of intact
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stens by spring is linear. However, its dependence on the degree of bushi-

ness of plants in autumn has a nonlinear character. For winter rye of the

Vyatka and Vyatka 2 varieties the dependence of yield on the state of the
- sown crops in autumn and spring is expressed by the equation

y=0,063 KP; r=0,84%0,04,

where y is the yileld, centners/hectare, K 1s the mean bushiness of the sown
crops in autumn, P is the percentage of intact stems by the time of renew-
al of the spring growing season of plants.

Table 1

Yield of Winter Rye (Centners/Hectare) During Period 1958-1978

. Makcs- Muun- Koneta-
TeppuTopus Cpeanss Toa Ton HHe 3a
1 2 uunauq; 4 MaabHag 6| neprox 7
8 Jlennnrpanckas o6a 15,4 24,4 1973 7.2 1961 17,2
9 Mockosckas o6a 14,3 23,9 1973 8,2 1964 15,7
10 Boporexckas 06.. 14,9 23,0 1973 6,6 1963 18,4
11 KyAGuimenckas 00a. 129 245 1978 7,0 1967 17,5
12 CaparoBckas o6a. 12,0 22,4 1978 5,4 1963 17,0
13 Bawknpckaa ACCP 13,8 22,3 1978 9,3 1964 13,0
14 Openbyprexas oba. 11,8 25,7 1978 46 1975 21,1
15 Beaopyccxaz CCP e | 267 1978 | 68 | 1958 199
16 Jlaraudckas CCP 14,9 25,1 1976 78 1962 17,3
KEY:
1. Territory 9. Moskovskaya Oblast
2. Mean 10. Voronezhskaya Oblast
3. Maximum 11. Kuybyshevskaya Oblast
4. Year 12. Saratovskaya Oblast
5. Minimum 13, Bashkirskaya ASSR
6. Year : 14, Orenburgskaya Oblast
7. Variation during period 15. Belorussian SSR
- 8. Leningradskaya Oblast 16. Latvian SSR

As indicated by an analysis of the data for the last 20 years which we made,
the yield of winter rye, despite the increased intensification of agricul-
ture during recent years, increases more slowly than the yield of winter
wheat. In order to clarify the trend in the increase in the yield of winter
rye we constructed curves of the dynamics of its yield from 1958 through
1978 and derived equations for the trend lines for 37 oblasts, 5 economic
regions, the Baltic region and Belorussia, where the sowings of winter rye

for the most part are concentrated. Table 2 gives these equations for econ-
omic regions.

The change in the yield of winter rye during the last 20 years, without al-
lowance for the influence of weather during individual years, can be traced
from the position of the trend line at the beginning (1958) and at the end
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of the period (1978). The greatest Increase in the yleld of winter rye
as a result of an increase in the level of agricultural techniques and
the introduction of new varieties into production, judging from the trend

lines, was in the Belorussian SSR, Lithuanian SSR and Estonian SSR (16.5-

18,5 centners/hectare). [n the Latvian SSR the yield of winter rye in-
creased by 11.9 centners/hectare, in the Northwestern and Central Regions
~-- by 7 centners/hectare. Its minimum increase was in the Volgo-Vyatskily,
Tsentral'nochernozemnyy and Povolzhskiy Regions (3-4 centners/hectare).
However, in individual years favorable for wintering (1973, 1978), the
yield of winter rye in the Tsentral'nochernozemnyy Region attained 22 cen-
tners/hectare, and in Povolzhskiy Region -- 19 centners/hectare:

Table 2

Equations for Trend Lines for Yield of Winter Rye by Economic Regions for
the Period 1958 to 1978 _

T YpoxafAHoCTb no TPeHay,
Ypasueu HHA Kosddu- 4 ufe
BHEHKS MMHUA

Tepputopus P Tpeunon K;LPH::,‘. Ha 5 Ha yae.mqe?

1A Hagano | KoWew | Hue 3a

1 2 3 | uepuona | neprona | mepuon
8 Cesepo-3anapunit pafion | y=0.327T +6.066 0,836 6.4 13,0 6,6
9 Llentpaasunf paros y=0,343 T +6,198 0,850 6.5 13,4 6.9
10 Boaro-Brirckuf paitou y=0,151T+7614 0,492 .7 10,8 3,1

11 LleurpaspHoYepHOIeMHbIH

paitcH y=0,193T+11.874 0,313 12,0 16.4 4,4
12 [loBoaxckui pafox y=0,151 T+9,914 0,379 10,0 3,1 3,1
12 Beaopycckag CCP y==1,174T +17,395 0,771 73 23,8 16,5
14 urosckas CCP y=0,891 T +5,444 0,889 6,3 24,2 179
15 Jlarsufickans CCP y=0.697 T +-7,481 0,822 8,1 22,0 11,9
16 3ctounckas CCP y=0.917T +3,382 0,849 92 27,7 18,5

17 TlpuMewanne y— ypoKaiiHocTh no TPeHay, T — MOPAIKOBHIl HOMEp roaa. CuH-
Tan ¢ 1958 r., HoMep KoTOpOro B3AT 3a_eauuuuy (aax BCCP —1963 r). .

KEY:

1. Territory 10.

2, Trend line equations 11.

3. Correlation coefficient 12,

4, Yield according to trend, 13.
centners/hectare 14,

5. At onset of period 15.

6. At end of period 16.

7. Increase during period 17.

8. Severo-Zapadnyy Region

9. Tsentral'nyy Region

[Severo-Zapadnyy = Northwest-
ern; Tsentral'nyy = Central]

111

Volgo-~Vyatskly Region

Tsentral 'nochennozemnyy Region
Povolzhskly Region

Belorusskaya SSR

Lithuanian SSR

Latvian SSR

Estonian SSR

Note. y 1is the yield according
to the trend, T is the sequence
number of the year, reckoned from
1958, the number of which was
used as unity (for the Belorus-
sian SSR -- 1963)
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KEY TO TABLE 3

1. Oblast 6. Voronezhskaya
2. 954ead 7. Lipetskaya

3. Indgces, % 8. Tambovskaya
4. Vologodskaya 9. Kuybyshevskaya
5. Pskovskaya 10. Saratovskaya

In the trend line equations the regression coefficients characterize the
mean year-by-year tendency of increase in the yleld of winter rye. Their
analysis by individual oblasts and republics of the European USSR indicat-
ed that the highest trend in increase in the yield of winter rye was observ-
ed in Leningradskaya (0,747 centner/hectare) and Moskovskaya (0.811 centner/
hectare) Oblasts, Belorussian SSR (1.174 centner/hectare), Lithuanian SSR
(0.891 centner/hectare), Latvian SSR (0,697 centner/hectare) and Estonian
SSR (0,917 centner/hectare). = yu/ia ¥ centnera/Hectarc

0 ' 20 %0 3t% Sgeads %
Fig. 1. Dependence of yield on area with dead plantings of winter rye in
the Northwestern Economic Region.

The deviations of yield from the trend line, which characterize the degree
of stability of yields, during the course of the entire analyzed period by
oblasts, reglons and republics consistently fell in a large range (+15-30%),
but in a number of regions during the last decade even increased to +50-607%
of the yield according to the trend. In Leningradskaya, Novgorodskaya and
Pskovskaya Oblasts in the Northwestern Region, in all oblasts of the Central
Region, in Gor'kovskaya, Voronezhskaya, Kurskaya and Ul'yanovskaya Oblasts
and Chuvashskaya ASSR, in the year 1972/73, which was favorable for the
wintering and growth of crops, the positive deviations of yjield from the
trend were 25-50%. In years with unfavorable wintering conditions, when

the plantings of winter rye in the course of 120-160 days were under a
thick snow cover with weak freezing of the soil and soil temperature at the
depth of the tillering node of about 0°C (1965/66, 1977/78) or were subject-
ed to the harmful influence of strong freezes or a thin snow cover (1968/
69, 1971/72), the deviations of yield from the trend attained -30 and -50%.

In a comparison of the deviation of yield and the extent of the area with
plantings of winter rye killed during the autumn-winter period it was es-
tablished that there is a nonlinear inverse relationship between them (Fig.
1). As a rule a large area with dead plantings of winter rye corresponds

to a minimum value of its yfeld. We also discovered similar dependences of
the yield of winter rye on the area with plantings which had perished by
spring for other economic regioms. This pattern was violated only in indi-
vidual years with unfavorable wintering conditions, but very good
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conditions for yield formation during the spring-summer period. Table 3
shows that in 1968/69 winter rye perished over great areas as a result of
winterkilling and was resown with spring crops; its yield in Kuybyshevsk~-
aya aud Lipetskaya Oblasts was somewhat higher than the yield according

to the trend. A positive deviation from the trend was observed in Kuyby-
shevskaya and Saratovskaya Oblasts in 1975/76 as well, when due to an aut-
umn drought a considerable part of the area of winter rye was resown in
spring.

As indicated by an analysis of data for the last 17 years, a decrease in
the yield and a decrease in the harvested area of winter rye also lead to
a decrease in the gross grain harvest.

Figure 2 shows the change in the gross yield of winter rye and the area of

_its perishing by years for the period from 1961/62 through 1976/77 for

Novgorodskaya, Tul'skaya and Penzenskaya Oblasts. For the cumparability of

data for different years the gross yield of winter crops was reduced to a

unit planted area (mean for the period) and was given in percent of its

- mean value. Figure 2 shows that the gross yield decreases considerably
with an increase in the area of perished winter rye. In years with poor

’ wintering conditions (Novgorodskaya Oblast —- 1965/66, 1976/77, Tul'skaya
Oblast -— 1963/64, 1974/75, 1976/77, Penzenskaya Oblast -- 1962/63, 1968/
69, 1974/75, 1976/77), with the perishing of crops over an area equal to
20-50% of the total area of sown winter rye, it decreased to 50-70%. In
years with favorable weather conditions for the autumn growing season and
the wintering of crops (Novgorodskaya Oblast -- 1966/67, 1970/71, 1972/73,
Tul'skaya —- 1969/70, 1972/73, 1975/76, and Penzenskaya -~ 1969/70, 1973/
74, 1975/76), when the death of winter rye was not great, the gross yield
was 110-170% of the mean.

In the Nonchernozem zone one of the principal reasons for the decrease in
the yield of winter rye is a weakening of the crops and the death of a
great number of stems as a result of thelr prolonged presence under a thick
snow cover with only a slight freezing of the soil. The area with the dead
plantings may be small, but in the remaining part of the plantings of win-
ter rye the plants are damaged. In winter the apical cone grows without be-
coming differentiated, as a result of which in spring some of the sprouts
completely dle off or the ears are shortened, with a lesser number of
grains.

We determined the dependence of the gross yield of winter rye for the ter-
ritory of different oblasts on the area with dead crops in winter. The
method cited in [5] was used in the computations.

For the oblasts of the Northwestern economic region the dependence is ex-
pressed by the equation e e m e

W= 235.5 ™% %o - 32,4; o
[B = dead] 7=0671 = 0,082: E,= =199
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for the oblasts of the Tsentral'mochernozemnyy (Central Chernozem) econ-
omic region

w1718 8

(2)
71=0,781 +0,058; Egp==% 17,9%,:
[B = dead]
for the oblasts for the Volgo-Vyatskly economic region
Cipg . 0055 5. o T
W = 168,7 ¢ s 4 29,5; 3)

1=0,762 £ 0,102; £, = + 17,79,

for the oblasts of the Ural'skiy economic region

W=150,7 ¢ "® % £ 200, (4)
1=0,717 £ 0,062, E, = + 2¢,1%,;
for the oblasts of the Tsentral'nyy (Central) economic region
W28 0 a1 g T

5
1=0,547 £ 0,091; E_ = + 23,47, )

Here W is the gross yield of winter rye grain over the territory of the
} oblasts, reduced to a unit planted area in percent of its mean value; Sgegaq
is the area with dead plantings of winter rye; ¥] is the correlation ratio;
Ey is the error of the equation.
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- Fig. 2. Change in gross yield W and area with dead plantings of winter rye
Sdead 1n Novgorodskaya (1), Tul'skaya (2) and Penzenskaya (3) Oblasts,
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The correlation between the gross yield of winter rye and the area with
dead plantings is nonlinear. It is expressed with particular clarity in

- the case of an area with dead plantings in spring equal to 15% of its
sown area or more. In years with conditions favorable for wintering, when
the area of death of the plantings is less than 10% cf the sown area, the
gross yield of grain as a rule is determined by the conditions of the
spring-summer period and the level of agricultural engineering. An ex-
ception is the years when a considerable percentage of the stems of win-
ter rye in the Nonchernozem zone perished as a result of rotting (1966/
67, 1967/68). The correlation between the gross yield of winter rye and
the area of destruction of plantings during the winter period, as can be
seen from the cited equations, for the Volgo-Vyatskiy, Ural'skiy and Tsen-
tral'nochernozemnyy econonomic regions was closer (n= 0,72-0.78) than in
the Central and Northwestern regions (7] = 0.55-0.67). This can be attrib-
uted, evidently, to the more favorable conditions for the wintering of
winter rye in the Central and Northwestern regions in comparison with the
Volgo-Vyatskiy region, where rye is frequently subjected to rotting, and
in the Ural'skiy and Tsentral'nochernozemnyy regions where it frequently
freezes out.

V. A, Moiseychik [3] earlier obtained a quantitative dependence of the
gross yleld on the area with dead plantings as a whole for winter crops for
1950-1970. It revealed that each percent of area with dead plantings of
winter crops in spring reduces the gross yleld as a whole for the USSR on
the average by 1.7%.

The introduction of more winter-resistant varieties, an increase in the
level of agricultural techniques for the cultivation of plants and the
timely adoption of measures for the care of plantings during the early
spring period in many regions to a definite degree can reduce the yield
losses due to unfavorable agrometeorological conditions during the winter
period.
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UDC 551.(576.1+509.33+513)
INVESTIGATION OF A CLOUD ENSEMBLE MODEL ON THE BASIS OF GATE DATA
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 8C pp 97-108

[Article by Candidate of Physical and Mathematical Sciences A. I. Fal'-
kovich, USSR Hydrometeorological Scientific Research Center, submitted
for publication 15 January 1980]

[Text] Abstract: The author has formulated a cloud
ensemble model for the purpose of parameter-
ization of the moist convection processes in
problems of general circulation of the atmo-
sphere and long-range weather forecasting. The
investigation is carried out on the basis of
observation phase III in GATE polygon A/B. A
study is made of the spectrum of the cloud
ensemble, the distribution of entrainment and
expulsion of mass, heat and moisture balance
in the cloud ensemble, heating function as a
result of condensation. A new principle for
the parameterization of moist convection is
proposed.

In the numerical integration of the equations of hydrothermbdynamics a part
of the spectrum of movements (so-called subgrid processes) is cut off. Due
to the nonlinearity of the equations its influence on the remaining part
must be parameterized, that is, must be expressed quantitatively through
parameters described by the grid, the redistribution of energy and momentum
among these parts of the spectrum., Here it should not be thought that if we
integrated the weather forecasting equations with a very small interval it
would be possible to describe the life cycle of each cloud separately and
that the parameterization is governed only by the technical possibilities
of modern computers, This is not so., First, for the time being there is
still no satisfactory cloud model, and second, even if it was, at the ini-
- tial moment in time we will never know with the required accuracy the
necessary characteristics of the cloud. The model of an individual cloud
is described by a complex system of equations in hydrothermodynamics. A
very important role in its development is played by microphysical processes,
whose description in weather forecasting problems is impossible.
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In this connection clouds in weather forecasting must be regarded stat-
istically as a cloud ensemble, Investigating its total influence on the
change on the macroscale characteristics of the atmosphere. In this case
it is necessary to make abstraction from the nature of an individual cloud,
introducing some stylization of this cloud, and no longer model a cloud,
but the entire cloud ensemble corresponding to some macroscale disturbance.

There are several different approaches to solution of this problem. For ex~
ample, Fraser [6] in 1968 attempted to describe the mechanism of the life
cycle of a cloud. He regarded the cloud as a “white box," consisting of
the cloud proper, a homogeneous sphere; occupied by an ascending current,
and the cloud "jacket,'" where the temperature can not only be below the
temperature of the cloud, but also below the ambient temperature. The tem-
perature minimum is attained at the visible boundary of the cloud (where
the 1iquid water content becomes equal to zero). Writing the equation for
the first law in thermodynamics for the mixture of cloud air and ambient
air, Fraser finds the temperature distribution with increasing distance
from the core of the cloud. As the horizontal coordinate here use is made
of the ratio of the mass of cloud 2ir to the mass of the mixture. The par-
ticles, entering into the cloud "jacket," have a negative buoyancy force
relative to the ambient air. They descend first in conformity to the moist
adiabat, for the time being without evaporation of all the liquid water,
and then in conformity to the dry adiabat, and for the time being their
temperature is not comparable to the ambient temperature. Computing the
flow of mass in the settling region, it is possible to relate it to the
upward transport in the cloud core and thareby compute the total vertical
transport of mass generated by the "white Lox" at any level. It is true
that for this it 1s somehow necessary to parameterize precipitation. Many
unclear points remain in this cloud stylization. For example, it is not
clear how to stipulate the cloud boundaries vertically. In this connec-
tion it is unclear whether the continulty equation is satisfactory here.
The third equation of dynamics is used only qualitatively: it is assumed
that the particle descends (rises) if its temperature differa from the am-
blent temperature to the point where these temperatures are comparable.

Another approach is based on the use of the theory of a turbulent noniso-
thermic jet for the modeling of a cloud [1].

Here the cloud is a jet with characteristics homogeneous along the section
and is entrained into homogeneous surroundings. In the model of a jet use
is made of the third equation of motion, in which an allowance is made for
the buoyancy force, the weight of the liquid water in the jet, entrainment
of ambient air into the jet and the resistance of the jet to the extermal
flow, Use is also made of the equations for conservation of energy, specific
liquid water content and ice content. Precipitation does not fall and ice
content 1s parameterized by the introduction of the radius of the cloud
particles. It is assumed that the pressure in the jet and in the surround-
ing atmosphere is identical. The entrainment is stipulated inverse propor-
tional to the radius of the jet, which can change with altitude. The
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expulsion of mass and radiation cooling at the tops of the clouds are
neglected. The model is stationary. The cloud top is situated where the
vertical velocity becomes equal to zero. We note that it follows from the
condition of stipulation of entrainment that the vertical velocity can be-
come equal to zero only where the jet under the influence of the external
flow turns and becomes completely horizontal. The slope of the jet is de-
termined by the effect of aerodynamic drag forces; difficulties arise in
the choice of the aerodynamic drag coefficient.

This cloud model was used in [2] for computing some properties of the en-
semble of convective clouds on the basis of aerological sounding data. At
the level of the cloud base it was assumed that the overheating of the

" cloud relative to the surrounding air was 0.1°C and W = 1 m/sec for all
clouds. The distribution function for clouds was stipulated on the basis
of horizontal dimensions, following Plank [8]:

: N (D)= Nyeo @

Here 0<D{Dpax is the diameter of the cloud base,
No=f(S, Dra),

- S is the part of the area occupiled by clouds,® is a parameter.

The vertical structure of the cloud was determined from the expression

also proposed by Plank. Here AH is the vertical thickness of the clouds,
v and 4 are parameters. We note that expressions (1) and (2) were obtain=-
ed by Plank by the processing of experimental data. It is assumed that the
limitation A H/D?1 is imposed on the cloud geometry. Using it, by means
of successive approximations it is possible to determine the range of
changes in the horizontal and vertical dimensions of the clouds and their
internal properties with a stipulated state of the atmosphere.

The state of the atmosphere is characterized by the vertical distribution
of temperature and humidity. Wind shear data are necessary for computing
the slope of the jet. Large-scale divergence and vertical velocity are not
used in this model and this is its basic shortcoming (the geometry of the
cloud ensemble is determined only from stratification).

The most general approach to modeling of a cloud ensemble was formulated
in [9]. There Yanai, et al. generalized experience acquired up to 1973
from modeling of an individual cloud and a group of clouds.

Arakawa and Shubert [5] in 1974 proposed a new theory of parameterization
of moist convection based on a spectral representation of the cloud en-
semble. This theory makes it possible to determine not only the general
properties of the cloud ensemble, but also the properties of individual
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types of clouds. Then Nitta [7] investigated the properties of the cloud
ensemble on the basis of data from aerological sounding in the Trades
zone, obtained during the BOMEX expedition,

Yanai, et al, [10] used a spectral model for processing observation data
in a polygon in the Marshall Islands.,

This study is a continuation of the investigations of Yanai, Nitta, Ara=-
kawa and Shubert. In our article [%] we already dealt with the problems
involved in deriving a system of equations for a model of a cloud ensemble,
its numerical solution. Accordingly, here we will not discuss them and will
only cite the basic hypotheses on which the model is based and we will copy
some equations of the model necessary for further discussion.

As already mentioned above, in order to formulate a model of a cloud en-
semble it is somehow necessary to stylize the cloud and make a number of
simplifying assumptions concerning its internal and external structure.
Followiny Yanai, Arakawa and Shubert, we will assume that:

1) active clouds occupy only an insignificant part of the cloud ensemble.
These are vertical columns of a constant cross section occupied by cn as-
cending flow and embedded in homogeneous surroundings;

2) all the 1liquid water which is ejected from the cloud is also evaporated
here;

3) a state of saturation is attained in the cloud;

4) each cloud produces an ejection of mass in a very thin layer where the
cloud loses its buoyancy, that is, where hst = h* (hgy is the static energy
of the moist air in the cloud).

_ It is also assumed that in the cloud the laws of conservation of mass, en-
ergy, water vapor and liquild water are satisfied. It must be noted at once
that satisfaction of the equations of motion in the cloud is not assumed,
that is, the cloud dynamics is neglected. (The transport of momentum by
subgrid processes must be parameterized separately.) It is true that the
cloud can entrain mass from the surroundings, but the change in the rate
of entraimment with altitude (this will be discussed below) will be stip-
ulated. The vertical flow of mass in the cloud is fully determined by the
continuity equation and not by buoyancy forces.

Writing the equations of conservation of mass, energy and water vapor in
each cloud, summing them for the entire cloud ensemble and using the as-
sumptions made above, the equations for the conservation of energy and
water vapor can be written in the form

’ S Ly
QI-QR:—MC‘Tp——_C;xl' (3)

. A
Loy 9 L oyGgr—g+0.
Q=g Mg =5 201 @)
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Here the line at top denotes averaging in a horizontal region which should

- be sufficiently great in order to contain a cloud ensemble but sufficient-
ly small in order to be only a part of the large-scale disturbance. As a
convenience in investigating the cluud ensemble we introduces “he para-
meters Q1 (apparent heating due to macroscale movements) and Qy (apparent
moisture losses due to macroscale movements):

oy, T T, ' ’ (5)
Q;=7+V Sv+ o

=L (9% X ()
Q- cp( F+vogV+ op )

Here S = 1/cp (c,T + gz) is the static energy of dry air -- an analogue
of potential temperature (measured in degrees). Equations (3)-(4) contain
three parameters of the cloud ensemble: Mc -~ the mass flow in clouds at
the level p, its dimensionality coincides with the dimensionality «; J
is the rate of ejection of mass from the clouds for a unit pressure inter-
val and l is the specific liquid-water content of the cloud at the ejec-
tion level p. On the left-hand sides of the equations in addition to radi-
ation cooling Qp we have the parameters Q; and Qp, which are determined by
- macroscale (averaged over a quite large area) atmospheric characteristics.
We will consider them to be stipulated and determine them from experimen-
tal data.

)
Thus, we have two equations with three unknowns: Mc, d and . For closing
the problem it is necessary to consider still another equation giving the
relationship between these parameters. The equation of conservation of
liquid water in a cloud is such an equation. But this equation includes
precipitation, which must somehow be parameterized. This was the approach
used by Yanai, et al. in [9]. They postulated that the quantity of precip-
itation is proportional to the quantity of liquid water in the cloud; the
proportionality factor was selected empirically from the condition of con-
vergence of the computation scheme, It was found that it increases propor-
tionally with altitude.

A

There is another way to solve this problem. We will exclude 9, from equa-
tions (3) and (4). We obtain the equati-n

Q= Q= Qp = — M, 3o+ 3 (F* 7). M

Once again for closing the problem it is necessary to have the relationship
between M, and d . Arakawa and Shubert [5] proposed a spectral representa-
tion of the cloud ensemble which in the last analysis makes it possible

to ascertain the relationship among these parameters.

They postulated that the single positive parameter A can completely char-
acterize the type of cloud. As this parameter we will select the "fraction~-
al" entrainment rate. The total mass flow in the clouds Mc can be expressed
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as follows: Ap(2)
M, (2)= , L) dA,
. (2) § m(z, )) (8)

_ m(z,i)ydr.=5SM,(2) .
. where A,ebfl+dn

is the mass flow in the "subensemble of clouds" for which ﬂk falls in the
- interval (?\ A+ dA). The ejection of mass at the level z will be

T e
3iz)= — m (2, 2p(2)) ""Z,_" 9

Here A])(z) is the A of clouds which give an ejection of mass at the z lev-
el. Expressions (8)-(9) also give us the sought-for additional relationship
between the parameters Mg and § . It is convenient to normalize m(z,ﬂ),
introducing mp(A), the density of mass flow at the base of the clouds:

m(z,A) = mg (AN (z, A).

Now the problem becomes closed and with stipulated values of a macroscale
disturbance Q1, Qy, S, q, h, h* it is possible to compute the parameters
of the cloud ensemble corresponding to it if the QR value is known,

Source [4] gives the results of computations for the first phase of observ-
ations in GATE polygon A/B. It was GATE phase III, indeed, which was most
interesting for investigations of cloud clusters; during that time cloud
clusters very frequently covered a considerable part of the polygon A/3I.
Accordingly, here we will discuss the results obtained in GATE phase III.

Before proceeding to numerical experiments for computing the parameters of
a cloud ensemble it is necessary to understand what conditions the initial
data must satisfy. For example, the averaging area must be only a part of
the macroscale disturbance. Unfortunately, all the polygons in which the
complex investigations were made do not satisfy this property because they
are very extensive. GATE polygon A/B, whose data we will use, was a hexagon
with a 3.5° side (about 400 km); the polygon in the Marshall Islands in
which Yanal made his investigations is still larger. The macroscale dis-
turbances in these polygons, and this, as a rule, is the ICZ convective
cloud zone, are appreciably narrower than the diameter of the polygon. Ac~
cordingly, the macroscale (averaged over the area of the polygon) atmo-
spheric characteristics are smoothed, As was demonstrated in [3], if the
dynamic characteristics (divergence and vertical velocity) in this case
are computed unhurriedly the approximation of temperature and humidity
averaged over the area of the polygon is frequently lost. Only a very
small variability of mean temperature and humidity in this region is sav~
ed (the center of the polygon is situated at 8,5°N).

It is also bad to reduce the dimensions of the polygon because in this case
the influence of the measurement errors increases. With the present~day ac~
curacy in computations they are great even for these polygons, In order to
reduce their influence we will not make computations for individual sound-
ing times, but for the mean class of the disturbance (standard disturbance).
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This is so-called class B [3], which includes all those times when a thick
cloud accumulation was observed over the polygon. Since direct measure-
ments of Qg were made in GATE only in the nighttime hours, for the comput-
ations we took the Qg climatic profile obtained by Dopplik and already used
in our own study [4] and in those of Yanai [9, 10]. Despite the fact that
the Qg values are small in comparison with the Q) and Qp values, they play
a very important role in the development of convection in the tropies. Ac-
cordingly, the lack of a true Qg profile corresponding to the cloud accum-
ulation over the polygon A/B can appreciably distort the results of the
computations. But for the time being these data are not available and we
are forced to use the Qg climatic profile. The profiles of static energy
of dry, moist and saturated air, obtained during GATE phase III, were very
close to the profiles for phase I [4] and therefore we will not cite them
here.
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- Fig. 1. Dependence of the entrainment parameter AD (a), entrainment E and
ejection of mass § (b), liquld water contenc of tops of clouds (c) and den-

sity of mass flow at base of clouds (d) on level of ejection of mass in
clouds.

Figure la shows the dependence ;\D(p); Ap(p) varies from 1 km-1 to O. The
maximum value Ap~1.4 km~l. An investigation of the asymptotic behavior
of Ap(p) with p-pp shows that Ap(p)-> 0. This is also confirmed by com~
putations with a smaller interval. We recall that in formulating the spec~
tral theory it was assumed that Ap(p) has a monotonic behavior. To be
sure, the asymptotic behavior of A (p) is dependent on the upper and lower
boundary conditions which are set in computing Ap(p). Thus, if we stipu-
late a small superheating downward or passage through the level of loss of
bucyancy in an upward direction, then Ap(p) no longer will tend to zero
but will tend to infinity. In this case at the point pg there will be a
singularity in any case. Its origin is attributable to the fact that low
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clouds are known to have roots in the mixing layer (below the condensation
level), whereas according to the assumptions of the model the level of the
cloud base 1s the condensation level and the lowest clouds begin ejection at
the level of the base. We note that the %D(p) values are entirely determin-
ed by stratification, that is, by the vertical distribution of temperature

- and humidity, and the monotonic character of ;\D(p) 1s also dependent on
the stratification,

Figure 1b shows the vertical distribution of entrainment and ejection of
mass, computed by the spectral method described above. Since different types
of clouds exist at each level, the total entrainment and ejection of mass
for the cloud ensemble are observed at all altitudes, Entrainment has a max-
imum at the bottom, gradually decreasing with altitude. Ejection, however,
has two maxima. The lower maximum is attributable to the great number of
small clouds, which give ejection almost immediately over the cloud base.
The upper maximum is situated near the 200-mb surface, where the maximum
macroscale divergence values are observed. The dependence of the distribu-

- tion of mass flow at the level of the cloud base on the ejection level has
a similar character (Fig. 1d). These curves show that there is a predomin-
ance of very low and very high clouds. There are virtually no clouds giving
an ejection of mass in the middle troposphere from 750 to 400 mb. Thus, the
distribution in the cloud ensemble spectrum is bimodal. Similar results were
obtained in the study by Yanai [9], where, evidently, attention was first
given to the bimodality of the distribution. A bimodal distribution was also
obtained in the processing of data in GATE phase I in polygon A/B [4]. Only
in the study of Nitta [7], in which a study was made of the Trades zone,
was the distribution of the mass flow at the level of the cloud base found
to be unimodal. In actuality, in the cloud ensemble do only very thick and
very low clouds coexist? Is this fact observed in nature? We do not know
of its experimental confirmation. The Plank distribution (1), obtained using
observational data, does not confirm this.

Figure lc shows the distribution of liquid-water content at the level of
cloud ejection. The quantity of liquid water at the tops of low clouds is
about 1 g/kg; it gradually increases, attaining 2 g/kg for clouds having
ejection near the 700-mb surface; then it rapidly decreases and becomes
virtually equal to zero at the 300-mb surface. At a level of about 400 mb
i) even assumes small negative values. It is evident that such parameters
as § , » B, M should be positive. The appearance of negative values can
be attributed to three factors: defects in the model, approximate nature
of the initial data, errors in the numerical record. The initial data have
already been discussed above; they are, of course, very approximate, But
for the time being there are no better data. There are ways making pos-
sible their more precise processing and correction, but we will not dis-
cuss this here. We cannot always separate the influence of these sources
of error. Only by varying the properties of the model and initial data is
it possible to obtain some idea concerning their approximate character.
For example, computaticns with A= 0 and these same initial data gave
large negative j values, beginning with 750 mb or more. By varying the
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initial data, for example, by stipulating radiation cooling a little high
(adding to it a value increasing linearly with pressure from 0 at the

level 960 mb to -1°C/day at the level 100 mb) we obtained 1 everywhere
positive, but the same as here, the liquid-water content of the cloud tops
decreases rapidly with an increase in cloud thickness. Figure 2a repre-
sents the heat balance of the cloud ensemble. Apparent heating as a result
of macroscale movements without radiation cooling Q;-Qy is attributable

to heating, which gives the term - M 2 S/dp, and cooling due to the evap-
oration of liquid particles ejected from the cloud. Cooling due to evapora-
tion is maximum at the bottom. The figure shows that fictitious heating

due to errors in computing ), near 400 mb (therel< 0) 1s small and falls in
the range of computation accuracy. The term -M. JS/Jp corresponds to adia-
batic heating of the space surrounding the clouds 1if it settled at the rate
M.. From this the conclusion is frequently drawn [9] that ' clouds act
through the compensatory settling induced by them, heating space."

& Lmda)

o T BT R 0 L % 6 @ 10 tgn °Clday

Fig. 2. Balance of heat (a), molsture (b) and heating as a result of conden-
sation (¢) in cloud ensemble,
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Fig. 3. Dependence of vertical profile of ejection of mass (a) and total
mass flow (b, c) on quantity of liquid water at cloud tops.
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Figure 2b gives the moisture balance in a cloud ensemble in heating units.
Here also the apparent loss of moisture Q, as a result of macroscale move-
ments for the most part Is attributable to compensatory settling in the
surrounding space, which dries out the space. The ejection of liquid water
and water vapor at the cloud tops maintains the vapor balance in the sur-
rounding space. Since the ejection is maximum at the bottom, it can be con-
cluded that low clouds not yielding precipitation may be necessary for the
growth of thick towers of cumulonimbus clouds; indeed, they moisten the
surrounding space, ejecting water vapor and liquid water from their tops.

The atmospheric heating function as a result of water vapor condensation
in clouds is of great interest. Its profile is shown in Fig. 2c. Using the
equations of the cloud ensemble model it is possible to obtain

R e LR — (10)
Q=@+t - T,

where — =
q' o' =mMc(q—9)

- (qc 1s the mean specific humidity, weighted for the cloud ensemble).

It can be seen from expression (10) that in clouds there should be condensa—
tion of sufficient water vapor for compensating the apparent loss of mois-
ture due to macroscale movements, the evaporation of 1liquid particles eject-
ed from the cloud tops into surrounding space and vertical divergence of

the vertical turbulent flux of water vapor, The latter parameter has maxima
at the base of the clouds and at the 350-mb level, where it even exceeds

the Q2 values. Evaporation decreases as a result of the ejection of liquid
particles from the cloud tops and its contribution above the 700-mb level

is already insignificant.

Thus, after stipulating the relationship between M¢ and § by use of the Ara-
kawa-Shubert hypothesis on the spectral structure of the cloud ensemble we
saw that the quantity of the liquid phase at the cloud tops decreases rap-
idly with an increase in cloud thickness. In addition, bimodality was ob=-
served in the cloud ensemble spectrum. We note that Yanai [9], stipulating
precipitation proportional to the quantity of liquid water in the cloud

and assuming that the proportionality factor increases exponentially‘yith
altitude, also obtained a bimodality, as well as a rapid decrease in E with al-
titude, We will dispense with the Arakawa-Shubert hypothesis and we will
assume that we know the distribution of | with altitude., Now we will con-
sider how § and M. behave,

Figure 3a shows the 8 profiles with different stipulation of ). whend =
0 a bimodality is obtained. We note that the d maximum will always be ob-
served in the upward direction when 1 there is small. With ) =1 g/kg

_ there is no bimodality. There is also no bimodality when.i linearly in-
creases with altitude. Figure 3b shows the M. profiles with different
liquid water contents of the cloud tops. The figure shows that the M,
values change greatly in dependence on the liquid-water content in the lower
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troposphere; above the 850-mb level M is virtually not dependent on the
liquid water content of the cloud tops. As a comparison Fig. 3c shows the
M profile which is obtained when using the Arakawa-Shubert hypothesis,
that is, when the dependence of I on the level of ejection has the shape
of the curve shown in Fig. 1c.

We note in conclusion that here a study was made of a standard steady dis-
turbance (the time derivatives in expressions (5)-(6) were assumed to be
equal to zero). Due to the errors in measurements and approximation it is
virtually impossible to compute these derivatives using measurement data
from the investigated polygons. In forecasting problems the time deriva-
tives are sought—for values and still another additional condition is re-
quired for closing the system of equations. For this purpose Arakawa and
Shubert [5] propose that the assumption be made that the cloud ensemb’e

is in a state of quasiequilibrium with the macroscale disturbance. Specif-
ically, they assume that the time derivative of the operation of buoyancy
forces in each subensemble becomes equal to zero. Indeed, at the present
time this is the sole sufficlently clearly formulated principle for the
parameterization of moist convection. It is true that in formulating the
model of the cloud ensemble the third equation of motion was not used and
buoyancy forces did not play any role in computing the mass flow in the
cloud. Accordingly, it remains unclear how close this hypothesis is to
reality and to what extent its realization is logically noncontradictory.

The processing of experimental data leads to the conclusion that it would
be logical to use a different principle as a point of departure, specific-
ally that the parameterization of moist convection be divided into two
stages: the adaptation process and the forecast proper. We will rewrite
equations (3)-(4) in the form :

o5 Pl AN (i1)
B = - g+ Q- M, = 3l
Lo _ ety 9 L sz 500 (12)
cp'op'—Qz ; M, % +c, (g —g + 1.

> w

a5
dp

L mn qoTEe SR g LT+ &)
They coincide with the parameters Ql and Q2 in a stationary case. The var-
iability of macroscale fields in the tropics is very small. Even with the
passage of a tropical disturbance S _and q do not vary greatly. In any case,
the derivatives 9S/ 2t and L/cp 24q/d t are appreciably less than the Qi

- and Qg values. For example, in the ICZ, in the region of polygon A/B,
38/ dt~1°C/day, whereas QS~10°C/day. The parameters L/cp 9 q/dt and Qg
have similar orders of magn}tude. Therefore, if the macroscale movements
are left "alone" with the atmosphere, that is, the parameterization of
moist convection is not included (in our case, in equations (11)-(12) it is
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assumed that Mg =J = 0), then the macroscale movements greatly "distort"
atmospheric stratification, they "drive" a great quantity of water vapor
into the atmosphere and reduce the quantity of sensible heat. The deriva-
tives 2 S/d¢t and Jq/2 t will exceed the real values by an order of magni-
tude, Accordingly, moist convection in the first approximation should com-
pensate the effect of macroscale movements, to restore the initial stratif-
ication, that 1s, the parameters of the cloud ensemble in_the first approx-
imation must be computed under the condition S/t = 9 q/dt = 0, This
corresponds to the process of adaptation (adjustment) of the parameters of
moist convection to the macroscale effect. Thus, in the first stage, using
the known Qi and Qg values, we compute the m§ values which determine the

main part of the density of mass flow in the spectrum of the cloud en~
semble,

In order to detect the tendencies (9 S/2 t and dq/ dt) it is necessary to
find the small deviations from the compensatory values of the parameters

of the cloud ensemble. In our opinion, a second approximation must be based
on the "splicing" of the turbulent flux of energy from the ocean Fp, which,
as a rule, 1s computed on the basis of the semiempirical theory [3], with
the turbulent energy flux in the cloud ensemble [9]

» 13)
Foy={ @—0—0 “&. (
’r
Here pq is the level where the turhulent energy flux is equal to zero. In
actuality, F(p) characterizes the intensity of moist convection, which
should be intensified with an increase in the energy flux from the ocean
and weaken with its decrease. Since the parameters of the cloud ensemble
were determined only with ppg pgpp, the splicing of the fluws must be
_ done at the level p.. The boundary layer of the atmosphere, to be precise,
the mixing layer, transports the energy received from the ocean upward in-
to the interaction layer to the level of the cloud base. Small-scale tur-
bulence participates in this energy transfer, as does cellular convection.
Therefore, energy is not accumulated in the mixing layer and almost all
of it 1s transported to the level pg. We will denote the magnitude of
this flow at the level pg by Fo(pg) and we will assume that it 1s known -
to us. The magnitude of the turbulent energy flux in the cloud ensemble
at the level pp is determined from (13). In the first approximation the -
turbulent energy flux at the level pg will be

- Ps
T pg) = j Q—@—q, L
Pr €

In order to satisfy the splicing condition F(pg) = Fp(pg) it is necessary
to somewhat change the parameters of the cloud ensemble obtained in the
first approximation (in the adaptation stage). As a second approximation

we will seek the density of the mass flow in the cloud ensemble in the form
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mg(r) = mg () +2m§(h),

(14)
where € 18 a small parameter.
Using expressions (11)-(12) it is easy to obtain
(&= Q5 Q) — M, T (15)
Substituting (14) into (8) and (9), equation (15) can be reduced to the
form I .
T = (@ — Q5 — Q) w6
Now it is easy to find the & p‘_aram_et‘:er from the splicing condition:
; 1= F"T‘”(’fal) —1. an
7y

If it is assumed that the changes in ) are similar to mwg(A) with transi-
tion from the first to the second approximation, then

as L ;,\
o = Qi —Qp) - [ 3L, (18)
- L dq L .,
¢p ot SQS-‘-;'EOCF. ( )

It remains to say a few words about computation of the flux FO(pB), which

is dependent on the method for parameterization of the boundary layer in

the model. We will mention one of the possible methods for its computation.
- We will integrate the equation of conservation of static energy of moist

air for the mixing layer from py -- sea level to pps and we obtain
Po dp __ 2 on dp .
Fo(ps)=Fo— \(Qi“Qg"QR)—E' 577 (20)
Ps ba

Judging from the experimental data, the second term in (20) is considerably
smaller than the first. For example, with a standard disturbance (class B)
in the ICZ [3] Fg~270 cal/(cm2-day)

Pg P

d 0
| @ - 05) T ~20 cal/ (cu?-day), S QR 95.
Py PB

also does not exceed 20-30 cal/ (cmz'day). The first two terms in (20) are
easily computed, Difficulties arise in determination of the third term be-
cause expression (16), generally speaking, is correct only under the condi-
tion pg pg (in the mixing layer the parameters of the cloud ensemble were
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not determined). But it is natural to assume that it is also correct when
P> Pp» since the mass flow at the base of the clouds should be related to
the mass flow in the mixing layer. Substituting (16) into (20) and using
the splicing condition, we obtain the fing;l_e_zxgqssion for &

Pa
Ote [(Q-Q=-Q) L=F, (21)
Pr
Expression (21) means that we actually “lowered" the splicing condition to
sea level,
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INVESTIGATION OF SPECTRA OF VARIABILITY OF METEOROLOGICAL ELEMENTS AND
REQUIREMENTS ON METEOROLOGICAL MEASUREMENTS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 109-112

[Article by Candidate of Physical and Mathematical Sciences A. S. Krants-
berg, Candidates of Technical Sciences K. N. Manuylov and N. A. Rubichev,
V. G. Sorokin, Scientific Research Institute of Instrument Making, sub-
mitted for publication 15 January 1980]

[Text] Abstract: This article presents some results of
experimental investigation of the temporal vari-
ability of a number of meteorological elements
carried out by the Scientific Research Institute
of Instrument Making in collaboration with the
Central Design Bureau of Hydrometeorological In-
strument Making and the Administration of the
Hydrometeorological Service Belorussian SSR. On
the basis of these results an attempt is made to
determine and validate the requirements on the
desirable accuracy of the network meteorological
measurement apparatus, the temporal discreteness
of measurements and also the requirements on the
filtering of the measurement results.

As is well known, hydrometeorological elements are functions of space and
time. Their fluctuations are not regular and are not subject to a deter—

ministic description. The value of a meteorological element at the meas-

urement point can be represented in the form

E(O)=Z(t)+A(8),
where Z(t) is the information component of the meteorological process of
interest to the user; A(t) are interfering 1oca1 disturbances caused by
the turbulent atmosphere,

_ Analytically Z(t) is stipulated in the form of some mathematical model re-
flecting the physics of the meteorological process.
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One of the widely used models of the information component of the meteor-
ological process is its representation in the form of a power-law or har-
monic polynomial whose coefficients are evaluated on the basis of measure-
ment results.,

Another mathematical model of the meteorological process is expressed by a
function whose spectrun. of changes is limited by some upper frequency fup.

The interfering disturbances A(t) can be represented in the form of a
multiplicative nonstationary process:

AB=eOvO.

where Vv (t) is a stationary process with a higher frequency than Z(t), ljf(t)
is a random or determined function changing more slowly than Z(t) and pos—~

sibly dependent on Z(t) or on other meteorological elements at the measure-
ment point,

Such a representation reduces the interfering disturbances to a stationary
random process. At the same time it reflects the nonstationary nature of
the interfering disturbances, which, in particular, is noted in [3].

Thus, the changes in the meteorological element at the measurement point

LO=Z(O)+9(O)v(t)
are represented in the form of an additive-multiplicative model of a non-
stationary random process [5].

At the present time extensive use is made of statistical methods for de-~
scribing the variability of meteorological elements using covariation func~
tions or, which is the same, using the spectral density (spectrum), that
is, the distribution of the dispersion of frequency fluctuations. Accord-
ingly, the representation of different processes and the identification

of models should be carried out within the framework of the correlation
theory of random processes.

The identification of models which can be reduced to stationary form essen-
tially involves checking the stationary state of some process. For ex~
ample, in the identification of an additive~multiplicative model it is
necessary to check the stationary character of centered and normalized
processes. The checking of the stationary state within the framework of
the correlation theory can be accomplished by checking the agreement of the
spectra of different segments of one record of the process. Different cri-

teria for the agreement of spectra have been examined, for example, in [1,
6].

The reliability of the information received as a result of meteorological
measurements 1s dependent on the correctness of choice of the mathematical
model, that is, on its correspondence to a real physical process, on the

dispersion value and the form of the spectrum of interfering disturbances
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X(t), and also on the error of measurement Instruments. Unfortunately,
data on the degree of correspondence of the selected models Z(t) to the
- real process are represented extremely inadequately in the literature.

Requirements on the desirable accuracy of the measurement apparatus can be

determined in the first approximation using as a point of departure the
problem of restoring the Z(t) process on the basis of the results of net-—
work measurements made at time intervals AT. According to the well-known
Kotel'nikov theorem, using these readings it is possible to restore a pro-
cess whose spectrum does not exceed the limits of the frequency band

[0, 1/2AT]. If one uses this "band" model of the meteorological process
Z(t), all the components of the process registered by the instrument with
frequencies above fypper = 1/24T must be related to A(t) and they must

be regarded as interference distorting the measurement results, and accord-
ingly, the process restored from them. A measure of the uncertainty arising

in this case is the dispersion U.ZLow}\ of all the components of the process
% (t) with frequencies above f; ay. It can be determined by knowing the
spectrum of changes in the hydrometeorological elements and as AT using
the existing interval between the measurements (for most network meteoro-
logical measurements AT = 3 hours).

However, the use of the mentioned "band" model of the process is justified
_ if an abstraction is made from an analysis of its correspondence to a real
meteorological process and as a point of departure one uses only the organ-
izational possibilities of constructing a system for the collection of pri-
mary meteorological information. In a general case it is necessary to take
into account the degree of the mentioned correspondence., Therefore, in the

dispersion of the uncertainty o2  in addition to the component O TowA?

related to the distorting effectlg¥ the disturbances A (t), it is necessary
to include the component ¢ %ow 7 attributable to the inadequacy of the Z(t)

model to the real meteorological process.

It 1s desirable that the admissible value of the dispersion gd of the
random component of error of the measuring instrument be stipulated as a
fraction of G%OW:

2 2

o ad = dclow‘

However, in this case it may be found that the measurement error

-~ o} = /52 2 = /
- meas o'ad"""rlow - o—low 1+oc>010w

formation, following from the essence of the problems to be solved using
the collected data. In this case in order to ensure the required accuracy

- obtained as a result does not satisfy the requirements of users of the in-

in solving higher-level problems it is insufficient to increase the accur-

acy of measurement instruments. It is evident that with o< 0.3-0.5 a de-
crease in instrument errors exerts virtually no influence on O pesg, lead-

ing only to an unjustifiable complication and increased cost of the measure-

ment Instrument.
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A substantial increase in the representativeness of meteorological infor-
mation can he attained hy an improvement in the measurement process in
the following directions:

~- refinements in the adopted model of the information component of the
meteorological process Z(t) and a corresponding decrease in the low 2
value. This direction in improvement, involving the carrylng out of setr-
ious physical investigations necessary for formulating the requirements

on the mathematical model Z(t), should lead to a change in the algorithms
for the processing of primary information;

-- improvement in algorithms for collecting and processing data from meteor-
ological measurements for the purpose of decreasing the Ufow)l value and
more precise restoration of Z(t) as a result of filtering of the high-fre-
quency components of the process;

-- decreases in definite limits of the interval AT between measurements,
which also leads to a decrease in the dispersion Gzow), and a more pre~
clise restoraticn of Z(t) from the results of the pr:meary measurements,

It goes without saying that in addition to the mentioned directions in im-
provement of the measurement process there is also a possibility of increas-
ing the reliability of the meteorological information as a result of an in-
crease in the accuracy of network measurement instruments. However, the
realization of measures for increasing the accuracy of modern measurement
instruments as a rule involves considerable costs and is feasible only under
the condition of a matched decrease in C1owa « This requires having infor-
mation on the stochastic characteristics of the temporal variability of
meteorological elements,

An experimental investigation of the spectra of meteorological elements

has been made by a number of researchers. For example, the spectra of wind
velocity were obtained by Van der Hoven [7], and then by N. L. Byzova, V.
N. Ivanov and S. A. Morozov [2], the spectra of air temperature —- by A. S.
Monin and V. N. Kolesnikova [4]. On the basis of these investigations some
conclusions were drawn concerning the nature of the temporal variability
of meteorological elements., In particular, it was discovered that their
spectra have a so-called "mesoscale minimum,” that is, a considerable de—
crease in the intensity of the process in the mesoscale frequency region.

However, due to the inadequate breadth of the investigations, the relative-
ly small volume of collected experimental data, and also due to the noncor-
respondence of the experimental conditions to the conditions of standard
surface meteoroleglcal measurements, the results of the preceding investi-
gations cannot serve as a basis for formulating requirements on network
measurement systems.

Taking this into account, the Scientific Research Institute of Hydrometeor-
ological Instrument Making, in collaboration with the Central Design Bureau
and the Administration of the Hydrometeorological Service of the Belorussian
SSR, has carried out extensive experimental investigations of the temporal
variability of four meteorological elements: air temperature, dew point,
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wind velocity and atmospheric pressure. Investigations were organized on
the hasis of M 106~M 106 M stations at different sites in the Belorussian
SSR and fixed for a frequent schedule of measurements. The automation of
the measurements made it possible to obtain considerable volumes of
experimental data under different weather conditions and synoptic situa-
tions at different times of the year at a number of points in the terri-
tory of the Belorussian SSR. The primary research data (punched tapes)
were subjected to processing with a "Minsk-32" electronic computer. Tak-
ing into account that the spectral theory of random processes has now
been developed only for stationary processes, the registered series of
measurements were checked for the nondependence of the mathematical ex-
pectation and dispersion on time. It was demonstrated that the initial
process can be described using an additive~multiplicative model.

Values ciow A

3 Cpennue : 4 Tlpenenbhnie
T==3 ¢« hours Tmly T=3 4 | T=l «
Mereosnement | Mecsu Ges | 20-Mun. | Ges 20-vnn. | Ges | 20-MuH.
$unvrpa-| ocpex- |¢duavrpa-| ocpen- |duavtpa-| ocpen-
1 2" um 5| WemMeg| umHg | Hemie ¢ wing | Hemme g
Temnepatypa Zekabps 11 03 0,25 0,15 0,1 0,70 0,35
BO3ayxa, * C maf 12 055 0.5 0,3 02 0,95 0,45
8 Touxa pocw, “C| nexabpn 0,45 0,35 0,25 0,15 1,2 0,5
Magt 0,7 0,6 05 0,35 1,7 1,5
9 Crnupocts Betpa | mexa6pe 0,7 0,5 0,5 0,35 0,95 0,7
(cpeanss 3a Mmaft 0,85 0,65 0,6 0,40 2,0 1,0
2 Mun), m/c
10 HOasnenne, 46 | mexaGpn 0,2 018 C15 0,1 0.35 0.2
Mah 0,2 0018 0, 0,05 0,40 0,25
KEY:
1. Meteorological element 7. Air temperature, °C
2. Month 8. Dew point, °C
3. Means 9. Wind speed (averaged for 2
4, Limiting minutes), m/sec
5. Without filtering 10. Pressure, mb
6. 20-minute averaging 11. December
. 12. May

Then using a sp:.cial program for centered records we computed the covar-
iation functions and by means of the Fourier transform -- sample spec—
tral densities. In order to increase the reliability of the results and
decrease the dispersion of the spectral evaluations, in the processing
of data we used the "Bartlett correlation window" [1] and carried out
additional smoothing of the spectral evaluations by frequency bands.
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- For checking purposes, some records were additionally processed on an
electronic computer using a fast Fourler transform. The resulting spec-
tra virtually coincided with the spectra obtained as a result of the al-
ready described data processing.

The results of the investigations were analyzed and compared with data
obtained by earlier researchers., It was confirmed in the analysis that
in the mesoscale frequency reglon the intensities of the spectra in the
overwhelming majority of cases decrease, It was discovered that the dis—

- persions of the fluctuations in this region still are relatively great
and that their values cannot be neglected; the decrease in the intensity
of the spectrum with a transition from the low frequencies to the meso-
scale region, as a rule, is displaced from the frequency fhigh = 1/2AT
= 1/6 hour in the direction of the higher frequencies. We determined the
values of the dispersion of uncertainty a? in restoring the process
of change in meteorological elements on the Basis of measurements made
at time intervals AT = 3 hours and AT = 1 hour.

The table gives the values of the mean square error in the uncertainty
Glow} . Taking into account that the use of filtering of the high-fre-
quency components in the spectrum decreases the uncertainty of the pro-~
cesses to he restored, the table gives the O'1ow a Values both for the
traditional measurements, during which filtering is usually not used

- (except for smoothing as a result of instrument inertia), and for meas-
urements with the use of special filtering of the high~frequency com-

N ponents in the form of 20-minute averaging of data. Taking into account
that the variability of the meteorological elements is dependent on the
season, the sample spectra were averaged separately for the winter and
spring-summer seasons. Accordingly, the table contains the c’low;\ val-
ues for both seasons.

The following basic conclusions can be drawn from the results of the in-
vestigations:

1. An additive-multiplicative model 1s applicable for describing the pro-
cesses of temporal variability of the meteorological elements.

2. The determined values of the dispersion of uncertainty o2 an

c
lowA
serve as a basis for determining and validating the requirements on the
errors of the meteorological measurement instruments,

3. In order to reduce U%ow;\it is desirable:

a) to use filtering of the high-frequency components, for which it is pos-—

sible to use, for example, a combination of an analog filter in the form
- of an inertial sensor with 10-20-minute averaging of the discrete measure-

ment results,

b) to decrease the periods of measurement and output of information to one

hour,
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The results can serve as a basis for further investigations whose purpose
is to increase the reliahbility and accuracy of meteorological information
supplied to the user.

1.
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UDC 551.(501.7+508,822)

EVALUATION OF THE INFORMATION CONTENT OF SUCCESSIVE
RADIOSONDE MEASUREMENTS OF METEOROLOGICAL PARAMETERS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 112-116

[Article by Candidate of Physical and Mathematical Sciences A. F. Kuzenkov,
Central Aerological Observatory, submitted for publication 30 October 1979]

[Text] Abstract: The author gives computations of the
mean Information present in one measurement and
the excess of the meéaSurements of temperature
and geopotential in making radiosonde observa-~
tions with the "Meteorit-RKZ" apparatus. It is shown
that under optimum conditions the information con-
tent of radiosonde observations in the case of
measurements of the variability of meteorological
elements can be increased by approximately 50%.

In the construction of measurement systems and also in the processing and
storing of data it is important to determine the parameters characteriz-
ing the information content of the data obtained by the adopted measurement
method, specifically, the entropy and excess in the communication. We will
examine a communication whose elements are the results of successlve radio-
sonde measurements of meteorological parameters at a definite height, carr-
ied out at an aerological station at standard times using the "Meteorit-
RKZ" system [2].

Using an electronic computer we made computations of the mean information
falling in one measurement of temperature and geopotential in the course of
each season in the European territory of the USSR. The mean information fall-
ing in a communication element is usually expressed through entropy [1],
which in a general case is dependent on the multidimensional distribution

of probabilities of elements in the communication. If a communication con-
sists of a finite number N of elements with different and independ :nt
probabilities P; of their appearance, the entropy H and the total quantity
of information % in a communication are determined by the quite simple ex-
pression
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N
H=-ZP;logP,-, C=NH.
' =1 (1)

The decorrelation of elements in the communication can be accomplished by
the prediction method, when the preceding value is selected as the pre-
dicted value and the difference between the actual and predicted values
corresponds to the j element:

Since in forming the first differences the correlation of the elements is
not completely eliminated, it is possible to take the second differences
and obtain more precise evaluations of entropy. For example, the author
of [10] used this method in computing the information content of telemetry
in the course of radiosonde ascent.

In the course of computation of entropy the series of temperature and en-
tropy values were subjected to transformation in the form (2). In such
cases P:, substituted into (1), corresponds to the probability of appear-
ance of a j value in the measured process in some interval O". The O val-
ue characterizes the uncertainty of the j value and is numerically equal
to the error in measuring the meteorological parameter. The N value then
employed corresponds to the quantity (whole number) of O intervals which
fit in the range of change in the j values. In the presence of noise the
entropy is reduced by the value - T

N 14
H (= ~ ZP) 2 P,,logPij. (3)
j=l izl

where P14 is the probability that the reading i will be registered when
measuring the f value. This entropy H(i) is a measure of the uncertainty i
in the case of known f. In our case with an a priori known j value of the
measured parameter the 1 value obtained at the system output will fall in
the limits of the measurement error O . When making measurements at one
altitude in the course of some time period the scatter of i readings is
slightly dependent on the measured value of the j parameter, that is, it
can be assumed that

, 'N e e e e, .
H(1)="'Z P,logP;(z P;) =—2P,logP,-=logl. *)

i=1 =1 i=1

In order to obtain the numerical value of the quantity of information in
binary digits reduction to logarithmic form in expression (4) must be ac-
complished with a base of 2.

In determining the probabilities of the readings Py the choice of the grad-
ations G was approximately 0.2° with respect to temperature and 0.5 dam
with respect to geopotential, which corresponds to the accuracy of sample

measurements in radiosonde measurements [7]. The entropy value H(i) was
determined on the assumption that the value of the 1 reading has the

140

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300040014-9

FOR OFFICIAL USE ONLY

indicated gradations and is equally probable in the o interval, deter-
mined by the real measurement error. The standard deviations ¢ were stip-
ulated at the level of values characteristic for systems used in making
radiosonde measurements of the atmosphere [5]. In this case I = og/G
corresponds to the number of gradations of the registered reading.

Entropy Hyax attains a maximum value in a case when the measurements of
the meteorological parameters are precise (O = G), independent and the
J values of the communication elements are equally probable.
1 -
PI=-N. Hnax = log V. (5)

Using expression (4) we determined the values

=H—H (D, (6)

characterizing the information content of the communication, whose ele-
ments are the T values for temperature (or geopotential), made successive-
ly at time intervals AT = 8 hours during different seasons of the year.
As a characteristic of saturation of the measurement system we selected

the parameter
h

-] ,
# z (7

called the excess [1].

For the possible use of the method of evaluations of information content
in similar cases we will cite a program for computing h values written in
FORTRAN language.

PROGRAM FOR COMPUTING ENTROPY OF COMMUNICATION, INCLUDING N VALUES
OF METEOROLOGICAL ELEMENT

HB3HTPI10000000000000000000000000

DIMENSION T(300), B(300), A(300) 3=0.
READ (BKIL9N, (T(I),I=1,N) DO6K==1,11
9 FORMAT (13/(16F5.1)) S=AMN+K*Z
WRITE (ITY1, 523)N, (T(I). I=I.N) X=AMN+ (K—1)*z
523 FORMAT (10X, 13/(2X, 16F6.1)) SAM =0,
B o

=], S.LT.A(I).AND.A(I).LF.X
I B(I) =T(I+1)—T(D) S.‘\(M_—.SAI(VXLI. M )
M=L-—| 5 CONT INUE
DO21=1.M IF{SUM.LT.0.3)GO TO 6
2 A(l)=B(I+1)—B(l) P=SUM/M
CALL MINMAX(A, M, AMN, AMX) Q=ALOG(P)/0.693
DO7J=1, 10 D=3—P*Q
U8y WRITE(TIa1- 525)5

= - 4], 525

D=(AMX_—-AMM/b 525 FORMAT (Fl)i.?.)
[1=D+05 7 CONTINUE
Z==(AMX—AMN)/(I1) END

WRITE(ITU1. 524)Z
524 FORMAT(2X. F5.1)

KB3HTPI1000000000000000
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Mean Information Content in One Measurement of Temperature and
Geopotential in System for Radiosonde Measurements in Atmosphere

0°C

< K 0.4 0.6 0.8 1.6
1 h 4,48 3,98 3,50 2,50
B 0,36 0,44 0,50 0,60
5 A 4,99 3,60 3.29 2,99
B 0.36 0,45 0.52 0,66
1t h 4,43 3,83 343 243
R 8 0,30 0,40 046 0,62
- 20 h 421 3,61 321 2.21
8 0,31 0,41 0.48 0.64
o dax_dam
P w6 1.0 20 30 40 60 80 -
mb
900 h 296 | 1,9 1,36 0,96 0,36 -
B 0,45 0,64 0,75 0,82 0,93 -
500 h 3,50 2,55 1,95 1,55 0.95 0,55
B 0,37 0,54 0,65 0,72 0,83 0,90
50 h 4,76 3,76 3,16 276 | 216 1,76
[ 0.24 0,40 0,50 0.56 0,65 0,72

- The program operates with a mass of data including a series of T elements
in the communication, the number n of elements, the G value and the number
I of gradations. The printout gives the entropy value h (in the program

- 8 ) corresponding to the stipulated measurement error ¢ (in the program Z).
The table gives the values characterizing the information content of com-
munications on the temporal variability of temperature and geopotential
in the atmosphere obtained using. the results of radiosonde measurements
with the "Meteorit-RKZ" system. It was found that the h and B values are
slightly dependent on the season, and therefore the table gives the val-
ues characteristic for summer observations.

The excess,B indicates the value by which the communication is lengthened
in a particular case in comparison with the minimum information on the
variability of length necessary for transmission. For example, it can be
seen from the data in the table that In the case of sounding at synoptic
times and a mean square error in measuring temperature O= 0.6°C there

is an approximately 50% (ﬂ=¥ 0,46-0.51) lengthening in the series of ob-
servations in comparison with the minimum possible in the case of optimum
sounding. It naturally follows from the table that with an increase in the
measurement errors it is necessary to Increase the series of observations,
that is, the required excess}Bof the series increases.

142

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040014-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300040014-9

- FOR OFFICIAL USE ONLY

In measuring geopotential (see Table) the information content of the read-
ing increases with an increase in the altitude of the isobaric surfaces
and accordingly a decrease in pressure at the isobaric surface (assuming
that measurement accuracy is maintained). The communication excess de-
creases; this indicates that high-altitude geopotential measurements are
very informative. However, in real situations the measurement accuracy
decreases with a decrease in pressure at the isobaric surfaces. The in-
formation contained in one geopotential reading in this case for all the
levels does not exceed h = 3.0 binary digits, whereas the communication
excess falls at the level 50%. (As a comparison we point out that the in-
formation corresponding to one letter in the English language corresponds
to 4.15 binary digits [1]).

The assumption of a "frozen-in" atmosphere makes it possible to apply the
resulting evaluations of information content to the case of equidistant
measurement of the spatial changes in meteorological parameters with inter-
vals between the measurement points L = VAT= 250 km (with a mean velocity
of the steering current V % 30 km/hour in the transport of atmospheric in-
homogeneities).

The excess of information in the communication on the variability of the
meteorological elements does not at all mean that sounding must be reduc-

ed in the corresponding proportion, Sounding should be carried out in

such a volume as to give an adequately complete idea concerning the weath-

er process. In accordance with the method for processing information from

a continuous source proposed by A. N. Kolmogorov [3, 4], it is necessary

to form a communication which contains a set of discrete poorly correlated L
elements and the entropy value differs from the entropy of the initial

communication by the small value £ . The evaluations which we made only -
indicate that there can be an average increase at the level of approx- -
ately 507 in the information content of each measurement in the case of

optimum organization of radiosonde measurements in comparison with the ex-

isting "Meteorit-RKZ" apparatus.

The very presence of excess in measurements is completely natural in meas-
urements of nonstationary atmospheric processes by means of readings which
are regular in time (or space). For example, it was demonstrated in [8]
that in individual regions it is common to observe weathar systems close
to stationary which it is sometimes possible to observe over the course of
several weeks (for example, at the 500-mb surface). A radiosonde measure—
ment made at a standard time adds virtually nothing new reélative to the
preceding time. In such a period iIn order to increase the meaningful meas-
urement load it is desirable to increase the intervals between radiosonde
launchings in comparison with the standard times. In the case of weather
changes, on the other hand, it is necessary to sound the atmosphere more
frequently.

We note that the maximum information countent Hpax 0f a reading is ensured
in measurements carried out with a high accuracy and with maximum inter-
vals between readings allowed in this process. In order to compress infor-
mation the readings need not necessarily be equidistant. The practical
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realization of such measurements requires a priori additional information
concerning the measured process and also modern radiosonde apparatus.

The problem of improvement in sounding means at the level of the sensing
elements, the radiosonde itself, radar apparatus, equipment for the
processing and transmission of data, 1s constantly at the center of at-
tention of instrument aerology [2, 9]. The possibilities for improvement
of apparatus are determined both by the modern level of technology and
by economic considerations [6]. There are definite possibilities for

the formation of an optimum sequence of radiosonde measurements. Optimum
measurements, for example, with regulation of the place and time for
radiosonde measurements, can be organized with the use of additional
information on the nature of the process subjected to measurement. Such
information can be obtained by using sufficiently investigated and ex-
tremely operational means for indirect sounding of the atmosphere from
the surface of the land and satellites.and also considerations on the
predictability of measurement results.

The combination of highly precise direct remote and indirect methods for
atmospheric sounding forms a highly informative adaptive system of aero-
logical measurements with a minimum excess and in this sense is economic-
ally effective.
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UDC 551.508.77
ON THE PROBLEM OF THE HEIGHT OF INSTALLATION OF A FIELD RAIN GAUGE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 116-118

[Article by N. N. Podgayskiy, Sverdlovsk Hydrometeorological Observatory,
submitted for publication 26 November 1979]

[Text] Abstract: The article presents the results
of comparative observations of the quantity
of precipitation measured by the Tret'yakov
precipitation gauge and by the Davitaya rain
gauge installed at different heilghts.

Precipitation is the principal and in essence the only source of accumula-
tion of soil moisture and the water supply of agricultural crops under nat-
ural conditions,

A quantitative determination of the layer of falling precipitation, averaged
over an area, is complicated to a considerable degree by its extremely non-
uniform distribution over a territory even within the boundaries of a
single farm, especially during the summer, during the growing season. The
need therefore arises for measuring the quantity of precipitation not only
directly in the neighborhood of a kolkhoz or sovkhoz enterprise or experi-
mental sector, but also in agricultural fields, The installation of a great
number of Tret'yakov precipitation gauges is not always possible from the

- economic point of view,

For carrying out the simplest observations of the quantity of precipitation
during the growing season directly in fields for the time being there is
only a single instrument, which is extremely cheap, the F. F. Davitaya

rain gauge. The field rain gauge, despite the simplicity of its design, is
convenient for observations and determines the quantity of falling liquid
precipitation quite precisely.

The author, during the period May-September 1973-1975, organized and carried
out comparative observations for clarifying the reliability of determination
of the quantity of precipitation by the field rain gauge with total measure-
ments once each day and month and with daily observations using the
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Tret'yakov precipitation gauge. The observations were made at the meteor—
ological station site of the observation division of the Sverdlovsk Hydro-
meteorological Observatory (at Verkhneye Dubrovo village).

The results of comparative observations indicated that the accuracy in de-

termining the quantity of precipitation with the Davitaya field rain gauge

evidently makes its use possible not only in daily, but also in total meas~
urements of precipitation once each 10-day period.- The preliminary conclu-

sions from the comparative observations of 1973-1975 were published inm [1,

2],

During 1978-1979 additional investigations were made for determining the
influence of the height of installation of the field rain gauge on deter~
mination of the quantity of falling precipitation in comparison with the
Tret'yakov precipitation gauge.

The comparative observations were made during the period May-September at
the meteorological observation site at Sverdlovsk~Istok station, which is
22 km to the ESE of Sverdlovsk. The meteorological site, of the open type,
was located amidst cultivated fields in an extensive forest glade with

) forest podzolized soil (heavy clay with an admixture of tiny pebbles).
The plant cover was regularly mown grass.

There we installed two pairs of field rain gauges at a height of 1.5 m in
accordance with the MANUAL [3] and at a height of 0.35 m (instrument
height) respectively at a distance of 1.2 m from one another and 4 m from
the site of installation of a standard Tret'yakov precipitation gauge. The
observations were made by the technicians at the agrometeorological sta-
tion using a Tret'yakov precipitation gauge each day at the usual observ-
ation times, and using the field rain gauges -- totally (once in 10 days,
at 1800 hours Moscow time on the last day of the 10-day period).

Table 1 shows that the deviations of the quantity of precipitation deter—
mined using the rain gauge at a height of 1.5 m during the observation
seasons 1978-1979 varied in the range 0.9-2.3%, whereas with installation
ar a height of 0.35 m the corresponding figures were 7.5-6.1% in compar-
ison with the quantity of precipitation according to the Tret'yakov pre-
cipitation gauge.

In addition, during the growing seasons 1977-1979 observations were made
using field rain gauges installed at a height of 1.5 and 0.35 m in a sec-
tor of the protected type -- in a collective garden 7 km from Sverdlovsk.
Here, in a radius of 0.75 m from the instrument, installed at a height of
0.35 m, there was no vegetation of significant height, and beyond there
were strawberry bushes with a height of 15-17 cm. According to observa-
tions made by the author, during the falling of shower precipitation there
were no traces of splattering on the outer side of the rain gauge wall
above half its height.
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Table 2 shows that the quantity of precipitation determined in a season
with a field rain gauge installed at a height of 0.35 m, that is, direct-
ly at the ground surface, in both places of comparative observations, ex-

ceeded the amount determined by a similar instrument at a height of 1.5 m
from 3.8 to 8.2%.

It should be noted that the seasons of comparative observations in 1977
and 1979 vere arid and the shortage of precipitation was 40 and 24% re-

spectively; 1978 was overmoist, with the quantity of falling precipitation
exceeding the norm by 32%.

After sumarizing the results of the comparative observations cited above
the preliminary conclusion can be drawn that a field rain gauge installed
at a height of 0.35 m more completely determines the quantity of falling
precipitation than one installed at the standard height 1.5 m.

It is also interesting to note that when using a field raln gauge in the
surface variant of the apparatus (0.35 m) there is a greater degree of
- concealment and accordingly it is more secure, which is a condition of more
’ than a little importance when it is employed under field conditions.

Such investigations of the Davitaya field rain gauge, carried out in dif-
ferent regions of the country, make it possible to draw finmal conclusions
concerning the feasibility of its installation in the surface variant.
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REVIEW OF MONOGRAPH BY I. D. KOPANEV: SNEZHNYY POKROV NA TERRITORII SSSR
(SNOW COVER OVER THE TERRITORY OF THE USSR), LENINGRAD, GIDROMETEOIZDAT,
1978, 180 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 119-120

[Review by Candidates of Geographical Sciences A. I. Voskresenskiy and
N. N. Bryazgin]

[Text] The author of this newly published book, I. D. Kopanev, is one of
the outstanding specialists in our country in the field of study of the
snow cover. The new monograph which he has written contains a sclentific
generalization of an enormous volume of long-term observations of the
snow cover by more than 600 hydrometeorological statioms and posts in the
USSR.

The reviewed book is distinguished by its practical nature. It is intend-
ed for a broad circle of readers, not only professional climatologists
and geographers, but also workers in agriculture and transportation, and
also those at planning and construction agencies. The monograph includes
extensive, well-selected reference material and also the results of anal-
ysis necessary for solving scientific problems related to the climatology
of the snow cover.

Much attention is devoted to the stochastic analysis methcd, by means of
which it is possible to take into account the entire statistical total-
ity of initial information., This enabled the author to obtain some char-
acteristics of the snow cover with a stipulated guaranteed probability
for most of the stations in the USSR (excluding mountain and arctic sta-
tions).

The book gives a concise history of the method for making snow-measuring
observations since 1892 and its changes during subsequent years, The
author feels that at the present time the method for carrying out snow-
measuring observations in general has been considerably improved. How-
ever, it should be noted that the last review of the method for snow-meas-
uring observations, made in 1965 and directed to a decrease in the volume
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of observations (a changeover from snow surveys every 10 days to monthly
surveys only) reduced the information yield of data on the snow cover.
This applies, in particular, to the northern regions, where as a result
of frequent blizzards there is a considerable horizontal redistribution
of the snow cover.

In the monograph considerable attention is devoted to an investigation of
the accuracy of standard snow-measuring observations. Using the mathemat-
ical statistics approach, the author defined the most advantageous solu-
tions of the evaluation of errors in snow-measuring observations and a
method for computing the temporal characteristics of the snow cover. The
conclusion is drawn that the maximum admissible error in snow-measuring
observations (5-10%) in different regions of the USSR requires a differ-
ent choice of the number of measurement points, the time interval, length
and form of the route. In connection with the change in the method for mak-
ing snow-measuring observations the author draws attention to the neces-

- sary evaluations of homogeneity of series of snow-measuring observations.
One of the sections of the monograph is devoted to this problem. Here the
author has established that the inhomogeneity in the series of snow-meas-
uring observations at most hydrometeorological stations in the USSR is in-
significant and is within the limits of measurement error.

In a number of sections in the monograph the author also gives the climatic
aspects of the snow cover. For example, the duration of the snow cover, the
dates of formation and destruction of the snow cover, are presented in the
form of maps and tables giving the characteristics of their spatial and
temporal variability over the territoiy of the USSR. ..ese results will be
useful in solving a number of practical and methodologicai prc .lems.

In the monograph the information on the depth of the snow cover is given
in the greatest detail., Its mean characteristics are given for the terri-
tories of the administrations of the Hydrometeorological Service, separate-
1y for the Baykal-Amur Railroad and the entire Soviet Union in the form of
monthly maps and also maps of the mean maximum and extremal depths of the
snow cover on the basis of data from snow-measuring surveys. As new inform—
ation the author gilves the variability of the depth of the snow cover in
the course of winter and also evaluations of changes in its depth in field
and forest sectors in comparison with observational data obtained using
permanent rods. However, it must be admitted that the problem of the non-
representativeness of observations with permanent rods at meteorological
stations in arctic and probably subarctic regions remains timely. In such
areas these observations possibly should be abolished since they do not
reflect the real distribution of the snow cover and accordingly cannot be
used for practical and scientific purposes.

The computations of the probability of distribution of the snow cover by
regions and individual stations made by the author make it possible to
satisfy more completely and on a modern level the requirements of many
branches of the national economy. Using the tables and nomograms presented
in the monograph practical workers can independently obtain the necessary
information. The same purpose is solved by the material, presented for
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the first time, on the spatial and tempotal variability of depth of the
snow cover. The author established a considerable year-to-year variabil-
ity of depth of the snow cover (on the basis of data for stations with
long series of observations), dependent on the combinations of conditions
of circulation of the atmosphere and local physiographic conditions.

In the monograph considerably less attention {s devoted to two other char~
acteristics of the snow cover -- density of the snow cover and water re-
serve in the snow cover. However, the author has been able to supplement
considerably the materials contained in handbooks on the climate of the
USSR. In addition to variability of density of the snmow cover, the author
also examined the characteristics of blizzard activity, and also the cor-
relation between data on water reserves in the snow cover and precipita-
tion, etc. The results of investigations described in this section can be
used for solving different practical problems, in particuiar, in computa-
tions of snow tramsport during blizzards and computations of the water bal-
ance.

The appearance of the new publication must be regarded as an important con=
tribution of hydrometeorology to supporting the needs of the national econ-
omy of the country.
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REVIEW OF MONOGRAPH BY A. P, FEDOSEYEV: AGROTEKHNIKA I POGODA
(AGRICULTURAL TECHNIQUES AND THE WEATHER), LENINGRAD, GIDROMETEOIZDAT,
1979, 240 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 120-121

[Review by Candidate of Geographical Sciences V. N. Strashnyy and G. Z.
Goloverdyuk]

[Text] In this book by A. P. Fedoseyev, which was edited by Academician

I. S. Shatilov of the All-Union Academy of Agricultural Sciences, agricul-
tural specialists will find information on the influence of agrometeoro-
logical conditions on agricultural production, and also on different agri-
cultural engineering methods which make possible more effective use of the
potential natural resources of a territory and favor obtaining higher and
more stable yields.

The author demonstrates the results of investigations of the influence

. of differentiated agricultural techniques for the cultivation of agricul-
tural crops on their yield in relation to climatic and agrometeorological
conditions. The author sets forth the essence of recommendations on taking
into account existing and anticipated weather conditions in determining
the desirable structure of sown areas, methods and times for working the
soil, determining the optimum times and doses of application of mineral
fertilizers, times for the sowing of grain crops, and also for the care
for sown areas and carrying out the harvest.

It was established as a result of the investigations that with deviation
of the times for the sowing of spring and winter grain crops from the op-
timum times a noncorrespondence arises between the biological needs of
plants and the prevailing meteorological conditions and this leads to a
decrease in crop yield. The possibility of selecting the optimum times for
sowing and the optimum seeding norms for grain crops in each specific year
in dependence on meteorological conditions and the climatic probability

of different gradations of precipitation in July is made clear.

It 1s demonstrated on the basis of extensive experimental data that with
allowance for the state of grain crop sprouts and prevailing agrometeor-
ological conditions it is possible to select the corresponding agricultur-
al techniqucs for caring for sown areas favoring an increase in crop yield.
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The agrometeorological criterta of desirability of packing the soil and
harrowing sown areas are given,

The influence of unfavorable agrometeorological conditions during the cold
season of the year on the state of winter grain crops and methods for pro-
tecting sown areas from their effect is considered.

The book gives the agrometeorologi.cal indices for the beating down of the
principal regionalized varieties of barley and a method for predicting
the beating down of crops and the effectiveness of their processing with
TUR preparation are examined in dependence on weather conditions.

The author attaches much importance to the choice of the optimum techniques
of harvesting work, taking into account the influence of agrometeorolog-
ical conditions on the magnitude of the grain losses.

In the book special attention is devoted to the effectiveness of mineral
fertilizers in dependence on weather conditions. Among the agrometeorolog-
ical factors determining the effectiveness of fertilizers the author in-
cludes the level of the exposure of plants to light, temperature, air and
soil moisture content. In the climatic aspect, a decrease in the annual
quantity of precipitation from the northern to the southern agricultural
regions of the European USSR by 100 mm causes a decrease in the effective-
ness of moderate doses of fertilizers on the average by 1.1 centner/hectare
of grain for grain crops as a whole and by 1.9 centner/hectare for winter
crops. A decrease in the reserves of productive moisture in the soil dur-

_ ing the growing season for grain crops by 10 mm results in a decrease in
the effectiveness of fertilizers on the average by 0.1-0.2 centner/hectare
of grain, :

It is shown that the content of nitrates in the soil in spring is dependent
on the quantity of precipitation during the winter period and the nature of
snow melting. With precipitation of 190-200 mm or more the content of ni-
trates decreases sharply, which predetermines the high effectiveness of
nitrogen fertilizers.

The author has proposed equations for computing evaluations of the effect-
iveness of fertilizers as a function of meteorological factors and indi-
vidual agrochemical properties of the soil.

Maps of the average effectiveness of fertilizers for grain crops in depen-
dence on agroclimatic conditions are given. Methods are proposed for de-
termining the precipitation for the autumn-winter period in ascertaining

the optimum doses of nitrogen fertilizers for grain crops in each specific
year. Agrometeorological recommendations are given for optimizing the doses
of nitrogen topdressing for grain crops in dependence on meteorological
conditions. It is shown that allowance for the quantity of falling precipit-
ation or soil moisture content during the autumn period makes it possible

to make a correct decision concerning the advantage of sowings of winter
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or spring grain crops for the purpose of obtalning the maximum yield in
each specific year.

In the author's opinion, allowance for agrometeorological conditions when
using differentiated agricultural techniques for the cultivation of agri-
cultural crops and the making of optimum agricultural engineering decisions
constitutes a significant, but for the time being a poorly used reserve

for the increasing of crop yields.

The book also gives examples of computations of the economic effectiveness
of different agrometeorological recommendations.

The book has individual shortcomings. For example, there is inadequate
discussion of the matters of using two- and three-day weather forecasts
and also predictions of air temperature and precipitation anomalies for

5 and 10 days for the making of economic decisions in agricultural produc-
tion. References are made to long-range predictions of the time of onset
of the summer precipitation maximum, climatic stochastic forecasts, sto-
chastic synoptic forecasts of moistening conditions despite the fact that
such forecasts are not made in the system operated by the State Committee
on Hydrometeorology.

In general the book merits a high evaluation because a study of this type
has appeared for the first time and its publication must be regarded as

a significant contribution to solution of the problem of introduction of
hydrometeorological information into agricultural production. It will be

a valuable aid for a wide range of specialists in agriculture and agro-
meteorologlsts. Without question, it will be read with interest and profit.
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SIXTIETH BIRTHDAY OF SAMUIL MOISEYEVICH SHUL'MAN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 122-123

[Article by members of the Board of the USSR State Committee on Hydro-
meteorology and Environmental Monitoring]

[Text] Samuil Moiseyevich Shul'man, Director of the West Siberian Regional
Scientific Research Institute and Chief of the West Siberian Territorial
Administration of Hydrometeorology and Environmental Monitoring, marked
his 60th birthday on 20 July 1980.

Samuil Moiseyevich began his work activity in the Hydrometeorological Ser-
vice in 1944 after graduation from the Higher Military Hydrometeorological
Institute in the post of meteorological engineer at the polar station Am—
derma. During the period 1945-1947 he worked as a meteorological engilneer

at the aviation meteorological station Sofia in Bulgaria. In May 1947, af-
ter demobilization from the ranks of the Soviet Army, Samuil Moiseyevich was
sent to Austria, where until November 1949 he worked as chief of the for-
elgn aviation meteorological station in Vienna. The next five years he
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headed prognostic subdivisions at the Administration of the Hydrometeor-
ological Service of the Karelian-Finnish SSR.

o Beginning in 1954 and to the present time the work activity of S. M, Shul'-
man has been associlated with the West Siberian Territorial Administration
of Hydrometeorology and Environmental Monicoring, which he has headed
since 1959. Samuil Moiseyevich is devoting much effort to the development
and improvement of a system of prognostic agencies and a network of sta-
tions in the administration. He is devoting zreat attention to improve-
ment in the forms and methods for hydrometeorological support of Party and
soviet agencies in Western Siberia, which has led to an increase in the ef-
fectiveness of operation of the service in the national economy.

The broad development of scientific research in the subdivisions of the

- administration led to the organization in 1968 of the Novosibirsk Affil-
iate of the USSR Hydrometeorological Center and its subsequent transforma-
tion in 1970 into the West Siberian Regional Scientific Research Institute.

While combining the tasks of chief of the administration and director of
the institute, S. M. Shul'man exhi*its concern about the development of a
broad complex of scientific investigations in the field of the hydrometeor-
ology of Siberia, an increase in the scilentific potential of the institute
and the creation of a progressive scientific atmosphere there.

, The activity of S. M. Shul'man, directed to the universal development and
strengthening of creative contacts with the key institutes of the Siberian
Division USSR Academy of Sciences and the Siberian Division of the All-
Union Agricultural Academy, has been of great importance in establishing
the institute and ensuring a high level of investigations by its workers.
Samuil Moiseyevich made a definite contribution to the creation and suc-
cessful operation of the West Siberian Regional Computation Center, the
- Novosibirsk Service of the Automated System for Data Transmission and the
B Center for the Reception and Processing of Satellite Information. Under
his direction and with his direct participation work is being successfully
done on the organization of a national service of observations and mon~
itoring of environmental contamination. During the time of his work at
the Administration of the Hydrometeorological Service he has done much
work on the introducticn of modern technical equipment in the network of
stations in the administration, on the development of an automated system
for the processing of hydrometeorological information at the West Siberian
Regional Hydrometeorological Center, and in compiling and issuing regime
and reference materials,

Samuil Moiseyevich is carrying out much work for stremgthening the opera-
tional and observation agencies of the West Siberian Territorial Adminis-
tration of Hydrometeorology and Environmental Monitoring.

In addition to his great routine productive activity and organizational

work, S. M. Shul'man is actively participating in public life. The busi-
nesslike and personal qualities of Samuil Moiseyevich have won him merited
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authority in the organizations of the State Committee on Hydrometeorol-

ogy, among subordinates, and also in the organizations of other depart-
ments.

The services of S. M. Shul'man in the development of the Hydrometeorolog-
ical Service, as well as active participation in public life, have been

recognized by government awards -- the "Emblem of Honor" and medals.

In warmly congratulating the veteran of the Hydrometeorological Service on
his noteworthy anniversary, we wish him long and productive years of life,
strong health and new work successes.
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AT THE USSR STATE COMMITTEE ON HYDROMETEOROLOGY AND ENVIRONMENTAL MONITORING
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 p 123
[Article by V. N. Zakharov]

[Text] During the period 25-27 March 1980 the State Hydrological Institute
held a coordination conference on the draft of a plan for scientific-re-
search and experimental design work for 1981-1985 in the field of hydrol-
ogy of the land.

A number of scientific reports were presented prior to discussion of the
draft of this plan. The most important scientific and technical problems
in the field of hydrology of the land in the Eleventh Five-Year Plan were
discussed by the conference chairman, the director of the State Hydrolog-
ical Institute A. A. Sokolov. Reports were presented on the present sta-
tus and tasks of hydrological investigations in the Ukraine (A. V. Shch-

- erbak), in Central Asia (Yu. N. Ivanov), in the Far East (V. N. Glubokov),
in Kazakhstan (V. V. Golubtsov), in Transcaucasia (V. Sh. Tsomaya), on
the prospects for the development of investigations for study of the mouth
reaches of rivers (M. M. Rogov) and on the status and prospects for devel~
opment of investigations for study of the quality of water resources (L. V.
Brazhnikova),

Communications of the scientific directors of the corresponding sections
were presented in relation to the draft plan presented for consideration.
The draft plan was approved after taking into account the comments and
additions expressed or proposed in the course of the discussion.

The plan dealt with such themes as changing the water balance, hydrological

- regime and surface water resources, hydrometeorological basis for the ter-
ritorial redistribution of water resources, water balance, water regime
and hydrological computations, channel processes, erosion and sediments,
and also on some other sections.

In addition to the scientists and specialists of the State Hydrological
Institute, the conference was attended by representatives of the State
Oceanographic and Hydrochemical Institutes, Far Eastern Scientific
Research Institute, Transcaucasian Scientific Research Institute, Kazakh
Scientific Research Institute, Central Asian Scientific Research Institute,
Ukrainian Scientific Research Institute, Institute of Water Problems USSR
Academy of Sciences. 159
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AT THE ALL-UNION EXHIBITION OF ACHIEVEMENTS IN THE NATIONAL ECONOMY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 123-125
[Article by S. B. Iokhel'son, I. A. Koloskov and M. M. Novikov]

[Text] The problem of preservation of the environment occupies one of the
first places among the vitally important problems exciting mankind today.
In our country the preservation of the environment has been elevated to

a constitutional issue and it is being devoted great attention on an'
everyday basis.

A special exhibit entitled "The Environment —- Reliable Monitoring" was
opened on 10 January 1980 in the pavilion "USSR Hydrometeorological Ser-
vice" at the All-Union Exhibition of Achievements in the National Economy.
This exhibit reflected the achievements brought about in this field. The
exhibit consisted of five main sections: State System for Observing and
Monitoring the State of the Environment; Instruments and Methods for Study-
ing and Monitoring the Environment; Methods for Routine and Long-Range Fore-
casting; Scientific Research Work; International Activity of the Institu-
tions of the State Committee on Hydrometeorology in the Field of Preserva-
tion of the Environment.

In the Soviet Union a National Service for Observing and Monitoring the
Level of Environmental Contamination has been established with the direct
participation of the key scientific research institutes of the State Com-
mittee on Hydrometeorology (Institute of Applied Geophysics, Main Geophys-
ical Observatory, State Hydrochemical and Oceanographic Institutes, and
Institute of Experimental Meteorology). Its activity can be characterized
by the following data: the state of the air basin is monitored in 350 cit-
ies in our country, including at stationary observation points in 250 cit-
ies; each year laboratories make more than 3 million analyses of aerosols
and gases in the atmosphere; monitoring of contamination of waters of the
land is carried out in 1,900 rivers, lakes and reservoirs and in 14 seas;
observations in fresh-water bodies are carried out at 4,000 points, and
in sea waters — at 1,800 stations; the total number of analyses of water
- samples annually exceeds 2 million. The network for the monitoring of soil
contamination, organized four years ago, even now monitors the content
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of pesticides and metals at 1,700 points in the Soviet Union.

Water quality is monitored with respect to hydrobiological indices in 170
rivers, lakes and seas.

The effectiveness of measures for preventing the contamination of the en-

- vironment 1s dependent to a high degree on the instruments and equipment
used in monitoring. The wide variety of instrumentation shown at the ex-
hibit shows that the main direction in developments in the field of anal-
ytical instrument making is directed to ensuring the reliability, opera-
bility and effectiveness of monitoring of the state of the environment. The
exhibit familiarizes visitors with new instruments, standard-produced by
industry, introduced in the system of the State Committee on Hydrometeor—
ology and other ministries and departments, and also new instrument devel-
opments in this field.

During recent years automatic systems for observation, collection and pro-
cessing of information have been successfully introduced into the monitor-
ing network. The Central Design Bureau of Hydrometeorological Imstruments,
together with other organizations, is demonstrating an automatic station
for the monitoring of atmospheric contamination -- ASKZA - avtomaticheskaya
stantsiya kontrolya zagryazneniya atmosfery. It makes possible monitoring
and transmission of data on contamination of atmospheric air with CO and
S05.

The Hydrochemical Institute is exhibiting an automatic station for the mon-—
itoring of surface waters of the land -~ ASKPV -~ avtomaticheskaya stants-
iya kontrolya poverkhnostnykh vod sushi. The station makes ppssible the
simultaneous collection of information on seven parameters (oxygen content,
turbidity, pH, and others).

Among the most interesting instruments shown at the exhibit we can mention

the following:

~-- the "Atmosfera II" truck laboratory, intended for carrying out exped-
- itionary work and routine monitoring of air contamination (Safonovskiy
Plant);
-- the "Komponent" sampling apparatus, making it possible to take 32 gas
samples from the air in accordance with a stipulated program (Leningrad
Special Design Bureau of Thermophysical Instrument Making);
-- portable sensitive instruments for continuous measurement of the atmo-
spheric dust content (Leningrad Instrument of Aviation Instrument Making);
-~ a complex of laboratory equipment, including the S 112 atomic absorption
spectrophotometer, the APV-102 automatic photocolorimetric analyzer and the
8603 spectrophotometer for determining organic and inorganic contaminants
in objects in the environment (Tbilisi Scientific-Production Combine "Ana-
litpribor"), The S 112 instrument has a large range of lamps, attachments
and auxiliary devices and in its semsitivity 1s equal in every way to sim—
ilar foreign spectrophotometers;
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~- experimental model of the “Khrustal' 4001" two-channel gas chromatographj;
the instrument is supplied with four detectors for the registry of a wide
range of organic compounds (Hydrochemical Institute and Moscow Special De-
sign Bureau of Gas Chromatography).

In addition, at the exhibit there was demonstration of standard samples of
soil and water intended for the calibration of instruments fabricated at
the Moscow Soil Institute imeni V. V. Dokuchayev and the Odessa Physico-
chemical Institute. In the soil samples it was possible to certify the
presence of 34 elements, in the water samples -- 17 elements, including
mercury, lead, cadmium, antimony and other toxic elements.

The experimental operational system for the collection and processing of
daily information arriving from the atmospheric monitoring network, devel-
oped at the Institute of Applied Geophysics, is of great practical impor-
tance. The information analyzed and generalized on the "Minsk~32" elec~
tronic computer is transmitted on the very same day to interested organ-
izations for the adoption of the corresponding decisions.

In one of the sections of the exhibit information was given on the USSR
State Standards, prepared with the direct participation of the Main Geo-
physical Observatory, intended for safeguarding the purity of the air
basin of our country:

GOST 17.2.1.04-77 —— "Meteorological Aspects of Contamination and Indus—
trial Wastes. Principal Terms and.Definitions";
GOST 17.2.3.01-77 =—— "Rules for Monitoring the Quality of Air of Populat-

ed Places'";
GOST 17.2.3.02-78 —— "Rules for Setting the Admissible Wastes of Harmful
Substances by Industrial Enterprises.”

- The Central High-Elevation Hydrometeorological Observatory presented a

method for computing the admissible load of waste waters in watercourses

- and regulation of their discharge. The introduction of this method in the
purification structures of the Kurovskiy Melange Combine and the Orekhovo-
Zuyevskiy Plant "Karbolit" considerably improved the quality of water in
the rivers of the Moscow region.

A section of particular interest was that telling of the scientific re-
search work carried out in the field of monitoring of contamination of

the enviromment. At the Institute of Applied Geophysics specialists have
developed a mathematical model for routine computation of the transport

of contaminating substances across USSR national boundaries. Data on the
fluxes of transported substances are regularly transmitted to internation~
al organizations. Using a flying laboratory created at the Institute of
Applied Geophysics, a study was made of the distant tranmsport of sulfur
compounds, nitrogen oxides, mercury vapors, hydrocarbons, pesticides and
metals in the atmosphere. The collected data made it possible to formulate
models of behavior of mercury in the biosphere.
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The Institute of Applied Geophysics is presenting a method which makes

it possible to use standard network snow-measuring surveys for determin—
ing contamination of the snow cover by the fallout of heavy metals, sulfur
compounds, pesticides, benzapyrene, etc, This makes it possible, without
significant additional expenditures, to determine the wastes expelled by
individual enterprises and to study the distant transport of contaminat-
ing substances.

Aircraft investigations of aerosol effluent are made by the Institute of
Applied Geophysics. Interesting data have been obtained on the fractional
composition of smoke discharged at the Shchekinskaya State Regional Elec-
tric Power Station.

The Northwestern Administration of the Hydrometeorological Service, in col-
laboration with the Botanical Institute imeni Komarov USSR Academy of Sci-
ences, has developed an experimental method for the joint monitoring of
atmospheric contamination in Leningrad on the basis of chemical and biolog-
ical indices. Several types of ferns have been used in carrying out bioin-
dication monitoring, since these have increased sensitivity to contamina-
tions.

Specialists at the Institute of Applied Geophysics have created a remote
apparatus on the basis of a C0j laser for highly sensitive monitoring of
- the atmospheric content of ozone, ammonia, ethylene and other contaminat-
ing gases. An operational model of the apparatus 1s being demonstrated.
At the Institute of Applied Geophysics specialists have also developed a
method for determining the mass concentration of aerosol on the basis of
the results of multifrequency laser sounding which is undergoing testing.

Specialists at the Main Geophysical Observatory have developed methods for
numerical modeling for studying the patterns of dispersal of impurities
and establishing the admissible discharge into the atmosphere. These
methods served as a basis for the INSTRUCTIONS ON COMPUTING THE ATMOS. HERIC
SCATTERING OF HARMFUL SUBSTANCES PRESENT IN THE EFFLUENT OF ENTERPRISES
SN369-74.

One of th: sections at the exhibit was devoted to methods for predicting
the levels of environmental contamination.

A method for long-range prediction of the effect of economic activity on
the state of the environment has been created under the direction of sci-
entists at the Institute of Applied Geophysics. Methods for meteorological
prediction of high levels of atmospheric contamination have been developed
at the Main Geophysical Observatory. In 1979 warnings concerning an anti-
cipated high atmospheric contamination were prepared for 103 cities.

The Hydrochemical Institute and the Institute of Applied Geophysics for
the first time have developed a method for the routine prediction of con-
tamination of river water. The method developed by the State Hydrochemical
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Institute has undergone practical testing at a number of administrations
of the Hydrometeorological Service. The results of the checking were en- -
tirely satisfactory. -

During recent years the Northern Administration of the Hydrometeorological
Service has begun to predict the oxygen regime of rivers. The measures
taken on the basis of the forecast prevented the freezing-in of fish in
the rivers of the Severnaya Dvina basin during the severe winter cold of
1977 and 1979.

In conclusion we should note the exhibit devoted to international coopera-—
tion in the field of monitoring the state of the enviromment. The Soviet
Union is taking an active part in all the principal international programs.
Particularly important is realization of a global system for monitoring the
environment. The member countries of the Socialist Economic Bloc are par-
ticipating in solution of this problem, together with other countries. The

- first joint expeditionary experiment of the member countries of the Social-
ist Econvmic Bloc on the problem of the global system for monitoring the
enviromment was carried out in the autumn of 1979 in the territory of the
Hungarian People's Republic. Specialists of the Laboratory for Monitoring

- the Enviromment and Climate of the State Committee on Hydrometeorology and
the USSR Academy of Sciences participated in the experiment from the USSR.
The program of the experiment (observations under the background monitor-

- ing program, intercalibration of methods and instruments, mutual training
of specialists) was completely carried out. As a result of implementation

“ of the program it was possible to obtain new and interesting data on the
background state of the environment in the central European region.

The speciul exhibit entitled "Environment - Reliable Monitoring" objective-
ly reflects the activity of the State Committee on Hydrometeorology in the
field of preservation of the environment. The successes attained in the
Soviet Union in this field were possible due to the everyday attention
given to these problems by the Party and the govermment.
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CONFERENCES, MEETINGS AND SEMINARS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 125-127
[Article by I. A. Yankovskiy]

[Text] Scientific-methodological seminars were held in 1979 for examining
ways to increase the effectiveness and quality of work on monitoring and
predicting air contamination, the inventorying of harmful effluent.

a Field seminars were held at the Central Asian Scientific Research Insti-
tute (Tashkent) during the period 28 May through 2 June, at the Verkhne-
Volzhskoye Territorial Administration of the Hydrometeorological Service
(Gor'kiy) during the period 1 through 5 October, at the Far Eastern Sci-
entific Research Institute (Vladivostok) during the period 15 through 20
October 1979. These seminars were attended by representatives of 36 admin-
istrations of the Hydrometeorological Service and scientific research in-
stitutes, a number of organizations of the USSR Health Ministry, planning,
industrial and public service organizations, the type of whose activity is
related to preservation of the environment. Altogether more than 360 repre-
sentatives of 160 organizations and departments participated in the sem—
inars.

In opening the seminars, N. N, Aksarin, director of the Central Asian Sci-
entific Research Institute, V. S. Ryazanov, chief of the Verkhne-Volzhsk—
oye Administration of the Hydrometeorological Service and Yu. P. Kovtan-
yuk, deputy director of the Far Eastern Scientific Research Institute,
presented reports on the tasks of the National Service for Observing and
Monitoring the Environment (SKZA -- Sluzhba Nablyudeniy i Kontrolya
Okruzhayushchey Sredy) and on the tasks of the seminar. The speakers told
about the status of work on investigation of contamination of atmospheric
air, stated some shortcomings in the activity of network subdivisions of
the SKZA and brought attention to the need for further development and im-
provement in operation of the network for monitoring contamination of the
air medium. They demonstrated that strengthening of the relationships be-
tween scientific institutes and practical workers and creative cooperation

of the personnel of the administrations of the Hydrometeorological Service
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and sclentific research centers is, under present-day conditions, a
highly important factor in increasing the quality and ensuring the maximum
effectiveness of operation of network suhdivisions in the service.

The reports and communications of specialists in the Administration for
Observing and Monitoring the Environment (V. V. Chelyukanov), Main Geophys-
ical Observatory (I. A. Yankovskiy, L. R. Son'kin, I. A. Solomatina, E. Yu.
Bezuglaya, N. S. Vol'berg, Ye. A. Shaykova, Ya. S. Kanchan, M. N. Zashikh~-
in), USSR Hydrometeorological Center (L. M. Neronova and I. A. Tikhomirova)
were devoted to:

-- analysis of the status of definite types of work for studying atmospher-
ic contamination;

-- prospects for the development of means and methods for analysis of con-
tamination of atmospheric alr, taking into account the official new "Manual
on Monitoring Atmospheric Contamination;"

—— automatic methods for analysis of atmospheric contamination;

-~ analysis and generalization of data on the discharge of harmful sub-
gtances into the atmosphere;

—-- organization of work on the inventorying of harmful discharges;

—~ examination of norms for the maximum admissible discharges into the at-
mosphere and implementation of the plan for measures for the introduction
of GOST [State Standard] 17.2.3.02-78, a method for 2valuating the quality
and effectiveness of operation of the network for observing and monitoring
atmospheric contamination; '

—- gtatus of work for predicting air contamination;

—- introduction of new methods for analysis of air contamination;

—~ examination of ways to improve operation of new technical means, such

as automatic gas analyzers, computations of the norms for maximum admis-
sible discharges;

— coordination of schemes for siting and plans for the construction of
industrial facilities;

— computation methods for determining the harmful substances expelled in-
to the atmosphere by industrial sources, proposals on the sequence for
monitoring sources of contamination of the air medium.

V. V. Chelyukanov, a specialist of the Administration for Monitoring Con-
taminants of the State Committee on Hydrometeorology, discussed the prob-
lems facing republic and territorial administrations of the Hydrometeorolog-
ical Service. He noted that the local subdivisions of the SKZA have done
much for the development and improvement of monitoring of atmospheric con-
tamination, but can do far more. The most important task of each subdiv-
ision is intensifying attention to improvement in the quality of work and
increasing its effectiveness. He also emphasized the need for the speediest
possible introduction of new gas analysis apparatus and new methods for
analysis of air contamination, rapid mastery of new manuals and State Stan-
dards. In conclusion the speaker mentioned the need for improving the rou-

- tine servicing of Party and state agencles and organizations dealing with
the national economy.
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The communications of specialists of the republic and territorial adminis-
trations of the Hydrometeorological Service and scientific research insti-
tutes noted the positive results obtained in the course of investigations
of atmospheric contamination. These investigations are being made by spec~
lalists under the direction of M, Ye. Berlyand with the broad participa-
tion of specialists in network subdivisions of the service. A high evalu~
atlon was given to the "Method for Evaluating the Quality and Effective-
ness of Network Operation," developed on the basis of an analysis of the
activity of the existing network and allowance for the requirements set
forth in the "Manual on Montitoring of Atmospheric Contamination," as well
as GOST [State Standard] 17.2.3.01-77 -- "Preservation of the Environment.
Atmosphere. Rules for Monitoring Air Quality of Populated Places" and in-
cluding use of data from an experimental evaluation of the quality of work
performed by specialists of republic (territorial) administrations of the
Hydrometeorological Service and scientific research institutes\ It is as-
sumed that the use of this method will favor a further improvement in the
effectiveness of servicing of the national economy . :

An equally important effect can be obtained from the introduction of the
"Methodological Instructions on the Prediction of Air Contamination in
Cities," also developed at the Main Geophysical Observatory, which were
published and disseminated to all administrations of the Hydrometeorolog-

_ ical Service and scientific research institutes. This has created the pre~
requisites for the organization of work on protecting the atmosphere
against contamination during periods of dangerous meteorological condi-

- tions. It was noted in a report by L. R. Son'kin that at the present time
predictions of air contamination are prepared for more than 100 cities
in the country. Warnings are transmitted to several hundred industrial,
power and transport organizations. It was noted that a good effect was ob-
tained by the specialists of the Central Asian Scientific Research Inst~

_ itute, West Siberian Scientific Research Institute, Azerbaydzhan, Irkutsk,

- Kazakh, Kirgiz, Krasnoyarsk (Noril'sk), Northern, Northwestern and North-
ern Caucasus Administrations of the Hydrometeorological Service. The
greatest number of cities was supplied with prognostic information on at-
mospheric contamination by the Ural, Volga Region, Upper Volga, Northern
Caucasus Administrations of the Hydrometeorological Service and the Cen-
tral Asian Scientific Research Institute.

In the seminars an important place was devoted to a discussion of the prob-
lems involved in the sequence of development and examination of the norms
for maximum admissible levels in the atmosphere and implementation of the
plan for measures for introducing GOST [State Standard] 17.2.3.02-78 en~
titled "Preservation of Nature. Atmosphere. Rules for Setting Admissible
Discharges of Harmful Substances by Industrial Enterprises." Revealing

the essence of these important steps in the field of improvement of work
in the field of scientific expertise, the speakers M., N, Zashikhin and Ya.
S. Kanchan emphasized the necessity for both coordination of the schemes
for distribution and the plans for construction of industrial facilities
and also for computing the norms for maximum admissible discharges.
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As indicated in the rcvports of N, S. Vol'berg and Ye. A. Shaykov, great
possibilities for a substantial improvement in the quality of collection
of informative data are being afforded by the introduction of the 'Manual
on Monitoring of Atmospheric Contamination," the new methods and technical
means for analysis of the state of the air set forth in this manual. The
objective 1is to make fuller allowance for the peculiarities of analysis
of atmospheric air for its content of harmful substances by manual and
automatic methods and make more extensive use of already available auto-
matic methods recommended by the Administration for Monitoring Contamina-
tion of the State Committee on Hydrometeorology. However, at some admin-
istrations of the Hydrometeorological Service and scientific research in-
stitutes automatic gas analyzers are being introduced into the practical
work of the SKZA very slowly.

Exceptional importance has been given to the organization and development
of forms of operational servicing of Party and soviet agencles and organ-
izations servicing the national economy. A good basis for increasing the
effectiveness of operational servicing of users is the use of information
accumulated in the experience of specialists of a number of administra-
tions of the Hydrometeorological Service in close collaboration with the
prognostic agencies of the service (report of I. A. Yankovskiy).

A particular place was devoted to an analysis and generalization of data
on the discharge of harmful substances into the atmosphere and also to
an examination of the organization of inventorying work. These and other
aspects of this problem were covered in the reports of I. I. Solomatina,
which were read in the plenary and section sessions.

It was demonstrated in a report by E. Yu. Bezuglaya entitled "Study of
Climatic Conditions of Scattering of Impurities in the Atmosphere" that
this matter is closely related to the quality and effectiveness of servic-
ing of interested organizatioms.

D. V. Vinokurova told about the results of work on complex themes related
to the study of the climatic conditions of transport and scattering of
impurities in the atmosphere and to the development of a method for eval-
uvating the quality of operation of the network for the monitoring of at-
mospheric contamination. There has been considerable work on the plan for
sclentific~methodological direction of the network. Among the many forms
of information on the state of atmospheric air a leading place at the ad-
ministrations of the Hydrometeorological Service 1s occupied by graphic
information. Maps, photographs, graphs and figures have been produced and
beautifully finalized; these reflect the nature and tendency of atmospher-
ic contamination and illustrate the principles and methods for analysis
of the state of the atmosphere.

The resolutions adopted by participants in the seminars formulated spe-
cific proposals on the further improvement of operation of network subdiv-
isions of the SKZA and improvement in methodological leadership on the
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part of the central agencies of the service. Particular attention was de-
voted to the need for a highly speedy introduction of new technical appar-
atus, preparation of methodological aids for carrying out expert examina-
tion of projects, preparation of a plan for the section "Preservation of
the Air Basin" and determination cf the discharge of harmful substances

into the atmosphere and computation of the maximum admissible discharge
levels,
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 7, Jul 80 pp 127-128
[Article by B, I, Silkin]

[Text] As reported in SCIENCE NEWS, Vol 115, No 24, the American meteor-
ologist W. A. Lyons has carried out an analysis of daytime space photo-
graphs taken in June 1979 from aboard meteorological satellites situated
in an equatorial orbit at an altitude of about 46,000 km above the earth's
surface. On a series of photographs it is possible to distinguish a thick
zone of haze which extends over a considerable part of the United States
-~ from Kentucky to Maryland —- and which then extends 1,300 km to the
east of the shore, reaching the central part of the Atlantic Ocean.

The analysis revealed that this haze is a dense alr mass saturated with sul-
fates released into the atmosphere as a result of combustion of great mass-
es of coal at electric power stations in industrial regions of the basin

of the Ohio River and New England (the northeastern states in the United
States situated along the Atlantic coast of the country). The sulfates

are condensation nuclei for the moisture droplets which form the haze and
usually reduce visibility by more than half. Such haze can persist in one
place for several weeks. The rain "washes away" the haze, but absorbing
sulfuric acid, the precipitation acquires toxic and corrosive properties.

The investigations of W. A. Lyons also indicated that within the limits of
the haze there is a high ozone concentration., Within this air mass it at-
tains 91 parts per billion, whereas outside this mass it is only 69 parts
per billion. As demonstrated by recent studies in the field of agrometeor-
ology, such an ozone concentration is extremely harmful for plantings of
soy beans and legumes.

As reported in NATURE, 31 May 1979, and in SCIENCE NEWS, Vol 116, No 1,
1979, the American chemist and meteorologist J. O. Nriagu carried out an
investigation of the intensity at which contamination of the earth's air
envelope with metals is transpiring at the present time.

According to his conclusions, during the last decade approximately 74 mil-
lion kilograms of cadmium, 585 million kilograms of copper, 4.3 billion
kg of lead, 4.5 million kilograms of nickel and 3.3 billion kilograms of
zinc have entered the atmosphere.
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The estimate of the quantity of metals entering into air space was made
separately for natural sources (eruptions of volcanoes, forest fires,
erosion, rising dust particles and salts expelled from the surface of
seas and oceans) and for sources associated with man's activity (mining
industry, metallurgy, combustion of coal in different fields of produc-
tion, combustion of firewood and wastes, blowing away of fertilizers,
etc.).

As might be expected, human activity was a much more important source of
agents contaminating air than natural processes. For example, in 1975

the combustion of liquid fossil type of fuel (including gasoline) led to
the entry of 273 million kilograms of lead into the atmosphere. At the
same time, eruptions of all the earth's volcanoes, being highly important
natural sources of lead, introduced only about 6.4 million kilograms of
this metal into the atmosphere.

The high lead content in air space 1s a relatively new phenomenon. In

the decade 1910-1920 its total quantity in the atmosphere did not exceed
493 million kilograms. During the next decade alome it attained 1.1 bil-
lion kilograms. J. O. Nriagu attributes such a rapid increase to the
large—scale use of automotive vehicles and the appearance of gasoline with
lead additives in 1923. )

As reported in CHEMICAL WEEK, 21 February 1979, and in THE SCIENCES, Vol
19, No 16, 1979, on the request of the US Environmental Protection Agency
a group of TVA specialists, headed by the geochemist and soil scientist
G. S. Noggle, carried out an investigation, lasting two years, of the in-
fluence exerted on vegetation by sulfur present in the air.

The studles were made in greenhouses into which no air could penetrate from
the outside. The inside atmosphere was purified from the sulfur which it
usually contains by means of charcoal filters. In addition, in order to
determine the quantity of sulfur absorbed by vegetation from the soil and
from the air, the radioactive tracer S 5 was used under the open sky.

It was established that with a reduction in the content of sulfur in the
soil the plant increases its absorption from the air medium. Cotton, hay
and other plants cultivated in the alkaline soils of the southeastern
United States satisfy a considerable part of their needs for sulfur from
the air.

With an increase in the combustion of fossil fuel, increasing the sulfur
content in the atmosphere, there was an approximate coincidence in time
with the decrease in the quantity of fertilizers containing sulfur which
is applied to the soil. Sulfur increases the content of chlorophyll in
plants and thereby facilitates the processes of photosynthesis and growth.
Thus, the dependence of vegetation on chemical substances in the atmosphere
has recently increased.
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In the opinion of G. S. Noggle, if the present-day efforts for air purif-
jcation are crowned with success, in the territory of the Tennessee River
valley, covering seven states in the United States, there will be a de-
crease in crop ylelds by approximately 10%. In order to make up for the
loss of sulfur from the air here it will be necessary to apply fertilizer
at a cost up to 7.6 million dollars.

Although it still has not been possible to establish a difference between
the sulfur "naturally" present in the atmosphere and the sulfur ejected in
the course of industrial activity, it is nevertheless clear that the con-
tamination of air by sulfur has some unquestionable positive aspects in
addition to negative aspects.

- COPYRIGHT: '"Meteorologiya i gidrologiya," 1980
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