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UDC 551.574.11
SOME PROBLEMS IN THE THEORY OF CLOUD CONDENSATION NUCLET
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 5-12

[Article by Doctor of Physical and Mathematical Sciences I. P. Mazin, Central Aero-
logical Observatory, submitted for publication 18 Feb 80]

[Text] Abstract: Some problems in the theory of cloud con-
densation nuclei (CCN) are defined. It is demonstrat-
ed that the effectiveness of CCN is fully determined
by their soluble part, which is unambiguously describ-
ed by the introduced effective radius of the condensa-
tion nuclei. The experimental data indicate unsuit-
ability of a power law approximation for describing
the real spectrum of CCN. This imposes restrictions
on the applicability of the well-known Twomey formula

- relating the maximum supersaturation and concentra-
tion of cloud droplets and the parameters of CCN.

- Introduction. A physically clear and graphic exposition of the theory of cloud con-
‘ densation nuclei (CCN) can be found in a study by L. M. Levin and Yu. S. Sedunov
[2, 4]. We will briefly repeat the fundamental points in the theory, introducing
some refinements in passing. In contrast to the authors of [2], we will use a
natural definition of supersaturation

_e—F

So= g~ @)

In {2, 4] it is assumed that

_e—£E _e—E;

Se= YR S= —-

, Here e is the actual elasticity of water vapor, Ej is the saturating elasticity of .
water vapor over a plane surface.

As in [2], we introduce the value x = 1/r. Then

N
Ey
where By is the saturating elasticity of vapor over a droplet of solution.
[Here and in the text which follows use is made of the following nota-
tions: & -~ coefficient of surface tension (75.6 g/sec?), Py -- 1 g/cm3 is water .
density, R = 8.314+107 (erg/(mol-degree) is the universal gas constant, T is abso-
lute temperacure (0°C = 273.15 K).] The B coefficient characferizes the increase in
the saturating elasticity of vapor over a droplet with a decrease in its radius.

1
FOR OFFICIAL USE ONLY

=1+ Bx—Cx?, 2

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL US % ONLY

2 sMa = 1n-3 .
B=—"pF = 1198510 pm

(with T = 273.15 K).

‘The coefficient C, in [2] called nucleus activity, characterizes the decrease in
the saturating elasticity of vapor over the solution. We will call the parameter

r,=C S

the effective radius of the condensation nucleus. (Usually rn differs from the ra-
dius of the dry hygroscopic nucleus rqyy by not more than tens of percent),

Supersaturation over droplets of solution S = e — Eg/Eg can be related to Sp, and
with an accuracy to the second order of magnitude relative to SQ and V we find

1« S
1 — 1Bx — r° x¥)

where V= v(x) = Sg - (Bx - rfq{ x3). In clouds ))él. [1f S is determined as
e - Eg/EQ, then v = 0.]

S= — L= §, — (1 +9){Bx — ri x%), 4

Fig. 1.

Now we will examine the family of curves S(x) for different Sq and rp (see Fig. 1).
We will assume that equation (4) is correct in the entire range of sizes x\<x£ =
1, When the radius of the CCN becomes equal to the effective radius (x = r; ),
equation (4) is transformed into a straight-line equation (5), limiting the

S(x) curves to the right,
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S=Se—(14v) (Bxz—1). (5)

With S5>0 there is such a limiting value rp = Tpyjpy (Sy) at which the S(x) curve
touches the x-axis at some point xyip = r-l . All the droplets forming on CCN, whose
effective radius is greater than Thlims @ &™n air which is supersaturated relative
to them (S(x)> O with any x<x3) and grow without limit. When rp<rpiip the S(x)
curve twice intersects the x-axis. At the points x1 and X9 S(x) =_0 and the droplets
are in equilibrium with the medium. However, at the point X] = r7l the equilibrium
is unstable, whereas at the point x9 = r~1 the equilibrium is stable. This means
that with 5q> O the droplets forming on tge CCN either increase in size without lim~
it (r> r]) or are in a stable state, having the radius r = r2. If the supersatura-
tion S; increases, then the points T], T]ip® Y. approach one another and are shifted
- to the right, whereas rjjip decreases., The Tl> Tiim> T2, Inlim Vvalues are dependent
only on Sg. And this means that with a known supersaturation Sp the stable water-
enveloped nuclei have the radius r< rjip and they were formed on CCN whose effective
radius is r,{ry)ip. This made it possible to draw a distinct boundary between cloud
droplets and water—enveloped condensation nuclei. Droplets whose radius is r<Tiim
with a given Sp must be classified as water—enveloped condensation nuclei, whereas
those with r> rjip must be classified as cloud droplets.

With S9<0 with any r, there is only one point of intersection of the S(x) curve
with the x-axis corresponding to stable equilibrium. With 80> 0 the two points (x3,
X9) appear, which with an increase in Sp begin to be drawn closer to one another.
Finally, with a definite Sg value for stipulated ry these points merge into one,
that is, X = X2 = Xyqp = riim.

Thus, water-enveloped nuclei are formed on condensation nuclei whose effective radi-
us 1s rp<rq)ip. However, nuclei with r,>r,1ip are activated and give rise to cloud
droplets.

; Correlation Between Characteristic Radii of Nuclei and Supersaturation

The correlation between rjjin and Tyig with Sy is found from the conditions

- as (x) =0
[rp = lim] X = (6)
£ = \rp
S (xp) =U.
h Rejecting small terms of the order of Vv, from (4) and (6) we find
( 3 rer\)ll? )
Tep :xr-p‘ =1—p ,
(8)

e =2 ( )~ 6,352 -10-5 87292 0,013685 S,

rp 3 ’3‘7/
iThe leaving of terms of the order ¥ in similar expressions in [2, 4] is not legit-
imate. The relationship ry;, = 2B/3Sq was obtained earlier by Mason [3].]

28 __ [ 2B 13 A S ~1/3
T = 35T = g (To) =1,2599 ra SRR 58479 ra STI, (9

3
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where r is in [lm, Si is supersaturation in percent and Sqg is in fractions of
unity. For example, with Sx = 1% r jip = 1.37-10‘2;1m, and r1jy®5.85ryy4y ® 0.08
pm. Since with the rising (cooling) of the air the increase in Sj takes place
gradually, in the first approximation it can be assumed that at any moment in

time the condensation nuclei are in a water—enveloped equilibrium state., And this
means that all droplets with the radius r <rjjp are water-enveloped nuclei and all
droplets with r> riim are growing cloud droplets [2,4]. As a result, in clouds

a minimum in the curve of the size distribution of cloud droplets is formed in the
region r=ryip.

Still another useful expression can be derived from equation (4). It was proposed
by A. G. Laktionov and used as a basis in his development of an isothermal chamber
~- a promising instrument for measuring the distribution of atmospheric condensa-
tion nuclei by supersaturations. In these chambers Sg = 0 and the equilibrium radii
ry are measured. It follows from (4) with § = Sy = O that

= i . (10)

Taking (8) into account, we find that an equilibrium droplet of the radius r, grew
on a nucleus r,, active with a supersaturation

S, =100 S, = 3'25_‘_’—,%_—=4,6 1077 1, (11)

where r, is in pm. Expression (11) somewhat refines the formula used by Laktionov,
for which Sx = 4-10-2 13! [6].

In concluding this section we will compare the critical radius of an insoluble nuc-
leus r.,., active at a given supersaturation, with the critical radius of a soluble
nucleus rp ..., active at this same supersaturation.

, B B _ 108 12)
= Tnef) ~ S — S,
It follows from (12) and (8) that
L 3 oo . aze oo
[kp = cr] i=o— = S;13=1,890 S§;1/° = 8,757 S 113, (13)

xp

With S, = 0.1% gx~19, whereas with Sx = 1% £#9, that is, in order for the ac—
tivity of insoluble nuclei to be comparable to the activity of hygroscopic nuclei
their radius must be greater by an order of magnitude (and the mass by three orders
of magnitude). Thus, if in an aerosol particle the soluble part is more than 0.1%,
it is more important for the formation of droplets than the remaining part. Ac-
cording to data from a number of authors, the mass of hygroscopic particles in the
atmosphere is several percent. (From 5 to 30%, according to [1]). Therefore, with
assurance we can g&y of cloud condensation nuclei that they constitute soluble or
mixed nuclei and that a factor of real importance is the distribution of CCN by
supersaturations, or what is the same, by their effective radii, which are close

to the radius of the soluble part of the nuclei. However, the formation of droplets
on insoluble (both wettable and nonwettable) particles plays virtually no signif-
icant role in the physics of droplet clouds. [At negative temperatures this process
can be important from the point of view of formation of ice crystals. ]

4
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Spectrum of Distrihution of Cloud Condensation Nuclei by Supersaturations

Using (8), we will find the relationship between the distribution of CCN by super~
saturations f£(S) and the distribution by effective radii @(rn):

¢ (r)=1(S) =f (1,601 -10-2 r73/%) -2,4015 10=7 r=5/2, a4

das
dr,

where r is in Aoms Yis in cm"3-#m—l. [Here and in the text which follows we will
dispense with the subscript * on S, and by the letter S we will denote supersatura-
tion over a plane surface of pure water in %]

_ Now we will turn to the experimental data, It is known that aerosol particles (AP)
with radii R from 0.1 to tens of Hm are distributed in the atmosphere, in general,
in conformity to the Junge law:

VR =5 (15)

If the radius of the soluble part Tg is related to the radius R of the particle
by the expression {4]

r = bRP, (16)

then, since the fraction of the soluble fraction in the atmosphere decreases with
an increase in R, B< 1. Using (15) and (16), we find that the distribution of AP
by the radii of the soluble part will have the form

. [/ re \13 ) dR —x
[C = S] v (rc):‘{‘ [("f‘) Jd—rc~rc ) (17)

/

N

where

= )R o)

a E

Since ®>1 (usually ¢x4) and 1/8 -1>0, then X>o¢ ~ 4. Thus, with a distribu~
tion of atmospheric aerosols in conformity to the Junge law and correctness of the

. correlation petween rg and R of the type (16) the AP are distributed by the radii
- of their soluble particles in conformity to a power law with the exponent X>h.

Now we will turn to the distribution of aerosol particles by supersaturations. Ac~-
cording to numerous data [8],

F(S) = ck 54, (18)

where k is usually less than 1. According to (14),

3
s (r)~rm T 00 (19)

However, the integral distribution has the form

0,1y}
N(r)=N, (,—n) , (20)
where L=k, N, =0,05063 . (21)
5
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Table 1

Characteristic Distributions of CCN by Masses of Soluble Part and Effective
Condensation Radii®

N cn—?

- nr) I t'; MRM fn MRA

] l s pm pLm background| continent.
LO0-10-% | 238.10- 1.90.10- 420 1246
237 Cooa7 2,98 407 996
163 X 316 385 831
800 176 379 36.3 701
1.90- 10~ 63 5.06 334 301
570 |im 6.32 286 365
540 9.5 7.59 219 270
135007 | 118107 9.48 124 173

. 256 g 1.96.10-1 17 85.8
T B X 158 278 42,1
20010721 300 2,30 1’68 22,3
ERYS L 360 279 1.06 116
474 Y 319 0.710 5.82
9.26 L 500 3.98 0370 1,67
1,60-10-12 {600 478 0,200 063
254 100 5,58 0113 0.29
379 8.00 6,37 0,071 0,14
5.40 Y] o7 0.046 0,077

. 7l L 1004100 7.96 0,029 0,039
12810 P10 9,56 0,011 0011
203 ) 111100 0.0035 0.0032

*Data on the concentration N were taken from [7]; the r§ and rp columns were com-
puted from the conditions xp = 0.7967 rs, P =177 g/cm?, Tg = (3m/431p)1/3 =
0.512837 ml/3. The background distribution is recommended for the modeling of sea

clouds.

Taking into account that usually k<1, we have A + 1< 2.5, which, it would seem,
clearly contradicts the earlier determined value ¥%>4. (We recall that rp=rg).
However, this contradiction is only apparent. The fact is that formula (15), from
which (17) follows, describes aerosols with a radius R> 0.1pm; however, formula
(20) is correct with S> 0.1%, that is, rp<0.064pum. The conclusion can therefore
- be drawn that either in particles with R>0.lpum there is a soluble part whose
radius r emerges beyond this limit, that is, greater than 0.064um, and then for-
mula (17) describes another part of the spectrum, or in the considered region the
relationship between rn and R is not described by a dependence of the type (16).
It is possible that both to some degree are correct and thus the real spectrum of
effective condensation radii in the range from 0,01 to lium and above is evidently

not described by a power law,

Up to the present time the overwhelming majority of the measurements of the distrib-
- ution of CCN by supersaturations have been carried out using diffusion chambers in

the region $>0.1%, that is, in the region rp< 0.06um. In this field the measure—
- ments were satisfactorily described by empirical expression (18). However, the very
first experiments of Laktionov [6], who carried measurements into the region of low
supersaturations (to S 0.025%), in actuality revealed that formula (18) with k =
const no longer is suitable for describing the spectrum of CCN in the entire meas—
ured range. According to the data in {4], in the reglon 0.025¢S5<0.16 k on the

6
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average is approximately equal to 1.6, that is, twice as great as the k value for
the range 0.16€ 5<1%.

Meszaros [7], who was greatly involved in measurements of the concentration of CCN
in the atmosphere, generalized the accumulated experimental data and cited a table
- of the mean distribution of CCN with respect to the mass of their hygroscopic part,
assuming that the solid part of the nucleus is ammonium sulfate (NH) 2504. In repro-
ducing the Meszaros table, we added columms for rg and ry, from which it can be
seen that the distribution which he proposed covers the range rp from 0.019 to 1.1
pm and that it is essentially not a power law distribution. The value d 1g N/d 1g
In changes in this distribution by almost an order of magnitude with a change in rp
from 0.02 to l}J.m.

Applicability of Power Law Approximation of Spectrum of CCN With Respect to Super-
saturations

A representation of the CCN spectrum in the form

N= cb",m » (22)

where N is the total concentration of nuclel active with the supersaturation S,has

come into wide use ‘r cloud physics. The well-known expressions derived by Twomey

[9] for determini - the maximum supersaturation in a portion of air rising with

the stipulated v? .:i>y u are based specifically on this distribution. And knowing

Smax’ using (22° . ‘< also possible to detemine the concentration of forming

- droplets Ng = ¢S, . Taking into account the importance of expression (22), Braham
[5] proposed that dat. on the CCN spectra be represented in (c, k)-space and, using
the Twomey expressions, a diagram be constructed making it possible to find Spax
and Ny easily from known c and k.

However, we should note that expression (22), as emphasized above, approximates the
experimental data in a rather narrow range of sizes. If it is taken into account
that in clouds S< 1-2%, this range of change in S from 0.1% to approximately 2% is
equivalent to a change in r, from 0.0l to 0.06ju m. At the same time the Twomey for-
mulas and the Braham diagram were constructed on the assumption that (22) is correct
in the entire range of sizes, and what is especially important, in the field of
smaller S, up to S = 0, that is, to rn = <@, The question arises: possibly can such
a substantial increase in the concentration of large nuclei with rp> 0.06pm given
by extrapolation of formula (22) into regions of small S distort the results of de-
termination of Spax and N? Are the Twomey expressions and the Braham diagram applic-
able?

It is evident that if the flux of water vapor onto droplets growing on nuclei with
r,> 0.06p m is small in comparison with the flux of vapor onto droplets forming on
smaller nuclei the Twomey expressions are applicable. If the flux is not small, the
expressions derived in such a way must, as a minimum, be examined attentively.

- In order to solve this problem we recall that the equilibrium radius Tequil ©f the
droplets at 100% humidity is related to Ty, by the expression
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requil = B At (23)
e e i s . -3/2k-1
And if initially the CCN were distributed in conformity to the law ';P(rn)»-rn ’
then, upon attaining a 100% humidity, the water-enveloped nuclei will be distrib-
uted in conformity to the law

[p = equil] 2¥ (rp) ~Tp T~ I . (24)

In the first approximation it can be assumed that the vapor flux on a grewiag drop-
let is proportional to its radius. Thus, in the estimates it can be assumed that
the total flux of vapor on droplets of a radius greater than rg is proportional to

= T max Tmex
_ roc®(r,) dry~ ro*
[p = equil] § () € ) (25)
a U

According to experimental data, k varies from 0.3 to 1.2 with a mean value of about
0.5 [5). Accordingly, with a distribution of droplets by radii of the effective

= condensation nuclei described by (19) the flux of vapor, in any case during the

initial period of cloud formationm, proceeds primarily on large droplets. It can

be postulated that if the distribution {19), obtained from the distribution (22),

- substantially exceeds the concentration of large condensation nuclei, this can

- lead to an appreciable exaggeration of the computed fluxes of vapor and the under-
stating of Spax and Ny associated with this. With an increase in the size of the

- droplets (due to rapid growth of the small droplets) the noted effect will be
weakened. How should one regard the estimates of Spax and Ny made using the Twomey

= formulas or the Braham diagram? It appears that the problem is not that difficult.
A change in k in a relatively broad range, such as from 0.3 to 1.6, changes the Nk
concentration by a factor not greater than 1.5-2 and Sp,x even less. Since usual-
ly k does not vary so greatly, the real deviations of Smax and N from the esti-
mates obtained using the Twomey formula must not exceed tens of percent. Thus, de-
spite the sseming unsatisfactory approximation of the CCN distribution by formula
(22), the estimates of Spax and Ny based on it are entirely acceptable.

It appears that (N1, A)-space, transformation to which from (c, k)-space is readily
accomplished using formulas (21), can become equally convenient for a practical
comparison of the CCN spectra with one another and can be even more graphic. It
seems that the Nj value, equal to the concentration of CCN, whose effective radius
is greater than 0.1{,{ m, is more graphic in comparison with the ¢ value.

Summary

The numerical modeling of the processes transpiring in clouds is becoming an in-
creasingly effective means for investigating cloud physics. The results in some
cases can be essentially dependent on the initial spectrum of CCN introduced into
the model. In order to he able to understand correctly the reasons for the dis—-
crepancy in the results obtained in different models (for example, one—, twWo=,
three-dimensional, etc.) it is necessary that each model be tested for a standard,
generally accepted distribution of CCN. The distributions of CCN proposed by E.
Meszaros and cited in the table for sea and continental clouds are entirely ac-
ceptable for this purpose.

8
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UDC 551.54
COMPUTATION OF WAVE FLUCTUATIONS OF ATMOSPHERIC PRESSURE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 13-19

[Article by V. V. Simonov, Main Geophysical Observatory, submitted for publication
4 Feb 80]

[Text] Abstract: The author clarifies the possibil-
ity of computing pressure on an undulating
boundary directly from the first and third
equations of motion. An analysis of numerical
experiments is given for the purpose of find-
ing a preferable formula.

Sources [2,3] give a formulation of the problem and some results of computations
of the structure of a two-dimensional stratified turbulent flow of fluid over a
chain of ronochromatic waves with the amplitude a, length L, velocity cgy and re—
lief { (x, t). A fourth-degree equation for the stream function Y and a second-
degree equation for turbulent energy b are considered. The system is closed by the ,
generalized Karman hypothesis for the turbulence scale. The problem is solved in

curvilinear coordinates & , ) moving with the velocity cf], related to & (x) and

the Cartesian coordinates x, z by the expressions

E=x; =P (L
Here and in the text which follows we use a dimensionless form of writing for
which, for the sake of simplicity, no special notations are introduced. As the
velocity scale we used ug -- some characteristic dynamic velocity equal in this
case to the dynamic velocity at the upper boundary of the wave sublayer hj; the
horizontal coordinate is normalized to Lj in all the remaining cases the length
scale is h.

The transformatidn

n:z-—{,(x), (2)

is simpler and more convenient than (1), usad, for example, in [1]. However, the
transformation (1) more completely reflects the considered formulation of the
problem. The thickness of the wave sublayer, at whose upper boundary the induced
oscillations attenuate, is assumed to be limited and does not exceed the limits
of the air surface layer. The stipulation of boundary conditions at a relatively

10
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low height does not make the use of (2) very constructive. In "straightening"

the lower boundary, this replacement "curves' the upper boundary near which the

vertical gradients of different characteristics are still quite great. The trans-
formation (2) is effective in analytical methods for solution and formulation

of boundary conditions with z» co or in an examination of the entire atmospheric

boundary layer, in whose upper part there is attenuation of all the perturbations

caused by the underlying surface., In computing the pressure distribution in the =
wave, which is closely associated with vorticity and its gradients, in the for-
mulation of the problem there is a need for greater accuracy and & minimum of
different kinds of simplifications. Otherwise such a cligracteristic important in
the problem of wave generation as the averaged flux of momentum at the discontin-
uity Fgig caused by pressure forces will be coumputed with a substantial error. Even
small changes in the relationship of phases between pressure and the wave surface
can lead to a change in the sign of Fyig, not to mention the quantitative results.
But the physically obvious and simply realized boundary conditions are more easily -
formulated for ¥ than for « . Accordingly, the formulation of the problem does not

contain equations for vorticity, but only the stream function is considered, de-

spite the fourth degree of the corresponding equation.

The system of finite~difference equations is solved by the method of successive
Gauss~Seidel displacements. The formula for successive displacements for computing
the stream function contains a whole series of coefficients at the internal points
of grid intarsection which are computed in advance in [2, 3] in the form of two-
dimensional masses of data. For example one of the intermediate factors in this
formula has the form :

M= 2-'.1, L‘L’Ifﬁ,i'f'aj (b, V,+1;+b" Vit ) -

An error was introduced in (2, 3], namely the coefficients v! and v2 were taken
at a point of grid intersection with the indices i, j.

In contrast to [2, 3] we changed the grid in the upper part of the wave sublayer,
which in the last five intervals now became uniform with the interval 0.1, Some
apgroximation expressions were refined. In particular, the derivatives J?—’/Jl? and

¥/259n » necessary for computing the transformation term in the equation for the
balance of turbulent energy, are now determined using formulas with a second degree
of accuracy, and not the first, as in [2, 3].

It is not the distribution of total pressure which is of fundamental interest, but

its deviation from values at some boundary or from some point. We will examine the
deviation of pressure from the vertical & = O, that is, Ap(5, 7?) p(§ s )- -
p(0, ®). In particular, with I7 = 0, which will be indicated by the subscript "m,"

we will be concerned with the values

&p(3, 0)=Apn=p(% 0)—p(0,0). 3)
Henceforth, a similar notation Afn. will also be used for other functions.
By definition Fgjg = D<p;&'” = D<Aprnt'>; in our case Ap incluies both the
change in external pressure in the wave and its wave oscillations. The symbols
"< > " denote averaging along the length of the wave. Beginning, evidently, with
the studies of O. Phillips, including in [2, 3], the pressure fluctuations with -
n = 0 are computed using the formula

11
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Since the problem is solved through the stream function, the external pressure
field is automatically taken into account. In principle, when making computations
using (4), an error is allowed which is associated with the failure to take into
account that at a periodic boundary total pressure is not a periodic function.
However, a transformation to (3) was made not only for this reason, but also so
as to obtain additional information on the accuracy of pressure computations
made using the first and third equations of motion.

We introduce the notation Q = Duw - and we write the first and third equations
of motion in the form

9 U 2 T )
5T =" 5y (p+u-+a,b)~—;’?(uzfc,b)__7_5._%; (5)
o i T
- sv =~ — 1D F1Dnegy — 5y DPE+50) 6)
Here r__(a?)l
=3

is the Froude number; O] and 073 are the components of the tensor relating the
normal Reynolds stresses and turbulent energy.

We obtain Opy from the first equation of motion, for which we substitute (6) into
(5) and integrate the derived expression for & . Recalling that in our formula-
tion &' = 0 with % = O, for the case of isotropic turbulence (071 = 03) and the
level Yz= 0, after some transformations we obtain

AP, =~ 8k —o3by— 3 —DVQ+D [ Q¥ di+
0

9]

‘1 oy 18 f0: .
+6§. 1 Wdi*fof-{l‘aq' d:,
) o=@ —w)(u+ Dw?) fi=1— (D)

The superscript 1 on Apy shows that in computing pressure the first equation of
- motion was used as the fundamental equation.

Numerical experiments have shown that the contribution of the term containing 3‘»‘)1/

arl to Ap%. is small. However, these small changes can exert an effect on the Fdis
value. The values of the parameter are cited below

Pl = D<L'5"T—-' di>

do
o

term is justified only in definite situatioms.

12
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e 0 0 0 G —G
3 0.04 0.08 0,12 0,08
Fl 022 022 0,37 —0,65 9.04
F 021 0,90 2,38 —0,08 2,09
F‘; 0,46 2,20 6,90 —0,24 9,50
FI_ —003 —0,14 —03t - —0,02 0,10
- R 16 63 83 4 1

(= fl; p = dis]

- Using the third equation of motion it ia also possible to obtain the pressure dis-
] tribution in the wave ApTr First from (6) we find
< TR
PEN—PFEO=e m=—-—F— -D 7| 1Qdu+
[
+DU[(1—1) Q (& )'=QE 0] — D [ €, 1) —w’ G, O)] — (8

—% [0 E 7 —b(: 0).

Then from (8) we determine 30(2,, 1), ?(O l), after wh1ch we obtain

Ap3==Ap“( 1)— 8o G, 1. (9)

The A9( % , 1) value in (9) is computed from (8). Different methods cgn be used
in an approach to determination of the change in external pressure Ap~(

A Poo « If, however, we limit ourselves only to the wave sublayer and consider

- the equation o

9P, 1 o«

- = "oz (10)

to be correct for the undisturbed flow over it, then 4 py, can be evaluated using
additional considerations on the possible changes in shearing stress within the
limits of the wave sublayer.

An attempt was made to determine A py, not from (10), but from equation (5), writ-
ten for the level n= 1,

) 1 @

Using (11) we find

(12)

Computations on the basis of (12) give for Ap, values which are substantially
- different from those which could be expected, although with § = 0 ( § is wave
steepness) entirely reasonable results are obtained. For example, with &= 0.08

13
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and cgy; = 0 we obtained Apgy, (&= 1) = -3.16, whereas with §=0 computations using
(12) gave -0.078. Since the real Apse values are small in comparison with other
terms in formula (9), except in the neighborhood of the point &= 1, where Ap%—

= Apy, computations of pressure using the third equation of motion are carried
out without allowance for Apeo . We feel that this causes a lesser error than al-
lowance for Ap with the use of formula (12).

Using the same simplifications as in the derivation of (7), from (8)-(9) we find

Apn—_——-—t;t—+AN—-DC":,—=,Ab,; 13)
P 1
N(E):D-d—é-j 1Qdm.
Q

It is not very clear for what reason there was an appreciable deterioration of con-
vergence of the iteration process. Approximately 207% of the ltm:al time expendi-
tures are on computation of the term
- pe

200 —gE oW
in the equation for 3. But allowance for it, together with the other above-men-
tioned refinements and correctionms, introduces significant changes into the be-
havior of many characteristics. As an illustration of this we can use the results
of computations of shearing stress with 7 = 0 shown in Fig. 1 for the case d=
0.08 and cgq = O obtained in {3] and in this study. At the same time, the nature
of pressure distribution in the wave remained as before, although the quantita-
tive changes are extremely significant. These results are also shown in Fig. 1.
As a comparison, p 13 gives a line denoted F&  which contains the values of the
mean flux of momentum to the waves obtained 9%5[3] from the third equation of
motion.

Apf- Ia‘.‘; T,

Fig. 1. Distribution of Ap% (1, 2) and Fig, 2. Distribution of Ap%,_ (1, 2) and
Tr (3, 4) according to the results in Ap:?r (3, 4) with cg = 0 and d= 0.04
this study (1, 3) and from [3] (2, 4). (1, 3) and § = 0.12 (2, 4).

0.08; cg1 = 0.
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Expressions (7) and (13) are formally equally justified. Figure 2 shows Z3p%.and

. [lpn_for cg1 = 0 and §= 0.04 and 0.12, and on p 13 — the corresponding Fy44 val-
ues, Available experimental data do not make it possible without reservation to
give preference to any of the formulas. The solution of this problem is related
to a great extent to :he accuracy of computation of the fundamental terms in
these formulas. The last term in (7) is decisive, to be more precise, the inte-
gral of 9T/dn with n= 0, + ‘nce yxf; = 1. But the results of computation of the

- derivative of the flux of momentum with ¥)= O are highly dependent on the method
for computing the flux itself at this boundary. The table, for S =0.08 and cf1 =
0, gives the values 12%9r, computed using a 4-point formula, and - ¥, found by
extrapolation. The table also gives the values of uniformly obtained atﬂan with
Y1= O with the use of 1T§QT and 17%x. It can be seen that not only the value, but
also the sign of the derivative are dependent on the method for computing Ty. Ac~
cordingly, both the pressure distribution in the wave (fifth and sixth lines in
the table) and the resistance will be substantially different.

Our numerical experiments indicated that the values of the derivatives at the
boundary, obtained by use of the formula and by extrapolatiom, differ little from
one another. The choice of the turbulence coefficient in the approximation formula
for computing the fluxes is important. It is common to use the turbulence coef-
= ficient obtained as the sum cjkj + c2kp, where the subscript on k indicates the
number of the grid point of intersection in the vertical direction. Assigning ci
different values from O to 1, the value of the flux can change substantially. The
T 10T values were determined with c; = 1 and cz = 0. On the basis of a comparison
of the results of computations, and not only those cited in the table, in this
study all the turbulent fluxes at the boundaries were determined by extrapolation
using the three grid points of intersection adjacent to the boundary.

In formula (13) the main term is A N, which is considerably less sensitive to the
- numerical values T;. The values [ﬁp%.computed from (13) with nggr and T €¥ coin-
cided wigh an accuracy to the third place. Therefore, the table gives only omne
line Ap -

- The computed value of the pressure decrease in the wave using formula (7), with
= 0.08 and cgp = O,was equal to -9.82. After comparing the figures -9.82, -3.16
and -0.078, it must be concluded that different types of approximation and comput-
ation errors lead to greater errors in computing pressure on the basis of the
first equation of motion than when Apg in formula (13) is not taken into ac-
count. The sources and magnitude of the computation errors remain the very same

if formula (4) instead of (3) is taken as a basis.

53till another advantage of formula (13) is that it was obtained without use of

the first equarion of motion, if the term ApPw 1is not taken into account, which
- in an extreme case can be taken into account, assuming Ap. = -9 §, where q is

evaluated from the thickness of the wave sublayer and has a value of about 0.l.

The only thing which does not support (13) is the presence in the main term AN
of a vertical integral whose upper limit, that is, the thickness of the wave sub-

layer, is stipulated quite subjectively.
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The following circumstance is of more than a little importance. In order to ob-
tain reliable Ap% values it is necessary to have a lesser number of iterations
than for Ap%.. This is particularly noticeable with respect to the Fyio values. For
example, for the case § = 0,12 and cg3 = O after 5,000, 10,000 and 15,000 itera-
- tions the F}l values were equal to -2,96, -0.33, 0.37 respectively. At the same
: time the simiiar ngs were 2.13, 2.35, 2.38.

Taking into account everything stated above, the following conclusions can be

drawn. First, with the inclusion of pressure among the sought-for characteristics

it is desirable to use one fourth-degree equation for the stream function instead
_ of a system of two equations in the variables ¥, « and especially a system of
three equations in the variables u, p. Second, when it is necessary to compute
the pressure distribution the use of the third equation of motion is more justif-
ied. )

< 0.8 0,52 0,23 0.12] 0.10 0,14 0,24/ 0.4 9,65 0.9l 0.88
<) 2.40 1,38 0,38 0,20 0,27] 0,40{ 0,69 1.17| 1.88 2,56 2,40
0% 1o-s| s 497 224 116 1.03] 146 2,40 3,59 6.30 9,63 8,2
%
9% lo=3 | 0,04 027, 0,32 0,22] 0,13 0,05/-0,06|- 0,24|-0.44|--0.36{—0,04
oy, | i i

_\p}“h.lo-:‘g 0 6.93 10,4 11,9 112.9 | 14,1 15,91 18,5]23.6]31,0 39,9

Aph.10-21 0 | 018 0,52 0,80 0.98] 1,07 1,08 0.8 0.74 0.11-0,10
Ap10-21 0 o,ugl 034 074 118 142 130 0.0} 0.4 013 0

1

[T=T ; ® = for(mula); 3 = extrap(olation)]
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SOME METHODS FOR EVALUATING THE PARAMETERS OF CORRELATION FUNCTIONS OF

METEOROLOGICAL FIELDS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 20-29

[Article by Candidate of Technical Sciences V. L. Savanov and T. A. Yarygina, Mos-
cow Power Institute, submitted for publication 18 Jan 80]

: [Text]

Abstract: The article gives a validation of
one of the possible approaches to solution

of the problem of evaluating the parameters

of the correlation function of a random meteox-
ological field which essentially involves find-
ing evaluations of the coefficients of a re-
gression model when there are observation cor-
related errors. The authors propose several
methods for evaluating the correlation func-
tion 6f a random (in a general case noniso-—
tropic and nonuniform) field. The choice of
the method is dependent on whether the correl-
ation function is linear or nonlinear with re-
spect to the parameters and on the availability
of a priori information concerning the distribu-
tion law or on the central moment function of
the fourth order of the investigated field. Ex-
pressions are derived making it possible to
evaluate the accuracy of the proposed methods.

Introduction. A factor of great importance for solving problems in meteorology and

oceanography is finding methods for describing the spatial-temporal variability

of parameters characterizing the different properties of the atmosphere and ocean.
These parameters form fields (temperature, pressure, humidity, etc.) which, as is
well known, in a general case are nonstationary relative to the time coordinate,
nonuniform and nonisotropic relative to the space coordinates. One of the principal
problems arising in study of random meteorological and oceanographic fields is an
experimental determination of their statistical characteristics. For a complete

statistical description of spatial-temporal random fields it is necessary to know

the multidimensional distribution functions, but in actual practice it is common
to limit the examination to simpler characteristics of the random fields -- mathe-
matical expectations and covariation or correlation functionms.

A correlation analysis is one of the most important methods for the study of random
fields. A knowledge of the covariation function (CF) makes it possible to form a
general idea concerning the structure and properties of meteorological fields,

18
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solve many applied problems, including the objective analysis of the investigat-
ed fields [2, 5, 6], solve problems involved in rationalization of the network of
measuring stations in space and the optimum discretization of measurements in time
[3, 4, 10].

An experimental determination of the CF of the fields of meteorological elements
usually essentially involves computations of evaluations of the parameters of a
CF of a stipulated form from the readings of one or more independent field series.
The methods for determining the CF of a random field used at the present time as-
sume satisfaction of a series of conditions which in practical situations frequent-—
- ly are violated. Thus, in the stipulation of the readings of several field series
it is usually required that these readings for all series correspond to omne and
the same set of field arguments [6]. There are methods applicable in cases when
- there are gaps in the series of observations [7], but even they can be employed
effectively only when there are relatively few gaps and the arguments coincide
for most of the readings of different series.

However, if the readings for only one field series are stipulated, the limitations
become still more rigorous, In this case the developed methods are applicable only

- to isotropic random fields and are rigorously valid with stipulation of the readings
at the points of intersection of a uniform grid of the values of the argument. Mod-
ifications of these methods with a nonuniform network essentially involving averag—
ing of the initial readings within the limits of some regions (gradations) of the
values of the argument [2, 6] have been inadequately formalized and lead to the
appearance of systematic errors whose value usually cannot be evaluated. The stud-
ies of R. L. Kagan {8] are devoted to investigation of a number of problems involv-
ed in evaluation of the accuracy in computing the CF by the gradations method.

Below we present one approach to determination of the CF of a random field making
it possible to propose a number of methods for its evaluation free of the above-
mentioned shortcomings. We will examina the problem of evaluating the CF with
stipulation of the readings of only one series for the random field. Such a formul-
ation of the problem corresponds well to the practical situations arisiug in an
investigation of meteorological and oceanographic fields. In addition, the results
are generalized for the case of several series [1l1].

Formulation of problem. Assume that F(u), where u = (uj,...,uk) is a k-dimensional
argument, denotes the investigated scalar random field. For problems in meteorology
and oceanography in a general case u = (x, y, z, t), where %, y, z are the space
coordinates, t is time. It is assumed that in a closed limited region of UE R™
values of the argument the mathematical expectation (ME) of the field is equal to
zero, that is, E[F(u)] = O with ueU (this means that the determined field compon-
ent is absent or first excluded), whereas the CF Kg(u, s) for the field is known
with an accuracy to m unknown parameters:

Ketu, )=E[Fu) Fis)|=k(u, s, b), u, s€U. (1)

where b = (b ...,bm)T is the vector of the unknown parameters (b€R®), k(u,s,b) is
a function of a known type.
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Such a formulation is entirely justified since for most meteorological elements

the type of CF is krown approximately on the basis of data accumulated in the
course of observations over a series of years. In a speclal case when the field

is uniform k(u,s,b) is dependent on the difference of the arguments r = u, 8,

that is, k(u, s, b) = k{r, b). If, in addition, the field is isotropic, then the CF
is dependent only on the modulus of the difference in the arguments: k(u, 8, b) =
k(r, b), where

I':[l‘l:|u—s]= V(ul—sl):+ v e e, — SR

Tt should be noted that the methods for determining the CF used at the present
time, although to some degree they can be modified for computing the character-
istics of nonisotropic and nonuniform fields, nevertheless are oriented primarily
on isotropic and uniform fields. However, the condition of uniformity and isotrop—
icity of meteorological and oceanographic fields is very rigorous, and only for
extremely limited regions is it possible to speak of its approximate satisfaction.
Accordingly, henceforth we will examine the general case of a nonuniform and non-
isotropic field.

Assume that as a result of the experiment, whose purpose is determination of the
- CF parameters, N values are obtained

fo=foiu, w, €U, k=T.N, 2)

where fx denotes the result of measurement (reading) of the series f£(u) of the F(u)
field at the point ug.

Conversion to regression model. Using the available readings (2), we form L values

Wy, = fof, =71 () fay,),

bor=T. N, k=<r, L=—NWN+1
and introduce a vector of the dimensionality L

W= (W, Wigy--+» W1 Ny Wy Waz, .-y WaN .y WN-IN, wWyn) (3

It is easy to see that the wy, values can be interpreted as readings of the series
w(ui s) of the random field W(ui s) = F(u) F(s) at the point uis = uki up. Here
uis = (Ul...,Uk, Sl.+.,5k). For the mathematical expectation (ME) and CF of the
W(uis) field we accordingly have

E|W (uis)]=E [F(u) F(s)]=k(u, s, ), )
K (u's, piq)=E{[F () F{s)—k(us b)] X

(5

where p, q € U.
Therefore the field W(u'! s) can be represented in the form
W(uis)=k(u, s, b)+ T (ujs),
where the field I (u's) has a zero ME and a CF K (uis, piq) = Kg(ui s, pig) and

can be considered as the field of errors in measuring the nonrandom function k
(u,s,b).
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- By analogy with the W vector we introduce the vectors K and " with the components
kxr = k(uk, up, b) and Ykr = Y(ug} uy) respectively under the condition kgrT,
where 7 (ug: uy) denotes the reading of the field f(u s) at the point uis = uk|}
Ur; we write

W=K(®)+T. (6)

The W and | vectors can be interpreted as sample values of the vectoral random
values for which there is satisfaction of the conditions E({ ) = 0, E(W) = K(b),
. and their covariation matrices D(f ) = D(W) have the order L.

Thus, the problem of finding the parameters b of the CF k(u, s, b) can be formulated

as the problem of evaluating the parameters of a linear or nonlinear (depending on

the type of function k(u, s, b)) regression model with correlated observation -
errors [13].

A sufficiently general approach to formulation of evaluations of the parameters of

the model (6) is ag follows. We will use 6 to denote some evaluation of the b vec- )
- tor and use W = K(b) to denote the ME evaluation of the W vector. We introduce the -

vector of the residues e i o e e

Vpr=W—W=W-K () %)

Then a broad class of evaluations of the b vector can be obtained by minimizing
some appropriately selected evaluation function P [v(b)], that is

A S ~
b=argminp [V (b)] = arg min p [W — K (b)].
b b

Henceforth we will limit ourselves to the special case of such an evaluation which
corresponds to the use in (8) of the function.

¢ [V (B)]= V" (b) CV(b).
where C is an appropriately selected positively determined matrix of the order L.

) -

Then we come to the evaluation

b =argmin [W—K (b)]" C [W —K (b)), (9)
b
minimizing the generalized sum of the squares of the residues, the so-called eval-
uation of the generalized least squares method [13].

Evaluation of parameters of a linear model. In a linear parameterization the CF
of the random field F(u) is stipulated in the form

k(u, s, b)=bo(u,s), uscU.

where the vector ¥ (u, s) = (¥1(u,s),..., ?m(u,s))T; ®i(u, 8) are known func-
tions. Then

- W:‘I’h‘f‘r:

where ® is a matrix (measuring L x m) of the form
P =(":’ll’ Pl e o« 2P P P2 - o TFoa e o o PN=—1) N?
o) Par =9 (U UY), BT
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In this case (9) will be equivalent to the expression

A A
b=bll =(OTCP)-' ®'CW
( ) ) 10)
A .
in this case the evaluations are not biased (E[b“-]] = b), and for the covariation
matrix of the evaluations

D Gm E Qm b) an b)Y
we have (%) = [‘ — b

D (bitl) = (&7 Cd)- &7 CD(W) C® (®7C D). )

This formula makes it possible for any selected weighted matrix C and the known co-
variation matrix D(W) (for this it is sufficient to know the CF of the field W(uis))
to evaluate the statistical accuracy (covariations) of the evaluations .

If D(W) is known, then for attaining the maximum accuracy of the evaluations as the
weighted matrix it Is necessary to select C = p~1(w) [1, 13]. In this case instead
of (10) we obtain

bl = (0" D-1 (W) 9)=! &*D-' (W) W, (12)
and the covariation matrix of the evaluations

D (6®1) = (®* D= (W) &)~ (13)

A
We note that with a stipulated CF of the field W(u's) the matrices D(b[l]) and
D(b[?-]), characterizing the statistical accuracy of the evaluations (10) and (12),
are dependent on the position of the points ug at which the f(ug) measurements were
made since the elements of the matrices ® and D(W) are dependent on the uy values.
Accordingly, in this case it is possible to formulate the problem of a priori for-
mulation of optimum experimental plams, that is, rational distribution of the net-~
work of observation stations. However, if the D(W) matrix is unknown, as is usual-
ly the case in actual practice, as the weighted matrix C in (10) it is necessary
(depending on the available a priori information) to take some symmetric positive-
ly determined matrix (for example, of the diagonal type). The simplest variant
of such a matrix is a unit matrix. In this case we come to the usual evaluations
of the least squares method.

Evaluation of parameters of nonlinear model. Now we will examine a case when

k(u, s, b) is a function nonlinear relative to the evaluated parameters b, contin-~
uous with respect to b. If the function k(u, s, b) is smooth with respect to b in
the neighborhood of the true values,of the b parameters and if equation (9) has a
unique solution (we will denote it b 31), then with sufficiently great dimensions
of the U region in which the measurements (2) were mfde and with a large number of
measurements N it can be assumed approximately that b[3] is an unbiased evaluation
of the b vector and it can be assumed that

A A
k (u, s, bi¥)==k (u, s, b) = (BB —b)" ¢ (u, §),

where in contrast to the linear case ¢ (u, s) are dependent on the true values of
the parameters
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g (us)=¢(us b)=vky,s,b), (14)
- o[ °
, "”(Tb.""'ﬁ,,,‘)'

A
Accordingly, the covariation matrix of the evaluations b[3] is also dependent on
- b, although it is also determined, as for the linear case, by the expression

D (b)) = D (B9, b)= (&7 C0)~! &7 CD (W) C® (&7 C ). (15)

However, here the § matrix is dependent on b, that is, ®=-8 (b), since in its
- forming use is made of elements formed by the values of the function (14). If the
D(W) matrix is known, by selecting C = D~L(W) (as in the linear case), we obtain
- evaluations with the best statistical properties. The dispersion matrix of these
evaluations (we will denote them bl4]) has the form

D (b) = D (b1, b) = (&7 D! (W) ). (16)

With a CF quite smooth relative to b, instead of the values of the function (14)
in computing the matrix @ = & (b) it is possible to use the values of the functions

A ’ TA A
- o(u . st=¢fu, 8, bl-)y=vk (u,s, b,

therefore, it can be assumed approximately that éﬁ‘— @(b[ : ]). With a known CF of
the field W(ui s), as in a linear case, it is possible to formulate the problem of
optimum planning of an experiment, but a priori planning here is already impossible
z[although it is possible to use sequential planning, minimax or Bayes approaches
12},

Evaluation of CF of a Gaussian random field. Now we will examine an important spec-
ial case of practical importance -- evaluation of the parameters of the CF of a
Gaussian (normal) field. As is known [9], for such a field F(u) the CF of the field
W(u: 8) = F(u) F(s) is expressed in the following way through the CF of the initial
field:

Ke(uis, piq)==k (u, p, b} £ (s, q, b) + % (u, q, b) (s, P, b).

Thus, the CF of the field W(uis), like the field F(u), and accordingly, also the
covariation matrix D(W), is dependent in a known manner on the values of the eval-
uated b parameters, that is D(W) = D(W, b). In this case, regardless of the nature
of the function k(u, s, b) (linear or nonlinear relative to b) it is possible to

propose evaluations of three types.
Evaluations of the first type are computed in accordance with (9) (for the case of
linear parameterization — in accordance with (10)). The covariation matrix of these

- evaluations, dependent (through D(W)) on the unknown b values, can be computed ap-
: proximately using formula (11) or (15) by a replacement of b by their determined

evaluations,

An evaluation of the second type differs from the first in that in order to increase
the accuracy of the evaluation use is made of an iteration procedure
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b, =arg min (W —Kb)) D-I(W, b (W —K (b), [=1,2,. ..

5 17

A
where bl 1is the evaluation of the b parameters in the L ~th step of the proced-
ure; bg is the appropriately selected initial evaluation of the parameters;
D(W, by) is a matrix of a stipulated type or a matrix selected on the baiis of
a priori information. Together with the values of the evaluation of the b vector,
in each step of the procedure the evaluation of the matrix D(W,b) is refined. Ac-
cordingly, such a procedure can also be used in the case of a virtually complete
a priori uncertainty concerning the form D(W,b); in this case it is possible to
stipulate D(W, bp), for example, in the form of a unit matrix. The covariation
matrix of the evaluations ﬁ)_ can be computed approximately using the formula

A A A
D (W, b) = (@' D=1 (W, biuy) ®)= &7D-t (W, bioy) D (W, b)) ¥
A L
\/ D- (w' bl—l) P (¢r D! (W, i;l_..\) Q'))—l‘
With adherence to the necessary conditions the procedure (17) converges

AT A
(lfmb,“—‘bm),

l=co

in this case
D (b=)= (@ D' (W, bo) &),

The procedure can be stogped under the condition of attaining a stipulated close-
ness of the evaluations by and 32 -1 or their covariation matrices.

Finally, the third method for obtaining the evaluations is a direct minimizing of
the generalized sum of the squares of the residues with use of a weighted matrix
dependent on the evaluated parameters, that is, it essentially involves solution
of the equation - A - - S o -
b =argmin (W — K (b))" D=' (W, bYW —K (b))
b

(18)

However, even with linear parameterization of the function k(u,s,b) computation of
- the evaluation (18) involves satisfaction of the nonlinear operations for the com—
pogents of the W vector. It is extremely difficult to obtain an expression for
D(b) in this case but it is clear intuitively that the evaluations (18) and (17)
must not differ significantly in their statistical properties., We note that with
use of evaluations of the first two types considered above there is a possibility
. for the optimum planning of an experiment (both with the sequential and with the
- minimax or Bayes approaches).

Some models of the CF for a nonuniform field. At the present time in meteorolog-
ical and oceanographic computations use is made primarily of models of an iso-
tropic and uniform field, although in the literature there is constant mention of
the limitations on their use for the desctiption of macroscale processes. ILn part
such a situation is evidently attributable to the lack of sufficiently effective
algorithms for the processing of data for general cases of nonuniform and noniso-
tropic fields.
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As one of the possible models of a CF of a nonisotropic and nonuniform field it
is possible to propose a function in the form

K, (u, s)=¥ (u, s, b) ¢ (r, b), (19)

where r=V(u, —5)+ . . . + (U — S,

Q’(u,s,b) and % (r,b) are appropriately selected functions. In special cases only
one of the functions & and ¢ may be dependent on b.

We note that CF in the form . )
KF(u’ s)=lpl (u' b) ‘rl (S, b) '.; (f, b)»

obtained from (19) with the choice ¥(u,s,b) = er(u,b) yl(s,b), corresponds to
the CF of a nonuniform and nonisotropic field represented in the form of the
product of a uniform and isotropic field Q(u) and a CF of the form @ (r, b) and a
determined function ¥, (u, b).

Example. We will examine computation of the CF parameter dependent on two arguments
and being a special case of (19),

Ke(u, 8)=b¥ (u,8) o (7). u. s& U,

where U is a part of a plane,

r—= V(u, - S|)2 + (u:—*SQ):y
¥ (r) and Y(u,s) are known functions, b is the sought-for parameter.

Assume that in the U region there are 2 n readings of the centered Gaussian ran-
dom field. With a limited ¥ (u, s) and with a function | ¥ (r)! attenuating with an
increase in r it is always possible to indicate such an rg for which |Kg(u,s)|
£§, where & is a prestipulated small parameter. Assume that the existing 2n
readings fall at points forming n pairs of points uj, vi, 1 = 1,n with the dis-

tance 1y (ri =V (uiy — U, )'>+ (8 —U;0)")

between the points of the i-th pair (see Fig. 1); the correlation between the read-
ings at the points of each pair is significant, whereas between the readings of
adjacent pairs it is negligible (that is, the distance between the points of any
different pairs is greater than rgp).

Fig, 1 n
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As a simplification we will first examine one pair of points u; and vy, situated
- at the distance ry. In this case, writing the vectors

= (¥ (2, u) 9 (0 T(z v) 5(n); ¥, v)e (0)),
W= (), tw)f(v) f*(v)),

forming the D(W;) matrix and making computations in accordance with (12) and (13),
- we obtain A T . . . .
- b= (®TD (W) &)~ ®1D~' Wy W, =5 [F(v, 0) @ ©) f ) —

— 2 (4, v;) 2 (r) J () f () + ¥ (ay 4) @ ©) f* (v}, D (gl,): br.

Thus, in this case the accuracy of the evaluation is dependent only on the value
of the evaluated parameter b itself and is not dependent on the distance ri be-
tween the points at which the measurements were made.

Proceeding now to the case of n pairs of points uj, vi, 1 = 1,n, forming the vec~
tors ® and W of the dimensionality 2n(2mt+1)/2 and the D(W) matrix, making computa-
tions using formula (13), it is easy to show that p(b) = b%. It therefore fol-
lows that the accuracy of the evaluation is dependent for the particular example
only on the value of the parameter to be evaluated and the number of palrs of
points and is not dependent on the distances between them. It is easy to show
that the evaluation of the b parameter, together with (13), can be computed using
the formula Tn 1 i

b=—2b,.

i=1

This is attributable to the fact that the dimensionality of the ® and W vectors in
this case without a loss in accuracy can be reduced to 3n, excluding from consider-
ation the noninformative elements of the P vector corresponding to a zero correla-
tion between the readings at the points of different pairs and the corresponding
components of the W vector, in this case also changing the D(W) matrix. (In this
case the order of D(W) is equal to 3mn).

Concluding remarks. The examined methods are quite universal and are applicable
for evaluating the parameters of the CF of arbitrary random fields (including non-
uniform and nonisotropic fields) with stipulation of one field series.

The results can also be generalized for the case of stipulation of the readings
of several field series at arbitrary (nmot necessarily coinciding for all series)
points of a finite set of values of the argument. In this case for each i-th sexr—
ies we will have a vector W; which is represented in the form

W, =K; (b)y+T, i=4 n,

where the vectors Wi, K
tors in formula (6).

i» ri have the same sense as the corresponding W, K, [ vec-

~
We introduce the vector W (wl,...,wn)T, which can be represented in the form

~

W:Rtb)vr.

h K - i and
- where K (b -—\K| (b), ) Kn \bn l~:(r" L, rn)r.
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~ ~
It is easy to see that the covariation matrices of the W and I vectors have a
block structure

‘D, O,. ..0,,

where Djy = D(4{) = D(W{), and 0;: are zero matrices. The principal formulas for
finding the b evaluations and thei; covarigtionhyatrices in this case do not
change if W, K(b) in them is replaced by W and K(b).

However, in the case of stipulation of readings of field series at points coinciding
for all the series it is necessary to average the readings corresponding to differ-
ent series. Thus, there is a conversion to the readings of one series of another

' field differing from the initial field in that the values of its CF are n times
less than the corresponding values of the CF of the initial field and further pro-
cessing 1s carried out the same as for one series.

Finally, in a case when the initial field is not centered and its ME is a function
of a known form, dependent on several unknown parameters, for application of the
proposed methods for evaluating the CF it 1s first necessary to find evaluations
of the ME parameters (for example, using the least squares method) and correspond-
ing evaluations of the ME itself at the points of stipulation of the readings of
series for the initial field and proceed to field readings which can be considered
approximately as already centered. Since the accuracy in evaluating the field ME
1s usually greater than the accuracy in evaluating its CF, such a conversion does
not lead to appreciable errors.

The proposed approach can be used not only for finding the covariation function of
the field, but also for determining the parameters of the cross-variation function
of the fields of two meteorological elements. Assume that Fj(u) and F2(u) are ran-
dom fields whose cross-covariation function k(u,s,b) is known with an accuracy to
the unknown vector of the b parameters, and as a result of the experiment N; read-
ings of the F1(u) field are obtained,

fia=Ffu) uw, €U, k=1, N,
and Ny readings of the Fo(u) field, o
for=fo(u), w €U, r=71,N,
We will form L values
Wy, = frof2 =11 (W) fo (uy), k=1, Ny, r:T,_/\T,, L=NNy
We introduce the dimensionality vector L:

W=(w,, Wao - -, D1y, Way, Wan, . - . L2N, . - -,

. Wy, 1, WA, 2. - o WN, N L=N N,

Then reasoning the same as in the case of the covariation functiom, it can be con-
firmed that all the formulas for computing the b vector will also be correct for
this case.
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It should be noted that the proposed procedures for computing the CF with their
use with an electronic computer can require a greater computer memory volume in
comparison with those used at the present time, but also have a number of advan—~
tages, the most important of which is their applicability for nonuniform and non—
isotropic fields. These procedures are particularly effective in the case of a
snall number of initial data (thin network of measuring stations in the consider-
ed region and an infrequent reading of data at an individual station or research
ship). However, if the masses of data are large and the direct realization of the
proposed procedure is difficult due to limitations on the volume of the computer

. memory (this is d=pendent on the specific type of computer used for the process-
ing) it is possible to propose a number of simplified, decomposition or iteration
procedures for the processing of data.

1'

3.
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UDC 551.513.1
MEAN ANNUAL ZONAL ATMOSPHERIC CIRCULATION
Mos cow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 30-35

. [Article by Candidate of Physical and Mathematical Sciences N. S. Sidorenkov, USSR
Hydrometeorological Scientific Research Center, submitted for publication 9 Jan 80]

[Text] Abstract: A semi-empirical differential equa-
tion is derived for the distribution of the ab-
solute moment of momentum. It is shown that the
change in the moment of momentum in the atmo-
sphere is determined by the balance of two flux-
es of the moment of momentum: horizontal, aris-
ing as a result of macroturbulent exchange and
vertical, associated with microturbulent viscos-
ity. Its analytical solution is obtained in the
case of a very simple model of change in the co-
efficients of turbulent exchange. It is shown
that the mean annual zonal circulation arises as
a result of the redistribution of the absolute
moment of momentum of air between the low and
high latitudes under the influence of macrotur-
bulent mixing. Macroturbulent viscosity weakens
zonal circulation. Its stationary state is at-
tained only after accumulation of a definite
positive moment of momentum in the atmosphere,
which is transferred from the earth to the at-
mosphere.

It is well known that as an average for the year in the low latitudes there is a
- prevalence of winds having a velocity component from east to west, whereas in the
temperate and high latitudes there is a prevalence of west-east tramsport. A
change in the sign of the zonal wind velocity component is observed at the earth's
surface in the so-called "horse latitudes" (near #35°). Zones of calms are situat-
ed here. During recent decades it has become clear that variations in the intensity
of zonal circulation of the atmosphere are associated with changes in the earth's
rate of rotation [5, 6]. An intensification of zonal circulation of the atmsphere
- occurs as a result of influx of the moment of momentum from the earth, whereas
weakening occurs as 1 result of its transfer toward the earth. It was also estab-
lished that the moment of momentum of zonal winds is not equal to zero and as an
average for the year is about 131025 kgem2.sec~l [6].
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Modern numerical models of zonal circulation of the atmosphere, applied on an
electronic computer, reproduce the pattern of zonal circulation of the atmosphere
well [3]. However, they did not lead to a significant deepening of our ideas con-
- cerning the physics of the processes forming and supporting zonal circulation. The
results of the numerical models are sets of numbers which differ little from the
data from meteorological observations. We feel that the simplest qualitative theory
makes possible a deeper understanding of the physical essence of the phenomena

than even the most inventive of the existing numerical models. The purpose of this
article is the proposal of such a theory.

We will select a fixed Cartesian coordinate system with its origin at the center
of the earth's mass and with axes oriented relative to "fixed" stars. We will di-
rect one of the axes along the earth's axis of rotation and the other two will be
laid out in the equatorial plane.

We will write the equation of motion of a unit volume of air for this inertial ref-
erence svstem: .

fMp
av, a2 .
p-—E—-:—vP———R:— R 4 F, (1)

where V5 = [2x R] + V, is the velocity of absolute motion, Vg is wind velocity,

. is the angular velocity of the earth's rotation, R is the geocentric radius-

= vector of the considered volume, f is air density, f is the gravitational constant,
Mg is the earth's mass, ¥ P is the gradient of atmospheric pressure P, F is
frictional force, related to a unit volume, t is time,

We will multiply each term in equation (1) vectorally from the left by the geocen-
tric radius-vector R and we will take into account that in the free atmosphere the
frictional force is negligible. Then we obtain an equation for the absolute moment
of momentum of a unit volume of air in the atmosphere

av, _ - d , '
RXxo—F =0 R X Vi =[¢PXR] (2)
The moment of terrestrial gravitation is equal to zero since this force is direct-

ed along the radius R. Projecting the vector equation (2) onto the earth's axis of
rotation, we obtain

di___op
P =~ 3% ‘ (3)

where ) = S2R? sin? © + uR sin O= (8 +x)R2 5in? @ is the projection of the abso-
lute moment of momentum of a unit air mass onto the axis of the earth's rotation,
u = R sin & is the velocity of the zonal wind (positive direction to the east),
ol 1s the angular velocity of zonal air motion relative to the earth's surface,

&) 1is the polar angle or colatitude ¥ to 71/2, Als longitude, reckoned to the east.

We note that the projections of the absolute moment of momentum onto the axes situ—
ated in the equatorial plane are negligible in comparison with the 1 value since
the deviation of the instantaneous vector J¢ from the mean long-term value does not
exceed 106 radian [7], and Vo4V,

The left-hand side of equation (3) by means of the continuity equation can be rep-
resented in the form
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di _ dpl dp  dpl . do
P<dr =~ L =—+% PIVE“I(T'{'
Apl 4
+pv V.)——;;—+v JA'A @

We will represent the divergence V-P?.va of the flux of the projection of the ab-
solute moment of momentum in a spherical coordinate system and substitute (4) into
equation (3). Then we obtain

sl 1 9 1 '} i
% R oR (Rz‘ah'R)—mW (sinﬂpl'ao)— )
. 1 9 aP
7sme or el - 5

Since we are interested in the zonal circulation of air in the atmosphere, we will
average equation (5) in longitude — we will integrate all its terms for A from O
to 271. We take into account that the integrals of the last two terms are equal to
zero, since it is possible to neglect the jumps of pressure and velocity u at moun-
tain ranges. Introducing the traditional notations

2=

;:—-%; del,
0
we obtain aTi 1 e e I
'§7=—"R=“J/?[R’»(Pl% +pi'1'k)]—
1 0 . . —— —— (6)
T Rsing Tglsme (pl‘ve +P1’ve)]-

In equation (6) terms of the type Plvi and /OL'V'i reflect transfer of the projec-
tion of the absolute moment of momentum by ordered circulation and eddies (tur-
bulence) respectively. Investigations of the components of the balance of moment of
momentum in the atmosphere, whose results are summarized in the monographs [4, 8],
indicated that the transfer of the moment of momentum is accomplished for the most
part by turbulence. The role of ordered circulation in the atmosphere is relative-
1y small. On the basis of these empirical data terms of the type Pl vican be
neglected in comparison with the terms pf'v'j.

As is well known, in physics extensive use is made of intuitive phenomenological
expressions relating the fluxes of different physical parameters and the gradients
of these parameters. In particular, in the semi-empirical theory of turbulence the
fluxes of momentum described by Reynolds stresses are assumed to be proportional
to the gradient of mean wind velocity. Adhering to these hypotheses, the fluxes of
the moment of momentum in the vertical and meridional directions can be expressed
by the following approximate equations:

— e ~ o
vy~ —Ag 55 W olT, = — Ay (7N

where Ap and Ag are the coefficients of vertical and meridional exchange respec-
tively.
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Substituting (7) into (6), we obtain a second-degree differential equation in par-
tial derivatives for the projection of the absolute moment of momentum onto the
earth's axis of rotation

a7 _ 1 4 T 1 a (. Al

2l = o (R Ze) + (04, 35) ®)
Equation (8) shows that the rate of change in the projection of the absolute moment
of momentum in a unit volume is determined by the sum of the convergences of the
moment of momentum, or, what is the same, the moments of the forces arising due to
microturbulent (first term) and macroturbulent (second term on the right-hand side)
transfers of the moment of momentum. It makes it possible to compute the zonal cir-
culation of the atmosphere because the distribution of the )} value in an atmo-
sphere rotating together with the earth is known.

Now we will attempt to find a solution of equation (8). For this we will select
the boundary conditions and make simplifications. An obvious boundary condition is
the condition of "attachment" of the air to the earth's surface

2=0, | =QR}sin*® when R = Ry. 9)

Here Ry is the earth's radius. A less obvious condition is the condition at the
upper boundary of the atmosphere. We will assume that there (when R = R) the ver—
tical flux of the moment of momentum tends to zero and therefore

- 0a i
TR =R =0 when R=Ro. (10)

We will, examine a stationary (not dependent on time) zonal circulation of the at-

- mosphere. In this case 3;).1—/3 t~#0 and equation (8) can be written in the form of
an equality of the moments of forces operative in a unit volume due to the vertical
and meridional transfers of the moment of momentum in the atmosphere respectively:

9 [+ p2 0T\ _ 10 ( e oL

(40 Ror) = - g as (A0 5] (1)
The coefficients of meridional and vertical exchange are essentially dependent on
latitude and altitude. In the first wvery rough approximation it can be assumed
that

A, = const, 12)

A,=A,sinB, (I3

where A, = const. It is impossible to assume the coefficient AR to be independent

- of latitude because, as indicated by the theory of the atmospheric boundary layer,
it is proportional to wind velocity u = o R sin &.

Substituting into (11) the exchange coefficients A@ and Ag from (12) and (13) and
taking into account that
or X3 - ) T
57 = o Risin?® +2(Q + 1) Rsin’® z_j,; Rsin?0,
- —g-e- =(Q +2) R’Qin’2.6+ g—g- Ksin* @ = 2R%sin 2 8,
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we obtain . N
9 da __ Ay 23 —sin2@ o,
s R w=-62 7~ R (14)
We will denote the constant value 4
29 -2 =@
A '
and the latitude function o3 siua
)3 —sin?®
v =¢(9).
Integrating equation (14), we have
T=-G®(8) InR—C, (8) 5 + Cs (6). )

The unknown functions of latitude Cl(@) and C2(@) are easily found from condi-
tions (12) and (13) respectively:

C(®)=Gd(8) RS, (16)

Ry
C.(8)=G o (8) (lnR,+—:3—R—8-). an

After the substitution of these functions into expression (15) we obtain a final
expression for the relative angular velocity of rotation of the atmosphere

- L A 23— sima [ R [ ! R
— DR =g ol 23—sinh | R [ 1
1=0® (R fIR) =2 24— —450% [ 3 (Rg R ] n RU}' o

Formula (18) shows that as an average for the year the relative angular velocity
in both hemispheres is negative at latitudes below 35° and positive at latitudes
above 35°. A change in sign occurs at latitudes 35°N and 35°S. With altitude the
velocity increases in conformity to a complex law.

The negative o values indicate that the atmosphere lags in its rotation behind the
earth, whereas positive o values indicate that it outpaces the earth., The earth
rotates from west to east. Accordingly, in the first case (< 0) there is an
easterly wind, whereas in the second (&> 0) there is a westerly wind.

Thus, the resulting solution (18), despite the exceeding roughness of the assump-
tions (12)-(13), satisfactorily describes the latitudinal distribution of zonal
winds in the atmospheric surface layer. The circumstance that the angular velocity
& at the poles tends to infinity is without fundamental significance since there
the R sin #value tends to zero.

Now we will check to see whether the derived solution (18) satisfies the observed
fact that the moment of momentum of the zonal winds_is not equal to zero but as
an average for the year is about 1310 kg-mz'sec'l. For this purpose we will es-
timate the moment of momentum of the determined zonal circulation of the atmo-
sphere (18). In the first approximation we will consider a homogeneous atmosphere
with a constant density £ = Po = 1.29 kgem °, so that its height is equal to

Roo - Rp# 8 km. .
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R, %
1Rsin?84dW =2 =Gp, [ R'f(R) dR[®(8)sintbdo~
G k U

v

K}

h =

=

S 04 . . A
z_g—- =0 75_ fo R(,(Ru‘_’ Ro)3=]/ lO“T:- kg.mz.sec"l.

Here it is assumed that R = 6.37.100 m} = 7.29:10"3 sec™l; W is the volume of
the atmosphere. According to empirical data, the values of the coefficients of
horizontal macroturbulent exchange fall in the range 10°-10 kgsm"‘l'sec‘l, whereas
the values cf the coefficients of microturbulent exchange fall in the range 1-10
kgemLl.sec™l [11. Therefore the ratio Ag/Az eﬁ106, and accordingly, the moment of
momentum is h=17.1027 kgem2-sec~l or approximately 140 times greater than the ob-
served value. Evidently, this noncorrespondence is obtained due to the fact that

- the values of the coefficients of microturbulent exchange A, used in meteorology
do not coincide with their values for the entire atmosphere (because they are
computed, as a rule, on the basis of local, rather than planetary data). We note
that a similar conclusion was drawn by N. Ye. Kochin and his students. In comput-
ing zonal circulation on the basis of the stipulated temperature distribution in
the atmosphere they obtained plausible results only with exchange coefficients A,
of the order of magnitude 103 kg-m'l~sec'1 [2].

- Thus, the above-cited rough semi-empirical theory describes well the principal
peculiarities of the mean annual zonal circulation of the atmosphere: presence
of zones of easterly winds in the low latitudes, westerly winds in the temperate
_ and high latitudes, zones of calms near latitudes +35°, and presence in the atmo-
sphere of a constant positive value of the moment of momentum of zonal winds. The
physical essence of the processes transpiring in the atmosphere is also clear.
Zonal circulation of the atmosphere arises and is maintained under the influence of
meridional and vertical fluxes of the absolute moment of momentum, which are caused
by macroturbulent and microturbulent mixing of the atmosphere respectively.

Macroturbulence, caused first and foremost by the equator-pole temperature con-
trast, transfers the moment of momentum in the direction of a decrease in the
value, that is, from the earth's equator to the poles. As a result, in the low lat-
itudes the moment of momentum decreases (easterly winds develop), whereas in the
temperate latitudes the moment of momentum increases (westerly winds appear). At
- latitudes +£35° the y, value is equal to the average value for the entire atmosphere.
Accordingly, here at the time of mixing the moment of momentum does not change
and no wind arises.

With appearance of winds the forces of microturbulent friction of the air against
the earth's surface arise, that is, vertical fluxes of the moment of momentum
arise. In zones of easterly winds the moment of momentum flows from the earth to
the atmosphere, whereas in zones of westerly winds, vice versa, from the atmosphere

- to the earth. The vertical flux of the moment of momentum weakens the wind. The
greater the wind velocity, the greater is the vertical flux and the greater is
the weakening of the wind. The weakening of wind velocity continues until the ver-
tical microturbulent flux of the mcment of momentum comes into equilibrium with

= the horizontal macroturbulent flux in the direction of the meridian. Only then

does a stationary state set in and will the wind velocity not change with time.

The gecmetry of the zones of influx and loss of the moment of momentum in the atmo-

sphere is different. As a result, the stationary state of zonal circulation is
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= attained only after accumulation of a definite positive moment of momentum in
the atmosphere, which is transferred from the earth to the atmosphere.

3.

4.

5.

6.
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[Text] Abstract: A study was made of the influence ex-

- erted on the accuracy of measurements of temper-
ature and wind velocity in the atmospheric surface
layer which are sensed by the radioacoustic sound-

i, ing (RAS) method, as well as the accuracy of the
speed of sound, angular coordinates and air humid-
ity. A comparison is made of the results of measure-
ments of the temperature and wind velocity pro-
files by the RAS method with similar data obtained
simultaneously with sensors mounted on the high
meteorological mast of the Institute of Experimen—
tal Meteorology. The results obtained by the two
methods coincide within the limits of error. The
possibility of using a priori information on atmo-
spheric parameters in making measurements by the
RAS method is investigated. It is demonstrated that
the use of such information makes possible an ap-

N preciable improvement in the accuracy of the re-

sults. Recommendations are given on the choice of

- the directions for multiple sounding which are best

. from the point of view of the accuracy of the re—
sults.

- Introduction. The radioacoustic sounding (RAS) method is based on measurement of
the velocity of propagation of a sound pulse in the air by a Doppler radar [7].

The speed of sound in the air is

c;:a V_T—+ V,, V (1)
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where T is absolute temperature, Vy is the projection of the velocity of motion of
alr (wind) on the direction of sound propagation, a is a coefficient dependent on
_ the gas composition. For dry air a = 20.0528 mesec—l.x"1/2,

When measuring the speed of sound in the atmosphere in not less than four different
directions by means of the RAS method there is a possibility of simultaneous deter-
mination of the profiles of temperature (T) and all wind components (Vx, Vy, Vz)
[4, 5, 8].

. The RAS method can be used in the following variants:

- -- vertical sounding for measuring the temperature profile [7];

—- sounding in four directions for simultaneous determination of the profiles of
temperature and the wind components [8];

-~ sounding in several different directions (n>4) for determination of the profiles
of temperature and the wind components by the least squares method.

Vertical Sounding

In vertical sounding for determining the temperature profile the accuracy of the
temperature value will be determined using the formula

dar AV (Vigavd

T ./
aT=271 Qo+ g+ ——+ 7 (33" (2)

Here Aa is the accuracy in determining the proportionality factor in the Laplace

- formula (see above); A c is the accuracy in determining the speed of sound; Av,
is the accuracy in determining the vertical wind component; Vx and AVy are the
horizontal wind velocity and the error in its determination.

The assumption that the vertical wind component is equal to zero is introduced in
the case of vertical sounding. Thus, the uncertainty in AVz is a measure of the
accuracy with which this assumption is satisfied.

The fourth term in the radicand of formula (2) determines the contribution to the
accuracy in measuring temperature from the accuracy in determining the horizontal
- component of wind velocity and the accuracy in determining S —— the angle between
the vertical and the direction of sounding. It will be assumed that sin S=08=35.

The coefficient a for dry air is known with a very high accuracy. Lf it is assumed
that relative humidity in the lower layer of the atmosphere is equal to (75+25)%
(as is satisfied in most cases in the middle zone of the USSR), the a value can be
assumed equal to 20.10+0.02 [4].

The accuracy in measuring the speed of sound with a Doppler radar is assumed to be
equal to %0.1 m/sec.[8]. If the vertical wind component is known with an accuracy
to +0.3 m/sec, the accuracy in determining temperature in a vertical sounding re-

- gime will be +0.8°C. If the uncertainty in the vertical wind component (according
to data from independent measurements) is equal to zero, the accuracy in measuring
temperature is *0.65°C.

= The presence of vertical or horizontal wind velocity at the time of sounding leads
to a systematic error in estimating temperature. Computations using formula (1)
show that with a deviation of the direction of sounding from the vertical by 11°,
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a = 20.10, T = 273 K

) -y
av, =~ 1.6 K, (n/sec) and ,,Lé;’: - 0,0287 K/ (m/sec),

that is, the presence of an ascending flow with a velocity of about 10 cm/seé or
a moderate horizontal wind with a velocity 7 m/sec leads to an exaggeration of the
measured temperature by approximately 0,2 K. The horizontal wind will exert an in-

fluence on the measured temperature value only in a case when the sounding direc-
tion differs from the vertical.

Strictly speaking, such a situation exists only when the radar antenna has a very
narrow directional diagram. For real directional diagrams, even in the case of rig-
orously vertical sounding, the presence of a horizontal wind will exert an influ-
ence on the accuracy in measuring temperature, However, an examination of this fac-
tor, dependent on design of the apparatus, is beyond the scope of this article.

Thus, vertical sounding makes it possible to determine the temperature profile but
requires the use of additional (a priori) information for increasing the accuracy of
the results or for introducing correctionms.

An improvement in the accuracy of the temperature value can be achieved, in partic-—
ular, with a decrease in the uncertainty of the a coefficient by means of use of ad-
ditional information on air humidity in the place where the temperature is measured.
A decrease in the uncertainty of the a value makes possible a doubling of the ac-
curacy of the temperature value (to #0.45°C). Further improvement in accuracy re-
quires an improvement in the accuracy in measuring the speed of sound and a de-
crease in the uncertainties of the J and V4 values.

Sounding in Four Directions

Formulation of problem. In more detailed form formula (1) for the speed of sound
propagation in the direction with the number i will read as follows:

F o . ]
¢ =a VT +u, V.,+o V,+w V,. a"
where u;, vj, wi are the direction cosines of the vector of the direction i.

In carrying out sounding in directions indicated in Fig. 1 the system of four equa-
tions for determining the four unknowns (x3 =/ T; xp = Vx; x3 = Vy; x4 = Vy) in
matrix form is written as follows:

-> -

C=MX 3
Here M is the matrix of the system of equations and
sin¢, cose, sind sina, CO0sé&,
sin¢, cosa, sind,sine. CcOS?Y, %)

sin 8, cosz; sind;sina; CoOsy;
a sin®, cosa, sing;sina; cosd,

a2

o
|
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Fig. 1. Directions of sounding with simultaneous determination of temperature and
wind components (four soundings).

The angles & i are the angles between the direction of sounding and the vertical
. (z-axis), the angles O(; are the angles between the projections of the sounding
directions onto the (x, y) plane and the positive direction of the x-axis.

Similar expressions can be written as well for a case when the sound pulse irradi-
ated by the radar is propagated vertically along the z-axis and the electromagnetic
radiation reflected from it is received by four separate antennas with axes inclin-
ed at some angles relative to the z-axis. When making soundings in several direc- =
tions the resulting values for temperature and wind direction are averaged for the

area of the base of a cone with the radius H tgd , and the measurements in indi-

- vidual directions are not made simultaneously. However, with the propagation of a

sound pulse in a vertical direction and reception of the reflected radiation in

four directions the measurements give the instantaneous values of temperature and

the wind components at one point at a given altitude.

The parameters whose errors in determination will exert an influence on the accur—
acy of determination of temperature and the wind components will be

o li=/j=1,23 4)
% (i=56,7,8 k=12 3 4)

P e i=9,10, 11,12, 1=1,2,3,4)
La (i=13)
The solution of equations (3) is written in the form -
) X=yu-1C (5)
) The accuracies of the values of components of the X vector can be determined from _
= the diagonal terms of the covariation matrix _ _
2 _ X o> ok
D(X)=‘-:. D (p) = (6)
- p

Here ax/a p is the matrix of derivatives of the values of the components of the -
X vector for the P parameters; D(p) is the covariation matrix of the p parameters;
the symbol ~ denotes transposition.
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The matrix 855/3; was obtained numerically, by solution of system (3) with the
introduction, in turn, of small increments Apy<pj in the values of all the pj

- parameters. In this case no assumption is made concerning the smallness of the
changes in elements of the inverse matrix M1 with small changes of the A pj para-
meters, such as adopted in obtaining the results in [4].

The errors in determining the values for temperature and the wind components can
be computed using the formulas

AT=2x3x,=2V T4, (%),

)
/s = — =
s, =V X av,=Va, X sv.=Va, %

In a case when in the measurements it is necessary to obtain the wind modulus and
its direction, other than the wind components,

|Vi=V x4+ x3 3 =arclg —E— €))
The errors in determining ‘Vl’ and ﬂ are easily computed from the known values of

the errors in the wind components (with allowance for the nondiagonal terms of the
D(X) matrix).

Choice of values of parameters and their uncertainty. Computations of the values
of the errors were made with some typical values of temperature and the wind com-

- ponents. It was assumed that the temperature at the sounding point was 273 K; the
wind components were Vy = Vy = 10 m/sec and Vz = 0.1 m/sec.

A87°C

& a)

10r

wwe m/sec

rone

o5
Fig. 2. Dependence of accuracy in determining temperature (a), horizontal wind com-
ponents (b) and vertical wind component (c) on accuracy in measuring speed of sound
(four soundings).

On the basis of available data on uncertainties of the parameters used in the meas-
. urements (coefficient, speed of sound, angles in the horizontal and vertical planes)

the principal computations were made with the following values of the uncertainties:
Da = £0.02 mesec=l K°1/2 [4]; AS; = A4 = £0.001745 (1°); Ac = +0.1 m/sec.
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The value of the uncertainty A a was discussed above. The accuracy in determin-

- ing the angular coordinates is ensured by modern instrumentation. The components -
of the uncertainty A c are dependent on the instruments and apparatus used in the
method and therefore a detailed analysis of their values is not given here. We
will only point out that for a RAS system constructed at the Khar'kov Institute
of Radioelectronics [2], the principal components of uncertainty in the measured
speed of sound value are caused by the following phenomena or errors:
a) the error with which the velocity of propagation of electromagnetic waves in
the atmosphere is known; -
b) the short- and long-term frequency stability of the Doppler radar transmitter;
¢) the error in measuring the Doppler frequency, which in turn is dependent on the
frequency distortions of the echo signal in its processing by the receiver and
tracking filter, the errors in measuring the Doppler frequency and the width of
the Doppler spectrum of echo signal frequencies.

Results of computations and experiments. The contributions of individual components
of errors to the total uncertainties of the measured values were evaluated.

The dependence of the total uncertainties of temperature and the wind components
on the accuracy in measuring the speed of sound is given in Fig. 2. Our computa-
tions also made it possible to select the optimum (for obtaining the most precise
results) combinations of sounding directions. The best accuracy for temperature
(AT = +1.4 K) and the vertical wind component (AVz = 10.85 m/sec) is obtained with
with a combination of the angles 1 = 53 =30°; &6, = 84 = 10°. The components
V4 and Vy are determined with an accuracy to 0.3 m/sec. In this case the points
for which the speeds of sound are determined at a particular altitude are situated
on an ellipse with the ratio of the semimajor and semiminor axes equal to ajf/ap =
2.8; the semimajor axis of this ellipse is oriented along the vector of the hori~
zontal wind.

With the combination of angles 51 = 82 = 53 = 30°; 54 = 0°, which in routine

work is ensured far more simply, the error in determining temperature in this case

increases by 6% (to +1.49 K) and the error AV, —— by 10% (to *0.92 m/sec). There

is also a 50% improvement in the accuracy in determining the horizontal wind com- .
- ponents (to +0.2 m/sec).

Thus, it is possible to recommend the following sequence for carrying out simultan-
eous measurements by the RAS method when using four soundings ensuring the best
accuracy of the results:

1. Preliminary measurements with an arbitrary orientation of the directions of sound-
- ing relative to the direction of the horizontal wind.

- 2. On the basis of the results of these measurements, the choice of the orientation
- of directions ensuring the best accuracy of the results. The principal measurements
are also made with this orientation.

The dependence of the accuracy in determining temperature on the choice of scunding
angles is shown in Fig. 3.

- It should be noted that a case when the sounding directions coincide with the gen-
eratrices of a circular cone is exceedingly unfavorable with respect to obtaining
a high accuracy of the results, specifically, when the axis of the cone is inclined
- by a small angle to the vertical.
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Fig. 3. Dependence of the accuracy in determining temperature on the value of the
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- Fig. 4. Comparison of results of determination of temperature, modulus and direc-
tion of wind by the RAS method (1) and sensors on high meteorological mast (2).

The results of measurements of temperature and the horizontal wind components in
the case of multiple sounding are given in Fig. 4. In this same figure, as a com—
parison, we show the profiles of temperature and wind obtained during measurements
by the RAS method using the set of sensors on the high meteorological mast (HMM) of
the Institute of Experimental Meteorology.

- The measurements were made using radioacoustic sounding apparatus developed at the
Khar'kov Institute of Radicelectronics. The operating principle for this instrumen-
tation and the principal technical specifications were described in [2].

As already noted in [4], the presence of correlations of errors of the parameters

E exerts considerable influence on the results. An analysis of the structure of

' errors in measuring the speed of sound indicated that the correlation coefficients
between the errors are not equal to zero because the individual components of errors
for measurements in different directions are the same. A similar situation also ex~

ists for errors in determining angles in the vertical plane and the angles in the
horizontal plane, that is

- Ac,Jc,-!,-,.,>O; Aa,aa,|,-,,,>0; Az, Aa,l;,_,->0;
Xc, 8%, = Ac, 82y =28 Ag; =0,

Ac; Aa=A% Aa=Ag da=0.

The evaluations show that with correlation coefficients A (cicy) = P(S;65) =
P (ocys) = 0.5 the accuracy of the results is appreciably better (by a %ac%or of
approximately 1.5).
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Multiple Sounding

One of the possible modifications of the multiple sounding method is sounding in
several (n) 4) directions. In this case the method for processing the results will
be similar to that which is used in the Manning and Greenhow quasi-multiray methods
[1] for determining the wind in the upper atmosphere from the movement of meteor

trails.

- In this case the matrix of the system of equations for multiple sounding has the

form
4
- n n n
na® a Yu ay, v, aY w,
i=1 i=1 i=1
n n n n
a Yu, L u Yuv Taw 8"
B r'[: i=1 i=1 i=1 fom]
! n n n n
aTv Yoy Lot Louw|
iz} i=} i=1 i=1
n n n "
va Yw, Ywu Twr X®
I im] i=1 ims1 i=1 '
and the column of free terms will consist of the following values:
k4
a 36
) i=1
- a
c;u
Z [Baf ] (8")

S= i=1
ZC.-VI

i=1

H L]
i zfi'wz
=

1

= Use of A Priori Iaformation on Temperature and Wind Values
The examination made above was made on the assumption that when making measurements
of temperature and wind there are no data concerning them, or at least, a priori

information was taken into account in implicit form, as in the case of vertical
sounding for determining temperature.

However, the experience accumulated in meteorology makes it possible, prior to the
onset of measurements, to obtain some information concerning the temperature and
wind at different altitudes (for example, see [3]).
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Now we will examine the possibility of the use of a priori information in deter-
mining temperatyre and the wind components if the RAS method is used in measuring
k values ci(T, V) (speed of sound). One of the possibilities of such use is asso-
ciated with an approach based on the Bayes theorem and set forth in [6].

Assume that prior to the onset of measurements of temperature and wind velocity at
some altitude we know their a priori values: t; = vﬁi; ty, t3, t; —— the wind com
ponents, Vy, Vg, Vg3 t:(j = 5, 6, 7, 8) —— the angles of the directions of sounding
relative to the vertical; ty (L=9, 10, 11, 12) -~ the angles between the direc-
tion of sounding and the x-axis in the horizontal plane; tj3 — the value of the a
coefficient. We will also assume that the a priori covariation matrix R of these
values is known.We will make measurements of k values of the speed of sound ¢y and
determine their covariation matrix V.,

Then, using the Bayes theorem, the assumption of a Gaussian distribution of all the
parameters and the measured values and a linear representation of changes in the
¢y values in dependence on the parameters tj in some region of change in the para-
meters o

e (8) =?(l.7) . T "i“?;)'
- )

we will find the corrections to the a pribri values of the parameters and the a
posteriori matrix of errors of the parameters R' [6]:‘

(R + gv-1g T —T) =gV (C—D). (10)

R = R— Rg (gRg + V)~' gR. 1)

It follows from the positive determinancy of the R and V matrices that with satis-
faction of procedure (11) the diagonal elements of the a posteriori covariation
matrix R' (a posteriori dispersions tj) will be less than the mentioned diagonal
elements of the a priori covariation matrix (a priori dispersions tj). Thus, there
is a refinement of the a priori values of the t{ parameters.

The system of equations (10) makes it possible to determine the corrections to the
a priori values of the parameters tis taking into account the information obtained
in the experiment.

As an illustration of the possibilities of the RAS method with the use of a priori
information, Fig. 5 shows the temperature profile determined by such a method in
the case of vertical sounding (curve 3). As a comparison, in this same figure we
show the temperature profiles obtained using HMM sensors (curve 1) and by means of
the traditional RAS method (curve 2). The estimated uncertainties in temperature
values are also cited.

In obtaining the temperature profile, with a priori information taken into account,
it was assumed that prior to the onset of measurements we knew the relative humid-
ity value at the ground level with an accuracy to #10%, the temperature at the
ground level with an accuracy to +3°C and the vertical wind component at the ground
level with an accuracy to +0.3 m/sec. It was also assumed that in the lower 300-m
layer of the atmosphere the relative humidity changes with altitude by not more
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than 10%, the vertical wind component does not change with altitude, the temper-
ature decreases linearly with altitude and its gradients can be taken from the
the data in [3] for the corresponding meteorological conditions. The accuracies
in the a priori values of the a coefficient, temperature T at an altitude of 150
m and the vertical wind Vy are 0.005 mesec-1/k-1/2, 1°C and 0.3 m/sec.

LI

=
L

i “ % e 7%

Fig. 5. Comparison of temperature profile measured with HMM [high meteorological
mast] sensors (1), by the RAS method in vertical sounding (2) and by RAS method
with the use of a priori information on humidity, temperature and vertical wind
component (3).

The accuracy in measuring the speed of sound was assumed equal to 0.3 m/sec. The
data cited in Fig. 5 show that the temperature values obtained using the sensors

_ on the high meteorological mast, the RAS method and the RAS method with the use

of a priori information coincide with one another in the limits of their estimated
uncertainties. Computations on the basis of formula {2) on the assumption of ab-
sence of a priori information gives for the temperature values obtained by the RAS
method an uncertainty of about #0.9°C (see above). Thus, allowance for a priori in-
formation with an insignificant complicating of the processing procedure makes pos-
sible an appreciable improvement in the accuracy of the results without expending

R efforts on the improvement of instrumentation for improving the accuracy in meas-
urement of the speed of sound.
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UDC 551.577.53(100)
ORGANOCHLORINE PESTICIDES IN PRECIPITATION
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 46~51

[Article by Candidate of Technical Sciences Ts. I. Bobovnikova and A. V. Dibtseva,
Institute of Experimental Meteorology, submitted for publication 2 Jan 80]

[Text] Abstract: Contamination of precipitation by
organochlorine pesticides (DDT, DDE, DDD, X —
and Y -BHC) is examined. The article gives
the results of investigations carried out
in the Moscow region in 1978-1979. It is
shown that despite the ban or sharp restric-
tion on the use of DDT in the well-develop-
ed countries in the early 1970's there has
been no appreciable decrease of DDT in pre~
cipitation. The fallout of DDT with rain ex-
ceeds the fallout of DDT with snow by a fac—
tor of 5-6 and the fallout of Y-BHC in rain
exceeds its fallout in snow by a factor of
10-20.

Considerable quantities of pesticides after their use for contending with agricul-
tural pests and weeds enter the atmosphere. This is attributable, first of all,

to the fact that the pressure of the vapors of poisonous chemicals is sufficiently
great for their evaporation from the soil surface, water and leaves [6]. In addi-
tion, a rather high percentage of the pesticides does not reach the surface to be
protected even in the process of their application. For example, according to data
published by Taylor [13], in the application of dieldrin and heptachlor on fields
covered with grass by means of a surface spraying apparatus 60% of the dieldrin
and 42% of the heptachlor did not reach the surface but remained in the atmosphere.
Pesticides can be present in the atmosphere in the form of vapor or aerosols [5].
Their fate thereafter is dependent on the size of the particles and meteorological
conditions. Reference for the most part is to organochlorine pesticides and some
herbicides which are rather resistant to photochemical reactions and which there-
fore can be present for a long time in the atmosphere. Most cf the organophosphorus
pesticides, as a result of their small persistence, decompose rapidly and it is dif-
ficult to trace their further behavior.

The atmosphere is therefore a potential reservolr for the transport of pesticides.
Pesticides can be washed out from it by precipitation in the form of rain and snow
and the soil and surface waters can be recontaminated. According to [16], the
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principal mechanism by which pesticidea are washed from the atmosphere is rain.

Many scientists in different countries have determined the concentrations of
pesticides in samples of air and rain water takem both at the places where they
have been applied and in clean regions, The concentrations of pesticides in the
air vary in a wide range — from 1:10~15 to 11073 g/m3, depending on the time
and place of the sampling. Higher concentrations have been noted in the regions
of application of the poisonous chemicals and low concentrations are associated
with global residue [6]. The content of pesticides in precipitation was first
measured in the 1960's, when their application, especially the use of DDT, at-
tained the maximum scale [16].

In 1965 Weibel, et al. (United States) determined the content of orgamochlorine
pesticides (DDT, DDE, chlordan, dieldrin, etc.) and the herbicide 2,44,5=T in
samples of rain falling in a rural area 500 feet from the place of application
of poisonous chemicals [14]. The DDT concentration in this rain was 0.6 gl/liter,
DDE -~ 0,2, chiordan -- 0.5, dieldrin — 0.003, 2,4,5-T — 0.04yg/11ter.

In Great Britain studies of the contamination of precipitation by organochlorine
pesticides (OCP) began in 1964. Wheatly and Hardman [15] in the spring of 1964
decided to clarify the possibility of detecting OCP in the atmosphere and there-
fore in rain water in order to explain their presence in uncultivated soils at
- Wellesbourne. The investigations were made at the aerometeorological station at
Wellesbourne. A copper rain gage with a diameter of 8" was set out in a sector
overgrown with grass. Rain water was collected in a glass container with a vol-
- ume of 2.5 liters. Each month the container was changed. The observations were
made from April 1964 through February 1965. Individual rains were analyzed some-
times. The determination was made by the methods of thin-layer and gas-fluid
chromatography. The concentrations of aldrin, dieldrinm, Y -BHC and DDT were at
the level of tenths and hundredths of pLg/liter, that is, at the limit of response
in determining pesticides. On the basis of data on the use of OCP and the rate
of their elimination from the soil the authors calculated the residues of aldrin,
dieldrin, Y’-BHC and DDT in the soil. These were 1, 8, 2 and 30 tons respectively,
which probably were distributed in the upper 5 mm of all the occupied agricultural
areas in England and Wales.

Seven stations for the collection of precipitation have functioned in Ergland
since 1966, Rain water was collected in a glass container which was painted yel-
low in order to decrease photochemical decomposition. Samples of rain water col-
lected during August 1966~July 1967 were found to contain organochlorine pesticides

: (dieldrin, p, p'-DDT, o,p'-DDT, p, p'-DDE, X - and Yy’ -BHC) in concentrations equal
to tenths and hundredths of p—g/liter. Great differences in the content of OCP in
dependence on the place of sampling were not discovered.

Systematic measurements of pesticides in the air and in rain water at five back-

ground and two standard (for comparison) stations have been made in West Cermany
since 1970 [7, 9]. Precipitation was collected in a 10-liter glass container

through a glazed funnel 30.5 cm in diameter (intake area 0.730 m2). The samples
were taken monthly and were analyzed by the gas-fluid chromatography method [8].
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Aerosol particles of air were found to contain DDT, dieldrin and lindane in con-—
centrations of about 1 ng/m3; in rain water it averages 10 ng/g or more. Despite
the banning of the use of DDT in West Germany since 1970 tnere has been no signif-
- {cant decrease in the insecticide in the air and precipitation. In 1971 the DDT
- content in rain was about 400 ng/liter and the content of )"-BHC was about 300 ng/

liter [9].

In Japan special attention has been devoted to the study of hexachloran in the en-
vironment, especially in rain. This was attributed to the fact that at the end

of the 1960's BHC was used in great quantities. The precipitation collector was
situated on the roof of a building at Tokio University, in a city area with no
nearby fields. The samples were taken in dark five-liter bottles, from December
1968 to November 1969 [10].

The concentration of & -BHC was from 45 to 830 ng/liter and the concentration of T~
BHC was from 29 to 398 ng/liter. Seasonal variations in the concentrations of al—
and Y -BHC were observed. The maximum values were discovered in the summer months
and the minimum values were observed in winter, which was associated with the use
of pesticide in summer. However, the contamination of rain water with BHC was ob-
served throughout the entire year. This fact gives basis for assuming that the
principal portions of BHC entering into the atmesphere fall onto the earth in

the course of a short time; the remaining quantity remains in the atmosphere and
gradually falls out over the course of a prolonged period.

During 1973-1974 Gitsova in Bulgaria [3] investigated the content of organochlor-
ine pesticides in natural waters, including in rain water. The precipitation
samples were collected at the hygiene center in Sofia over a period of 13 months
(October 1973 - November 1974). The average concentrations of 7’~-BHC were 35 ng/
liter, and for p,p'-DDT — 68 ng/liter.

- According to the data in [11], the quantity of DDT used on the earth was about
100,000 tons, of which up to 40% of the DDT was used for contending with malaria
and the remaining 60% for contending with domestic insects and agricultural pests.
DDT is used for the most part in the developing countries (India, Republic of Chad,
and elsewhere) to which 90% of the DDT produced in the well-developed countries
(United States, West Germany, Japan, France and others) is exported.

In 1974 specialists at the Imstitute of Experimental Meteorology began work on

study of contamination of the soils and rivers by residual quantities of organo-

chlorine pesticides. In earlier studies we demonstrated that at the present time

- organochlorine pesticides are discovered in all objects of the biosphere —- soil,

E surface waters, fish and precipitation [2]. The discovery of DDT, its metabolites,
O - and Y-BHC in the soils of preserves and in rivers flowing far from agricul-
tural regions led to the idea of initiating systematic observations of the levels
of contamination of precipitation. For this purpose we used an automatic collector
of dry and wet fallout developed at the Institute of Experimental Meteorology by
¢. G. Belov [1]. The instrument consists of a precipitation indicator, actuating
mechanism and two enameled receiving containers. The sensitivity of the precipita-
tion indicator makes it possible to activate the actuating mechanism with the en-
try of raindrops or smowflakes with a diameter of 200 o From the moment of
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onset of the falling of precipitation the receiver of dry fallout (atmospheric
dust) is tightly covered by a lid. Upon the ending of the rain or snow the 1lid
covers the tank with precipitation and the tank for the collection of dry fall-
out is opened. The precipitation for the month is poured into a dark glass bottle
and analyzed. With the falling of more than 2 mm of precipitation each rain is
analyzed.

The precipitation is doubly extracted with distilled n-hexane; after purification
and concentration of the extract the analysis is made with a gas—fluid chromato~
graph, The analysis error is 15%.

Spnow falling on a backing over a month period is analyzed. For comparative purposes
the snow is sampled at several points around the backing., After the snow is thaw-
ed in an enameled container the volume of the sample is determined and then it is
analyzed using the method described in [4]. In determining organochlorine pesti-
cides in precipitation an effort is made to reduce to a minimum the contamination
Irom reagents and other sources within the laboratory. The container is carefully
washed and all the reagents are purified and checked for chromatographic purity.

In addition, blank experiments are made in each case.

Table 1 gives the mean monthly concentrations of organochlorine pesticides and

-heir fallout with precipitation during 1978 and the nine months of 1979. The

table shows that DDT and Y-BHC are discovered in all seasons of the year. On the
average, the observed concentrations are at the level of tenths of ng/liter, spe—
cifically: DDT -- from 15 to 120 ng/liter, Y -BHC —- from 13 to 100 ng/liter. The
content of the metabolite DDE in precipitation exceeded the quantity of DDT or was
equal to it. It is known that DDE is a product of the transformation of DDT caused
to a considerable degree by photochemical processes transpiring in the atmosphere.

During summer the transformation of DDT into DDE is accelerated appreciably. A con-
firmation of this fact is comparative data on the ratio of the concentrations of
DDE/DDT in separately collected rains and precipitation collected during the month.
Such an experiment with the use of two separate precipitation collectors was carried
out in June and July 1979. Individual rains were collected in one collector for an-
alysis and the monthly precipitation was collected in the other. At the end of the
mounth the precipitation was poured out and analyzed for its OCP content. In addi-
tion, dry fallout was collected in the dry fallout collector. At the end of the
month this collector was washed out with acetone and carefully wiped with gauze
wetted with acetone. The pesticides were extracted from the wash fluid and marl by
hexane.

The results obtained in this experiment are given in Table 2. The DDE/DDT ratio for
individual cases of precipitation varied near 1 and did not exceed 1.5; for precip~
itation collected during the month it was 3.2-3.5 (Table 2). The transformation

of DDT into DDE was still more appreciable in the sample of dry fallout in July when
there were few days with precipitation (four days). The remaining time the collector
of dry fallout was open; the mean air temperature was 17.6°C, which favored the

- photochemical transformation of DDT in contrast to a closed collector. In July the

_ quantity of precipitation was maximum (147 mm), the number of days with precipita-
tion was 17, and despite such a large number of days with precipitation the DDE/DDT
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Table 2

Content of DDT and DDE in Individual Falling Rains and in Monthly Fallcut (Wet
and Dry), ng/liter

Date of falling P, p'-DDT p,p'-DDE DDE/DDT
of rain
B June 10 433 640 1.5
27 170 200 1.18
28 55 64 1.16
30 40 37 0.93
Mean
monthly 85 280 3.2
- Dry
E fallout 73 1250 17.2
July 5-6 18 18 1.0
7-8 30 30 1.0
9, 10, 11, 12 58 66 1.14
- 13 21 23 1.1
14, 15 30 33 1.65
18, 20 114 95 0.83
23, 29 162 137 0.84
B Mean
- monthly 25 80 3.2
Dry
fallout 95 700 7.4
Table 3

- Fallout of Organochlorine Pesticides With Rain and Snow, g/km?

_ Pesticide 1978 1979 (9 months)
- with with  rain/snow with with rain/snow
) rain snow rain snow
B ps p'-DDT 12,53 2.1 5.98 21,7 3.62 5.15
P> p'-~DDE 14.5 2.6 5.6 22,0 2,62 8.3
- Y—BHC 13.8 0.7 19.8 13.4 1.23 10.9

ratio for dry fallout was 7.4. These results show that it is possible to give a
correct estimate of the fallout of DDT from the atmosphere during summer when in-
dividual rains are collected and analyzed and that the principal mechanism for the
transformation of DDT in the atmosphere is probably in the chain DDT-DDE. Such a
transformation is characteristic for summer. During other seasons of the year the
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formation of DDE is considerably slower (Table 1).

With respect to another product of DDT metabolism, DDD, there are few conditions
for its formation in the atmosphere. It is known that the transformation of DDT
- into DDD occurs for the most part in biological systems, both living and dead. The
— process of transformation of DDT into DDD is favored by anaerobic conditions, por-
phyrins of bivalent iron, etc. [17]. Accordingly, the DDD concentrations in pre-
cipitation are lower than for DDT and DDE. During winter DDD is either not observ-
ed at all or is discovered in concentrations below the instrument response.

During 1978 the following fell with precipitation: DDT —- 14.6 g/kmz, DDE -- 17.1
g/kmZ, Y -BHC -- 14.5 g/kmz. In 1979 the quantity of falling organochlorine pesti~
- cides increased. For example, over a nine-month period the following quantities
- fell: p,p'-DDT —- 25.3 g/kmZ, p,p'-DDE — 24.6 g/km2, 7/ -BHC — 14.6 g/knZ.

The greatest quantity of OCP falls with rain. Table 3 shows the fallout of DDT,
DDE and 7Y-BHC with snow and rain. Five or six times more DDT falls with rain
than with snow; ten to twenty more times Y -BHC falls with rain than with snow.

The results shcw that at the present time, despite a sharp restriction on the use

of DDT in the well-developed countries, the possibility of atmospheric contamina- i-
n tion has not decreased. This is possibly attributable to the fact that the use of !
this pesticide in the countries situated in the southern latitudes is leading to
{rs more intensive evaporation and secondary contamination of envirommental ob-
jects due to precipitation.
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UDC 551.510.534
NATURAL COMPONENTS OF THE FIELD OF TOTAL OZONE CONTENT IN THE NORTHERN HEMISPHERE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 52-57

[Article by A. Ye. Kaygorodtsev and Candidate of Physical and Mathematical Sci-
ences 0. M. Pokrovskiy, Main Geophysical Observatory, submitted for publication
18 Dec 79]

[Text] Abstract: It is demonstrated that 15-20 empir-
ical orthogonal functions ensure the effective
description of a broad spectrum of fluctuations
of the field of total ozone content observed at
stations in the ozonometric network in the north-
ern hemisphere in both winter and summer. The lat-
itudinal and zonal structure of the most important
natural components for each of two seasons is an-
alyzed. The regions corresponding to the maximum
statistically independent variations of ozone and
the discriminated natural components are indicated.
The correlation between individual spatial anomalies
in variations of the nzone field and the peculiarit-
ies of atmospheric dynamics is traced.

In addition to numerical modeling methods, an important means for investigating

atmospheric processes is an analysis of the results of observations of the prin-
cipal physical parameters of the atmosphere. Statistical algorithms for the pro-
cessing of the results of observations have now acquired great popularity; among
these a leading place is occupied by the natural components method [2].

A study of modern climatic variations involves investigation of a number of phys-
ical mechanisms, among which is the possible change in radiation-dynamic-photo-
chemical processes in the stratosphere as a result of fluctuations in the concen-
tration of its optically active components. Atmospheric ozone is among the latter.
Accordingly, monitoring of the evolution of the global distribution of ozomne is
attracting the attention of many researchers. The prospects for a possible change
in the structure and mass of the ozonosphere caused by anthropogenic factors is
one of the reasons for the increasing interest in this problem. The basis for
such investigations should be an analysis of data from observations made in the
ozonometric network. At the present time the most complete data are mean monthly
ozone values in a regular grid for both hemispheres for 1957-1967, published in
[4]. It is ciear that the planning and development of new observation systems, as
well as the evaluation of their information yield, should be based on the use of
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accumulated ohservational data.,

It is known [2] that the use of empirical orthogonal functions (EOF) ensures the

most compact representation of statistical information on the variability of the

components of geophysical fields. The EOF basis can be used not only for optimum

approximation of this field for the purpose of carrying out an objective analysis
of the results of current observations, but also in realization of the method for
evaluating the information yield of the global rystem of observations and its op-
timization [3].

This article is devoted to an analysis of the results of computations of EOF for
the horizontal field of total ozone cantent in the northern hemisphere according

to the data in [4]. The computations were made separately for the summer and win-
ter seasons.

Characteristics of Effectiveness of Approximation

The characteristics of computation of the eigenvalues [Ak] and the eigenvectors
Py} for a case when the number n of grid intersections exceeds the volume r of
the sample are presented in [1] and are not considered in this article.

We will discuss the characteristics of effectiveness of an approximation using an
EOF basis, The measure of the effectiveness of an approximation containing k ele-
ments of the EOF base (k< n) is described by the relative accumulated dispersion

« n’
ai:Z I?/Z /;
i=1 =1

- The 1 - § 2 value represents the relative residual dispersion of the analysis rel-
ative to the total base and is an integral measure of effectiveness of the approx-
imation. The diagonal elements of the residual matrix of covariations in the grid

1 3
A
Ry=R—X NP P
i=1
give some idea concerning the spatial distribution of the error in the approxima-
tion using k elements of the EOF base.

Two seasons must be distinguished in the investigation of ozone. The ozone distrib-
ution in the winter season is characterized for the most part by the appearance of
peculiarities of atmospheric circulation. In the summer the anomalies of the ozone
field are attributable to the influence of both dynamic and photochemical factors.
In the computations use was made of data for 1957-1967, applying to the periods

- December-April and June-October. Each of the two samples consisted of 50 series of
observations. The dimensionality of the problem was determined by the number of
grid points of intersection and was 162. The regular grid had a 10° interval in
the range 5-85°N. The interval in longitude was 20°.

First we will examine the integral characteristics of effectiveness of approxima-
tion with the use of EOF. The table gives the eigenvalues Ay and the relative
accumulated dispersions § 2 corresponding to the first 18 elements of the EOF
base for each of the two Sgasons. The ?qcvalue is the mean amplitude of the k-th
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harmonic from the EOF base and therefore characterizes its contribution to the
description of the natural variability of the ozone distribution over the hemi-
sphere. The mean value (from the grid) of the natural variations of ozone con-
tent is described by the value ) e

!

r
Vel tring = ‘ IS
]

During the winter-spring period the mean variations are 82.10-3 cm, whereas in the
summer-autumn period they are 51¢10°~ cm. Thus, the natural variations of ozone
during winter are approximately 1 1/2 times greater than in summer. It must be

- remembered that the data which we have cited on the structure of variations of the
ozone field to a considerable degree reflect the nonuniform character of the dis-
tribution of stations in the ozonometric network (Fig. 1). In both seasons there
is a rapid convergence of the é'i values to 1 (see Table 1). The first nine EOF ac-
count for 95% of the dispersion of the sample in winter and 91% in summer. The
next nine functions ensure only an increase in the mentioned values by 3 and 6% re—-
spectively. The table gives the decrease in values of the mean amplitudes ﬂk to
values of about 3.10~3 cm, which is approximately 1% of the mean total ozone con-
tent. Thus, in general, a small number of EOF can satisfactorily reproduce a broad
spectrum of ozone variations observed in the morthern hemisphere by the existing
network of ozonometric stations.

Fig. 1. Natural variations of field of total ozone content during winter season, in
103 cm. The dots and circles represent the location of stations in the ozonometric
network.

Spatial Structure of Most Important EOF

First we will examine the winter-spring period. The distribution of standard devia-

tions (see Fig. 1) is characterized by a quite uniform zona®@ structure. Exceptioms

are the Siberian and Canadian anomalies, corresponding to regions of stationary
= (standing) waves. It is possible to note some zonal nonuniformity in the region of
= the Northeast Atlantic, being an active synoptic zone, and also in the middle lat-
itudes part of the Pacific Ocean coast of Asia, where there is an effect from an
easterly jet stream. It can also be noted that the mentioned regions are supplied
with data from the ozonometric network (see Fig. 1). Accordingly, it can be assum-
ed that the detected anomalies reflect the real nature of variations of the ozone
field.
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Table 1

: Characteristics of Approximation of Ozone Field by EOF

| 3nMma—BbecHa 1 Jlero—ocens 2 3nmMa—BecHa 1 Jleto—oceds 9

1

k A 2 N y k ie 2 ‘h o .
B (1o—='u) oo uo-vew| e o-vear] *x o |tioen| e

1. 61,6 0,74 } 34,1 0.64 6] 85 0.92 59 0.86

2! 193 031 1 12,1 0.72 9! 55 0.95 4.7 0.91

3 132 08 | 96 0.77 12 45 2,96 3.7 0,93

4 123 U0 ' 88 0.82 18] 3.2 0,98 27 0,97

5 112 ' 090 6.8 0.84

KEY:
1. Winter-spring
2. Summer-autumn

! : )
180 NS 0 45 [/ 15 50 Al 180

Fig. 3. Natural variations of field of total ozone content (summer), in 1073 cm.
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Fig. 4. First natural component S, (summer season), 1073 cm.

Now_we will discuss the structure of the statistical modes S; = AjPi. The nonnor-
malized EOF S; are more graphic than the normalized functions Pj, since they give

some idea how a priori uncertainty of the field described by the covariation matrix
R is covered. The fact is that r K
R =3 s;-8].

=1

The S; mode describes the latitudinal structure of variations of the ozone field
and some characteristics of the above-mentioned zonal nonpuniformity. Our computa-—
tions indicated that the meridional gradient of variations has a structure similar
to the meridional gradient of the mean field. The mode S, represents a harmonic
with two maxima in the regions of the Canadian and Siberian anomalies, having dif-
ferent signs (see Fig. 2, where the zero isoline is represented by circles). The
maxima of the third mode S3 are situated in the northern synoptically active zones
of the Atlantic and Pacific Oceans, where there is the most significant heat trans-
port from the ocean to the atmosphere in winter., In the low latitudes the zonal

B nonuniformities in ozone variations are manifested only in the fifth mode. The
corresponding amplitudes are only about 3103 cm. Thus, the principal fluctua-

B tions of the ozone field in winter are in the high and middle latitudes, where
there are regions of stable variations of the pressure field.

Now we will examine the summer-autumn period. The distribution of natural varia-
) tions (Fig: 3) in this case differs from the corresponding winter distribution
(compare with Fig. 1) in an appreciable increase in zonal nonuniformity, the ap-
pearance of an extensive maximum over Europe and the Northeastern Atlantic. We
note that the latitudinal dependence of the distribution of natural variations,
the same as the latitudinal dependence of the mean ozone field, decreases apprec—
) iably during the summer-autumn period. The maximum values of the variations in
summer are only less than half the corresponding winter values. The mentioned
characteristics are attributable to a considerable degree to the fact that in sum-
mer meridional circulation (and this means ozone transport as well) in the north-
ern hemisphere attenuates considerably at all latitudes. The first mode Sy (Fig.
4) has a well-expressed zonal nonuniformity over Eurasia in Northwestern Europe,
Eastern Siberia, and also in the region of Southern and Southeast Asia. It can be
assumed that the existence of the latter two anomalies is governed to a consider-
able degree by the influence of the Asiatic monsoon, which is characterized by a
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deep intrusion of air masses from the ocean onto the continent and also by an east-
erly jet stream in the western sector of the Pacific Ocean.

The second mode S; is a harmonic with two maxima of different signs in Eastern
Siberia and on the Atlantic coast of North America. We note the stability of the
Siberian anomaly throughout the year.

The mode S3 demonstrates the diversity of characteristics of atmospheric dynamics
in summer at different latitudes. The maxima of this mode are situated in the
northern part of Canada, in the Northeast Atlantic, in the central and southern
parts of Asia, and also in North Africa. The existence of the last of the mention-
ed zones is probably associated with the baroclinic mechanism of formation of dis-
turbances at the center of the African continent [5]. The Asiatic anomaly, due to
its elongation in the direction of the Indian Ocean, probably is of a monsoonal
origin,

In summarizing, we can formulate some conclusions.

1. A small number of elements of the EOF base can quite effectively represent the
broad spectrum of fluctuations of the field of total ozone content observed at sta-
tions in the ozoncmetric network. Sets of the first 15-20 EOF make it possible to
describe 97-99% of the generalized dispersion of ozone variations.

2. The natural variations of the field of total ozone content are characterized by
a latitudinal dependence during winter, and also a well-expressed zonal nonuni-
formity in summer.

3. The study of the first matural components makes it possible to define regions
of statistically independent ozone fluctuations and trace their relationship to
the characteristics of atmospheric dynamics.

4, The most stable region of anomalous ozone variations is the central region of
- Eastern Siberia. Among the other regions of this type are the northern synoptically
- active zones of the Atlantic and Pacific Oceans, the region of influence of the
- Asiatic monsoon and the zone of stationary waves in the northern part of Canada.
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PARAMETERIZATION OF HEAT AND MOISTURE EXCHANGE IN STORMS APPLICABLE TO PROBLEMS
IN INTERACTION BETWEEN THE ATMOSPHERE AND OCEAN

i Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80, pp 58-64

[Article by A. L. Kazakov and Candidate of Physical and Mathematical Sciences V. N,
Lykosov, Computation Center Siberian Department USSR Academy of Sciences, submitted
for publication 28 Jan 80]

[Text] Abstract: On the basis of the Borisenkov-Kuz-

netsov model [3] the authors propose a simple

- and economical method for computing the fluxes
of apparent and latent heat caused by the pres-
ence of spray clouds in the surface (near-water)
layer of the atmosphere during storms. The derived

- parametric formulas can be used in numerical models
of interaction between the atmosphere and ocean and
also in the processing of experimental data.

Introduction. According to [2, 12], during storms, in addition to turbulent trans-
fer of momentum, heat and moisture, an important role is played by heat and mass
exchange caused by the presence of spray clouds in the near-water layer of the at-
mosphere. The principal mechanism determining the entry of droplets into the near-~
wWater layer is assumed to be the collapse of foam air bubbles. Different aspects
of experimental investigations of this process are discussed in detail in [6, 9,
11-13].

In the development of a physical-mathematical model of interaction between a spray
Cloud and the surrounding medium, and also in the parameterization of these process—
€s in problems of atmospheric dynamics,it is necessary to solve problems related to
both the formation and development of a spray cloud (so-called "dynamic" problem)
and determination of the heat regime of an individual droplet (so~called thermody-
=z Namic problem) [3]. Their joint solution meets with great difficulties and there-
fore in the first stage of the investigations it was desirable to solve these prob-
lems separately in order to analyze the solution of each of them in detail with
Stipulated "external" parameters. For example, in {4, 5] a solution of the heat
balance equation for a droplet was obtained and analyzed on the assumption that:
a) interaction of droplets with one another is not considered; b) during the time
of "flight" of a droplet from the moment of its departure from the water to its
falling back into the water ({1 sec) the changes in its mass, size, salinity and
heat capacity can be neglected; c) processes of radiation exchange of a droplet
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with the surrounding atmosphere are not taken into account; d) wind velocity, tem

- perature and air humidity are assumed to be constant with height and equal to their
values at the level 10 m; e) in order to stipulate the specific humidity at the
droplet surface use is made of a linear approximation of the Magnus formula, cor-
rect only with small deviations of droplet temperature from air temperature.

Despite the fact that the evaluations of heat and moisture exchange made in [12] for
stormy weather conditions by the use of this model had a preliminary character, the
results of their comparison with real data were encouraging. With respect to the
dynamics of a spray cloud, in [1, 3, 4] it is proposed that it be parameterized by
stipulating the flux of spray droplets and the time of their flight, determined
from solution of the equations of motion of a spherical droplet. In [3], being a
development of [4, 5], the flux of droplets is expressed through the empirical
droplet-size distribution function and the dependence of liquid water content on

= wind velocity. The use of the asymptotic Laplace method by these same authors for
simplification of expressions including both dynamic and thermodynamic parts en-

) abled them to derive parametric formulas for computing the fluxes of heat and mois-

- ture under stormy conditions. However, for the realization of the algorithm cited
in [3] it is necessary to have considerable computer time (about 5 sec on a BESM-6
computer for computing one meteorological situation). In connection with this cir-

= cumstance the purpose of this communication is the derivation, on the basis of the

B results presented in [3], of simple and economic parametric formulas for computing
the fluxes of heat and moisture under stormy conditions for their use in numerical
models of interaction between the atmosphere and ocean.

Initial Model

By definition [3], the vertical transport of apparent (Hdrop) and latent (LEgyop)
heat accomplished by droplets from 1 cm“ of water surface is described by the fol-
lowing expressions. [Here and in the text which follows use is made of the cgs sys-
tem of units and temperature is indicated in °C. The sought-for fluxes have the

- dimensionality cal/ (cm?+sec).]

He= gf"onx: ab, W
0
LE, =L b;fm,,fx,dD. (2)
[K = drop] where f is the droplet—size distribution function,
i et ) I
6 ku * 3* D \n i . (D
: f= e () exe [~ w () ] @
F(‘———k )tp,D‘m n mn

n
Pva'

k, n are dimensionless constants, selected on the basis of observational data, D is
droplet diameter, Dp is the so~called modal diameter of the droplet for which the
f function attains a maximum value, F(x) is the gamma function, /Ow is water den-
sity, 8 * is the liquid water content of the spray cloua,
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: . i 28 o]\ a o~
- 8* = 0,22 exp (—m), Ug=—, u=100cuc, [cm/sec]
] u

(4)

[6= spray] u is wind velocity, wy is the initial vertical component of droplet
velocity,

1% .
_ 0, =2 w,, (5)

Wg p 1S its value with D = Dp, Hdrop s» Eqrop s aTe the total quantit.:ies'of hzf.at
and moisture respectively released by droplets of the diameter D during the time
(T) of their presence in the air,

. t;v._.‘[ e e e e
_ He,=2 =D?~kﬁ{’-(fa—-tp)—i‘-——a—!—l-[exp(—a,—.)— 1]}, (6)
i o (e —fp) 7
Ets:‘?-:DpdkE{(lltp':"?‘x)"‘f”'—‘—"“;‘l—_p‘[l—exp (—a,‘-.'”}, ™
B ®)

t=A, (D, @y ) exp [—a, (D, w,,) u)
[p = equil]

Ao (D, ’(an) and g (Dv wﬂm)
are approximation coefficients,

adpke L+ by (9

4=12

)O is air demsity, cy is the heat capacity of water,

_ 4950 g4
g HETATIT05 e+ I (10)
_5, =1 - @y tai (1)

t, is air temperature, ty is the temperature of the water surface, qg is saturating
specific humidity,

3.8 / IT.51 4,
> )

9:= =~ &P o957, (12)
- I} is the deficit of specific humidity in the near-water layer,
L = q5 - qa, a3

qg is air specific humidity, p is pressure, tequil is the so-called equilibrium tem-

perature of the droplet, ¥
Ry Mg —3dykg L
tequll - kH "+ “ldeEL ' (14)

ky, kg are the ventilation ccefficients, taking into account the influence of
wind velocity on the intensity of heat and moisture exchange between a droplet and
the scvrrounding medium [10],
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ky=14023 Prif> Re2, k=14 0,23 Scl/5Re'’2, (15)

Re, Pry, Scy are the Reynolds, Prandtl and Schmidt numbers respectively,
- " — S .
Re = o Pr, = L Sc,= S (16)

A, X, N are coefficients characterizing the molecular properties of the air: its
thermal conductivity, thermal diffusivity and dynamic viscosity respectively, d is
the coefficient of molecular diffusion of water vapor, L is the latent heat of
evaporation. In accordance with [10],

2 105=577+0,16f,.  1-108=17240.51,,

d=0,22+0,0015 ¢,, L =597,26—0,647 1 ,.

amn

However, it seems entirely natural that in the first approximation these values can
be considered constant and equal to their values with t; = 10°C. With respect to
the values cy, P, they also, without substantial error, can evidently be assumed

to be as follows:
cw = 1 cal/(g*°C), /Ow = 1 g/cm3.

For the practical use of (3) and (5), the following values of the parameters are
recommended in [3]:

Dp = 0.015 cm, k = 1, n= 2, wy m = 300 cm/sec. (18)

In this connection it must be noted that qualitative and statistically support-

ed experimental data on change in the function f and the parameters Dy, k, n asso-
ciated with it, and also on the liquid water content during strong winds are lack-
ing. What has been said also applies to wq ;. Accordingly, adopting nevertheless
for further practical use the values for the parameters (18), it must be remembered
that they can be replaced by others corresponding to more reliable measurements or
numerical experiments. For this same reason we considered some values (as in 3D
with allowance for a possible range of changes wg p = 50-300 cm/sec.

Derivation of Economical Parametric Formulas

It follows from the form of formulas {3), (5)-(7) that after their substitution into
(1), (2) the greatest difficulties for analytical integration are the expressions
(6) and (7). Therefore, we will discuss in detail their transformation so as to
facilitate the determination of (1), (2). An analysis of (6), (7) shows that the
parameters ® i, tequil and 1 are functions of droplet diameter. Taking into account
the relative smallness of the difference in the ventilation coefficients, for the
heat and moisture exchange of a droplet with the surrounding air with the usually
employed values Pry = 0.71 and Scy = 0.62, wve introduce some mean ventilation coef-
ficlent

k=1+02VRe (19)

and we will transform expressions (9) and (14) to the form
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—A 'cw?dk e . .
[3¢ = eff] “=12 D ' (20)
L
[p = equil] tp:ta—;’j n, (21)
where

A
Cop =—+a, L.
P (22)

In order to explain the nature of the dependence of droplet flight time on its dia-
meter we used expression (8) and a table of the coefficients A, and &~ cited in
[3]. An analysis of the resulting graphic material indicated that there is a pos-
sibility for approximating this dependence by a formula in the form

=2 - @

where

g : X (24)

A
In finding the proportionality factor 7T and the exponent } we used as a point of de~
parture the fact that the relative error in computing T from (23) in comparison
with its values computed from (8) must not exceed 10% and insofar as possible must
be minimum near D = Dp. In addition, since the influence of spray in the general
balance of heat and moisture exchange becomes appreciable at wind velocities 2 15
m/sec, we limited the possible range of u changes downward to the value ug = 15 m/
sec., The values of the parameters ’Co, T'y and Y computed in accordance with the
conditions stipulated above are given in Table 1. We note, however, that since ex-
pression (23) is an approximation of formula (8), which in turn is an approximate
result of numerical experiments, the resulting values of the parametérs are also
approximate and in the future can be made more precise.

Table 1

Dependence of the Y/ T, and T 'y Parameters on the Modal Value of the Vertical
Velocity o? Departure of Droplets from Water Surface

Wom CHic_cm/Bec

100 240 300

0,74 | 0,68 | 0,68
9,3221| 14,044} 16.8518
1,0418 1,5239( 1,829

v 0.
::,-]01‘ 7.
T, - 108 0

u

We introduce the notation

y= } —exp (—a; %) (25)

at

67

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

and we will transform expressions (6), (7) with the introduced simplifications (19)~
(24) taken into account, Then we have

H.,=2 :D;.k‘;(-b%)Y[,l ;L;; - (t,,—t,,-i»:'. —c%) y], (26)

E, =2 .—.Dpdk:(u_i.)’[ﬂ (1 —a,&)+a,y(tw—ta+ﬂ,%)}. 27
[K = drop, 2¢ = eff]

Table 2

Dependence of Integrals I, I; on Modal Value of Vertical Velocity of Departure of
Droplets from Water Surface

Wom c¥iC cm/sec
!
50 100 | 200 300

i

1, 10.35309 0.3271410.3x791 0.31791
n 10.47691| 014327 |,41687|0,4i687

Now substituting (3), (5), (26) and (27) into (1), (2), as a result of integration
we obtain the following parametric formulas:

Hx =Cx [ﬂ C—,L‘T (‘Fi - ?2)+(ta — tw) ‘Pz]r (28)
LE,=LCd> {»1 \'?1 - ‘E%‘ (9, — ‘?2)] + o (85— ) ?z} ’ (29)
where
) Lan] A
o kx* wagtts (30)
C=12 —mgy
I‘( 7 )Pme
o,=1,+027VRe, 2.=1+02/LVRe,, (31)
[1,-'-‘—{5 " exp (—px*) dx, 13=5' TN exp (- uxb) dx, (32)
bl
o« o ' (33)
L= x*"yexp(—nxt) dx. [=| TT7" yexp(—px*) dx.
0 b
Rem: D,;IIP "’ (34)
D (35)
* = bm

The values of the Ij, I, integrals were found analytically in [8] and are given in
Table 2. With respect to computation of the integrals I3, I, for their determina-
tion we used the Lobatto numerical method with automatic choice of the integration
interval [7]. In this connection, for evaluating the error arising due to the
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introduction of the finite droplet spectrum we first carried out computations us-
ing formulas (32) for comparison of the numerical and analytical integration meth-
ods., This comparison indicated that when using the selected droplet spectrum (D=
103-2+10"1 cm) the relative error in numerical integration was X 10-6%. Table 3
gives the values of the integrals I3, I, obtained by averaging of their extremal
values with possible changes in pressure p = 970-1030 mb and wind velocity u = 15-
40 m/sec for each stipulated air temperature value t,.

Now we will note another important property of the derived parametric formulas (28)
and (29). This is the relative influence of the temperature and humidity fields on
the heat and moisture exchange of a spray cloud. Thus, the apparent heat flux is de-
pendent not only on the diffusion of heat, but also on the moisture deficit in the
near-water layer. And evaporation, in turn, is determined, in addition to the
deficit of saturation in the surrounding air, by the conditions of thermal strat-
ification in the near-water layer.

The algorithm for computing the fluxes of apparent and latent heat due to spray

clouds during storms cited above was applied in the form of subprograms in FORTRAN

for the BESM-6 electronic computer. The time for computing one variant with the

input data tz, tw, q4, p and u does not exceed 0.0l sec. At the present time this

method is being tested in a model of general circulation of the atmosphere and

- ocean formulated by the Computation Center Siberian Department USSR Academy of Sci-
ences,

In conclusion the authors consider it their pleasant duty to express their appreci-
ation to Ye. P. Borisenkov, R. S. Bortkovskiy, M. A. Kuznetsov and A. G. Yantsen
for useful discussion of the article.
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UDC 551.(465.7+553.8) (265)

VARIABILITY OF ACTIVE LAYER CHARACTERISTICS IN THE NORTHWESTERN PACIFIC OCEAN
DURING PASSAGE OF A STORM

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 65-68

[Article by K. A. Rogachev, Pacific Ocean Oceanclogical Institute, submitted for pub-
lication 20 Aug 79]

[Text] Abstract: The interaction between the boundary
layers of the atmosphere and the ocean is model-
ed at a synoptic time scale, The wind mixing of
different thermal structures in the northwestern
part of the Pacific Ocean is examined in a differ—
ential model of the active layer. A strong dependence
of the change in active layer characteristics during
a storm on the vertical thermal structure is demon-
strated.

Among the most important disturbances occurring in the active layer (AL) of the
ocean are synoptic and seasonal disturbances. Under the term "synoptic variability"
we will understand processes with a characteristic time scale of several days, which
corresponds to the synoptic maximum of atmospheric variagbility. Such a variability
is associated with the passage of individual pressure systems, which account for
807% of the kinetic energy in the atmosphere in the middle latitudes [2]. Elsberry
and Camp [5], who examined the characteristics of strong atmospheric disturbances,
pointed out that their main part is concentrated in short periods of time with a
duration of about two days associated with the passage of cyclones. Accordingly, in
the study of thermal structure of the AL it is the reaction of the AL to the pas-
sage of powerful atmospheric formations which is of the greatest interest in study
of the-thermal structure of the AL.

We can discriminate three physical processes responsible for restructuring of the
thermal structure of the AL during a stomm: cooling of the ocean surface as a re-
sult of evaporation and heat exchange with the atmosphere, including nonturbulent
mechanisms, wind mixing of the AL and vertical circulation of waters in the zone
affected by the storm.

In this article we will examine changes in the structure of the AL as a result of
evaporation and turbulent heat exchange and wind mixing. A one-dimensional differ-
ential model of the AL is used for this purpose. The role of one-dimensional pro-
cesses in the reaction of the AL to strong atmospheric disturbances was examined

72
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300070034-4

FOR OFFICIAL USE ONLY

by Camp and Elsberry. In [4] they drew the conclusion that they play a decisive
role at a synoptic time scale.

Using a one-dimensional model of a nonstationary Ekman friction layer for the AL,
we will have the following system of equations:

ou __a Ju

or ~h = K5

dv 9 dv

o = Ko o
or _ 9 aT

o = K57

K=K, (u, v, T, 2)

with the boundary conditiomns

ou . v oT
K';;":"":.t?o» K"‘,";=—_:Yllp0{ K?:_Q' z=0.

u=v=0, %;-::O, 2=H, @
where u, v are components of velocity of the drift current, Q is the Coriolis para-
meter, t is time, z is the vertical coordinate. The origin of coordinates is placed
at the ocean surface with an axis directed vertically downward, T(z, t) is water
temperature, K is the coefficient of turbulent diffusion, assumed equal to the co-
efficient of turbulent viscosity along the vertical, Ty, Ty are the components of
the shearing stress of the wind at the ocean surface, P o is water density, Q is
the heat flux into the AL.

The function Kg is determined from the balance equation for turbulent energy, which
includes the following components: generation of turbulence by velocity shear, dis-
sipation of turbulent energy and work against buoyancy forces. The solution of this
equation has the form [1] R U

Ky= @)2 l/}(:g%)z +(5) + &b,

where h is the depth of the well-mixed layer, g,}a are the acceleration of free fall-
ing and the coefficient of thermal expansion of water, ¢ is some constant.

By the term "depth of the well-mixed layer" is meant the depth at which the expres-
sion under the radical sign becomes equal to zero. Deeper than the well-mixed layer
the value of the K coefficient was assumed to be constant and equal to the minimum
value 1 cm?/sec. This value is two orders of magnitude less than the value of the
coefficient in the well-mixed layer and two orders of magnitude greater than the
molecular viscosity coefficient in water. Such a determination of the diffusion
coefficient deeper than the mixed layer is associated with the paucity of ideas
concerning mixing processes in the thermocline.

If one uses the scale [t] = 105 sec (day) and a scale of changes in depth of the
mixed layer [H] = 20 m, then from (1) [K] = [H]?/[t] = 40 cm?/sec. If [Q] = 800 W/
m2, then [T] = 1°. If the velocity scale [u] = 10 cm/sec, then [ T] = 0.2 dyne/cm?.

The thermal balance of the ocean surface Q is dependent on many factors: wind velo-
city, water—-air temperature difference, air humidity, cloud cover, intensity of
short-wave radiation. In this study the heat flux was represented in the form
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4
Q==22fh
i=1
Here the following components are considered: ) ]
H; = LR is short-wave radiation, where R is the flux of short-wave radiation inci-
dent on the upper boundary of the atmosphere, p is the actenuation coefficient, de-
pendent on surface albedo, air humidity and atmospheric albedo.

Hy = c3(T + 273°)4 is the long~wave radiation of the surface, where cj is some con-
stant, H3 = —c2(T - Tp)cp w is turbulent heat exchange between the ocean surface
and the atmosphere, where cp is the friction coefficient, w is wind velocity, TA
is air temperature, cy is a constant,

Hy = BoHj 1s heat exchange as a result of evaporation, where Bo is the Bowen ratio.

™C -

/
/s

Fig. 1. Reaction of different thermal structures to passage of a storm. a) 41°N, 170°
n; b) 46°N, 170°E.

System (1) with the boundary conditions (2) was solved numerically with stipulated
TAs Cx values with different initial conditiomns for u(z,0), v(z,0), T(z,0), K(z,
0). The thermal conductivity equation was solved using an iwplicit triangle scheme
by the factorization method and the equation of motion was solved by the transverse
fractional steps method [3] with a time interval of 5¢103 sec and with an interval
along the vertical coordinate 2 m with Hg = 100 m.

In order to investigate the reaction of the active layer to wind intensifications
and changes in air temperature we selected the mean monthly long-term tempera-

ture profiles in the northwestern part of the Pacific Ocean. Data on water temper-
ature were taken from the archives of the Pacific Ocean Oceanological Institute of
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the Far Eastern Scientific Center USSR Academy of Sciences, data on air tempera~
ture —— from the ATLAS OF THE OCEANS (Pacific Ocean), and the pr and cj parameters
- -~ from [6].

Thus, different vertical thermal structures were disturbed by an identical wind. We
will examine the reaction of the AL to identical disturbances by the wind in the
northwestern part of the Pacific Ocean. Figure 1 shows the change in the tempera-
ture profiles with time for August with an intensification of the wind in conform-—
ity to a linear law from 3 to 20 m/sec and attenuation to the initial value:

{ 0,2 t<1
02+92(t—1) 1=t=<2
FT194—92 (t—2) 2=t=<3
0.2 t>3,

<

: where time is in days. The air temperature decreased by 5°C relative to the mean
monthly value during wind intensification. The figure shows that despite identical
disturbance by the wind, different thermal structures in the AL react differently.
Thus, the change in surface temperature at the®point 46°N, 170°E attains 6°C, and at
the point 41°N, 170°E -- 2°C,

The value of the turbulence coefficient is different for different structures, but
its variability is far more dependent on the wind stress. The values of the coef-
ficient increase by a factor of 20 during the wind stress peak and attain 600 cm2/
sec. A ccmparison of the temperature gradient values in the AL with the changes in
surface temperature indicates their full correspondence. Such a correspondence in-
dicates that for an adequate description of changes in surface temperature during
the passage of a storm it is necessary to use a differential model which makes it
possible to describe the continuous thermal structure of the AL.

_ Fig, 2.

Figure 2a shows the decrease in surface temperature (°C) in the northwestern part

of the Pacific Ocean, computed for 30 profiles for August and Fig. 2b shows the
change in depth (x 20 m) of the well-mixed layer with the passage of a two-day

storm. The considered region is characterized by a complex hydrological structure.
This is associated primarily with the existence here of the subarctic front between
subarctic and subtropical waters. The maximum change in temperature attains 6°C
and the maximum increase in depth of the well-mixed layer is 30 m.
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Computations of the variability of characteristics of the AL during passage of a
model storm, carried out for the entire northern part of the Pacific Ocean, indi-

- cate that the maximum variability is observed in the northwestern part of the
Pacific Ocean.

Thus, after examining the reaction of different themmal structures to the passage
of a model storm it is possible to draw the following conclusion: the change in
surface temperature is determined by the thermal structure of the AL. The maximum
changes must be expected in an AL with large vertical temperature gradients. This
indicates that capture of cold water from the deep layers is the dominant process
determining the change in surface temperature.

The author expresses appreciation to N. I. Dyul'dina for assistance in the comput-—
atilons.
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UDC 551.465.558

MEANDERING AND EDDY FORMATION IN ZONAL OCEAN CURRENTS
- Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 69-77

[Article by Candidate of Physical and Mathematical Sciences V. F. Kozlov and Ye. V.

Ivanchenko, Far Eastern State University and Pacific Ocean Oceanological Institute,
submitted for publication 28 Sep 79]

[Text] Abstract: A study was made of the reaction
of a stationary poorly stratified flow with
a transverse velocity shear in an infinite
channel whose width in some section changes
in a jump. It was possible to discriminate
a class of profiles of undisturbed flow lead-
ing to a linear equation of comservation
of potential vorticity. The meandering and
eddy formation conditions were investigated.
The results of numerical computations of the
streamlines are given for different symmetric
profiles. The conclusion is drawn that the
curvature of the velocity profile of the on-
coming flow plays a decisive role.

The meandering and eddy formation phenomena in regions of strong currents of the
Gulf Stream or Kuroshio type have become the subject of theoretical investigations
only in recent decades [4, 8, 10, 12, 14, 18, 20, 22, 24-26}. As a model it is cus-
tomary to examine limiting cases either of thin inertial jets [2, 6, 16, 19, 21],
or, on the other hand, kinematically homogeneous (without a transverse velocity
shear) flows [2, 3, 7, 13, 15, 17]. A qualitative explanation of the observed ef-

- fects can be given using a fundamental relationship in geophysical hydrodynamics
—— the law of conservation of potential vorticity, which in the simplest station-
ary barotropic case has the form P

I +Q =1V

Here é: is relative vorticity, 52 is the Coriolis parameter, H is the total height
of the column of fluid, %/ is the integral stream function.

It can be seen from this expression that the relative vorticity closely associated
with the curvature of the streamlines changes every time when along the trajectory
there are changes in § (meridional displacements of the streamlines) and/or H
(change in bottom relief). An extreme form of manifestation of bottom relief is
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the presence in the flow of lateral solid boundaries, including islands. It is of
interest to study the influence of disturbance of the form of the lateral boundary
on a flow with a transverse mean (vertically) velocity shear.

A prcblem of a similar type is examined in this article. Within the framework of

an inertial quasigeostrophic model, on the assumption of weak stratification, a
study is made of the behavior of a flow with a transverse velocity shear in a zonal
channel whose width in some section changes in a jump. In the first approximation
such a schematic representation can be used for the Kuroshio region to the south
of Japan.

Now we will formulate the principal assumptions of the model. We will introduce
the characteristic scales of a horizontal extent L*, horizontal velocity u*,
depth H*-, Coriolis parameter .Q,*, rise of bottom relief h*, buoyancy frequency N*;
assume that,B = df2/dy is the constant Rossby parameter. The fluid is assumed to
be incompressible and nonviscous and motion 1is assumed to be steady; in additionm,
it is assumed that

= . V H*®N* L2 = =
_ EE!.[:Q‘ <1, BE'Q-LU <<'”’ a—sH")

: which denote quasi-geostrophicity, weak stratification and weak changes in topo-
- graphy respectively. It is easy to show [11] that under the indicated conditions

the anomaly of hydrodynamic pressure p and vertical velocity w in dimensionless
- variables satisfy the simplified system of vorticity equations

- J(p, Ap+by)—w, =0 (1)
- and density advection
) J(p, p:)=0 @
_ with the vertical boundary conditioms
w=0, 2=0, (3)
w40/ (p, h) =0, z=1. (4)

Here /\ is the horizontal Laplacian, J is the Jacobi operator, h(x,y) is the
dimensionless rise of bottom relief, b = ﬁL*le is a planetary parameter.

The general integral of equation (2) has the form

- p=0G(z, ¢(x, v)). (5)

- where G and (P are arbitrary functions of its arguments. Under the conditions of a
stationary problem the G function must be stipulated and for determining P use
is made of equation (1) under the conditions (3) and (4). Substituting (5) into
(1) and integrating the derived expression vertically with allowance for the boun~
dary conditions, we arrive at an equation which allows a first integral in the

form
1 1 1

bo | G2dz + (w)za—"‘_,.( Qldz+ by | G, dz+ (6)

0 0 0

4+ shG_(1, 3)=F(9),
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where the F(4) function, speaking in general, is not unambiguous.

At the boundary G of the considered regiom din the plane (x, y) the boundary condi~-
tion can be written in the form ¢ |G = f(s), where f(s) is some function stipulated

at G. The problem of the choice of F((lp) and f(s) each time must be investigated
separately,

In a barotropic case Gp=0; therefore, without diminishing universality, it is pos-

sible to assume that G*=1; lhence one derives the known equation for the baro-
tropic problem

Ag+by+o h=F(g). N
With stipulated kinetic energy and circulation at the boundary of a limited region

the form of the F(¥ ) function can be determined from the principle of a minimum

of entrophy [5, 23], It appears that in this case the F(wp) function must be lin-
ear,

F(g)=C g+D. (8)
In a Faroclinic case, if G allows representation in the form [11]
G=A(2)¢, 9

the left-hand side of equation (6) also becomes linear. By normalizing A(z)» 0 by
the condition

A2 (2) dz =1

—>

o

and assuming )

s=§ A (2) dz,

from (6) we obtain

Ap+5Sy+oA(1)A=F(p), (10)

where, as it is easy to confirm, 0§ S{1 and $ =1 only in a barotropic case A(z)
=,

Ly 3
{ 3900900
2= ®C1190y)
Uiy !
R
g0 ve0
g A

Fig. 1. Geometry of problem.
Equations (7) and (10) are completely similar and therefore the solution of any
barotropic problem can be interpreted as a solution of the corresponding baroclin-

ic problem in the case of weak stratification in the form (9). For this reason we
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|

will henceforth limit ourselves to study of the solution of equation (7) in the
region shown in Fig. 1, when the right-hand side is determined by expression (8).
- Concentrating attention only on the effect exerted by the form of the boundary,

- we assume h(x,y)=0. We will also assume that the undisturbed flow is easterly;
upstream the disturbances caused by the influence of change in channel width dis-
appear.

Assume that &(y) = ¢ (-co0, y); then by virtue of geostrophicity the velocity pro-
file of the oncoming flow is determined by the expression U(y) = -®'(y). Assum-
ing ®(0) = 0, for the total current discharge we obtain

Q={ Utndy=—a (D).

Sty

From (7) and (8) at the limit x— - co we find

D7 (y) +by=CO+D. (11)

This equation determines the possible transverse profiles of undisturbed flow,
As a simplification we will limit ourselves to a case when they are symmetric
relative to the axis of the channel upstream: '(y) = d'(1-y), 0<y<1. The
solutions of equation (11) satisfying the mentioned conditions have the form

- b 1/ sy’ —% (_1’—_ )
¥ T z{Q"' T = —1} C<0, Ckt—4rtn?
sin LTE
i (12)
i P=1 Ly -2y —N-Qy, C=0
- =~ (1
sh} C (—'—-y)
- b S b V2
T}'ﬁ".}-{ —T}——77*~1 , €>0.
- / s ¥ E
The case C = -4n2q 2 (n is a non-negative whole aumber) is special and corresponds
tc a shearless flow D (y) = - b/4@ n? y with the discharge Q = b/4T 242, The para-

meter D = 1/2(Q + b/C) characterizes the velocity shear in the oncoming flow; with

= 0 we obtain a shearless current with the velocity U = Q. Expressions (12) de-
termine a two-parameter (Q, C) family of on-coming flows and make it possible to
investigate the influence of discharge volume and velocity shear.

Using the possibility of an analytical continuation of the P (y) function into the
region 1< y<}, we will seek a solution of the problem in the form

@(x, y)=D(y) +¢(x, v). (13)

Substituting this expression into (7) and taking (8) and (11) into account, for dis-
turbance of the stream function ¥/(x, y) we obtain the equation
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The boundary conditions (see Fig. 1) are:
$(x, 0) =0, —oo<x< o0,

(15)

$(x, 1)=0, —oo<x<0, 1)

' $(x H=0(1)—0(), 0<z<oo, an
$(0, ) =0 (1) —d(y), 1<y<l, (18)
$(—oo, ¥)=0, 0<y<], 19)
(oo, ‘y) is limited, 0<y<}. (20)

Mathematically the formulated problem is similar to that in [9], where a study was
made of an air flow over a step; we will use the same solution method as in the

cited study.
«

:We introduce the functions - . - e
. — = 2 . Yy me=
Ya(y)=V 2sinnny, n=1l 2.... Ym(y)—l/—l—sm ml‘. ! mel, 2o

forming the full orthonormalized systems for the segments 0<y<1l and 0<y<\ re-
spectively. Assume

's_l_n_________ Vy—Cy C<O, V—Clq&kz

siny=-cCc!’

Y =4yl c=0
sh ﬁy
sh YCi ' c>0.

We will exclude from consideration the "resonance" cases /-C) = kn for whole k,
for which there are no solutions disappearing upstream. We will agree on the nota-
tions: L .

N:{[ —C] c<o M_[[‘V;:;Cl, c<o.

0, Cc=0; 0, C=0
=V C+(nx)?, n=N+1, (21)

m= \2
C+{7

'3,,.=l/ ( ) m=M+1,

where [z] is the whole part of the number z. Obviously, in all cases M» N, since
by assumption ) > 1. The solution of equaticr (14) satisfying the conditions (15)-
(17), (19) and (20) has the form

81

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300070034-4

FOR OFFICIAL USE ONLY

¢ (x, y)= )E A Y, (y), x<0,
a=N+1 (22)

s=5 i N=[@ M) =M -

~ =
(B coswpx + Cpsinonx] Yo+ L Bne™ " n(y)
1 m=Mh-+1

(23)

.
T

Iax

where the arbitrary constants An, Bp, Cp must be Gdetermined from the condition of
continuous conjugation of & and J¥/J x in the section x = 0, 0< y<1l, and also
from the boundary condition (18). These requirements lead to the expressions

5 {90, y), C<y<l, -
o y)_{“’(‘)—q’(y). t<y<l, )

oL oy (25)

By multiplying (24) by ?k and then integrating the result for y in the segment (o,
) ), with (22) and (23) taken into account, ve obtain the equations

Bk: z Aann+er k=12,. . ., (26)

n- N1

where we use the notation
!

Qu={ Yudy, k=1,2. . . n=N+l.. .,
T - I
Re=[[0()=d @) Yydy—[® ()= (D) | Yoy, k=12,
! 0
Proceeding in the same way with (25), but now with respect to the Ys functioms in

the segment (0, 1), we obtain

M o ©
2 W Cm Qm.( - E amBQO.s= Z annan.r’ s= l’ 2,. . ., (27)
m=1 n=M-1 . n=N+1

where §ng is the Kroneker symbol. Using (26) it is possible to exclude By, sub-
stituting which into (27) we find

M < 4 ©
ZwQOscm— E ( z S Qs Quan + 9 Bs) A= . (28)

m=1 a=N+1 \m=M+1
©
= 2 8pQmsRoy §=12 .. ..
m=Al+41

We will solve the infinite system of equations (28) by the truncation method, as~
suming Ag = O for all n>L>»N + 1. The total number of unknowns in this case is

equal to K=L + M~ N and is formed from M coefficients Cj, Cqses+sCy and L - N
coefficients Ayyy, AN+2>-.+>Ap. Accordingly, for the closing of system (28) it is
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necessary to retain the K first equations, s =1, 2,..0,K, which are solved by
some standard method. When the Cp and Ap coefficients are found, By are determin-
ed using formulas (26).

The Qy, values are dependent only on the geometry of the problem and have the form

2n (-—l)"sin_k.li

Qu={ VT[T -]

1

4, t=n
i

Ve

[y

&
{

<

’

The Ry coefficients are dependent on the profile of the undisturbed flow, deter-
mined by the & (y) function; inm the considered case they also are computed in
finite form, but we will not cite the corresponding expressions due to their un-
wieldy form.

Fig. 2. Computed patterns of streamlines with stipulated discharge and different
forms of symmetric profile of undisturbed flow.

Now we will note some general properties of the constructed solution. The behavior
of @ (x,y) downstream is of the greatest interest. When x— CO from (13) and (23)
we asymptotically have
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2 (5, PR Ou(x. Y= (1) =[O (1)—® (] ¥(y) +

M ~

+ Y (Bpcoswgx + Cpsinu, x) Yy (y). (29)

m=1
Meandering and eddy formation are determined by the wave modes of the last sum in

- (29). According to (21), the condition for the appearance of these terms has the

form
C=-— (%) _ (30)

It is convenient to separate the considered profiles of on~coming flows (12) into
three types: trigonometric (C< 0), parabolic (C = 0) and hyperbolic (C>0). Thus,
for the appearance of wave modes it is necessary that the profile be of the trigo-
nometric type; on the other hand, an adequate condition for the absence of wave

, modes is that the profile belong to the parabolic or hyperbolic type. If wave

} modes are absent, in place of (29) we have for large x

P VN=C()=0 (N +[P =D Y1)
_ that is, purely zonal flow. It may be found that in some part of the channel
@1(y)> O; this corresponds to the appearance of return flows. In a more general

case (29) with M» 1 the pattern will be complicated by the presence of individual
eddies forming a quasiperiodic structure.

On the basis of the described model we carried out several tens of numerical ex—
periments with different values of the determining parameters C, Q and ) . The
computed fields ¢(x,y) were printed out in the form of isolines on an automatic
digital printout unit in the region -0.5< x<2.0. Here we will illustrate only one
series of experiments carried out with a fixed discharge Q and width | for several
values of the C parameter. This makes it possible to trace the influence of curva-
ture (or shear) of the undisturbed flow on the currents in the transition region.

B Figure 2 shows the computed streamlines %/b = const for the case Q/b = 1/‘n2 and
Y=1.7withc/n? =4 (a), 0 (b), =-0.5 () -1 (@), -1.4 (e), -1.8 (£f). In all
the figures the corresponding velocity profile of the undisturbed flow is shown
at the left.

Figure 2a,b shows hyperbolic and parabolic cases with concave profiles of the velo-
city of the undisturbed flow; here M = N = 0, the wave modes are absent. Return
currents can be seen in the expanding part of the channel. In the first case they
occupy only the central part, and in the second case -- the lower half of the re-—
gion.

Figure c~f shows the patterns of currents for trigonometric profiles varying from

convex to concave. In these cases N=0,M=1(c), N=M=1 (), N=1, M= 2

(e,f) respectively. The appearance of wave modes makes the field of currents more
_ complex and leads to the appearance of eddy formations.

Theoretical conclusions and numerical experiments show that in the considered mod-
el eddy formation and meandering of the flow in a widening channel are essential-
ly dependent on the C parameter. The condition for the appearance of wave modes
(30) can assume a different form. Using (11), by differentiation we find the

identity —U"(y)+b=—CU (y),
84
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by means of which in place of (30) we ohtain
LUt —b =\
T S(_l) (31)

This expression can be interpreted as the instability condition [1], as a re-

sult of which a process of meandering and eddy formation arises. It is of interest
tp apply this criterion to real observation data on the tramsverse structure of cur-
rents.

By multiplying (31) by U(y) and integrating for the width of the channel upstream,
we obtain a "softened" condition for the appearance of wave modes

U —U 0)s 3 Q+b. (32)

Conditions (31) and (32) are equivalent for shearless currents, for which they are
always satisfied.

What has been said above leads to the conclusion that any attempts at prediction
of the behavior of currents of the Gulf Stream, Kuroshio or Circumpolar Current
type must be based on a study not only of changes in their discharge, but (which
is evidently more important) also on an analysis of the transverse structure up-—
stream from the considered region.
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UDC 551.465(26) (-062.4)

COMPUTATION OF CURRENT VELOCITY IN THE QUASI~-ISOTHERMAL LAYER OF THE EQUATORIAL
ZONE IN THE OCEAN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 78-81

- [Article by A. B. Polonskiy, Marine Hydrophysical Institute, submitted for publica-
tion 29 Aug 79]

[Text] Abstract: Within the framework of the model
proposed in [5] it was possible to obtain
the velocity profile in the quasi-isothermal
layer at the equator with different coefficients
of turbulent exchange. The balance of turbulent
energy is analyzed.

In [5] the author proposed a two-layer stationary model of a baroclinic ocean, in-
cluding the equator, and carried out a number of numerical experiments for com—
puting the characteristics of the quasi-isothermal layer (QL). Use was made of
depth-integrated equations of motion, continuity and heat balance equations. No as-
sumptions were made concerning the mechanism of vertical turbulent exchange of heat
and momentum in the QL. Such an approach does not make it possible to determine the
current velocity profile in the QL. Using the hypothesis of proportionality of the
stress and strain tensors adopted in the theory of currents and stipulating the
coefficient of turbulent exchange it is easy to obtain a solution of the equations
of motion in a linear approximation and find the current velocity profile in the
QL. However, the following question remains open: to what degree is the solution
dependent on the behavior of the coefficient of turbulent exchange. Evidently, in

. the case of a strong dependence it is desirable to confine oneself to computations
of the total fluxes within the limits of the QL, as was done in [5], or consider
the coefficient of turbulent exchange to be an unknown value and find it from addi-
tional considerations.
In [2] a similar problem was solved within the framework of the classical Ekman
problem for purely drift currents in the middle latitudes. We will examine a baro-
clinic ocean, including the equator, with a stipulated temperature model [5]. We
will assume that the baroclinic pressure gradients have already been determined
from solution of the boundary value problem, and we must find the velocity profile
on a stipulated vertical.

The equation of motion and the boundary conditions have the following form:
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| (&) +fo —ru=G,—gaT2,

| (k) —fu—rv=G,—gaT,z @
z=0: ku'=—i, k:p'_:__iI
3 ¢ _
z=h k' =kv' =0. (2)

Here k is the coefficient of turbulent exchange,
G.=galTS(h+c)+ T°h],
Gy=gea|[T, (h+c)+ T (4 +c,)],
g2=025 -, r=10-5 ¢,

T° and h are temperature and thickness of the QL, c is the thickness of the thermo-
cline, considered to be a known function of y, the prime denotes differentiation
for z, the oz-axis is directed downward.

We recall that in writing (1) use was made of the following model for t:mperature:

T 7777 4hen 2=h | )

T= h—z

7° exp - when 2Z>h.

We introduce the characteristic scales: length L (horizontally) and h (vertically),
velocity U°, temperature T° and limit ourselves to an examination of a narrow zone
near the equator within which f/r<1. Then for k it is natural to introduce the
scale hzr, and for T/p the scale U°hr. We note that it is possible to select the
characteristic scales somewhat differently, but for the purposes of this article
this choice is not fundamental. Multiplying the second equation of system (1) by

i and adding it to the first, we obtain one equation for complex values. Now we
will proceed to a dimensionless form. Assuming tnat k = kg = const, we obtain

P e (4)
Here m:u+i@’ jg—_--i“-i.l_ “ —é

G=p (G, +iG,), T=p,(To+iT),

W RBaTa(c+h) W o gaT°h
"= BLrl; ' M mylrUs " . (5)
z2=0 m=—=< z=1: m =0,

kg is the dimensionless value of the coefficient of turbulent exchange.

The solution (4), with the boundary conditions (5) taken into account, has the form
GGrTmehj(l=0]  G—Tz _ Tchiz

m= —— —.
Jshy J* J3  shy (6)

Now we will assume that the coefficient -of turbulent exchange decreases with depth
in conformity to the following law:
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k i’kove.-:-- o (7)

The dependence (7) models the characteristic behavior of the coefficient of tur-
bulent exchange with depth [3]. In this case system (1) is reduced to the equa-
tion

m"_m’_—/’me‘:(G—Tz) é. (8)
Solving (8), wirh allowance for the boundary conditions (5), using power series and

limiting ourselves to terms of the order z3, we obtain the following approximate
: solution: . B

mz~(<+1)z(l+§+'—§£z’)+z+

G+l o, <(P+3)—4G+T ()2 . jaz3 : 9)
+—— 2+ T (1+2+3)L

+ 2G+j16+l—7‘23.

In expressions (5), (6), (8) T is normalized to kg, that is, in actuality is the
ratio of the dimensionless wind sitress (T= TX + 1T7Y) to the dimensionless coef-
ficient of turbulent exchange (k). Separating the real and fictitious parts in
(6) and (9), we obtain an expression for the velocity components.

Now we will examine a current at the equator. As a simplification we will assume
that the meridional velocity component is absent (the motion is symmetric relative
to the equatorial plane). We note that this limitation is not fundamental. From (6)
and (9) we find . B

. G-Tich(l—z)

b= — (G — T thz
i G~—Ts)--T SET 6"
us-<(15— AL BT A
s A (R S
We then assume L = 5-108 cm, T = 20°C, ¢ = 2.10% cm,
U°=50 cafc, h=3-10° ca, v* =—0,5 dyne/cmz. (10)

In accordance with the observational data and the results of computations [5], [6]
T° and h decrease from west to east. This meens that G and T are negative values.
Now it is possible to determine the velocity profiles from equations (6') and (9'),
which, with (10) taken into account, are rewritten in the form

—3.9 S h
w2 ch (1— 2) — (0.6 2 —4,6) + < (6"
- ca=—3315—z -2 4 2\ 05 (145 — ) 146
( T4 b} ( 2 3)_'- (gu)

In (6'), (6"), (2'), (9") we assumed kg = 1. The velocity profiles obtained using
(6") and (9") are cited in the figure.
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Fig. 1. Current velocity profiles at equator with different coefficients of turbu-

lent exchange. N N
Na= =LA g a0
her k:r

The quantitative discrepancies in the distribution of velocity with depth in the
two considered cases are extremely great. We note that some difference in velo-
city at the lower boundary of the QL is associated for the most part with the
error in the approximate solution (9), which here is maximum.

Using the derived solutions we will evaluate the principal terms in the equation
for the budget of turbulent energy within the limits of the QL —— production due
to velocity shear and dissipztion.

Determining N -
f k(u')? dz
0

and proceeding to dimensional values, we obtain the integral production of turbulent
energy in the QL. It appears that the principal contribution to the production of

. turbulent energy will be from drift velocity shear. The contribution of the velo-
city shear arising due to baroclinic effects is less than 10%. The characteristic
value for the production of turbulent energy in the QL with the adopted values of
the coefficient of turbulent exchange is 10~2 c.mzlsec3, which coincides with the ex~
perimental data in [7].

Now we will determi.e integral dissipation within the limits of the QL, using the
known expression [4]

E:CoT,

(11)
where £ is dissipation, i is the turbulence scale, cg = 0.0625.

Integrating (11) within the limits of the QL, we obtain the integral dissipation.
We will assume for the evaluation that the turbulence scale is proportional to the
thickness of the QL [1, 5]. Then it appears that integral dissipation with a con~
stant coefficient of turbulent exchange is approximately three times greater than
when using dependence (7). The characteristic dissipation value in this case is
too low by several orders of magnitude in comparison with the experimental data in
[7]. In order to obtain the dissipation of turbulent energy in the QL of the order
of magnitude 10”2 cm?/sec3 it is necessary to increase the coefficient of turbulent
exchange to_a value of the order of magnitude 102 cm?/sec. (We recall that we as-
sumed k = h“r = 9 em“/sec).
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In conclusion we will formulate the principal conclusions:

4. The velocity profile in the QL is determined to a considerable degree by the co-~
efficient of turbulent exchange. Accordingly, it is desirable, using integral models
similar to those proposed in [5], to limit ourselves to a determination of the total
fluxes into the QL.

2. It is necessary to make precise use of the equation for the budget of turbulent
energy in computations of the characteristics of the QL with stipulated coef-

ficients of turbulent exchange, since an insignificant change in these coefficients
can lead to an incorrect description of the balance of turbulent energy in the QL.
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- UDC 556 (531. 4+535. 8)

COMPUTATION OF THE CONCENTRATION OF GLOBAL ATMOSPHERIC IMPURITIES IN RIVERS AND
) CLOSED WATER BODIES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 82-89

[Article by Candidate of Paysical and Mathematical Sciences K. P. Makhon'ko, Insti-
tute of Experimental Meteorology, submitted for publication 14 Mar 80]

- [Text ] Abstract: A study was made of the process of

contamination of rivers and closed water bodies

by an impurity entering from an atmospheric source
7 of a global scale, The contribution of atmospheric
- fallout of impurity to the contamination of water
in the territory of a basin and ocean area, the
erosion from the soil surface of the basin and the
role of bottom deposits are taken into account. In
the case of rivers an allowance is made for the in-
- fluence of runoff and the dilution of contaminated
waters by pure ground water. A comparison of the
results of theoretical computations of the change
- in the concentrations of Sr90 in the rivers of the
: Moscow area and the USSR during 1954-1975 with data
from direct observations indicated good agreement.

. The contamination of rivers and water bodies occurs as a result of local effluent
- and the action of sources of a global scale. An example of this type of source is
- tue atmosphere —- the carrier of atmospheric dust, cosmogenic isotopes, radioac-
- tive products of powerful nuclear explosions injected earlier into the strato-
h sphere; etc. All these substances have a comuon criterion -- the global scale of
= thelr entry from the atmosphere onto the underlying surface; henceforth for brev-
' ity they will be called global atmospheric impurities.

We will examine the entry of glcbal atmospheric impurities into rivers and water
bodies.

The contamination of a closed water body is caused by the following factors: a)
the entry into it of atmospheric precipitation flowing from the surface of the
soil-vegetation cover and carrying a contaminating impurity falling from the atmo-
sphere in the course of the year; b) falling of the impurity directly on the sur-
face of the water body; c) partial washing-out from the soil of an impurity ac-
cumulating in it during all the preceding years due to the falling of precipita-
tion [9]; d) sorption interaction between an impurity present in the water and an
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impurity in the bottom deposits of a water body [10]; e) biogenous migration of
an impurity. Biogenous migration can usually be neglected [11]. Then, summing the
concentrations created in the water body by the factors enumerated above, the
concentration of impurity in the water is represented in the form

C=Cp+Cy+C,+Cs. )

Now we wiil examine the individual terms in (1). The concentration created by the
runoff of atmospheric fallout of an impurity from the area of a drainage basin
into a water body in the current year is represented in the form

P ()
Co =ty kp, (2)
where P is the annual atmospheric fallout of the impurity, hp is the thickness of
the annual layer of atmospheric precipitation which in the form of surface runoff
carries the impuritv falling in its basin to the water body, t is time, kp is the
coefficient of dilution of runoff water contaminated by atmospheric fallout of
the impurity in the waters of the water body.

The concentration forming as a result of fallout of an impurity from the atmosphere
directly onto the surface of a deep water body, as was demonstrated in [4], can be

represented in the form R -
¢ ) (r-a)

Cy= $ _'9_)_ e s,

0

I'O

(3

where H is the thickness of the quasihomogeneous layer of water in the water body,
A—M is the constant elimination of impurity from a layer with the thickness H into
the deeper layers of the water body. If the impurity decays with time (for example,
there is radioactive decay of the isotope), then AM A'M + A, that is, also in-
cludes the constant of this decay \ .

For a shallow water body, mixed tc the bottom, the H value acquires the sense of
its mean depth and .AM is the constant elimination of the impurity from the wacer
into the bed of the water body.

The C, value is the concentration of impurity in the water body, forming as a re-
sult of removal of that part of the impurity accumulating on the soil surface due
to the falling of precipitation: - R R -
s

C 3(L) v () k. (4)
where ‘0' is the active store of impurity in the surface soil layer with the thick-
ness & which 1s subject to washing out, v is the water volume which is capable
of being replaced in a unit volume of soil when the impurity is washed out by
atmospheric precipitation, ko is the coefficient of dilution of runoff water con—
taminated by the impurity washed out of the soil in the waters of the water body.

The v value is dependent on the moisture content and moisture capacity of soils in
the basin, the dissection of relief (in particular, due to slope steepness) and

" similar factors. Some of the impurity in the course of migration gradually leaves

the soil layer subject to washing out or passes into fixed form, being held firmly
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in the soil layer. The temporal change in the active supply of impurity in the sur-
face layer of soil with the thickness § can be represented in the following way:
ge o T

i :P(t)-—-.\,ﬂ, (5)

where A = A; + A is the constant elimination of the mobile part of the impurity
from the surface layer of the soil, also taking its decay into account.

Assuming O = O with t = 0, we obtain a solution of equation (5) in the form

= P (8) =1 (=9 4. (6)
0

The concentration of impurity forming as a result of exchange processes with bottom
deposits in the water of a shallow water body mixed to the bottom, Cgsis determined
by the dynamics of sorption-desorption processes. If the concentration of the im-
purity in the water is maintained at the same level (dC/dt = 0), a mobile equil—
ibrium is established relatively rapidly between the content of impurity in the
water and in the bottom deposits; this equilibrium is determined by the distribu-~
tion coefficient Kj. We will neglect the slow process of diffusion of the impurity
into the depth of the layer of bottom deposits [10]. With an increase in the con-
centration in the water (dC/dt> 0) the equilibrium is impaired and a flux of im—
purity into the bottom deposits arisesj with a decrease in the concentration in

the water (dC/dt<0) a flux of impurity arises from the bottom deposits into the
water. Thus, the Cp value can be assumed to be proportional to the rate of change .
in the concentration of impurity in the river water and be written in the form

1 dC
CE::—@‘;T, Q)]

where AE = A'E + Ais the constant of exchange of the impurity between the active
layer of bottom deposits and water. This value, evidently, is determined by the
rate and character of the bottom currents, the type of bottom deposits and similar
factors. Now substituting (2)-(4), (6) and (7) into (1), We obtain the equation

I dC (1)

P (8)
IE-T-!-C(f)_—_kP

’ . .
~ (1) —Ay(2—6)
np(t>+§ﬁw) € a8+

(8)

{

P (M -4, (+—8)
fk,éf T ¢ as.

Assuming C = O with t = O, we obtain the general solutior (8) in the form of quad-
ratures Bt -

¢t
_ P (8 - A —_
C=kpAp jn(((;)e £ e)de-{-

0o P

9)
ro_ o — Ay (£—8)
Ap (£—§) M
+A, et Pw[‘

_Au (E_e)

[
Ly RRC ]ud&
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For water bodies which are great in area but shallow, which are mixed to the bot-
tom, the H value, as already noted above, acquires the sense of the mean depth of
the water body and in (9) can be removed from the integral sign. In this case for
some climatic zones, where evaporation of moisture from the surface of the water
body is great, the right-"and side of formula (9) must be additionally multiplied
by the concentration coefficient kg.

The expressions for the concentration coefficient and the dilution coefficients
in (2) and (4) can be written in the form

AVy-1 hp Sp hp Sp v v
_v’) ’ =~ k,=

kf:(l_ P H+hp)s vV T Viy SV (10)

where AV is the quantity of water evaporating from a water body with the volume V,
Sp and S are the areas of the drainage basin and water surface respectively.

If the quantity of fallout of the impurity from the atmosphere does not change with
- time, then assuming the mean values for the parameters hp, S$ and v varying little
from year to year, the solution (9) is easily represented in analytical form

B e 1
C=aP— (be—"s! s ce—*wt 4 de~2£t) P, aL)
where .
- a=—= k/kp k/k, + k/ - k/k, AE
i Ap WA, T H3y VT WR, (Ap—4,1°
kR, A kR, R 4
o ] 2 E — — 7 P _ ___f_—:___
¢ HAy (Mg — Ay - hp + b (A, = AL + (12)
‘ b
H{dy—1g)

In the case of small, shallow water bodies the fallout of impurity onto the water
surface can be neglected. Then in (1) Cy = O, the second term on the right-hand
side of (8) becomes equal to zero and the concentration of impurity in such a
water body will be described by the formula

_ TPB) - Air—8 , s -
: C=kkrAe| gy e % R R IR e
- 3 3 {15)
FoPwy A -8y, .
Xé\ 3(8) - (A7 € 3:130.
With P = const (13) is transformed into (14):
C=uP—(be~ ™" +de 'FF) P, 14
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- where

k/kp . Rpk, d= Rekp L k/k,

hp T A, A, B TP VA

(15)

and the b parameter retains its former value (12).

For large deep water bodies it is possible to neglec: the role of bottom deposits
in the contamination of water. Then in (1) Cg =) and the first term on the left-

— hand side of (8) becomes equal to zero., The concentration of 1mpurity in Such a
water body is —- -

Pu) e Ant—8) -\, (t—8)
i C=—r S Re J'\ P(S)[ —gE— Tk = ]de‘ (16)

i(w) v (8)

With P = const (16) can be represented in the form (14) with replacement of J& by
J\M in (14) and the following values of the parameters a, b, d:
kp 1 .k k

1 an
r HA 6~-\’ b ?~"& * Hayy
P u s, ™4, S

Now we will examine contamination of the river system by an impurity. In this case
it is possible to neglect the atmospheric fallout of impurity onto the surface of
the river water (Cy = 0); however, additionally it is necessary to take into ac-
count the runoff of the impurity together with the river water and the dilution
of the contaminated river water Ly pure ground water, If we limit ourselves to an
examination of the mean annual water runoff and the water supply of the river and
. in the first approximation assume these values to be constant, the change in the
content of the impurity in the river as a result of runoff, on the one hand, can be
- represented in the form of the product of water volume V and the change in the con-
centration of impurity in the river dC. On the other hand, with an intensity of
water runoff Q along the river during the time dt there will be a runoff CQdt of
the impurity. In a general case it is also necessary to take into account a decay
of the impurity during this time of A Cdt. Equating these expressions, we obtain
an equation describing the change in the contamination of river water as a result

of the dilution of contaminated water by pure ground water, compensating the run—
off.

€ __Q o _iC=—_h. ‘
o9 coic=—AyC (18)

. Here Ag is the dilution constant, characterizing the multiplicity of replacement of
= the waters in the river during a unit time (with decay taken into account).

Solving (13) and (18) jointly, we obtain an expression for the concentration of im-
purity in river water:

- kikp Ap  P(1) kek Ag !

C= 20
A —3g B0 .\E—AQJ 319 v (8) (19)
: xe 28 49 ¢,
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where Cg is the "background" concentraticn in the river from sources of contamin-
ation not taken into account, with water evaporation taken into account.

If P = const, with constant values hp, S and ¥ (19) can be represented in ana-
lytical form o

oD he— At
C=aP—be P+C, 20)

vhere

y— i+ k, kpAg LYY
Rp T WA | Xp—ag BA, (A, —4g) " (21)

Now we will compare the computed concentrations of impurity in the water with data
from direct measurements. At the present time the greatest amount of material has
been accumulated on the Sr90 concentration in the rivers of the Moscow area [1, 2]
and in the rivers of the USSR as a whole [3]. Source [2] gives an empirical formula
for the Sr%0 concentration in the rivers of the Moscow region

c=af v L +e (22)

where h is the annual quantity of precipitation, A is the reserve of 5190 in the
- soil.

The empirical coefficients a, b and c, refined in [1], are equal to 0.031, 0.012
year‘l and 3-10~13 Ki/liter. By comparing formulas (22) and (19) it is possible to
note a certain similarity between them. However, the hp value is dependent on the
state of the soil surface and therefore is unrelated linearly to h, and also to
Sv. In addition, (22) does not take into account the temporal decrease in the
quantity of Sr 0 subject to washing out, although this effect is observed in ac-
tual practice [5]. All this explains why in Fig. la the concentration curve C(t),
_ computed using (22), after 1965 deviated from the experimental data. This figure
shows the results [6] of the computations which we made using formula (19), which
is conveniently written in the fomm

TCW=aP(t)+ba(t)+C 23)

The values of the parameters in (23) are as follows:

Bpkp Ap 7] A V.

a:—-——-—-————‘-—(AE_AQ ) hp :8,1 104 year/m’ b :marz
23,2 104 cu1, A, = 0,14 VeI Co=2-10"" gi/iiter. (24)

Since hp, 5 and v were assumed to be constant in the first approximation, the errors

arising as a result of this are included in the Cp value, which in a case if the

value of the errors is significant, to some degree acquires the sense of a fitting

parameter. In computations of C(t) the experimental values P(t) for the Moscow re-

gion in 1962~1967 were taken from [2]; data for the remaining years were found for

- the Moscow region on the basis of the intensity of the fallout onto the territory
of the USSR as a whole [3, 7] (the fallout onto the territory of the Moscow region
was 107 less).
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Fig. 1. Concentration of Srgo, averaged for Moscow region. a) in rivers, computed
using formula (22) (1) and using formula (23) (2); in surface waters contaminated

- by runoff of isotope from soil surface, flowing int:o rivers b0 (1) and washing
away of atmospheric fallout aP (2).

In Fig. la the dots represent data from observations of the concentration of sr90
in the rivers of the Moscow region. It follows from Fig. la that the C(t) curve,
computed using formula (23), coincides well with the data from direct measure-
ments. This coincidence makes it possible to use formula (23) for computing the
590 concentration in the rivers of the Moscow region during the preceding years,
beginning in 1954, when the radioactive fallout from the atmosphere increased
sharply. Figure la shows that in 1959 a peak in the concentration of sr90, ap-
proximately corresponding to the 1967 level, should be observed in the rivers of
the Moscow region. This peak was caused by the entry of sr?0 into the river after
falling from the atmosphere in this same year, as can be seen clearly from Fig.
1b, which shows the temporal change in the terms aP and bo in formula (23). It
also follows from this figure that the constribution of the washing away cf atmo-
spheric fallout aP by precipitation and the contribution of washing away of the
isotope bo’ , accumulating in the soil, to the contamination of river water, are
quite close in value during the periods of increase in atmospheric fallouc, but
sharply diverge during periods of a decrease of fallout. In particular, after
1963 washing away from the soil exceeded the entry of sr90 into the rivers with
fallout by a factor of 1.5 to 17.

It should be noted that the assumption of a constancy of the Cg value in (23) which
proved to be valid for the C(t) curve segments for 1961-1972 (Fig. la) cannot be

. made for the preceding years, which makes the corresponding segment of the c(t)
curve less reliable.

We will make an estimate of the possible changes in C(t), for which we will com—

pute this value under the extreme assumption that during the period 1954-1961

the CQ parameter increased linearly from zero. In Fig. la this part of the curve
- has been plotted as a thin line. It can be seen that the general character of the

curve did not change under these circumstances.

90

Now we will examine the temporal change in the mean Sr”’" concentration in the riv-

z ers of the USSR.

99
1 FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY
e un Ki/liter

Ki/liter -

CA0" Rula
zr 10t

45

7955 960 7965 90 Tams s 790 93 15 195

Fig. 2. 90 concentration averaged for the territory of the USSR. a) in rivers,
computed using formula (25); b) in surface waters contaminated by runoff of the
isotope from the soil surface bo flowing into rivers (1) and washing away of at-
mospheric fallout aP (2).

It was demonstrated in [3] thsﬁ with averaging for the entire territory of the
country the maximum of the Sr’" concentration in river water is observed in the
year following the maximum of fallout of this isotope from the atmosphere. This is
attributable to the effect of the lag of sr’? migrating along the system of tribu~
taries into large rivers and along the way in a state of sorption interactiom with
bottom deposits in the tributaries [8]. Taking the mentioned time shift into ac-
count, formula (23) for the rivers of the USSR is represented in the form

Cly=aP(t— O+ ba(t—1)+Ca (25)

where a = 1+10-3 year/cm, b = 1.4-107% cul, Ag= 0.16 year™l, g = 4.4-10713 K1/
liter. The corresponding C(t) curve is shown in Fig. 2a; the dots in this figure
represent observational data taken from [3]; data on the fallout of sr90 were tak-
en from [3, 7]. As earlier, for 1954-1961 the C(t) curve was computed in two ex-

treme variants: with CQ = const and with Cg increasing linearly from zero (thin
line). :

An examination of Fig. 2a makes it possible to conclude that despite the combining
- of data for extremely diverse rivers flowing through the territory of the USSR,
the coincidence of the theoretical curve with the observational data can be deemed
entirely satisfactory. The assumption made concerning an increase of the C; para-
meter during the period up to 1961 did not substantially change the nature of the C
(t) curve; in particular, a clearly expressed maximum of the st90 concentration
in the rivers of the USSR in 1960 was maintained. It follows from Fig., 2b that
this maximum was caused by intensive fallout of the isotope from the atmosphere
in 1959. After powerful injections of Sr90 into the planetary atmosphere there was
also an increase in the intensity of its expulsion from the atmosphere. During
these periods the contribution of washing out of fallout of the isotope to the
contamination of river water predominated over the contribution from washing out
from the soil. After 1965 the picture was the reverse :'ad the contribution of the
washing out of sr90 from the soil up to six times exceeded the contribution from
washing out of its fallout.
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UDC 633.1 324 :631,53.04
WEATHER AND OPTIMUM TIMES FOR THE SOWING OF WINTER CROPS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 90-97

[Article by Professor A. P, Fedoseyev, All-Union Scientific Research Institute of
Agricultural Meteorology, submitted for publication 3 Apr 80]

[Text] Abstract: A study was made of the dynamics

of the decrease in the yield of winter
wheat and rye, the change in structure of
the yield and the effectiveness of mineral
fertilizers in connection with deviation of
the sowing times from the optimum dates. A
tendency to a shifting of sowing times to
later dates with an increase in the sophistic-

- ation of agricultural techniques is demon-
strated.

Sowing times exert a great influence on the quality and magnitude of the yield. Sow-
ing dates are related to the conditions of growth and development of plants, resis~-
tance to unfavorable meteorological phenomena, harvesting conditions and effective-
ness of agroengineering measures. By choosing different sowing times there is a def-
inite possibility for exposure of plants to conditions of a different length of day-
time, temperature and moisture content of the air and soil.

The dependence of the yield of grain of winter crops on the sowing times has the
character of a single-peaked curve. Figure 1 shows a series of such curves for
different natural-economic regions of the European USSR constructed by the author
in collaboration with A. I. Snetkova on the basis of a generalization of long-term
field data for experimental agricultural stations and scientific institutions (a
total of 2,640 experimental years was analyzed). Most of the experiments were
carried out during the period 1967-1976 and were carried out using new regionaliz-
ed varieties of winter wheat and rye. The maximum yield in the case of an optimum
sowing time in each case was assigned the value 100%.

The relative curves of the yield of winter crops by sowing times characteristic for
the regions of the Nonchernozem zone and the Middle Volga have a sharper peak. Un-
der these conditions the mean long-term range for the optimum period of sowing of
winter crops (with a small underharvest of grain in the range 5% of the maximum)

is 12-14 days (Fig. 1, curves 1-4). Beyond the limits of this mean interval there
is a marked dropoff of the crop yield.
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Fig. 1. Yield of winter wheat and winter rye (in the northern regions) in dependence

on sowing times for the European USSR. Regions: 1) Northeastern Nonchernozem; 2)

Northwestern Nonchernozem; 3) Middle Volga; 4) Central Nonchernozem; 5) Wooded Steppe

Zone; 6) Lower Volga; 7) Steppe Zone; 8) Belorussia; 9) Baltic republies; 10) North-
. ern Caucasus; 11) Dry Steppe Zone .
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- Fig. 2. Correlation between mean duration of period of sowing of winter crops (sp,
in days) and sum of negative temperatures during winter (°C). Notations of the re-

gions (figures next to the circles) are the same as in Fig, 1.

The next group of more flattened curves reflects the conditions prevailing in the
wooded steppe and steppe zones, Belorussia and the Lower Volga (Fig. 1, curves 5-8).
Here the mean range of the sowing period increases to 20 days.

The curves for losses of the grain yield with deviation from the optimum sowing
times in the southern regions with warm winters and in the Baltic republics have
a still smoother shape (Fig. 1, curves 8-11). The mean range of the period of
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sowing of winter crops with losses not greater than 5% of the yield attains 27-32
days.

In regions with a prolonged gentle autumm period (Baltic republics, Belorussia,

~ Northwestern Nonchernozem, Northern Caucasus) a deviation in the optimum sowing
times by 20 days both in the direction of earlier and later times exerts an effect
in an underharvest of grain yields to an approximately equal degree —- in the aver-
age range 15-20%. In the remaining regions of the European USSR with a more contin-
ental climate the greatest underharvest occurs with late sowing times (on the aver-
age by 22-35% with a lag of 20 days) in comparison with early sowing times (15-25%).
Accordingly, the greatest loss is from a lag in the sowing of winter crops, which
most frequently is actually observed. ‘

It is a legitimate assumption that the duration of the possible sowing period for
different regions is related to the severity of winter [11]. In regions with gentle
warm winters there can be a periodic winter growing season for plants favoring an
intensification of shoot formation in incompletely developed crops. Also of impor-
tance for the additional bushing-out of winter wheat is the duration of the early
spring period. For example, in the Baltic republics the transition of air tempera-
ture from 0 to 10°C occurs on the average in 42 days; in the central regions of the
Nonchernozem zone this period is 24 days. Milder conditions of winter and spring
to some degree favor a smoothing of the differences in the development of plants
sown at different times.

The dependence of the mean duration of the sowing period of winter crops omn the sum
of negative temperatures in winter is clearly confirmed by Fig. 2. Such a correla-
tion is also traced with other indices of winter severity.

It should be noted that the mean long-term duration of the period of optimum sowing
cannot be used for specific years.

Plants sown in the optimum sowing periods are more winter-resistant and productive.
With an increase in the deviations of the sowing times from the optimum times the
density of the productive stem stand is reduced by the time of the harvest. This is
particularly conspicuous at later times, when with a lag of 30 days the density of
the stem Stand is 40% less than the mean density for optimum sowing times (Table 1).

One of the reasons for the thinning-out of the stem stand is an appreciable decrease
in productive bushiness in the case of late sowing times, whereas the bushiness for
early~-sowed plants remains virtually unchanged. Plantings in late and to a greater
degree in early sowing seasons are less resistant to unfavorable wintering condi-
tioas. Their survival during the winter on the average is 7-10% less for late and
15-22% less for early sowing times.

The absolute mass of 1,000 grains, according to averaged data, also decreases and
this is particularly conspicuous for late times (on the average by 14%). The number
of grains in an ear on the average 1s somewhat greater for plants sown at early
times and is somewhat less for plants sown at late times, although under the specific
conditions of individual years the infructescence of the grains in the flowers can
be more intensive in plants sown at late sowing times.
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Sowings at early times are considerably more subject to damage by frit and Hessian -
flies, are populated by greenbugs, are damaged by blight, brown rust and root rot. -
In the case of late sowing times there is an increase in the damage inflicted by

soil click beetles, surface caterpillars and also inflicted by covered smut. Plants
with late sowing times are damaged more intensively by rust during earing. -

In addition, with late sowing times the forming of the grain in the southern regions
falls in the period of highest temperatures, and in the northern regions, on the
other hand, transpires more slowly when there is cold, frequently rainy weather.

The change in the effectiveness of mineral fertilizers in dependence on the times
for the sowing of winter crops is of special interest., The displacement of response
of winter crops to fertilizers in the direction of later sowing times observed in
some experiments is evidently attributable to a slowing of the processes of mineral-
ization cf organic substances in the soil with a decrease in air temperature. How-
ever, other factors also become operative which give the reverse effect: a slowing
of the entry of nutrients into the plants with a definite minimum of temperatures
and a shortening of the period of the active growing season for late—sown crops.

It is known that with a temperature of 8-10°C there is an appreciable decrease in
the entry of nitrogen into the roots and movement from the roots into the plant or-
gans above the ground and its use in the formation of organic nitrogen compounds is
weakened. At still lower temperatures (5-6°C and below) the root absorption of nitro-
gen and phosphorus is sharply reduced.

On the average, in the Nonchernozem zone the air temperature drops from 14°C in the
10~day period of optimum sowing times to 12°C by the next 10-day period. With such =
a sowing time, as a result of weakening of the processes of mineralization of matter,
it is possible to expect some increase in the response of winter crops to fertilizer.
Sowings in the next (second after the optimum time) 10-day period occur under condi-—
tions of a reduced temperature of 10°C, already causing a slowing of the movement of
nutrients. In the third and fourth 10-day periods there is a further temperature de-— -
crease to 8-6°C. Under these conditions there is a marked impairment in the entry of
- mineral substances into the roots and the growing season for plants is reduced by
3-4 10-day periods. With these sowing times it is necessary to expect a considerable
decrease in the effectiveness of fertilizers.

The ideas expressed here are confirmed well by the actual data (Table 2). On the av-
- erage, some increase in the response of winter plants to fertilizers is observed
only with a small deviation of the sowing times from the optimum. With a lag of sow-—
ing by 20 days the effectiveness of the fertilizers is already reduced by 20%. How-
ever, some shifting of the maximum effectiveness of fertilizers to sowing times
somewhat later than the optimum times does not at all mean a real advantage. This
small effect is offset by a far more considerable underharvest associated with devia-
tion from the optimum sowing times (see Table 2). For example, against a fertilizad
background with a lag in sowing by 10-20 days there is a loss of 10-35% of the crop
yield. It is characteristic that on crop areas without fertilizers these losses are

somewhat greater —— 15-40%.

Thus, rigorous adherence to the optimum sowing times for winter crops, dependent for
the most part on weather conditions, is in essence a considerable reserve for in-
creasing the effectiveness of mineral fertilizers. For this reason it is of great
practical importance to develop reliable methads for agrometeorological prediction
of sowing times. '
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The mean long-term times for the sowing of winter crops are rather conservative,
One of the founders of Soviet agroclimatology, A. I. Voyeykov, as early as 1884,
on the basis of a generalization of the many years of experience of agricultural-
ists, established the mean sowing times for the territories of Russian provinces

[1].

N. N. Yakovlev compared these data with the long-term dates of sowing computed us-
ing climatic data on the duration of the period of autumn development of winter
crops of 52 days, reckoning from the date of tramsition of air temperature through
5°C in autumn [17]. The discrepancies between the mean sowing times according to
A. I. Voyeykov and the computed dates in most cases were insignificant and with
few exceptions fell in the range of four days.

A comparison of the mean sowing times for winter crops by provinces, established
in the 1870's-1880's, and the corresponding mean oblast sowing times for a 15-year
pericd taken from agroclimatic reference books (1940-1955), indicates their consis-
tent shift by 2-5 days later and im individual cases a few more days. In turm, a
comparison of the mean sowing times for winter crops for the period 1940-1955
(according to data from agroclimatic reference books) with the mean statistical
values (50% of the sown area) for 1964-1976 for the most part confirms their

shift by 2-9 days later.

The shift of the sowing times for winter crops to a later time must be attributed
to the introduction of new varieties of winter wheat of the intensive type and a

general increase in soil fertility as a result of the application of fertilizers

during recent years.

It is known [9] that intensive varieties of winter wheat form higher yields in the
case of sowing at later than the usual times. It is also known that the greater
the soil fertility, the more intensive is the growth of plants and the shorter is
the time period which is required for the completion of autumn development. For
example, in the central regions of the Nonchernozem zone the optimum period for
the sowing of intensive varieties of winter wheat without the use of fertilizers
is 20~30 August, whereas with the application of fertilizers it is displaced to
the third ten-day period in August - first ten-day period in September [5]. With
a high background of fertilization and with the formerly recommended earlier sow-
ing times there is a nonproductive large autum loss of nutrients, an intensified
damping of plants and a decrease in their productivity.

With the variable meteorological conditions of specific years the optimum sowing
times for winter crops can deviate considerably from those mean times established
for each zone. For example, according to experimental data the sowing times for
which the maximum grain yield is formed in the northern half of the European USSR
in 70-80% of the years fit in the range of four five-day periods. In the southern
regions the optimum sowing times are lengthier and in most (80%) cases fit in an
interval of five or six five-day periods. In the remaining years (20-30%Z of the
cases) the sowing times can deviate by two or three additional five-day periods.

In agricultural practice recommendations are given for adherence to the mean opti-
mm sowing times established on the basis of experimental data for each soil~cli-
matic zone or its individual parts. The duration of the mean sowing time period
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is usually determined for winter wheat at 10-15 days and for winter rye at 10-20
days.,

_ ' Table 1

Change in Yield Structure and Other Winter Wheat Indices in Dependence on Sowing
Times (Mean of 200 Experiment-Years)

B _Time
= bef i ; i .
_ Index ore 31;)‘“;’5-‘““’]” ;&il after optimum, days’
) 12wl 10 L o] 201 a0 | 4
- 1 UHCI0  NIPOIYKTHBHHX
crtebaen, m? 360 | 365 385 420 360 315 255 250
2 Yucao sepen 29 26 29 26 24 25 25 —
3 Macca 1000 3eped, ¢ | 33,3 36,8 37,5 373 36,0 | 33,7] 32,5 32,0
- 4 TIpOAYKTHBHAR KYCTHC ' '
TOCTH 1.9( 2,0 1.9 2,0 1,7 1,6 1.6 1,4
5  Konuvectso coxpauus- '
WHXCR PacTeHHi 3a 3u-
My. % 62 70 80 84 82 78 75 77
6  Tospexaenne cxpuro: .
creGenbRIAMI MYXaMH, % | 42 2 12 5 ] 3 1] —_
7  Tlopaxenne  pxapay-
- HoW, % 42 H 27 23 4 35 41 -
8 Topaxenue noaocarof
Mo3anko#, % 62 45 17 4 0 0 0 -
9  Conepxanne Geaxa s
sepre, % | — li2.8f 12.9) 120 | ol 130] 138l —

KEY:
1. Number of productive stems, m
2. Number of grains
3. Mass of 1,000 grains, g
4. Productive bushiness
5. Number of plants surviving during winter, 7%
6. Damage by stem flies, 7
7. Damage by rust, %
8. Damage by streak mosaic, 7%
9, Protein content in grain, %

A comparison of the actual annual optimum sowing times established on the basis of
_ large amounts of experimental data with the mean recommended sowing times indicat-
ed that their coincidence was observed in 60% of the years; in 20% of the years
they differed by 10~20 days. Such deviations lead to considerable underharvests of
grain, in individual cases 5-10 centmers/hectare or more.

- It is entirely obvious that the standard times for the sowing of winter crops recom—

mended by agricultural agencies are in need of annual correction from the point of
- view of both agroengineering and weather conditions.

Attempts of researchers to give an agrometeorological validation of the sowing times
for the most part essentially involved computation (prediction) of the optimum times
on the basis of the sum of temperatures necessary for the formation of the optimum
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number of sprouts of winter crops by the end of the growing season (usually 2-4-6
sprouts, depending on the capacity of the plants for tillering and soil moisture
content). The plants of winter wheat and rye attain such a bushiness when a sum
of effective (above 5°C) temperatures of 200-300°C is accumulated during the per-
iod from sowing to the cessation of the growing season in the autumn [16]. Con-
siderable corrections to determination of the optimum sowing times are introduced
by the level of the moisture reserves in the soil, which is taken into account in
the computations by different methods [2, 6, 7, 11, 15 and others]. The principle
of allowance for definite heat sums necessary for the development of plants also
served as a basis for constructing agroclimatic maps of the mean times for the
sowing of winter crops [3, 6, 8, 12, 16, 17 and others].
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Fig. 3. Optimum times for the sowing of winter crops in dependence on mean air tem—
perature during period from 25 August through 20 October. Nonchernozem zone. a) un—

der conditions of adequate moistening; b) under conditions of inadequate molsten~
ing (precipitation during August-September less than 80 mm).

Table 3

Underharvest of Grain Yield (%) for Different Winter Wheat Varieties with Deviation
- of Sowing Times from Optimum (72 Experiment-Years)

Variety ) Time
before optimum, days after optimum, days

20 10 20 10

Mironovskaya-808 23 8 7 13
Odesskaya-51 14 6 8 18

Kavkaz 20 10 8 22

, Khar'kovskaya-63 18 12 12 -
- Bezostaya-1 32 14 12 24
11'ichevka 17 14 20 —_
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An analysis of the mass experiments led to the conclusion that the optimality of
sowing times is determined not only by the bushiness index at the end of autumn.
The advantage of different sowing times in each specific case is dependent on a
~ whole series of factors: agricultural engineering techniques, variety, type of

= predecessor, multiplication of pests and diseases, wintering conditions, condi-
: tions of the spring and summer growing season, including even the resistance of
sowings at different times to beating down.

The processing of experimental data shows that the times of sowing of winter crops
in the Nonchernozem zone, determined using the criterion of 200-300°C sum of ef-
fective temperatures (in the computations this limit was broadened by £25°C) in
60% of the cases actually corresponded to the maximum yields.

Unfortunately, inadequate methodological possibilities do not make it possible in
the determination of the optimum sowing times to introduce corrections for the
conditions of the future winter and spring-summer periods. Therefore, for the

time being agrometeorologists, as before, have at their disposal only a possibil-
ity for taking into account the meteorological conditions developing prior to sci-
ing or for evaluating the subsequent conditions of autumn with the use of synoptic
forecasts.

Generally available recommendations on the use of agrometeorological data in the
choice of the optimum times for the sowing of winter wheat for the territory of
the Ukraine were proposed by I. G. Grushko and V. P. Dmitrenko [3].

For the conditions of the Nonchernozem zone (Belorussia) L. K. Pyatovskaya [10]
proposed a method for computing the optimum times for the sowing of winter crops
on the basis of nean alr temperature for the period from 25 August through 20 Oc-
tober.

& checking of the L. K. Pyatovskaya index on the basis of reliable experimental
data for the territory of the Nonchernozem zone indicated a possibility of its

use for the choice of optimum sowing times. Under the conditions of an adequate
moisture supply the optimality of sowing times was dependent for the most part on
the temperature level for the period (Fig. 3a). With a shortage of moisture (pre~
cipitation quantity during August-September less than 80 mm) the scatter of points
increases and the sowing times as a rule were displaced to earlier times (Fig. 3b).

Different varieties of winter wheat in one and the same climatic region have dif-
ferent optimum sowing times. This is attributable to their photoperiodic reaction.
Varieties with a well-expressed photoperiodic reaction must be sown at earlier
times. For example, under conditions of a gradually shortening day frost-resistant
varieties react more strongly than those with weak resistance to a short day with

a lag in their development and should be sown earlier. Wintering Mexican short-stem
varieties with a weak photoperiodic reaction can be sown latest [14].

It is known that intensive varieties of winter wheat (Avrora, Kavkaz, Bezostaya-2,
Rostovchanka and others) form higher yields when sown 10-12 days later than the
usual times [9]. The optimum period of sowing is shortest for them.
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The capacity for winter wheat of the Mironovskaya-808 type on a good agricultur-
al background to bush out in autumn and spring broadens the intervals of opti-
mum sowing times. The variety Odesskaya-51 also is characterized by a high plas—
ticity. With a deviation of the sowing times from the optimum its productivity
- and resistance to winter conditions decrease to a lesser degree than for the var-
ieties Kavkaz, Khar'kovskaya-63, I1l'ichevka, Bezostaya-1 (Table 3). Odesskaya-16
and Novomichurinka are plastic varieties. The varieties Odesskaya-26 and Stepov-
- aya occupy an intermediate position.

- The optimum times for the sewing of winter crops are dependent on the agroengineer-
ing background. For fertilized clean fallow the optimm sowing times are 10-12

days later than for predecessors not on fallow. On the other hand, with an inad-
equacy of precipitation it is desirable that the sowing begin with clean fallow.

The sowing of winter crops in dry or semidry .oil camot be allowed. According

to data from the Zherebkovskaya Experimental Station, with a content of not more
than 3 mm of moisture available to plants in the 10-cn soil layer the wheat seeds

_ may not lose their germinating power for a relatively long time. With moisture
reserves of 5-6 mm the seeds swell, become moldy and lose their germinating power
[13]. When the reserves of productive moisture are less than 15 mm in the cultivat-
ed soil layer (0-20 cm) winter crops should not be sown prior to the falling of
considerable precipitation because the plantings will be sparse [6]. Accordingly,
with a moisture shortage in the soil it is desirable that the sowing be postponed
to a later time or that the fields be left in spring crops.

It is possible to await precipitation in dry autumn only within the limits of the
admissible times during which the sown winter crops could attain the tillering
phase by the end of the autumn growing season.

P. G. Kabanov, for the conditions prevailing in the Volga region, examines the pos-
sibility of the sowing of winter rye at early times in & case of falling of rains
in late July-early August and dry weather thereafter [4].

As a result, it must be admitted that at the present time the most promising agro-
meteorological method for computing the optimum times of sowing of winter crops re-

- mains the method of computation on the basis of the index of bushiness of winter
crops by the end of the growing season. The degree of bushiness characterizes not
only the morphological state of the plants but also the size of the apical cones
for the autummn sprouts. In its modern modification applicable to the state of the
sprouts over great areas this method is being successfully developed at the USSR
Hydrometeorological Center [6, 7, 15].
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[Text] Abstract: In this article, on the basis of

an analysis of the variability of elements

of a covariation matrix, the conclusion is

drawn that so-called homogeneilty intervals

exist. It is shown that with a change in
- the volume of the initial samples the stat-
ic characteristics of the process virtually
do not change in this interval. The applic-
ation of this fact makes possible a substan-
tial decrease in the volume of computations
in prognostic problems making use of adaptive
algorithms. In addition, the author examines
some assumptions relating to the optimum ad-
vance period of the prediction and the neces-
sary volume of the sample for statistical ex-—
periments.

Adaptive forecasting methods have recently come into broad use in prognostic prac-
tice [3~5, 7]. Interest in these methods is attributable primarily to the fact that
using them it is possible to solve problems of forecasting under nonstationary con-
ditions. This effect is achieved by constant rescaling of the prognostic operators
in each prediction interval. It is necessary to pay for such universality by a con-
siderable complication of the algorithms, and as a result, an increase in the time
expended on the forecast.

When using adaptive algorithms in physicostatistical schemes, considering the coef-
ficients of expansion of the initial fields in natural orthogonal components (NOC)
as predictors and predictants [1, 7], a considerable part of the time is expended
on the scaling of natural components and their coefficients in each individual

forecast.

The purpose of this study was an analysis of onme of the possible ways to simplify
adaptive algorithms for physicostatistical prediction of hydrometeorological ob-
jects.
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The proposed approach makes it possible to economize the time expended on con-
stant scaling of the natural components-as a result of multiple use of the earlier
computed values. This is possible in connection with the presence of sectors in the
general nonstationary process corresponding to the requirements of statistical
homogeneity, with subsequent transfer of the properties of the preceding set to
these sectors. As is well known, the determination of the field EOC is a process of
finding the eigenvalues and eigenvectors of the covariation (correlation) matrix

of this field. In actual practice we almost always deal with sample values of the
field elements and accordingly, we can obtain only an evaluation of the covariation
matrix; this evaluation will be essentially dependent on the length of the sample.

A sample of the field values {;F} 2, ?=1 (we will call it a sample matrix) can be
represented as follows:

F“Fn....fln
FnFn. .. . Fip

P=) LI @
! Fmn

Here m is the dimensionality of the vector F (the number of its components), n is
the volume of the sample (the number of observed values of the F vector included
in the computations).

The evaluation of the covariation matrix.{M] M .. is obtained in the form of the
averaged product of the matrix (1) and its tradspoced value.

-y S
=_—-_F.F,
! (2)
where T is the transposition symbol.
It is assumed here that the mean value of each component is already excluded.

Assuming the covariation matrix (2) to be quite well stipulated, we will determine
whether the coefficients of expansion of the field in EOC will change with a change
in the volume of the sample and if they do, how. In addition, we will attempt to
find the maximum possible interval (T ) -- the increment of the sample volume with
which these changes are statistically still not significant.

It is evident that the variability of the expansion coefficients is determined, in
particular, by the variability of the elements of the covariation matrix. It is
necessary to evaluate m(m+l)/2 parameters, of which m are diagomal and m(m-1)/2 are
independent nondiagonal wvalues.

Now we will examine one of the elements of the covariation matrix as a function of
sample volume.

Without losing universality in our reasomning, in order to simplify the calculations
and for greater clarity we will assume that this will be one of the diagonal ele-

ments of the matrix
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el

(Fiy—F (n)))

TSy E— 3

where F(n)j is the mean value of the characteristic with a sample volume n.

il ()

F‘(n)i.:——-n .

With a change in the volume of the sample the expressions (3), (4) are written as

follows:
n<4-z N
Z (Fiyy—F(n + ) ‘ (5)
Mnt <)== = )
A
z Fy .
Fla+2)=-2rn, (6)

where T is the number of observations added to the sample.

Now we will examine an extremal variant when any subsequent observation of the F
vector, added to a sample of n terms, deviates from the mean value by a value which
is limiting for the particular process; we will denote it by KAj. Here Ay is the
_ maximum possible amplitude of the process in the time interval n + T and K is a co-
efficient changing in dependence on the specific field from O to 1 and characteriz-
ing the degree of nonstationarity of the particular field. Then equations (6), (5)
are represented in the following form:

— —xk4 )
B F("+.')’=F(")/+'ET£'
Zﬂ Fy~F K4y
[/ (n)/_n‘_*‘:) +Z (KAIF
M (Il—':)ljz-‘l:“l e I=1 (8)
After obvious transformations we obtain
) L M oma (KA < (KA
M(n+)y= PP + CFE + s 9)

The transformation Mj4 with a change in the volume of the sample in a general case
is related to the influence of nonstationarity of the analyzed processes.,
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In order to find the shift T with which the level of varfability of the broadened

- sample in the interval n + T with a stipulated confidence coefficient P does not
exceed (is commensurable with) the level of variability of the set of the volume n,
we will consider the following hypothesis,

We will assume that M(n+3)y
AL SRy D

M (n)j; 10)

In this case with an increase (decrease) in the volume of the sample by T the ele~
ments of the covariation matrix do not change statistically. Then the random value
M(n+m)y
M (n)jy

has E[lal‘]‘v-l, vy Fisher distribution with vl = n +T- 1 and vy = n - 1 degrees of free-
dom .

Hence with a stipulated confidence coefficient P it is possible to determine that
increment in the volume of the sample (so-called homogeneity interval or possible
number of prediction intervals without scaling of the EOC) at which the change in
the covariation coefficients is statistically not significant.

- For this we examine the inequality

M@ty ' 11
—W<F"x' oy v an
- where the significance level is
. aw=l-—P.
. . (12)
) With (9) taken into account we obtain
n nxﬁl(‘lA; ‘:K’Ai (13)

n+z + (a3 M () (n+7<) M(n); < Oy O &
In turn it is possible to determine the upper boundary of amplitude of the process
(Aj) by having the values of the diagonal elements of the covariation matrix [6]

] A=C /M a+y. )
- where C, using the results presented in [6], can be approximated by the following
expression: o
C=ln(n+t—1)—0,068 VA +t+111. (15)
_ Accordingly, we finally write: L .
C M (n -+ n :'_M(n+-.)”[ T K2 C? TKO
M )y n+=< M (I‘l)” (n 4R n4+s J (16)
Now the inequality (11) 1s transformed to the form
At kiC <Fovpe ”)
n-+ -—-(—m-)-;—tl{‘!c’ vz
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Fig. 1. Dependence of the upper boundary of the region of admissible values T on
) length of series n with confidence coefficient 95% for K = 0.5 (1), K= 0.75 (2)
- and K = 1.0 (3).

It goes without saying that all the proposed computations are correct under the con-
dition n Y ¥. Otherwise, with —~n there is a redistribution of the contributions

of the dispersion of the main (n) and additional (T ) samples, leading to a discon-
tinuity of the functiomn e e e

n
n< K303 *
A A

Subsequent increases in the interval lead to a dominant influence of the additiomal
sample and the relative fraction of dispersion of the principal sample decreases.
But from the point of view of the formulated problems this case is not of interest
and is not congidered in the study. - .

With n » €, neglecting the second term in the denominator on the left-hand side of
inequality (17), by virtue of its smallness we obtain

n

s : ———F
n+c—tK(In(n+:—1)—0,000Yn5<+1,11)° oy Uy @

Expression (18) contains T in implicit form and for its determination as a function
of the volume of the initial sample n in the figure we have shown the curves for K
= 0.5, 0.75, 1.0 and P = 95%, limiting the region of solution of inequality (18) up-
- ward. With different K and P values it is possible to comstruct a whole family of
such curves.

<0. : (18)

For a stipulated volume of the sample n and the postulated K value, using the con-
structed curves, we obtain the maximum possible < value at which there is still
satisfaction of the condition of statistical homogeneity of the sample and a conclu-
sion will be drawn concerning the possible reduction of the computations.

The results of the analysis indicate that even in extremal cases the proposed ap-

proach makes it possible to reduce the number of computations and save time expend-

ed on the prediction by shifting the properties of the initial set to the determin~

ed interval, with K = 1 equal to one prediction interval (discreteness of the used

- data). In the case of weaker nonstatiomarity (K<1) the time gain increases sig-
nificantly. For example, with K = 0.5 (see Fig. 1) the scaling of the eigenvalues
and eigenvectors can be accomplished once in 4-5 predictionms.

In addition to the enumerated results, the analysis of the discriminated intervals
in each specific case makes it possible to evaluate the optimum advance time for
which the effectiveness of the regression expressions should be a priori high.
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This was assoclated with the statistical semse of the regression. Applying the
regression equations for the prediction, we will assume statistical statiomarity,
and accordingly, the possibility of extrapolation of the statistical characteris—~
ties in time. In this understanding the periods of optimum advance time will be
dependent to a considerable degree on the volume n of the sample and the character-
istics K.

With respect to the K evaluation, this problem is solved as a result of a prelim-
inary analysis of some a priori information on the statistical structure of the
predicted processes. In case of necessity this parameter can be constantly correct—
ed in the calculation procedure.

When determining the volume of work the following must be taken into account: on
the one hand, in a prediction using adaptive models under nonstationarity condi~
tions it is necessary that there be a maximum restriction of the wvolume of initial
data, and on the other hand, as follows from the precedimg reasoning, in order to
obtain effective dependences the length of the sample must be such that with its
increase in the advance time interval the statistical evaluations do not substan—
tially change.

The use of the proposed method in a number of cases makes it possible to decrease
the uncertainty arising when sampling this parameter.

Thus, the examined principles make it possible not only to simplify the computa-
tion scheme and reduce the time expended on computations in problems using adaptive
algorithms, but also to evaluate the optimum advance time periods and the necessary
volume of the initial sample for obtaining effective prognostic dependences.

The proposed approach is especially preferable in the physical-statistical model-
ing of hydrometeorological fields of a great dimensionality.
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PRESSURE GRADIENTS IN NARROW ZONES OF COLD FRONTS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 102-104

[Article by Candidate of Geographical Sciences M. A. Masterskikh, USSR Hydrometeoro-
logical Scientific Research Center, submitted for publication 26 Dec 79]

[Text] Abstract: The author explains the appearance
of considerable pressure gradients in narrow
(up to 50 km) zones of cold fronts. The reason
for this is the creation of large horizontal
temperature contrasts in them. Formulas are
given for computing the pressure gradients in
narrow zones of cold fronts.

With the passage of atmospheric fronts, especially cold fronts, the wind always is
intensified, sometimes to 30 m/sec or more. In the territory of the USSR 91% of all
the observed cases of squalls appear on fronts, of which 74%Z of the cases were
along cold fronts [1].

It can be assumed that one of the reasons for such an intensification of the wind

is an increase in the pressure gradients in narrow (with a width of several tens

of kilometers) frontal zones. In order to estimate the pressure gradient in a frontal
zone it is necessary to have detailed ring maps where the pressure field along the
front can be analyzed with sufficient accuracy.

In this article an attempt is made to explain the creation of considerable pressure
gradients in cold air in narrow (with a width up to 50 km) zones of cold fronts on
the basis of the following consideratioms.

In thermally uniform cyclones the pressure gradient is dependent for the most part
on the angle of inclination of the isobaric surface toward the center of the eddy.
In the zone of a cold front (in cold air) isobaric surfaces drop down simultaneous-
ly in the direction of the warm air. Accordingly, a compouent of the pressure gradi-
ent caused by the difference in densities of contacting air masses with different
temperature arises here [3]. Accordingly, the isobars along the rear boundary of the
indicated zone experience a corresponding bend, as indicated in Fig. 1.

We will denote the term of the pressure gradient vector directed along the fromtal

line to the center of the cyclone by ¥ Pfy jine and in the direction of the warm air

by ¥ Pyarm fr (Fig. 1). The resultant vector of the pressure gradient in the frontal
zone is

120

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4
FOR OFFICIAL USE ONLY

V Psr zone = VPfr 1ine T V Pwarm fre 1)

Then .
= 2 2
A Per zone \ﬂipfr line + APwa:rm fr? &

vhere A denotes a scalar value, that is, the length of projection of the vector.

The first component of the pressure gradient in the frontal zone APgy jipe in (2)
is easily determined using data from a synoptic chart; the second component _

- Pyarm £r can be computed using the scheme shown in Fig. 2, which shows the ver-

- tical section of the cold front. The following notations are used here: Q, is the
width of the frontal zone; h is the height of columms of air a and b with a unit

: area of the cross section; 71, t} are demsity and temperature in the warm air,
P2, tp are density and temperature in the cold column; P7 and Py are the pressures
at the base of the air columns a and b.

Tenno
>
g
. &
. g -
- 3
e <
_ ’ 1}
P, §
pl \ t111°f
> N
Frontal zome | doMa ppowra ,
’ 1
- Fig. 1. Resultant vector of pressure Fig. 2. Diagram for computing component
gradient in cold front zone ¥ Pgp ,ope of pressure gradient in cold front zone
and its components. APyarm fre
KEY:
- a) Pgr line
- b) Pfy zone

¢) Pyarm fr
d) Frontal line

The pressure difference AP = P2 - Pj at the base of the colums a and b is deter-
mined from the following expression, corresponding to the equation of statics

prszgdpdz, (3)

where dp= Py - Pq is the difference in demsities between the cold and warm air,
g is the acceleration of free falling, dz = h is the height of the air columns.

T @
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[Note: Strictly speaking, a quasistatic approximation cannot be used near a front.
However, evidently, the influence of nonstationarity will be less than the influ-
ence of a large thermal contrast. Accordingly, for evaluating APyarm £r With a
certain degree of caution it is possible to use the equation of statics.]

‘ With a width of the frontal zone } equal to 50 km and a mean slope of the front
- B = 0,02 the height h = 1,000 m.

Elementary computations with formula (3) show that with a horizontal temperature
difference in the columns a and b (A ter zope = £2 = tg) equal to 1°C (in this case
the Ap value is equal to approximately 0.005-10™3 g/cm> [4]) the value of the com—
ponent of the pressure gradient in the cold front zone APy, fr 1s about 0.5 wb/
50 km, that is, about 1 mb/111 km. Thus, in cold front zones the value of the hori-
zontal temperature gradient is numerically equal to the pressure gradient component
(A Pyarm fr)s expressed in mb/111 km. Accordingly, for computing the resultant
pressure gradient (APgy zope in mb/11l km) in expression (2) APy, £y can be re-
- placed by Atgr zone (the horizontal temperature contrast at a distance of 50 km

- from the frontal line in the direction of the cold air). Then formula (2) assumes

- the working form

- 2
A Pfr zome = \/AP%r line * Atft zone ° (5)

This formula was used in computing the APfr zone Values with a constant value
- APs. 1ine = 3 mb/111 km, but with different values of the horizontal temperature
gradient in the cold front zone A tgp zone. The following results of computations
were obtained:

Atfr zone ~C/50 km 1 2 3 4 5 6 7 8

- APgr zone mb/111 km 3.1 3.6 4.2 5.0 5.7 6.7 7.6 85

Thus, with a relatively small value of the pressure gradient along the frontal line
(along which wind velocity is usually determined), but considerable values of the
horizontal temperature gradient (Atgy yone = 7-8°C per 50 km) the resultant pres-

- sure gradient APfr zope attains 7.6-8.5 mb/111 km. However, these pressure gradi-

- encs in narrow zonmes of cold fronts, as we have already moted, virtually could not
be detected on small-scale synoptic charts, The presence of such pressure gradi-~
ents can be established reliably only from large-scale circular weather maps for a
territory with a dense meteorological network.

We will show this in one of the examples. Figure 3 shows the actual fields of pres-
sure and temperature in a cold front zone on the basis of data from small- and
large—-scale weather charts for approximately one and the same times. The data on
the small-scale chart (a) show that the pressure gradient near the front in the
direction of the cold air is about 2 mb/11l km. However, the data from the iarge-
scale map (b) make it possible to see that the pressure trough is expressed more

E sharply and the pressure gradients in it behind the frontal line attain 5-6 mb/111
km.

The pressure gradients in the cold front zome APgy zopes computed using formula
(5) with APgep 145 = 1.3 mb/111 km and Atg. ,one = 5-6°C per 50 km, constitute
5.3-6.2 mb/111 km, that is, almost coincide with the actual values read from the
large—scale chart. Approximately the same results were obtained in an analysis of
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the thermopressure fields during the passage of 20 cold fronts through Moscow.

Fig. 3.

The values of the horizontal temperature contrasts in the 50-km zone in this case
did not exceed 7°C. However, they can also attain 10-11°C [3].
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Actual pressure and temperature fields in cold front zone on weather

charts. a) 1800 hours on 5 June 1979; b) 1700 hours on 5 June 1979.

We

e i

of

note that in the cited example the maximum wind gusts were 22 m/sec. The wind

speeds, calculated from the pressure field [2] on the small-scale chart (Fig. 3a)
and the large-scale chart (Fig.
puting the pressure gradients (and accordingly,

3b) are 6 and 18 m/sec respectively. Thus, in com—
also the wind speed) at the time
passage of a cold front it is always necessary to take into account the hori-

zontal temperature contrast in its narrow zone (50 km).

We
in

2.

3.

note in conclusion that an increase in the pressure gradients should also occur
narrow zones of warm atmospheric fronts.
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UDC 551.578.7

INSTRUMENTATION, METHODS AND RESULTS OF INVESTIGATION OF ATMOSPHERIC
ICE-FORMING NUCLEI

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 105-110

[Article by N. A. Berezinskiy, V. G. Karpov, G. B. Myakon'kiy, S. D. Smirnov, Can-
didates of Physical and Mathematical Sciences G. V. Stepanov and V. G. Khorguani,
High-Mountain Geophysical Imstitute and State Special Design Bureau of Thermophys—
{cal Instrument Making, submitted for publication 1 Apr 80]

[Text] Abstract: This article gives a description

of instrumentation for investigating the
microstructure, condensation and ice-forming
properties of aerosols. The authors describe
semiconductor thermodiffusion chambers with a
broad range of monitorable changes in tem—
perature and humidity which are automatically
maintained with a high accuracy. Also examined
are methods for investigation of the samples
taken In the tuermodifrusion chombers. The
results of measurements of the concentration
of ice~forming nuclei in the surface layer and
in the free atmosphere are given.

Introduction., The broad range of artificial modification of clouds and fogs re-
quires a thorough investigation of natural and artificial ice-forming nuclei. In
addition to a study of the concentration of natural ice-forming nuclei, their

nature and pattern of distribution in the
to the dependence of ice-forming activity
temperature, and also study of nucleation
vith considerable difficulties due to the
variability, diverse chemical composition
quate study of ice nucleation mechanisms.,
study of ice-forming nuclei is related to
strumentation for this purpose.,

atmosphere, great attention is devoted

on particle size, supersaturation and
mechanisms. These investigations meet

small concentrations and their great
of the ice—forming nuclei and inade-
One of the principal difficulties in
the lack of a reliable method and in-

At the High-Mountain Geophysical Institute and the State Special Design Bureau of
Thermophysical Instrument Making specialists have created a complex of surface

and aircraft instrumentation for investigating the microstructural characteristics,
condensation and ice~forming properties of natural and ice-forming aerosols. This
instrumentation consists of different types of intake devices, making it possible
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to precipitate aerosols in the size range from 0.0l to 200tm and thermoelectric
diffusion refrigerating chambers with semiconductors operating in a wide tempera-
ture range.

Aerosol Sample Intakes

Filtering Apparatus. In the sampling of aerosol we used "Sinpor" millipore filters
with a pore size 0.2-1.2})tm. One of the advantages of millipore filters is their
relative simplicity and convenience of work with them under field conditions and
in an aircraft and also the high efficiency of precipitation of submicron par-
ticles.

The design of the aircraft filtering apparatus makes possible the simultaneous

taking of two air samples from an undisturbed flow through pipes inserted in the

side of the aircraft [1]. Two pairs of filters are installed in the instrument in

special holders. After the taking of samples with the first two filters the second

pair is introduced into a working position by movement of the holder. Such a de~

- sign makes it possible to carry out a virtually continuous sampling of the aero-
sol.

The great handling capacity of the vacuum pump makes it possible to take repre-
sentative samples of aerosol in a short flight segment, that is, in a local re-
gion of space. The exposed filters are stored together with the holders in a
special enclosure and are processed in a thermodiffusion cold chamber.

Cascade impactor. Particles in a wide range of sizes are precipitated on the fil-
ter, including an enormous number of active condensation nuclei. With the develop-
ment of filters in a thermodiffusion cold chamber already at a humidity of more

- than 707 many of the nuclei are transformed into droplets of solutions. As a re-
sult of the absorption of water vapor by condensationally active particles it be-
comes inadequate for the activation of all the ice~forming nuclei, that is, there
is a so-called volume effect [10].

In addition, the matte surface of the filter and the penetration of some particles
within the pores make it difficult to observe the nucleation processes and invest-

- igate the particles themselves.

We designed a three-stage impactor trap (Fig. la) which broadens the possibility
for investigating ice-forming nucleil using the filters and eliminates some of
their shortcomings [3]. In the first stage the escape velocity is 60-70 m/sec and
particles with a diameter greater than 0,84Am are precipitated. In the second
stage we made use of the principle of a critical (sound) velocity of escape from a
slit nozzle measuring 10 x 0.4 mm and particles of 0.1-0.05tm are precipitated
in it, The remaining particles are precipitated in the third stage — the filter.

An investigation of the effectiveness of precipitation in the impactor trap was
described earlier in [6]. Test disks or glasses are covered by a colloid film.

- Their design makes it possible to investigate the ice~forming properties of the
aerosols and their microstructure under optical and electron microscopes, more
precisely monitor humidity and temperature and carry out observations of condensa-
tion processes and the nucleation mechanism on individual particles. With
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the precipitation of particles in the impactor on a fixed or slowly rotating
plate with a humidity of the investigated air 80-100% there will be a process of

- a showerlike spraying of droplets from the sample [4]. This is attributable to
the condensation enlargement of particles in the nozzle.

= In the described instrument the precipitation of particles occurs on a rapidly ro-
tating disk. The probability of fusion of the precipitating droplets in the sample
is reduced. During the time of a full rotation the water envelope can be complete-
ly evaporated. Such a rate of rotation was experimentally selected at which there
was no spraying and flooding of the sample even when working in the clouds. It was
5-10 sec-l and the volumetric air flow attained 30 liters/min.

Thus, a cascade impactor makes it possible to investigate the ice-forming proper-
ties and microstructural characteristics of aerosols by fractions in the clouds
"and in the pure atmosphere. The intakes described above can be used both in an
aircraft and on the ground.

Thermoelectric Diffusion Chambers

"Grad" unit. Special chambers with a high accuracy of maintenance of temperature
and humidity in a broad range are required for determining the concentration of
ice~forming nuclei and investigating the condensation and ice-forming properties
of aerosols collected in the form of a sample on millipore filters or some other
backings. Our early investigations [1] indicated that chambers operating on freon,
1iquid nitrogen or solid carbon dioxide do not ensure a high accuracy in maintain-
ing the stipulated temperatures.

Accordingly, the "Grad" apparatus was developed (Fig. 1b). It consists of two ther-
modiffusion cold chambers —- "Grad-1" and "Grad-2," operating on semiconductor
thermopiles. The operating principle of each of these chambers is as follows: a
definite temperature gradient is created between two thermostated surfaces, whose

- temperature is maintained autonomously. One of these surfaces is covered with ice
and is a source of water vapor in the chamber. The second surface is a sort of
"gtage" for the investigated sample (a filter or other backing). Thus, by stipulat-
ing a definite temperature of the sample and the gradient between the source of
water vapor and the investigated object it is possible to create the regime of tem~
perature and saturation (relative to water and ice) necessary for the investiga-~
tion.

A change in the temperature of the plates for the vapor source and the stage is ac-
complished by semiconductor thermopiles. Their working junctloms are in thermal
contact with the thermostated plates. Depending on the direction of the current
passing through the thermopile the thermostated plate is either heated or cooled.
The offtake of heat from the thermopile is accomplished by means of a FAK-0.7

cooling apparatus.

Both chambers are controlled by the same electronic automatic control unit. The
temperature of the thermostated surfaces can be varied from ~35 to +20°C and is
automatically maintained with an error to 0.05°C. The measurement is made by ther-
mocouples which have an output to a VK 2-20 digital voltmeter. Up to four samples
can be investigated simultaneously in the chambers.
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Distinguishing features of the "Grad-1" and "Grad-2" chambers are that in the
first the water vapor source is in the same plane with the surface of the in-
. vestigated object on an annular plate around the sample, and in the second —-
- over the investigated sample., For this purpose an ice layer is frozen on the
thermostated surface situated over the sample.

Fig. 1. General view of measuring apparatus complex. a) cascade impactor; b) "Grad"
thermoelectric diffusion apparatus —- 1) "Grad-1" chamber; 2) "Grad-2" chamber;

3) control panel; 4) digital voltmeter; 5) MBS-2 microscope; 6) camera; c) "Grad-
3" chamber: 1) power unit; 2) thermal unit; 3) control imit.
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"Grad-3" aircraft thermoelectric diffusion chamber. The "Grad" apparatus is a sta-
tionary laboratory instrument. The small thermoelectric diffusion chamber "Grad-
3" (Fig. lc) was developed and created for operation under field conditions and

on an aircraft. The principal difference between the “Grad-3" chamber and the
"Grad" apparatus is two-stage regulation of the temperatures of the working
plates in the chamber by the thermocouples. The use of such a system increases

the accuracy of maintaining the temperature (0.05°C) and considerably reduces the
size and mass of the chamber. On the heat-releasing surface of the lower stage
there is a radiator of the combined type (air or water cooling), making it pos-—
sible, depending on the operating conditions, to employ one or another heat trans-
fer method.

In the "Grad-3" chamber provision is made for automatic maintenance of the thermo-—
stated temperature of the working surfaces in the range from +20 to -25°C. The
temperature is controlled by copper-constantan thermocouples and indication is
- with a digital recording instrument. All the units are small in size and conven-
ient for transport-by hand. In the chambers there can be three mechanisms for ice
- nucleation: sublimation, condensation~ freezing and volume freezing. Usually the
aerosol samples in the thermodiffusion chamber are processed in the following way:
the temperature of the aerosol sample is established, then the temperature of the
ice surface (vapor source) slowly increases and accordingly there 1s an increase
in the humidity over the sample. However, as mentioned above, due to the limited
rate of vapor diffusion and the high rate of condensation processes there are
water vapor depletion effects. In order to avoid this we tested another method for
processing the samples in which the chamber is maintained with a definite temper-
ature of the ice surface so that the necessary saturating pressure of the water
vapor is established throughout its volume, after which the necessary tempera-
ture of the aerosol sample is rapidly established. With development by the propos-
ed method the number of crystals is found to be 30-100% greater than when using
the usual method.

- The errors in determining the concentration of ice-forming nuclei are related to
the accuracy in measuring the volume of the investigated air, the background
contamination of the backings, conditions for development of the sample and count-
ing of crystals. According to our estimates, with t = -20°C the error does not
exceed approximately 25%. With an increase in temperature to -8°C it increases to
50%.

Research Results

We carried out numerous surface and aircraft measurements of ice-forming nuclei
over different physiographic regions of the USSR at altitudes up to 5,500 m above
sea level. The samples were developed at temperatures -8, =15 and -20°C and a
humidity of 100% using a method developed at the High-Mountain Geophysical Inst-
itute, reducing the influence of the volume effect [5].

The investigations which were made [2] indicated that in the surface layer the con-
centration of ice-forming nuclei is dependent on the measurement region. At a tem—
perature of -20°C it varies from 1 to 3 liter~! in the foothill regions of the
Northern Caucasus, over the Black and Caspian Seas and to 7-8 liter~l in the semi-
deserts and deserts of Central Asia. The greatest concentration of ice-forming
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nuclei (up to 15 liter‘l) is observed over industrial cities.

The influence of the underlying surface on the concentration of ice-forming nuclei
is reflected in the lower layer of the atmo~phere to an altitude of 1,000-1,500

- m above sea level. In only half the cases .s there a positive correlation between
the vertical distribution of the ice-forming nuclei and condensation nuclei.

e Nice-forming nuclei

liter-l /¢

wr' N liter~l

10° f—

-20°C

-1 -15 T°C 95 58 100 102  ¢7
Fig. 2. Dependence of concentration of Fig. 3. Dependence of concentration of
ice-forming nuclei on temperature. 1) ice-forming nuclei on supersaturation.

Terskol, 2) Labinsk, Krasnodarskiy Kray,

- 3) Tul'skaya Oblast; 4) according to
data in (13}, 5, 6) according to [8]
(Japan), 7) data in [9], 8) data in [11]
(Tasmania).

A comparison of the averaged vertical profiles of the concentration of ice-forming
nuclei and aerosol particles in different size ranges shows that the decrease

in the concentration of ice-forming nuclei with altitude occurs more slowly than the
change in Aitken nuclei and agrees well with the variaticn in the concentration

of large nuclei at all altitudes and giant nuclei to an altitude of 2,000 m above
sea level.

A serles of experiments was carried out for investigating nucleation mechanisms,
the dependence of ice~forming activity on temperature, the size of particles and
supersaturation.
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Figure 2 shows the dependence of the concentration of ice-forming nuclei on tem-
perature on the basis of our surface and aircraft measurements in comparison with
the data of other authors for different regions of the earth [8, 9, 11, 13]. From
the data of other authors in the literature we intentionally selected and in this
figure we have given those which graphically show the 1limiting values of the meas-
ured concentration of ice-forming nuclei., Here it must be noted that the over—
whelming majority of the concentrations known in the literature fall between the
curves 3 and 4.

Table 1

Number of Natural Ice-Forming Nuclei in Sample Obtained With Development
by Different Methods

t = -8°C t = -15°C
without moistening with moistening without moistening with moistening
none 14 40 190
3 10 53 120
none 35 5 60
none 4 57 80

Table 2
Concentration (liter"l) of Ice-Forming Nuclei by Impactor Stages

1 BHCOT2 OT NOBEPXHOCTH 3EMJH, M
100 | 1000; 2000 3000! 100 100020003000100{)00020003000-
{=—8°C t=—15"C =20 C
I xackaa—rurant-
2 cknme aapa 0,04{ 0,04{ 0,03{ 0,02] 0.35 0,35 0,16} 0,1 1,5 1,34} 0,98 0,41
1 xackag—kpyn-
3 e npa ~ | —| =1 =1o0.06 0,06 0,07] 0.1 | 0,49] 0.35| 0,38 0,25
111 xacxan — sapa
4 Antkena -1 =1 -1 — 090,770,305 232010203+
5 Cymwa 0,04| 0,04} 0,03} 0,02] 1,39] 1,12} v,33| 0.7 4,29 3,69 2.38; 1.0

KEY:
1. Altitude from earth's surface, m
- 2. Stage I -- glant nuclei
= 3. Stage II -- large nuclei
4, Stage III -~ Aitken nuclei
5. Sum :
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The qualitative shape of the curves for all our measurements coincldes and agrees
well with the data of other authors. Despite the fact that the concentration of
ice-forming nuclei at different points on the earth has a considerable scatter,
its change with temperature in the range -10 - =20°C occurs approximately expon-
entially. This circumstance is clearly illustrated in the figure where the broken
line represents the dependence for the concentration of ice—forming nuclei pro-
posed by Fletcher [7] e e

N=Nyexp (B AT).

where Ny = 10-3 1iter_1, ﬁ = 0.6, AT is the supercooling temperature.

In cumulus clouds condensation usually occurs at a positive temperature and accord-

- ingly a high water vapor pressure; then the forming droplets and aerosol particles
are lifted into the region of negative temperatures. In order to bring the condi-
tions for development of the samples closer to cloud conditions, experimentation
was carried out using the following method. A humidity of 100-101% was establish-—
ed over the sample at a temperature of 10°C. Maintaining the mentioned humidity,
the sample was cooled to the planned negative temperature., Table 1 gives the re-
sults of these experiments [5].

The table shows that with development of the sample with its preliminary moisten-
ing the number of crystals increased considerably. This is evidently a result of
freezing of droplets containing ice~forming nuclei.

Microscopic observations of condensation and nucleation of the ice phase on giant
nuclel precipitated in the first stage of the impactor also indicated that the
formation of the crystals passes through the liquid phase, A sector of the aero-
sol sample with forming crystals at a humidity 100-101% was photographed. Then
with undersaturation relative to the ice the crystals evaporated, the sample was
heated to +10°C and photographed at a humidity of 100-101%.

A matching of the microphotographs indicated that all the crystals obtained at a
temperature of -8 and -15°C coincided with the most condensationally active cen-—
ters at a positive temperature.

A series of experiments was carried out for investigating the dependence of the
ice~forming activity of natural aerosols on particle size. Samples of each stage
were developed at temperatures of -8, -15 and -20°C and a humidity of 100~101%.
The results of one of the experiments are given in Table 2. The table shows that
high-temperature ice-forming nuclei are giant aerosol particles and despite their
relatively small concentrations they make a substantial contribution to the total
number of ice~forming nuclei.

An analysis of the results of investigations by different authors shows [12] that
the great scatter obtained by different counters of ice-forming nuclei for both
natural and artificial aerosols can be partially, if not completely, attributed

to inexact monitoring of humidity conditions in the investigated chambers. We

carried out a series of experiments for determining the dependence of the concen-
tration of ice-forming nuclei on humidity (supersaturation). The samples were
taken simultaneously under identical conditions on several filters which were
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developed at humidities 96, 98, 100, 102 and 104%. Figure 3 shous the averaged
curves of the dependence of the concentration of ice-forming nuclei on humidity
at temperatures -10, =15 and -20°C. The curves show that with all temperatures
the concentration of the ice-forming nuclei increases considerably with an in-
crease in humidity. Accordingly, the ice-forming activity of a natural aerosol
is dependent on temperature, water vapor saturation and particle size.

Thus, a unique complex of surface and aircraft apparatus was created for invest-

igating the concentration, spectrum, condensation and ice-forming properties of

aerosols. This apparatus was used in carrying out investigations of the ice-form-

ing activity of natural aerosol in dependence on supersaturations, temperature

- and particle size. Measurements of the concentrations of ice-forming nuclei over
different physiographic regions of the country were made.
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REMOTE ACTIVATION AND CONTROL OF INSTRUMENT OPERATION
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 111-113

[Article by V. V. Prokof'yev, Southern Division Institute of Oceanology USSR Acad-
emy of Sciences, submitted for publication 26 Nov 79}

[Text] Abstract: The article describes the technical real-
ization of the possibility of use of a radio com-
munication channel for the remote control of oper-
ation of devices (including telemetric) which are
situated at a considerable distance from the data
user (collection center). With such a design of
measuring systems there are a number of advantages
(routineness in collection of information, economy
in current consumption, increase in reliability,
etc.) in comparison with systems operating under
a rigid program.

In carrying out hydrological and meteorological observations from a stabilized
buoy the need frequently arises for the brief activation of the instruments at
different times of day. With the switching-on of these instruments for constant
operation there is an unjustified expenditure of energy from the storage batter—
ies. In order to save electric power and increase the reliability of instrument
operation the remote control of instrument operation through a radio channel has
been developed.

Radio control was developed on the basis of standard-produced radio stations of
the "Niva" or "Karat-M" type with an effective range of 20 km, an output power
of 0.5 W and operating in one side band. The transmitting part of the radio con-
trol is illustrated in Fig. 1. It consists of five generators of sinusoidal os-
cillations tuned to frequencies of 560, 820, 1400, 2100 and 2800 Hz. The power
supply for the generators is stabilized by a stabilizer (V11-V13), forming a com—
pensation-type stabilizer circuit. The switches S1-S5 are used for connecting the
outputs of the generators to the input of the transmitter modulator.

The receiving part of the radio control, situated on the buoy, is illustrated in
Fig. 2. The signal is fed from the output of the receiver of the "Karat-M" radio
transmitter to an amplifier with a logarithmic scale (A7), from whose output it

is fed to the inputs of active filters functioning in K140UT1A microcircuits and
tuned to the frequencies 560, 820, 1400, 2100 and 2800 Hz. The signal is fed from
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Fig., 1. Block of modulators for remote control transmitter,

the outputs of the filters to amplifier-limiters based on KTZ15A transistors. The
downward level of limitation of the input signal is set by the proper choice of
the resistor R22, The signal is fed from the output of the amplifier-limiter to
a 15-digit counter, incorgorated in the microcircuit A8 (K176IYe5). The overflow
pulse from the counter (2 5 pulses) trips the toggle switch D1 and activates the
relay K1 which with its contacts supplies a flow of current to the corrvesponding
instrument. The other channels are activated in the same way. The channel z800 Hz
is used for throwing the toggle switches. An overflow pulse from the counter sets
the flip-flops in the initial state, that is, cuts out the relay supplying current
to the instruments. Thus, with activation of the channels 560, 820, 1400 or 2100
Hz in the transmitting part there is activation of the corresponding chamels in
the receiving part and the corresponding instruments are cut in. The channel 2800
Hz is used for general deactivation of the instruments.,

Spontaneous activation from radio interference is eliminated by a protective cir-
cuit, a multivibrator with the transistors V12, V13 and 15-digit pulse counters
assembled in K176IYe5 microcircuits (A8). The multivibrator generates pulses with
a repetition rate of 23.0 sec and a pulse duration of about 1 sec. These pulses
of positive polarity set the pulse counters in a zero state each 23.0 sec. Accord-
ingly, in order for an overflow pulse to appear at the counter output at its input
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there must be a signal consisting of 2152941 pulses (the first nine digits of the
counter are not in a zero state and therefore we will assume that after the coun-
ter is put into its zero state the first nine digits are already filled). The prob-
ability that 31,475 noise pulses will be accumulated in 23 sec is small, whereas
with the continuous feeding of a signal with a frequency of 1400, 2100 and 2800

Hz for 23.0 sec this condition is satisfied and the cutting-in of the actuating
devices through some channel will occur, Fourteen counter digits are used for more
low-frequency coutrol signals (560 and 820 Hz). With the activation of any channel
there is simultaneous cutting—in of the current supply to the transmitter, through
which information is transmitted from the buoy. This is accomplished using the
microcircuit D2, the transistors V16, V17 and the relay K2.

If a zero potential appears across at least one input of the microcirecuit (4I-NYe)
- (the flip-flop is thrown for cutting-in the channel) a positive potential appears
. across the output of this microcircuit, activating the relay K2, which with its
contacts feeds current to the transmitter,

Visual monitoring of operation of the device is accomplished using the photodiodes
V4, V6, V7, V8, V14, The current operating regime is governed by resistors con-
- nected in series with the diodes.

The receiving part of the radio control, together with the receiver in a duty
- regime, requires about 50 mA.
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Such radio control was installed on a stabilized buoy at a distance of three miles
fron the shore for the remote activation and deactivation of the instruments in-
stalled on the buoy.
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HISTORY OF METEOROLOGICAL OBSERVATIONS IN TURKMENISTAN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 114-115
[Unsigned]

[Text] Abstract: The article discusses the his-
tory of organization and development of
meteorological observations in & number
of regions of Turkmenistan and evaluates
the role of meteorological stations in
servicing of the Turkmen national economy.

A hundred years have passed since the beginning of meteorological investigations
in Turkmenistan. The first meteorological station was established there in 1869
at Krasnovodsk. Russian tsarism was not concerned with the development of scien-
tific research at the margins of the country, but the enthusiasm of Russian sci-
entists, combined in the pre-Revolutionary period by the Russian Geographical
Society and the Main Physical Observatory at Peterburg, together with their in-
terest in the unstudied territories of the country, favored much success in the
development of the network of meteorological stations in the Tramnscaspian regionm,
in the territory of present-day Turkmenistan.

The year 1979 marked the 110th anniversary of meteorological observations at Krasno-
vodsk and the 90th anniversary of observations at Kerki and Bayram-Ali,

A meteorological station was established in 1889 on the left bank of the Amudar'ya,
in the southern part of Bukhara emirate, on the outskirts of Kerki village, by the
Military-Topographic Section of Turkestanskiy Kray. The methodological direction of
operation of the meteorological station was from the Main Physical Observatory in
Peterburg. Russian professional meteorologists were highly enthusiastic about the

" meteorological investigation of Turkestanskiy Kray.

The organization of a metaorological station in the Amudar'ya valley was related-to
the expansion of use of the resources of the kray and meteorological investigation
of the unstudied territory. In July 1912 these uninvestigated places were examined
by A. I. Voyeykov. He sailed on a steamer along the Amudar'ya from Termez in Bukhar-
skiy emirate and then to the vassal Khivinskoye khanate.

After the October Revolution the city of Kerki became a part of the Bukharskaya Re-
public, and in 1924 -~ a part of the Turkmen SSR.

139

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

During the years of Soviet rule in this part of the republic, as in all of Turk-
menia, the development of the national economy proceeded at a rapid pace. And
meteorology developed together with development of the national economy: from
very narrow elementary observations only of precipitation, temperature, humidity
and air pressure the meteorological station proceeded to observations under a
broad program, including aerological and agrometeorological.

The Kerki meteorological station today is a station making a great volume of ob-
gervations, carrying out broad servicing of agriculture, aviation and the multi-
branch economy of the zone in the first segment of the Karakumskiy Canal imeni
V. I. Lenin.

Continuous observations made over the course of almost a century have made it pos-
sible to clarify all the peculiarities of climate in the southeastern corner of
the republic. The materials of these observations have been included in all the
major reference books on the climate of Turkmenistan and in other studies of cli-
matologists.

The Bayram-Ali meteorological station, the first station in Murgabskiy oasis, was
organized by the Murgabskoye state estate in 1889. Over a period of years the ob-
servations were made in the nursery of this estate.

The city of Bayram-Ali 1s situated in the northern part of the oasis, fed by the
waters of the Murgab. It was constructed near the ruins of old Merv —- one of the
most ancient cities of Central Asia. The organization of the meteorological sta-
tion was associated with the insistent need for studying the geographical and cli-
matic conditions of Murgabskiy oasis. The Transcaspian region at that time was
virtually unstudied. The Russians ran railroads into the depths of the region ~-
from Krasnovodsk to Chardzhou (and them to Samarkand and Tashkent) and from Merv
(now Mary) to Kushka.

The Bayram-Ali meteorological station was the reference station for study of the
climatic resources in the zone of Russian cotton production. The methodological
direction of its operation was from the Main Physical Observatory in Peterburg. The
station was visited by outstanding professional meteorologists. For example, on 17
June 1897 the station was inspected by S. I. Savinov -- a Russian professional
meteorologist, inventer of a number of meteorological instruments.

During his journeying in Turkestan A. I. Voyeykov — a famed Russian geographer,
the founder of Russian climatology — visited the Merv oasis. He thoroughly in-
spected the Murgabskoye state estate and also its administration, under which the
meteorological station was organized.

As noted by Voyeykov, "...the Emperor Aleksandr III in 1887 appropriated unto him-
self all the unworked lands which can be irrigated by the water stored by the Sul-
tan-Bentskaya Dam. The Tsar appropriated a total of 130,000 hectares of lan: to
himself."

After familiarizing himself in detail with the oasis, Voyeykov thought a great deal
about how to extend the boundaries of the oasis and irrigate the desert lands. He

came to the conclusion that it was possible to increase the water resources of the
Turkmen rivers Murgab and Tedzhen only at the expenmse of the powerful Amudar'ya.
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Voyeykov regarded the future plan of irrigation for an extensive area, including
the Merv oasis, by the waters of the Amudar'ya as “one of the most important en-
terprises of this type on the earth." Voyeykov believed in the future of Turke-
stan and especially the Transcaspian region. And his dream became a reality.

The waters of the Amudar'ya reached the Murgab valley in 1959. Now the Murgab and
Tedzhen oases do not experience a water shortage. The Murgab oasis has become the
principal base of valuable fine-fiber varieties of cotton. Already in the late
1920's and the early 1930's work began here on the acclimatization of "guests"
from the Nile valley and from California. During the years of the first five-year
plans Soviet plant breeders created Russian fine-fiber varieties of cotton, of a
higher quality and more rapidly maturing, with a greater yield than the Egyptian
and American varieties. Meteorologists also made their contribution to the suc-
cesses of the plant breeders.

A kidney sanatorium, a remarkable health facility which prior to the Revolution was
a royal estate, has operated at BayramAli for 45 years. This sanatorium is well
known not only in our country, but also abroad. In the course of all the activity
of this sanatorium the data from the Bayram—Ali peteorological station have con-
stantly been used in the investigations. Even in our day it is a reference station
which is part of the control network. Its observational data are used extensively
for study of the climatic resources of Murgab oasis.

Meteorological observations were begun at Krasnovodsk 110 years ago. Krasnovodsk,
a port in the northwestern part of Krasnovodskiy Gulf of the Caspian Sea and the
initial point of the Central Asian Railroad, is called the gates of Central Asia.
It was founded in 1869 on the shores of the gulf, in small Murav'yevskaya Bay,
surrounded by the spurs of the rather large Shagadan Mountains. As early as 1715
a fortress had been constructed on the shores of the Krasnyye Vody embayment prior
to the founding of the city. This fortress was constructed by Aleksandr Bekovich-
Cherkasskiy, who headed an expedition for studying the eastern shores of the Cas-
pian Sea and seeking the former mouth of the Amudar'ya River. The reddish cliffs
surrounding the embayment from the north, northwest and northeast and their redd-
ish reflection in i‘e water gave a name to both the embayment and the city.

The founding of Krasnovodsk was of great economic importance for Russia and Cen-
tral Asia, which in 1862 became part of Russia. Goods went through this port city
from Central Asia to the Caucasus and along the Volga into the central regions

of Russia.

With the founding of the city in this largely unknown region the need also arose
for climatic investigations. A meteorological station was organized on the very
shores of the gulf. And now meteorological observations have already been made
for 110 years at Krasnovodsk. Russian scientists —— geographers and meteorolo-
gists -- even then devoted great attention to the Tramscaspian region.

In 1883 the meteorological station at Krasnovodsk was visited "for inspection,"

as it was then called, by the director of the Main Physical Observatory in Peter-
burg, Academician M. A. Rykachev, and in 1897 it was visited by the outstanding
Russian meteorologist S. L. Savimov. On 30 September 1910 the station was inspect-
ed by the well-known climatologist A. A. Kaminskiy. Early in April of 1912 the
Krasnovodsk station was visited by A. N. Voyeykov.
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The data from the century-long meteorological observations at Krasnovodsk, at
the present time being the sea, railroad and air portal to Central Asia, are
extensively used in the national economy and scilence.

Since 1940 there has also been another suburban meteorological station at Krasno-
vodsk., It has a synoptic team.

On the basis of the century-long observations by the meteorological stations Kras-
novodsk, Bayram-Ali and Kerki it has been noted that since the winter of 1968-1969
a period of strong cooling has begun in Turkmenia. It goes without saying that
this applies only to the winter. The last decade has been characterized by par-
ticularly cold winters with much snow. For example, during the winters of 1968~
1969, 1971-1972, 1973~1974, 1976~1977 the mean annual air temperatures in most

of the regions of Turkmenia have been 9-14° below the norm. The absolute minimum
temperature values for 16 stations in the republic, including Krasnovodsk, Bayram-
Ali and Kerki were equaled. The mean annual air temperatures for 1969 were the
lowest for the century-long operating stations.

It can be postulated that since 1969 the climate of Turkmenia has entered a new
secular cycle. The springs have become different -- drawn-out, cold, with fre-
quent rains, thunderstorms and hail., Usually hot, summer-like dry weather sets
in already with the second half of May. During the last decade, in almost all
years, the end of May and the beginning of June can be assigned to the Turkmen
spring: there were no hot spells, dryness, and precipitation frequently fell and
sharp temperature drops were noted. But in summer, in general, it has been very
hot in Turkmenia, as before.
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'CLOUD ATLAS' (ATLAS OBLAKOV), EDITED BY A. Kh. KHRGIAN AND N. I. NOVOZHILOV,
LENINGRAD, GIDROMETEOIZDAT, 1978, 267 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 116-117
[Article by L. T. Matveyev and T. V. Ushakova]

[Text] Cloud cover observations are among the most important in the network of
meteorological stations. Detailed data on the observed genera, specles and var-
jeties of clouds constitute information mandatory for all synoptic stations in
the world. The composition of this information is regulated by international
requirements [3], in accordance with which the international cloud classification
was formulated. The principal manual for determining the species of observed
clouds is the cloud atlas, whose principal content is photographs of typical
genera, species and varieties of clouds and also a description of the principal
structural elements, intended for assisting the observer in establishing a cor-
respendence between the observed cloud and one of the photographs in the atlas.

The CLOUD ATLAS published in 1978 under the editorship of A. Kh. Khrgian and

N. I. Novozhilov [1] in this respect differs advantageously from the preceding

one [2]. The new atlas includes 101 tables (photographs) of clouds, in particular,
a strictly maintained sequence of arrangement of cloud species in tables. The names
of a number of clouds are made more precise, in accordance with international prac-—
tice. These considerably more completely represent combinations of different gen~
era of clouds which are frequently observed in nature. Much work has been done on
refining the captions to the tables: in contrast to the preceding edition, the cap-
tions have become more specific, with attention being concentrated on the peculiar-
{ties of the structural elements of the cloud. In this respect the "arrows" point-
ing to cloud elements, which should be mentioned, taken from the INTERNATIONAL AT-
LAS, are useful [see 4].

The possibility of use of photographs from the INTERNATIONAL CLOUD ATLAS made pos-—
sible a considerable increase in the distinctiveness and degree of expressivity of
the tables in the new atlas. Here we should also note the great care exercised in
the choice of tables both from the INTERNATIONAL ATLAS (94 tables) and from the

atlas of 1957 (6 tables) and the high level of the printing of the color photo-
graphs.

The indication of the figures of the KN~0l code in each table for clouds of the

lower (Cp), middle (CM) and upper (Cy) levels is of considerable importance for in~
creasing the reliability and uniformity of determination and coding of the observed
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cloud genera. These are used in coding observations in the field. Unfortunately,
in the descriptive part of the atlas this useful innovation is not mentioned at
all.

Among the shortcomings of the new atlas (the same as in all preceding ones) we
should mention the absence of methodological instructions in it on the determin-

- ation of cloud genera when using the atlas. In our opinion, such publications
should have a section devoted to the rules for use of the atlas.

It should also be noted that the changes introduced into the new cloud atlas in
- comparison with past publications are not all pointed out in the foreword or
) are pointed out without setting forth the significance of the changes. For ex—
ample, the change in the designation of Ci fil to Ci fib is attributable to the
fact that a fibrous structure is more typical for this type of clouds: the var-
iety of these clouds (intortus, vertebratus, uncinus) usually does not have a dis-
tinct filamentary structure. Accordingly, such a change in name has been adopted
- in international practice. In some places in the new atlas a double name of this
species has nevertheless been retained in some places — in Russian "voloknistyye,
nitevidnyy (see pages 220, 260) and the Latin term "filosus" is already excluded.

No explanation is given for the change in the name fractonimbus clouds to fracto-

cumulus poor-weather clouds (Table 66). It appears that the term fractonimbus

clouds in this case is sounder. In the INTERNATIONAL CLOUD ATLAS the new term has

- not been introduced in a sufficiently full form -- in the Latin name there are no
supplementary words separating these clouds (CL = 7) from ordinary fractocumulus
clouds (CL = 1), although with respect to the conditions for formation and exter-
nal appearance fractonimbus and fractocumulus clouds differ substantially. For this
reason it seems sounder to call poor weather fractocumulus clouds, as before,
fractonimbus clouds.

The expressed comments cannot change the gemeral high opinion of the discussed major
CLOUD ATLAS, whose preparation for publication required many efforts on the part of
compilers, editors and the publishing house. Although its basis is the INTER-
NATIONAL CLOUD ATLAS, the CLOUD ATLAS is more compact and convenient for use. How-
ever, the inclusion in the CLOUD ATLAS of sectiomns devoted to a description of
clouds on the basis of data from radar and satellite observations is useful for

- the study of cloud systems -- an important direction in modern cloud physics.

In giving high marks to the CLOUD ATLAS we at the same time wish to raise for dis-
cussion the problem of the necessity for continuing work on compilation of a new
atlas and a reexamination of cloud classification. In existing international and
Soviet classifications there is no division of clouds with respect to conditions

of formation (genetic principle). In the morphological classification itself a
considerable percentage of the species and varieties cannot be related to any phys-
ical processes leading to their formation. Since these species and varieties are
also not employed in statistical (climatic) generalizations, the question arises:
need they be retained in the CLOUD ATLAS?
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REVIEW OF MONOGRAPH BY S. S, LEVKOVSKIY:'WATER RESOURCES OF THE UKRAINE. USE AND
CONSERVATION' (VODNYYE RESURSY UKRAINY. ISPOL'ZOVANIYE I OKHRANA), KIEV, "VISHCHA
SHKOLA," 1979, 200 PAGES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 117-118

[Article by Doctor of Geographical Sciences A, G. Bulavko]

[Text] Data on the water resources of the Ukraine, their use and conservation, to
which the monograph of S. S. Levkovskly is devoted, have been scattered through
many sources, each of which is devoted to some one aspect of this problem, which to .
a considerable degree complicates their scientific evaluation and practical use.
The author, on the basis of his own investigations, creative and critical analysis
and generalization of data in the literature, created a multisided work, consisting
of three chapters in which he has successfully combined the quantitative and quali-
tative characteristics of surface and ground water resources and problems relating
to their use and conservation. This study is particularly timely for the condi-
tions of the Ukraine in comnection with the strain on the water balance and the
water shortage in individual regions of the republic,

The first chapter contains a description of the natural conditions for the forma-
tion of surface waters, data on their resources and the water balance for the prin-
cipal rivers and natural zones of the territory and for administrative regions of
the republic (and with respect to rumoff —— also for economic regions), information
on the resources of ground water by natural zones and a description of the intra-
annual (by seasons) distribution of the runoff of small, medium and large rivers of
the northern part of the republic, the rivers of the Crimea and the southern
Ukraine, differentiated over the territory. It also gives an analysis of long-term
variations in river runoff and gives an evaluation of its changes under the influ-
ence of economic activity. The hydrological information given in the chapter for
the first time gives a thorough idea concerning the water resources of the repub-
lic, their spatial distribution and temporal dynamics, which is of great scientific
and practical importance. Unfortunately, the author has devoted unjustifiably little
attention (less than 3% of the volume of the book) to the problem of anthropogenic
- changes in water resources, which in our time are acquiring increasingly greater
importance. Many types of economic activity have not been dealt with at all (irri~
gation, drainage, water consumption, urbanization) although they exert a definite
influence on water resources. There are unexplained discrepancies in the number and

areas of natural zones (Tables 3 and 5).
The second chapter is devoted to the use of the water resources of the Dnepr and

other rivers in such branches of water management in the republic as water supply,
irrigation, watering and drainage of lands, fishing, hydroelectric power, water

146
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

transportation and log rafting. It gives up-to-date data on the use of waters and
conclse descriptions of the most important water management systems in each of

- the enumerated branches. An extremely positive aspect of this chapter is that the
author does not 1imit himself to a statement of the present-day status of the use

- of water resources, but devotes much attention to measures for imprcving the water
economy and the prospects of its development. For a series of aspects of the con-
sidered problem the author has defined and formulated unsolved problems requiring
study in both scientific and practical respects. This same chapter briefly examines
planned and implemented measures for contending with the harmful effect of water
(protective measures against high waters, against erosion, etc.), carried out in

- combination with the use of waters for other purposes.

The third chapter examines the problem of preservation of water resources. Here
there is an analysis of the principal reasons for the exhaustion of water resources
and ways to eliminate them. Data are given on the present-day system for the state
control of waters and monitoring of thelr conservation. However, this important
= problem is considered extremely briefly. In particular, the juridical principles
for the use and conservation of waters are set forth fleetingly, in abbreviated _
form, although they merit greater attention.

In general, the reviewed monograph, wrltten at a high scientific level and well =
printed and bound, gives a thorough idea concerning the water resources of the

Ukraine, their use and conservation, and despite individual shortcomings is an

important contribution to the literature on the water resources of our motherland.

Tt contains much which is useful to scientists and practical workers concerned with -
the study, use and comservation of water resources.

I hope that other similar studies devoted to the water resources of different re-
gions of our country will make their appearance.
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HIGH AWARD TO YURIY ANTONIYEVICH IZRAEL

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 p 119

{Unsigned]

[Text] Corresponding Member USSR Academy of Sciences Yuriy Antoniyevich Izrael

—-— Chairman of the TISSR State Committee on Hydrometeorology and Monitoring of the
Environment —- has been awarded the Order of the October Revolution by the Presid-
- ium of the USSR Supreme Soviet for his services to the Soviet state in the field

. -f hydrometeorology and monitorirg of the environment and in comnection with his
- fiftieth birthday.

148

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300070034-4

FOR OFFICIAL USE ONLY

SIXTIETH BIRTHDAY OF LEONID TIKHONOVICH MATVEYEV
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 119-120

[Article by personnel of the Military Engineering Institute imeni A, F. Mozhayskiy
and Leningrad Hydrometeorological Institute]

[Text] Doctor of Physical and Mathematical Sciences Professor Leonid Tikhonovich
Matveyev marked his 60th birthday on 18 August.

Beginning his education in the Physics and Mathematics Faculty of Moscow State Ped-
agogic Institute imeni V. I. Lenin, he completed his training at the Higher Mili-
tary Hydrometeorological Institute where he attended courses of lectures of such
well-known scientists as S. P, Khromov, V. A, Bugayev, V. F. Bonchkovskiy, V. A.
Belinskiy and A. Kh. Khrgian. The first scientific article of L. T. Matveyev was
written during .the period of practical training in the laboratories of I. A, Kib-
el' and Ye. N. Blinova (Central Institute of Forecasts). In 1947 he defended his
Candidate's dissertation and in that same year headed the Department of General
Meteorology and Climatology of the Military Hydrometeorological Faculty of the
Soviet Army. During the period from 1956 through 1975 Leonid Tikhonovich headed
the department and associated laboratory at the Leningrad Military Engineering
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Academy imeni A. F. Mozhayskiy, and after 1975 the Department of Climatology and
Preservation of the Atmosphere at the Leningrad Hydrometeorological Institute.

The first investigations of L. T. Matveyev were devoted to the peculiarities of
structure of the planetary boundary layer of the atmosphere. In these studies he
formulated a theory of diurnal variatfons and altitudinal distribution of wind
velocity and turbulence characteristics in the surface and boundary layers of the
atmosphere. He developed a method for determining vertical velocity. In comparing
the results of computations with observational data use has been made of materials
from the first (of his great many later ventures) expedition (Central Asia) in
= which L. T. Matveyev participated. Then he carried out a series of studies for in-
: vestigation of the turbulent and thermal regimes in the free atmosphere. In these
= investigations, on the basis of the concepts of similarity and dimensionality
theory there was found to be, in particular, a dependence of both the turbulence
- coefficient and fluctuating velocity, and also accelerations experienced by air-
craft and other flight vehicles on the thermal and dynamic characteristics of the
atmosphere. Extensive use was made of materials from a number of air-flight exped-
itions to different regions of the country (including to the Central Arctic) carr-
ied out under the direction of and with the participation of L. T. Matveyev.

The investigations of Leonid Tikhonov in the field of dynamics of formation of
large~scale humidity, cloud cover and precipitation fields have received the

widest recognition. The method which he developed for analysis and solution .7

the system of heat and moisture transport in the turbulent atmosphere made it pos-
sible to solve a number of problems in the dynamics of clouds and hydrodynamic pre-
diction of the temperature, humidity and cloud cover fields. By means of this meth-
od it was possible for the first time to model and theoretically explain the char-
acteristics of formation and structure of stratiform clouds (time of formation,
evaluation of the role of different factors, altitude of cloud boundaries and their
thickness, vertical profiles of liquid water content, atmospheric moisture content
and water reserve in clouds, relationship between the water reserve and the quan—
tity of precipitation, etc.). Much attention (especially during recent years) has
been devoted by L. T. Matveyev and his students to the modeling of the conditions
for the formation of low clouds and fogs in the atmospheric boundary layer and in
frontal zones. The L. T. Matveyev method has been used productively in solving

- problems of a practical nature.

The results of the many years of study of clouds and fogs were first generalized by
Leonid Tikhonovich in his doctoral dissertation (1959), then in a number of chapters
in the fundamental textbook entitled FIZIKA ATMOSFERY (Atmospheric Physics) (1965)

- and in a monograph prepared for publication entitled DINAMIKA OBLAKOV (Cloud Dynam-
ics) which sets forth modern attainments in Soviet and world science in this field.
We note in passing that he has publlshed about 120 studies (among them seven text—
books and study aids and three author's certificates for inventions), some of which
have been translated into foreign languages.

While heading up different departments, L. T. Matveyev has worked much and produc—

tively in the field of training of engineering and scientific-teaching personnel,
improvement of instructional methods and the developing of scientific and method-
ological principles for several lecture courses (in recent years — "Theory of
Climate and General Circulation of the Atmosphere" and "Preservation of the Environ-
ment") and has also written textbooks and study aids. Under his direction work was
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completed on more than 20 Candidate's dissertations and not less than 120 diploma
studies and projects.

Leonid Tikhonovich combines much scientific and pedagogic work with diversified pub-
1ic activity. In addition to several scientific councils, he is a memberx of the
councils on the problems "Artificial Modification of Hydrometeorological Process-
es" and "Weather Forecasting" of the Presidium USSR Academy of Sciences and the

USSR State Committee on Hydrometeorology, the editorial board of the Hydrometeor-
ological Publishing House (Gidrometeoizdat), etc. During recent years he has head-
edwork on the special council "Preservation and Rational Use of the Atmosphere" in

the USSR Ministry of Higher Educatiom system.

L. T. Matveyev was a participant in the defense of Moscow in 1941, His services
have been recognized by government awards and also by the award of the honorary

title of Meritorious Worker in Science RSFSR.

In lLeonid Tikhonovich there is a happy combination of capabilities of a dedicated
- researcher and highly concerned teacher-and instructor of youth. We wish him good
health and new creative successes.
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SEVENTIETH BIRTHDAY OF DAVID YAKOVLEVICH SURAZHSKIY

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 120-121

[Articie by Yu. F. Ivanov]

[Text] David Yakovlevich Surazhskiy, the oldest scientific specialist of the Sci-
entific Research Institute of Instrument Making of the USSR State Committee on Hy—

drometeorology, completed his 70th year on 3 July 1980, as well as the 45th year
of his scientific and technical activity.

D. Ya. Surazhskiy came to the Hydrometeorological Service from aviation. Graduating
in 1934 from the Alr Faculty of the Leningrad Institute of Transportation, he work-
ed as a key engineer-designer at the scientific research institute, developing air-
craft designs,

_ Late in 1941 David Yakovlevich was detailed to the Hydrometeorological Service of
the Red Army for carrying out a special mission associated with the development of
a parachuted automatic radiometeorological station (PARMS -- parashyutnaya avtomat-
icheskaya radiometeorologicheskaya stantsiya) and its introduction at the fronts of
the Great Fatherland War. The PARMS was jettisoned and began to operate in enemy
territory and for the first time in meteorological practice regularly transmitted
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highly important meteorological information so necessary for the parachute units
of the air force and partisans. This development work was carried out jointly
with A. V. Goreleychenko under the conditions of a besieged Leningrad.

During the years 1942-1952, also in collaboration with A. V. Goreleychenko and oth-
er specialists, D. Ya. Surazhskiy developed a series of automatic radiometeorolog-
ical stations, the ARMS-2, ARMS-3, ARMS-N and a number of others, intended for pro-
longed operation in uninhabited and inaccessible regions of the Soviet Union and a
number of socialist countries. David Yakovlevich directed a number of expeditions
to the Far East and to the transpolar regions for the delivery, installation of
ARMS and putting them into operation. The ARMS-N station was awarded a large gold
medal at the World's Fair in Brussels.

For his work on creation of the ARMS, which came into use in the Arctic and at the
fronts of the Great Fatherland War, D. Ya. Surazhskiy in 1946 was awarded the high
title of laureate of the USSR State Prize.

In 1954 D. Ya. Surazhskiy defended his dissertation for the scientific degree of
Candidate of Technical Sciences. The dissertation was the result of much scien-
tific research work in the field of wind-measuring technology. Among the instru-
ments and apparatus which were created and introduced in the network of the Hydro-
meteorological Service with the participation of D. Ya, Surazhskiy were the M-63,
M-63M and M-27 wind gages. It is interesting to note that the M-27 wind-measuring
system installed in the Kazakhstan region registered winds of hurricane force with
a wind speed of 96 m/sec.

During 1954-1972 David Yakovlevich headed the ARMS and meteorological instruments
laboratory of the Scientific Research Imstitute of Hydrometeorological Instrument
Making. The ARMS M-107 created under his direction and with his direct participa-
tion is used extensively in the observation network of the State Committee on Hy-
drometeorology for obtaining meteorological information on inaccessible regions.

D. Ya. Surazhskiy is the author of more than 25 scientific studies, 15 inveantions
and two monographs.

One of the recent studies of D. Ya. Surazhskiy is a new programmed self-triggering
device for the M-107 station, constructed using an electronic quartz clock and en-
suring precise adherence to the daily schedule for the transmission of meteorolog-
ical information by the station.

A constant search for and the introduction of everything which is new in different

fields of science and technology into the field of meteorological instrument
making can be regarded as distinguishing characteristics of the creativity of D.
Surazhskiy.

The communist D. Ya. Surazhskiy for many years was a member of the Party Bureau
and a leading propagandist of the institute. His successes in work have been re-
varded by government awards and also by a gold medal from the All-Union Exhib-
ition of Achievements in the National Economy.

Those who know David Yakovlevich note his love of work, modesty, sensitivity to
comrades and his great love of life.

153

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

Working at the Scientific Research Institute of Instrument Making from the day of
its founding in 1942, he devotes many efforts to the education of youth, for whom
his experience and knowledge are very valuable. His organizational capabilities and
high qualifications contribute greatly to the goals of hydrometeorological instru-
ment making.

- We sincerely wish David Yakovlevich new and significant successes in this noble un-
dertaking.
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SIXTIETH BIRTHDAY OF VASILIY MIKHAYLOVICH PASETSKIY
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 121-122
[Article by Ye. P. Borisenkov, V. F. Loginov and N. I. Novozhilov]

[Text] Doctor of Historical Sciences Vasiliy Mikhaylovich Pasetskiy, senior sci-
entific specialist at the Main Geophysical Observatory imeni A, I. Voyeykov, marked
his 60th birthday on 15 June.

- In the field of the history of the geophysical sciences, for the most part on the

’ history of meteorology, he has writtem 25 books, brochures and collections of ar~-
ticles and more than 40 newspaper articles. In these publications he writes not
only as a historiographer, but also as an author on the methodology of the history
of science,

Being a participant in the Great Fatherland War from its first to its last days,

after demobilization he worked for several years as head of the editorial office

"Biblioteka Poeta” in the Leningrad Division of the Publishing House "Sovetskiy

= Pisatel'." In 1949 he was called to the Arctic Institute (Arctic and Antarctic Sci-

: entific Research Institute), where he soon was named sclentific secretary of the
institute. In addition to a great volume of scientific organizational work, after
1953 he began to carry out systematic investigations of the history of polar inves-
tigations. His first book, VLADIMIR RUSANOV, appeared in 1955; it went through sev-
eral editions and served as a basis for a Candidate's dissertation. During his 24
years of work at the Arctic Institute V. M. Pasetskiy concentrated his main atten-—
tion on work on the problems involved in the history of study of the Arctic in the
19th and early 20th century. At the same time he wrote a serles of scientific

- biographies of outstanding polar researchers and explorers of the 16th-20th cen-
turies, including Barents, Bering, Sarychev, Kruzenshtern, Vrangel', Reyneke,
Litke, Pakhtusov, Toll', Nansen, Nordenshel'd, and others.

In 1973 V. M. Pasetskiy was transferred to the Main Geophysical Observatory imeni
A. 1. Voyeykov, where he was assigned werk on writing the history of geophysical
investigations in our country.

During his stay at the Main Geophysical Observatory he developed a methodology for
compiling a history of meteorology of past centuries.

Prior to the beginning of the 19th century meteorology developed for the most part
as a geographical science., Its establishment was favored to more than a small de—
gree by meteorological observations carried out during the time of expeditions and
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travels into the remote expanses of the ocean and into the polar regions. A geo-—
graphical nature of the science also persisted into the later years and the data
- of expeditionary meteorological observations as before remained the basic data
then making it possible to proceed to global generalizations., However, all these
valuable materials either remained for a long time in the archives or (if histor-
ians knew about them) were treated extremely incompletely in historical descrip-
tions, without fixing their place amidst existing data, without taking into ac-
count the tendency for the sciences to be interrelated. Meteorology, for an ob- ]
jective evaluation of its role in the progress of knowledge, had no such thorough )
treatment of the history of its formation. In marking the birthday of V., M., Pasets-
kiy it can be said without exaggeration that the noted gap in the history of sci-
ence was to a considerable extent filled by him,

In many studies he was the first to describe observations remaining unknown to

the reader at large. These included the observations made in the 17th century at
the court of Tsar Aleksey Mikhaylovich (the first observations in Russia), the ob-
servations of Peter I on ships, the observations made by exiled Dekabrists in
Siberia and by participants in the Great Northern (Second Kamchatkan) Expedition
in the middle of the 18th century, as well as observations on the ships of Kruzen-
shtern, Golovin, Lazarev, Litke and Vrangel'. In the logs of ships of the Russian
fleet for the 18th century and the first half of the 19th century he discovered

_ several million entries concerning the weather.

In a number of books by V. M, Pasetskiy he generalized the history of development
of meteorology in Russia from the most ancient times to the beginning of the 20th
century, and in one of his last books =— the history of the universally known geo- -

- physical institution of the country - the Main Physical Observatcry, now the Main
- Geophysical Observatory. N

In his description of the arctic travels of Barents, De Long, Toll', Nansen, Norden-
shel’d, Rusanov, and others, and also the flight of Andre, in addition to a general

history of geographic discoveries he recreated the history of the meteorological

study of the Arctic. It became cbvious that ideas concerning the climate of this in-
accessible teritory had formed long prior to the establishment of regular observa-

tions there. During recent years V. M, Pasetskiy has devoted great attention to

studies of the climate of the past based on histoerical data. o

Vasiliy Mikhaylovich is meeting his birthday at the height of his creative powers.,
We wish him further successes!
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SIXTIETH BIRTHDAY OF LEV GRIGOR'YEVICH KACHURIN
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 122-123
[Article by P. I. Smirnov, V. I. Vorob'yev and L. T. Matveyev]

[Text] Professor Lev Grigor'yevich Kachurin, Doctor of Physical and Mathematical
Sciences, leading Soviet scientist and teacher, outstanding specialist in a num-
ber of aspects of physics of the atmosphere, head of the Department of Experimen-
tal Physics of the Atmosphere at the Leningrad Hydrometeorological Institute, mark-
ed his 60th birthday on 21 June 1980.

All the scientific and teaching activity of L. G. Kachurin has been associated with
the Leningrad Hydrometeorological Institute, where he arrived in 1947 after graduat-
ing from Leningrad University. Two years later he defended his Candidate's dissert-
ation and in 1962 became a Doctor of Sciences. During the period 1955-1957 he was
dean of the faculty. In 1957 a new department was created and he has been its per-
manent head since then. The department is now a cohesive body of highly qualified
specialists carrying out much teaching and scientific work. Most of the specialists
in the department are the students and followers of L. G. Kachurin. More than 30
Doctors and Candidates of Science have been trained in the department. They are
successfully working in our country and abread.

L. G. Kachurin has carried out fundamental scientific investigations in the field
of physics of the atmosphere. The theory of irreversible phase transitions of water
in the atmosphere which he developed for the first time made it possible to explain
a number of important aspects of cloud physics and related sciences, in particular,
the intense supercooling of disperse systems, the kinetics of condensation process-
es, electrokinetic phenomena at a moving phase discontinuity, electrification in
aerosol fluxes, etc.

His work on the modification of atmospheric processes acquired great reknown. L. G.
Kachurin merits great praise for his creation of a new scientific direction asso-
ciated with active and passive radar observation of thunderstorm clouds and other
natural objects. The phenomenon of prethunderstorm radioemission which he predicted
is used in the analysis of thunderstorm clouds both in the course of their natural
development and in experiments in controlling their intensity.

The development of automatic aerophysical apparatus carried out by L. G. Kachurin
and his co-workers 1s widely known. Such apparatus was used in outfitting the first
high-altitude meteorological observatory in the system for the meteorological sup-
port of aviation, in designs of anti-fading apparatus, in equipment employed in the
modification of atmospheric processes. ’
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L. G. Kachurin is the author of more than 120 sclentific studies, 20 inventioms
- and six books, four of which have been republished both in the USSR and abroad.
He is a member of a number of national and intexnational special committees. He
has repeatedly presented reports at intermational symposia and conferences and giv-
en lectures at foreign universities, Several generations of students in many coun-
tries have already studied from his textbooks.

Lev Grigor'yevich is a veteran of the Great Fatherland War. He departed for the
front in July 1941 from the schoolroom. He participated in the defense of Stalin-
grad as the commander of a tank destroyer battery. He received government awards
for his military services.

A talented scientist and teacher, a demanding leader, Lev Grigor'yevich Kachurin
comes to this birthday youthfully involved with new ideas and plans, full of crea-—
tive forces and daring. '

We wish him successes from our hearts!

158

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

CONFERENCES, MEETINGS AND SEMINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 123-126

[Article by B. L. Sokolov, M. Sh, Furman, L. F. Yermakova, Yu. G. Slatinskly and
V. M, Pasetskiy]

[Text] The need for more complete hydrometeorological support of construction of
the Baykal-Amur Railroad and the intensively developing national economy in Siberia
and the Far East is placing before the organizations of the State Committee on Hy-
drometeorology the task of carrying out a number of new investigations. These in-
clude a study of ice encrustations and ice encrustation processes as a dangerous
natural phenomenon exerting a harmful effect on engineering structures, tramsporta-
tion lines, and leading to great material losses reckoned in the tens of millions
of rubles annually.

In connection with the importance of the problem the State Hydrological Imstitute
and a number of territorial administrations of the State Committee on Hydrometeor-
ology servicing the zone of construction of the Baykal-Amur Railroad have begun
planned work on study of ice encrustations and ice encrustation processes in the
network of hydrometeorological stations and posts and also by means of expedition-
ary investigations and aerial photographic surveying under a unified program.

In order to generalize the experience of study of ice encrustations in the station
network and the coordination of investigations, on the initiative of the Administra-
tion of Hydrometeorological Observatories of the State Committee on Hydrometeorology
of the State Committee on Hydrometeorology for the first time there was a conference-
seminar on the subject "Study of Ice Encrustations Along the Route of the Baykal-Amur
Railroad and in Other Ice Encrustation Regions of the USSR." It was held during the
period 9-11 October 1979 at the Irkutsk Administration of the Hydrometeorological
Service. The conference was attended by about 60 representatives of institutes of

the State Committee on Hydrometeorology and other ministries and departments and

also the chiefs and specialists of river stations and zonal hydrometeorological ob-
servatories of the Irkutsk Administration of the Hydrometeorological Service. The
conference heard 16 reports and communications on the methods and results of study
of ice encrustations in the zone of the Baykal-Amur Railroad and other regions of
Siberia and the Far East.

B. L. Sokolov (State Hydrological Institute) discussed the principal goals, tasks
and methods for investigating ice encrustations and ice encrustation processes.
Proceeding on the basis of the needs of practical workers and scientific research,:
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and also work experience, he examined two principal directions in their study: ice
encrustations as a dangerous natural phenomenon, exerting a harmful effect on en-

- gineering structures, and the role of ice emcrustation processes in the formation
of the water regime and the resources of surface and ground watex.

The methods for carrying out the 1ist of types of observations of ice encrustation
phenomena in the station network which he cites are determined by the purposes,
techuical pogsibilities and training of the observers.

V. F. Usachev (State Hydrological Institute) examined the results and methodological
aspects of study of ice encrustations in the zomne of the Baykal-Amur Railroad on
the basis of materials from special aerial photographic surveys, the principal re-
quirements in the choice of survey sectors, some procedures in the office process-
ing of materials and obtaining the characteristics of ice-encrusted bodies.

Theoretical investigations of the.mechanism of formation of ice encrustations of
river waters was the subject of a report by A. N. Chizhov {State Hydrological Inst-
itute). The mathematical models of the processes of formation of ice encrustations
= on rivers developed by the author require the setting up of special observations at
: stationary posts to ascertain the elements of hydraulics of water flows and the dy-
- namics of growth of river ice proper and ice encrustations. In the future this in-
- formation will help in making a prediction of ice encrustation phenomena, this be-
ing of great practical importance.

A. Ye. Abakumenko and A. M. Chmutov (State Hydrological Institute) reported on ex-
perience in preparing a catalogue of ice encrustations in the zome of the Baykal-
Amur Railroad for publication. The first number of the catalogue NALEDI BASSEYNA
VERKHOV'YEV R. CHARY (Ice Encrustations in the Basin of the Headwaters of the

Chary River) was sent for printing and work was completed on compilation of the
second number of NALEDI BASSEYNA R. MUI (Ice Encrustations in the Basin of the Muya
River). In the near future plans call for the preparation of subsequent numbers of
the catalogue of ice encrustations along the route of the Baykal-—Amur Railroad from
Nizhneangarsk to Tynda.

A report on the results of study of ice encrustations in the zone of the Baykal-Amur
Railroad and other regions under the program of the State Hydrological Institute

- was given by represenmtatives of territorial administrations: Irkutsk (V. V. Krav-

. chenko), Transbaykalian (G. I. Enov), Yakutsk (A. S. Rudnev), Far Eastern (Yu. G.
Shikalov), Kolyma (V. N. Dovbyl). They told of the peculiarities of organization of
this work in the network of hydrometeorological stations and posts.

- A representative of the Irkutsk Geological Administration, V. M. Litvin, told the
meeting about the status of work on study of ice encrustations arising under the
influence of construction of the railroad in the western segment of the Baykal-Amur
line.

The following special reports were also presented: V. V. Kravchenko (Irkutsk Admin-
igtration of the Hydrometeorological Service) —- "Organization of Observations in
Ice Encrustation Polygons" and B. N. Daykin and M. L. Markov (State Hydrological
Institute) ——- "New Technical Apparatus in Ice Encrustation Investigations." The
first report examined problems relating to the organization of detailed observations
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in ice encrustation polygons for study of the entire complex of physical processes
of formation of ice encrustations and their relationship to hydrometeorological
conditions, the testing of different observation methods, etc. The first attempt at
organization of such an ice encrustation polygon was undertaken by the Irkutsk Ad-
ministration of the Hydrometeorological Service in the basin of the Uda River (East—
ern Sayan). The conferees exhibited lively interest in a communication of represent-
atives of the State Hydrological Institute on the new instruments and technical de- .
cisions used by this institute in investigations of ice encrustations in the cen-
tral sector of the Baykal-Amur Railroad. The authors exhibited diagrams of the design
and operating principle of a hydrothermal drill, relatively simple in its construc-
tion, developed at the Arctic and Antarctic Scientific Research Institute, which
makes it possible to measure the thickness of the ice at a rate of 1-2 m/min, and
also a hydrometric flume for registry of the intradiurnal variation of the water
yield of ice encrustations, as well as a long-operating automatic recorder of melt-
ing of the ice from the surface of ice encrustations.

Participating in the discussions were V. R. Alekseyev (Institute of the Geography of
Siberia and the Far East Siberian Department USSR Academy of Sciences), A. No Leont'~
yev (State Committee on Hydrometeorology), M. Sh. Furman (Irkutsk Administration of
the Hydrometeorological Service), S. M. Bol'shakov (Siberian Central Scientific Re-
search Institute for Construction), V. G. Kondrat'yev (Chita Polytechnic Institute),
B, M. Mironov (Giprolestrans Trust, Irkutsk Affiliate), and others. They pointed out
the importance of the considered matters for the practical needs of the national
economy, as well as the need for standardization of methods for making field observ-
ations, preparation and processing of materials on ice encrustation investigations
which can be used for the needs of planning, preparation of systematic instructions
on making observations of ice encrustations, formulation of long-term investigations
of ice encrustatiofis in representative basins, etc. They emphasized the need for or-
ganizing large-scale observations of ice encrustations and ice encrustation processes
in the network of hydrometeorological stations and posts over the entire territory of
Siberia and the Far East.

It was noted that in accordance with a resolution of the State Committee on Hydro-
meteorology the study of ice encrustation phenomena has been activated in the zone
of construction of the Baykal-Amur Railroad. The results of this work have already
been used by the State Hydrological Institute, the Siberian Central Scientific Re-
search Institute for Construction, the Khabarovsk Scientific Institute of Railroad
Transportation, the Scientific Research Institute of Railroad Tranmsportation, and the
All-Union Scientific Research Imstitute of Road Construction in compilation of the
"Recommendations on the Improvement of Construction and More Precise Determination
of the Sphere of Application of Anti-Ice Encrustation Measures and Apparatus,” in-
tended for use in the planning and construction practice of the Ministry of Trans-
portation Construction and the Ministry of Transportation. However, the status of
work on study of ice encrustations and ice encrustation processes by organizations
of the State Committee on Hydrometeorology in general does not meet the modern re-
quirements of hydrometeorological support of the national economy in the regions of
Siberia and the Far East.

The conference-seminar recommended the adoption of a series of measures for acceler-
ating the development of work by organizations of the State Committee on Hydro-
meteorology on study of jce—encrustation phenomena, taking into account their im-
portance for the intensively developing national economy in the northern and eastern
regions of our country.
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The representatives of the territorial administrations of the Hydrometeorological
Service participated in a seminar on preparation of a catalogue of ice encrusta-
tions, work being done by specialists of the State lydrological Imstitute,

B. L. Sokolov and M. Sh. Furman

A scheduled plenary session of the basin section "Indian Ocean and the Southern
Seas" of the Scientific Council on the Problem "Study of the Oceans and Seas and
Use of Their Resources' of che USSR State Committee on Science and Technology was
held on 22 November 1979 in Sevastopol'. The session was attended by representa-
tives of a number of scientific research imstitutes and other organizations whose
activity is related to the sea. Attending the session from the State Committee on
Hydrometeorology were specialists of the Sevastopol' Division of the State Ocean-
ographic Institute and the Sea Section of the Crimean Hydrometeorological Observa-
tory. At the session there was discussion of a program for multisided investiga-
tions of the Indian Ocean by personnel of the basin section. There was discussion
of several scientific reports devoted to the results of studies carried out in the
Indian Ocean and in the Mediterranean Sea during recent years.

In discussing the program for research in the Indian Ocean for the coming years

G. K. Karatayev (Marine Hydrophysical Institute), A. V. Kovalev (Imstitute of Biol-
ogy of Southern Seas), V. A. Bryantsev (Sea of Azov-Black Sea Scientific Research
Institute of Fishing and Oceanography) and others noted that the principal object-
ive of the multisided investigations in this region is the formulation of scien-
tific principles for commercial fishing and study of the degree of the effect of
natural and anthropogenic factors on the formation of biological productivity of
the ocean. In the opinion of the speakers, it is of special interest to study the
open reglons of the ocean and also underwater banks and other bottom rises. In
this connection plans call for the extensive use of the experience in carrying out
multisided investigations in the Atlantic Ocean under the POLIMODE program. In ad-
dirion to a detailed hydrological-hydrochemical survey with occupation of stations
app .oximately each 1°, plans call for development of several special polygons where
there will be measurement of eddy formations and study of the Influence of synoptic
conditions on formation of commercial conmcentrations of fish. Plans also call for
continuing study of topography of the ocean floor for the purpose of detecting new
reglons of the upwelling of deep waters along the slopes of underwater ridges.

V. A. Khimits (Sea of Azov-Black Sea Scientific Research Institute of Fishing and
Oceanography), N. 3. Shapiro and G, N, Khristoforov (Marine Hydrophysical Institute
Ukrainian Academy of Sciences) reported on some results of investigations carried
out in the Indian Ocean during recent years., In particular, it was noted that the
most productive zones are associated with those places where there is intensive ver-
tical movement of water and unusual "cells" with a high concentration of silicic
acid and an increased content of phosphates in the surface layers.

A great volwae of work has been carried out in the region of the Gulf of Aden. A
good correlation was noted between the distribution of hydrochemical elements and
the biomass of phytoplankton. It was established that biogenous substances in great
qua—tities are transported from the Red Sea by a subsurface current. The collected
data have been used in computing the balance of chemical substances in the gulf
and calculations of primary production are being made.
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- A. F. Visotskiy (Law Institute Ukrainian Academy of Sciences) told about the re-
sults of work of a UN Conference on Marine Law, on the drawing up of a convention
on the use of sea expanses, depths and the sea floor.

I. M. Ovchinnikov (Southern Division Institute of Oceanography) discussed the prin-
cipal results of hydrological investigations in the Mediterranean Sea., He noted
that during recent years much work has been done in systematizing extensive observ-
ational data for the Mediterranean basin. Two volumes of materials from different
symposia and conferences and several specialized collections of articles have been
published. In 1576 the Hydrometeorological Publishing House (Gidrometeoizdat) pub-
iished the monograph GIDROLOGIYA SREDIZEMNOGO MORYA (Hydrology of the Mediterranean
Sea). And nevertheless the available data are inadequate for an exhaustive charac-
terization of the hydrometecrological regime of the sea, especially during winter.
The speaker noted that during recent years eddy formations have been discovered in
the Mediterranean Sea which in their extent are commensurable with mesoscale eddies
in the open ocean.

Z Ye. V. Grel' (Sevastopol' Division State Oceanographic Institute) reported on some
results of hydrochemical observations in the Aegean Sea. Each year since 1974,
within the framewerk of the interdepartmental program for study of the Mediterran—~
ean basin, the Sevastopol' Division of the State Oceanographic Institute has been
- carrying out hydrochemical surveys of the entire surface of the Aegean Sea. During

this time a total of 450 deep-water stations have been occupied, including 27 multi-

day stations, and about 5,000 samples were selected for determining the principal
- characteristics of the qualitative composition of waters. The collected data make
= it possible to determine more precisely the relationship of water masses in this
dynamically complex region and ascertain the nature of the vertical movements of
waters and the peculiarities of the biochemical layers most subjected to anthro-
pogenic modification.

Also examined at the session were the fundamental principles of a program for joint

multisided investigations of the Mediterranean Sea in the coming years. During the

years 1981-1984 plans call for carrying out several quasisynchronous surveys, pri-
marily during winter, in all the main regions of the sea for the purpose of invest-

- igating the dymamics of waters and the spatial-temporal variability of the prin-
cipal hydrological and hydrochemical characteristics, evaluation of turbulent mixing
in straits and more precise determination of concentratioms of nutritional salts.

- It was noted that a problem of great interest is study of the processes of forma-
tion of deep waters in all the principal basins of the Aegean Sea, since in each of
them waters are formed which are completely different from one another with respect

- to physicochemical composition.

. The resolution which was adopted listed a number of priority problems for further

- improvement in the coordination of activity of members of the basin section, espec-
ially in the formulation of plans for investigations in the next five-year period

- and the carrying out of major multisided expeditiong under interdepartmental pro-
grams.

L. F. Yermakova and Yu. G. Slatinskiy
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A joint session of the scientific councils of the Main Geophysical Observatory
imeni A. I. Voyeykov and the Central Aerological Observatory was held in Leningrad
on 30 January, on the 50th anniversary of launching of the world's f1rst radiosonde.
It was devoted to the status and prospects of development of methods for aerolog-
ical sounding of the atmosphere. The session was opened by the director of the
Main Geophysical Observatory, Ye. P. Borisenkov. In his address he noted that the
launching of the world's first radiosonde mot only was a noteworthy event in
study of the atmosphere, but also laid a firm basis for a new branch of science
-~ radiotelemetry, whose development later made it possible to proceed to the ex-
ploration of space. Following the example of the USSR, atmospheric radiosonde ob-
servations were organized in all countries of the world and are nov being made at
more than 1,000 stations.

A report entitled "Fiftieth Anniversary of the World's First Soviet Radiosonde"
was presented by Ye. S. Seleznev, who dealt in detail with the history of creation
of the world's first radiosonde. As pointed out by the speaker, as early as 1922
appropriations were allocated for developing "a method for transmitting the read-
ings of measuring instruments over a distance for the purpose of obtaining the
readings of meteorographs during the time of a flight.' This scientific search was
assigned to a group of scientists at the Main Geophysical Observatory, headed by
P. A. Molchanov, an outstanding specialist in the field of aerology and aerial
navigation.

P. A. Molchanov, who beginning in 1919 headed the aerological observatoty, and who
in 1923 proceeded to the development of a new method for sounding the atmosphere,
successfully completed work on this project in late 1929. The launching of the
world's first radiosonde took place on 30 January 1930. It was intended for measure-
ments of the physical parameters in the high layers of the atmosphere and their
transmission by radio.

The first radiosonde rose to an altitude of 9 km and reached the stratosphere. The
invention cf the radiosonde opened up a new stage in development of the atmospher-
ic sciences.

A report by Academician S. N, Vernov and G. I. Golyshewv, entitled "The P. A. Mol-
chanov Radiosonde and the Development of Space Research,” was heard with great at-
tention.

It was noted in the report that the principle for the P, A. Molchanov radiosonde
served for later development of other automatic instruments and apparatus, includ-
ing a specilal stratospheric balloon for the investigation of cosmic rays. In addi-
tion, the P. A. Molchanov radiosonde was the prototype for future automatic instru-
ments transmitting by radio information on the state of the medium over great dis-
tances. The development of this method found its reflection in transmissions of
geophysical information from space and from the surface of other planets. The re—
port included a detailed discussion of the development of methods for investigating
cosmic rays, including geophysical rockets and satellites.

The present-day status and prospects for development of aerological investigations
was the subject of a report by A. A. Chernikov. He noted that after the universal-
ly known Pavlovskaya Observatory was blown up by the occupying forces the tasks of
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the aerological center of our coutxy were assigned to the Central Aerological Ob-
servatory. During the almost four decades of its activity the Central Aerological
Observatory made an outstanding contribution to study of the high layers of the
atmosphere. Its scientlsts worthily continued the work begun by Molchanov and his
students. The scientists of the Central Aerological Observatory created more perfect
types of radiosondes, modern instruments for rocket sounding of the atmosphere and
wique instruments for meteorological satellites, whose use opened up a new era in
study of the high layers of the atmosphere.

The sesslon was read telegrams of welcome from the President of the USSR Academy of
Scfences, Academician A. P. Aleksandrov, the Chairman of the State Committee on Hy-
drometeorology, Corresponding Member USSR Academy of Sciences Yu. A. Izrael, and
also from scientific organizations in Moscow and Leningrad.

Foxr the purpose of commemorating an outstanding event in the history of Soviet sci-
ence ~- launching of the world's first radiosonde —- a resolution was adopted on
the dedication of a memorial obelisk in the form of a granite shaft at Pavlovsk, on
the grounds of the universally known Pavlovskaya Observatory. On 30 January 1980

at Pavlovsk there was a symbolic placement of a memorial plaque which was attended
by the scientists of Moscow and Leningrad.

V. M. Pasetskiy
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 pp 126-127 -
[Article by B. I. Silkin]

{Text] As reported in SCIENCE NEWS, Vol 115, No 20, 1979, specialists at the Liver-
more (Lawrence) Laboratory in California, J. W. Chan, W. H. Dewer and D. J. Webbles
have proposed a new method for modeling the ozone content in the atmosphere using
data on the influence of nuclear explosions set off in air space in the 1950's

and the 1960's as a "control."

According to the hypotheses made initially, the nitrogen oxides released in such

explosions should lead to a decrease in the ozone content in the atmosphere and -
the maximum of such a decrease should be observed in 1963. However, observational

data have by no means confirmed this: the ozone content varied in the usual range

+4% annually. Thus, any mathematical model which shows more than a 47 ozone con-

centration about 1963 must be regarded as erroneous.

During recent years, as our understanding of the chemical reactions transpiring
in the atmosphere has increased and the corresponding information has been fed
into an electronic computer,the capacity of the developed models to reproduce the
real effects caused by nuclear explosions has increased.

For example, a model which was used in 1973 (it led to a prediction that supersonic
aviation should cause a decrease in the ozone content) predicted a 10% decrease of
ozone as a result of setting off of a series of nuclear bombs. During 1973-1974
there was found to be several chemical reactions in which NOy participate and

data on them were taken into account in the modeling. By 1976 the same was done
with respect to reactions with the participation of atmospheric chlorine (as a
result of which the first evidence was obtained on the influence of fluorocarbons
on the ozonosphere) and also the intensity of the reactions between OH and HO3.

- As a result of all this there was a reevaluation in the direction of a decrease

- in the effect of the influence of explosions on ozone by 1963; however, it was

- nevertheless assumed to be greater than 5%. In 1977 specialists decided that the
intensity of the reactions in which NO and HOp participate must be regarded as 40
times greater than was assumed earlier. This very decisively changed the evalua-

tion of the influence exerted on ozome by supersonic aircraft and nuclear explosions -
(both lead to the release of NO).-
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As a result of such a re-examination the estimated decrease in the quantity of
ozone in 1963 was reduced to 2%, which is a value indistinguishable against the
background of natural variationms. According to the most recent estimates, taking

- into account the constants computed in 1978, it can even be assumed with some cau-
tion that in 1963, as a result of explosions, the ozone content increased somewhat.

As reported in SCIENCE NEWS, Vol 115, No 24, 1979, a group of NASA specialists in

the United States carried out the launching of special meteorological pilot bal- }
joons in the Palestine polygon in Texas. These carried laser radiometers to an .
altitude of about 40 km above sea level. These were used in carrying out measure-
= ments of solar IR radiation at sunset and in making determinations of the content
of oxychloride in the earth's ozonosphere.

R. Menzies, a specialist at the Jet Propulsion Laboratory at Pasadena, California,
presented an analysis of the results of these experiments in June 1979 in Washing-
ton at a Conference on Laser Engineering. A study of the collected data led him to
somewhat unexpected results. It was found that the content of oxychloride, constit-
uting a by-product of fluorocarbonms, forming part of many everyday aerosols, ex-
ceeds by a factor of two or even three the value postulated up to this time.

According to existing concepts, oxychloride, constituting a component of the fluoro-
- carbons, is filtered through a layer of atmospheric ozone. Under the influence of
solar UV radiation the fluorocarbons are photodissociated, in the process setting
free the oxychloride which descends into the ozonosphere layer. There it acts on
ozone molecules and as a result oxygen molecules are formed. ~

According to the conclusions drawn by Menzies, the oxychloride concentration, which

{t is now evident attains 2-3 parts per milliom, should be extremely uniform at the

scale of the entire earth. And nevertheless, despite the extreme activity of oxy-

chloride (one of its molecules, according to the calculations made by Menzies, is -
capable of destroying 1,000 ozone molecules), the ozone content in the high layers

of the atmosphere is not decreasing. It can be postulated that the ozonosphere has

a capacity for recovery which is greater than has been assumed.

- As reported in SCIENCE NEWS, Vol 115, No 24, attempts to relate solar activity, ex-

- pressed in spot formation, to weather phenomena on the earth have been made re-

- peatedly, but without special success. Speaking at the annual meeting of the

American Geophysical Union, held in Washington in June 1979, D. W. Hoyt, a spec- -
{alist with NASA in the United States, proposed a new approach to this problem.

He established that there is a statistical correlation between the structure of
sunspots and weather on the earth. According to his conclusions, the ratio of the
wbra at the center of the spot to the brighter region of the penumbra surrounding
it has a definite correlation with the earth's temperature. The analysis was based
on a study of data on the ratio of the umbra to the penumbra collected by the
Greenwich Observatory during the period between 1881 and 1970 and on their compar-
{gon with the mean annual temperatures in the northern hemisphere during this same
period.

There was found to be a gradual increase in both the value expressing this ratio
and the temperatures during the period from 1881 to 1932. Between 1932 and 1970,
when the ratio of the umbra to the penumbra decreased, the mean annual temperatures
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in the northern hemisphere also experienced a tendency to a decrease.

In developing these investigations, R. A. Sikuig, a scientific specialist at the
national center for study of the atmosphere in Boulder, Colorado, compared the

data published by D. W. Hoyt with data obtained on mean annual temperatures for

the earth as a whole according to a model prepared using an electronic computer. It
was found that the mean planetary temperatures react to a change in the ratio of the
umbra to the penumbra in sunspots the same as the temperature of the northern hemi-
sphere.

If these conclusions are confirmed by other researchers, variations in spot-form-
ing activity on the sun may prove to be an important key to a precise determination

of solar-terrestrial relationships, playing an important role in meteorological and
climatological processes.

168

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4

FOR OFFICIAL USE ONLY

OBLTUARY OF VIKTOR MIRONOVICH SKLYAROV (1916-1980)
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 8, Aug 80 p 128
[Article by a group of comrades]

[Text] Viktor Mironovich Sklyarov, one of the veterans of the Hydrometeorological
Service, a member of the CPSU and a Candidate of Geographical Sciences, who was on
speciai pension, has died after a severe illness in his 65th year.

He was born in 1916 in Lugansk (Voroshilovgrad). His work activity began in 1932 as

- an instructor of geography in the middle school. In 1940, after graduating from the
courses for polar workers, Viktor Mironovich was sent to a polar station on Vran-
gel' Island as a senior hydrometeorologist. Thereafter all his activity was insep-
arately associated with the Hydrometeorological Service. He occupied responsible
posts in the Krasnoyarsk and Novosibirsk Administrations of the Hydrometeorolog-
ical Service and in 1948 was assigned to responsible work at the central offices
of the Main Administration of the Hydrometeorological Service where for a long time
he was successfully occupied with solution of personnel problems, working success=
ively as head of the section for the training of personnmel, deputy chief and chief
of the personnel administratiom, and deputy head of the Main Administration of the
Hydrometeorological Service for personnel. In 1960 he was transferred to the post

. of head of the section on scientific research institutes of the Main Administration

- of the Hydrometeorological Service.

In 1963 V. M. Sklyarov, at his own request, was sent to Antarctica as head of the

aerometeorological detachment of the Soviet Antarctic Expedition and on return from

- the expedition was named deputy director of the Scientific Research Institute of
Aeroclimatology. In 1969 he successfully defended his dissertation for the academic
degree of Candidate of Geographical Sciences.

H In the years which followed Viktor Mironovich worked in the post of director of the
Central High-Altitude Hydrometeorological Observatory, where with the energy and de-
termination characteristic of him he solved problems relating to the development
and improvement of meteorological observations and investigations on high struc-
tures. After going on pension in 1976 he continued his activity at the Central High-
Altitude Hydrometeorological Observatory as chief of the agrometeorological station.

Viktor Mironovich always was characterized by a high sense of responsibility in the
work assigned him and an inexhaustible love of work. Being a demanding work direc-
tor, at the same he was a responsive and sensitive perxson.
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V. M. Sklyarov has written a number of studies in the field of applied climatology
and he has written textbooks on meteorology and meteorological observations.

The bright memory of Viktor Mironovich will forever remain in the hearts of his
comrades and friends and numerous workers in the system of the State Committee on

: Hydrometeorology.

COPYRIGHT: "Meteorologiya i gidrologiya", 1980
B [1-5303]

5303 -END-
CSO: 1864

170

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300070034-4



