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UDC 551.50(212.7)(575)
GLOBAL AEROSOL~RADIATION EXPERIMENT
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 5-11

[Article by K. Ya. Kondrat'yev, Corresponding Member USSR Academy of Sciences,
Candidates of Physical and Mathematical Sciences V. I. Binenko, L. R. Dmitriyeva-
Arrago and N. Ye., Ter-Markaryants, Candidate of Geographical Sciences V. F. Zhvalev,
V. A. Ivanov and M. A. Prokof'yev, Main Geophysical Observatory, manuscript sub-—
mitted 5 Feb 80]

[Text] Abstract: On the basis of the results of
the CAENEX, GATE and BOMEX experiments
the authors formulate a multisided pro-
gram for the Global Aerosol-Radiation Ex~
periment (GAAREX) and its scientific ob-
jectives. The article presents the first
results of expeditions carried out under
the GAAREX program in 1977-1979 and pre~
sents the plan for implementation of
GAAREX in three principal directions:
"Desert," "Volcano" and "Cloud."

Introduction. An analysis of the present-day status of the theory of climate shows
that an adequate theory can be formulated only on the basis of correct modeling
of general circulation of the atmosphere (GCA) with allowance for different forms
of heat and moisture exchange in the atmosphere [1-3, 10].

At the center of the problem of present-day changes in global climate is the ques-

tion of the influence exerted on climate by variations in atmospheric composition.

The physical content of the problem 1s reduced to the task of ascertaining the in-

fluence of variations of composition on the radiant heat influx, in which the wmain

role is played by aspects of the problem related to the study of cloud cover, aero—
sol and optically active gas components of the atmosphere.

The present-day status of the theory of radiation transfer in the atmosphere is
characterized by an abundance of diverse methods, from very approximate to vir-
tually precise, allowing ''standard"” computations of the fluxes and influxes of
radiant energy. However, the complexity of the real atmosphere, determined by the
irregularity of spatial structure and variability of the properties of aerosol and
cloud cover, makes it very difficult to take into account radiation factors on the
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basis of "pure" theory and makes it necessary to develop methods for a semi-
empirical parameterization. A solution of this problem is possible on the basis of
regularization of computation methods by their comparison with experimental data
and development of methods for the parameterization of radiation effects.

This problem is becoming particularly timely in connection with the development of
the physical theory of climate transpiring within the framework of the World Cli-
matic Research Program and the necessity for ascertaining the facters determining
recent climatic changes, including anthropogenic influences.

In the further development of the physical theory of climate the use of experiment-
ally validated data on the radiation properties of clouds, atmospheric aerosol and
their interrelationships is of fundamentally great importance. Such a well-known
fact that the atmosphere is a colloid and not a purely gas medium has not yet found
adequate reflection in investigations of the thermal regime and dynamics of the at-
mosphere.

The results of investigations of recent years indicate a strong variability of the
field of concentration of zerosol in the free atmosphere and great variations in the
optical characteristics of aerosol. At the same time, a fact which has become very
clear is that aerosol, like cloud cover, is one of the principal factors determin-
ing radiation transfer in the atmosphere, especially short-wave radiation.

The noted variability of the concentration field and the optical properties of
aerosol at a global scale complicates the development of the theory of formation
of global aerosol and the possibility of adequate parameterization of its climatic
effects. The development of this type of parameterization methods is possible only
on the basis of obtaining considerably more complete information on the concentra-
tion field and the properties of global aerosol.

Specialists in the USSR and in the United States have now carried out a series of
experiments partially satisfying the goals of aerosol-radiation research [7, 11, 14~
16]. The first truly multisided investigation of this type was the Complex Energy
Experiment (CAENEX), carried out in 1970-1975 by a number of scientific institutes
of the State Committee on Hydrometeorology, USSR Academy of Sciences and USSR Min-
istry of Higher Education under the direction of and with the participation of the
Main Geophysical Observatory imeni A. I. Voyeykov. The pioneering character of these
investigations was widely recognized abroad and the CAENEX experiment now serves as
a basis in the planning and organization of multisided experiments for the study of
atmospheric energetics. However, the results obtained in the mentioned experiments
can be regarded only as a first approximation in solving the formulated problem as

a result of their incompleteness and the difficulties sometimes arising in compar-
ing the results. In particular, the experience in carrying out GATE indicated how
important methodological problems (emsuring completeness and comparability of the
results) are in complex experiments of this type.

Principal Results of Aerosol-Radiation Research Under the CAENEX, GATE and BOMEX
Programs

The distinguishing characteristic of the mentioned national and international ex-
periments of recent years was their multisided character, which made it possible to
obtain simultaneous data on both the aerosol and radiation characteristics of the
atmosphere.

2
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Laboratory experiments and chemical analysis of samples of atmospheric aerosol made
it possible to determine the optical constants of matter in the disperse phase of
an aerosol and the limits of variability of these constants in dependence on the
chemical composition of the aerosol and relative humidity [4-6, 11].

The investigations which have been made yielded much material on the spatial-tem-
poral structure, chemical composition and microstructure of aerosol [7, 8, 12].
Estimates have been made of the intensity of different sources of atmospheric aero-
sol [15, 16]. Unfortunately, it must be noted once again that the indicated mater-
ials are rather contradictory due to their selective character and the lack of
unified methods.

Radiation measurements have confirmed the presence of selective aerosol absorption
of short-wave radiation. Under definite conditions its value is comparable to the
absorption of radiation by optically active gas components or even exceeds it, Data
have been obtained on the transformation of the vertical profiles of radiation heat
influxes in the atmosphere in the presence of an absorbing aerosol, continuous and
partial cloud cover. These results were obtained for a number of typical underly-
ing surfaces and some climatic zones.

The problem of ascertaining the influence of aerosol on climate requires the col-
lection of data on all the principal types of atmospheric acrosol, including its
macro- and microphysical characteristics over typical underlying surfaces during
different seasons. The mentioned data must meet the requirements of completeness
and closure from the point of view of the problem of atmospheric energetics in gen-
eral and radiation transfer in an atmosphere containing aerosol, in particular.
Types of aerosol having a global or extensive regional propagation and exerting an
appreciable influence on the atmospheric radiation field are of particular interest
in this respect: arid aerosol, volcanic aerosol, anthropogenic aerosol, stratiform
cloud cover.

Since at the present time many avallable data do not have adequate completeness and
closure, the statistical support of the results is low, and no observations have
been made at all under some typical conditions. For example, there is a total lack
of data on the spatial structure and properties of atmospheric aerosol during win-
ter. There is extremely limited information on the radiation properties of arctic
stratiform cloud cover, on the Interaction between cloud cover and aerosol, on the
possible mechanisms of modulation of cloud cover as a result of the spatial varia-
bility of radiation heat influxes in the free atmosphere.

Program of Global Atmospheric Aerosol-Radiation Experiment (GAAREX)

Taking into account what has been said above, in the coming years it seems desir-
able, within the framework of the World Climatic Research Program, to develop

a broad complex program of aerosol-radiation investigations whose scientific goals
can be formulated in the following way:

1. Investigations of the radiation characteristics of the "underlying surface-

atmosphere" system (especially the albedo of the system, the distribution of ab-
sorbed radiation between the atmosphere and the underlying surface, radiant heat
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exchange, etc.) and their variability in different climatic zomes, bearing in mind
the objective of creating an empirical basis for the parameterization of radiation
processes.

2. Investigations of the field of concentration of atmospheric aerosol, microstruc-
ture, chemical composition, complex refractive index and variability of these char-
acteristics in different climatic zones; estimation of the contribution of differ-
ent factors to the formation of the principal components of global aerosol; con-
struction of a model of global aerosol.

3. Investigations of atmospheric composition (optically active small gas compon-—
ents and aerosol), its influence on radiation transfer and possible climatic ef-
fects (a joint allowance for the influence of aerosol and associates of water mol-
ecules is of great importance).

4. Laboratory and theoretical investigations of the formation of the spectrum of
aerosol particles, their optical characteristics.

5. Laboratory and theoretical investigations of the processes of formation of the
gas and aerosol composition of the stratosphere.

6. Development and use of ground, aircraft and satellite methods for the remote
sensing of aerosol with the intention of the most complete determination of its
properties.

7. Development and use of direct and indirect methcds for investigating the micro-
physical and optical parameters of clouds (particular attention must be devoted
to the problem of cirrus clouds).

8. Comparison of the results of field and laboratory investigations of different
aerosol systems.

9. Development of approximate methods for computing the radiation characteristics
of the real atmosphere, intended for the parameterization of radiation processes in
the numerical modeling of general circulation of the atmosphere and the theory of
climate.

In this connection there must be:

a) development of models of the vertical distribution of the optical properties of
aerosol systems characteristic for regions with different properties of the under-
lying surface;

b) determination of the integral transmission functions for the aerosol component
of the atmosphere on the basis of measurements under real and laboratory condi~
tions;

c) development of methods for computing radiation of heat !nfluxes attributable to
the influence of aerosol suitable for inclusion in a model of general circulation
of the atmosphere and climate;

d) implementation of numerical experiments with models of general circulation of
the atmosphere and climate for study of their response to variations of aerosol
properties of the atmosphere.
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10. Theoretical investigations of radiation transfer in the real atmosphere on
the basis of use of "precise" methods and comparison of the results of computa-
tions with experimental data.

11, Numerical modeling of general circulation of the atmosphere and climate for
the purpose of evaluating response to radiation factors and development of opti-
mum schemes for thelr parameterization.

Similar proposals were formulated earlier in the review [9], in which the proposed
program was called the Global Aerosol-Radiation Experiment (GAAREX).

It 1s understandable that solution of the scientific tasks of GAAREX is not within
the capabilities of any single institute, but possibly only on the basis of a broad
and effective cooperation among a whole series of institutes of the States Committee
on Hydrometeorology, USSR Academy of Sciences and the USSR Ministry of Higher Edu-
cation. Considerable experience in such cooperation has been accumulated by the
Main Geophysical Observatory during the time of carrying out of CAENEX, when field
investigations were carried out at agreed-upon times by groups of specialists from
different scientific institutes of the USSR Academy of Sciences in conformity to

a unified program directed to ensuring maximum complexity of the collected set of
data. In the mentioned investigations the Main Geophysical Observatory played the
role of a methodological and coordinating center for directing the experiment,

on its part carrying out a considerable part of the special, particularly aircraft
observations.

- Taking into account the experience of joint investigations in the CAENEX and GATE
: expeditions, as well as the scientific specialization of the corresponding insti-
‘ tutes and establishments, it is desirable that in GAAREX a role be played by the
i Arctic and Antarctic Scientific Research Institute, Leningrad State University,

Institute of Experimental Meteorology, Institute of Atmospheric Physics USSR Acad-
emy of Sciences, Institute of Atmospheric Optics Siberian Department USSR Academy
of Sciences, Institute of Atmospheric Physics Kazakh Academy of Sciences and re-
gional scientific research institutes of the State Committee on Hydrometeorology.
The Main Geophysical Observatory (Radiation Research Section) can assume the role
of the coordinating and directing institute in the organization and implementation
nf multisided field investigations under the GAAREX program.

The GAAREX program was part of the national efforts of the USSR within the frame-
work of the program of special observations in the global meteorological experi-
ment.

In order to ensure actual global coverage it is necessary that in the future

GAAREX assume the character of an international program. Such a need is dictated
both by the properties of the object of the proposed investigations itself (in par-—
ticular, the need for carrying out observations under conditions not encountered

in the USSR), but also by the fact that international cooperation will make pos—
sible the most complete satisfaction of the requirements of complexity of the
measurements carried out.

i Such cooperation with specialists in the United States 1s being carried out by
the Soviet-American Working Group VIII on the "Influence of the Environment on
Climate." It should be noted that the need for international cooperation in the
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field of investigations «f atmospheric aerosol and its influence on climate has
also been noted by key foreign specialists in the mentioned field [13], and was
also expressed during the creation of two working groups of the committe organiz-
ing research on global atmospheric processes: "Aerosol and Climate" and "Radia-
tion and Extensive Cloud Cover."

Radiation processes occupy an important place in the program of still another work-
ing group of the committee organizing research on global atmospheric processes:
"Processes on the Land and Their Parameterization in Models of General Circulation
of the Atmosphere."

The specific implementation of the GAAREX program has already been initiated and
is being carried out in the following way:

1) The first experiment under the GAAREX program was carried out in the Karakum

region in 1977. Extensive, multisided data were obtained on the aerosol composi-
tion, radiation and optical characteristics of the atmosphere. The object of the
investigations was dust storms as a factor forming the regional climate of arid

zones.,

2) Two complex expeditions under the GAAREX program were successfully carried

out during 1979 when implementing the first and second special observation per-
jods of GARP. The GAAREX-79-I expedition was carried out in February-March in the
Karakum region and GAAREX-79-II in May-June in the Arctic, jointly with the SP-22
drifting station, and in the region of Kamchatkan volcanoes.

The principal objective of the GAAREX-79-1 expedition was investigations of the in-
fluence of the aerosol of deserts on the radiation regime of the atmosphere. The
results of this expedition confirmed the conclusions which we drew on the basis of
data from earlier experiments carried out in the desert. The desert region is char-
acterized by a stability of the form of size distribution of aerosol particles.
With a stability of the form of this distribution there are considerable varia-
tions in the concentration of particles. The stability of microstructure facil-
itates formulation of a model of aerosol for the deserts.

The complex use of the results of aerosol measurements at a ground point and on

an IL-18 aircraft laboratory of the Main Geophysical Observatory made it possible
to study the peculiarities of the vertical profiles of aerosol concentration under
different atmospheric conditions (in clear weather and in the absence of strong
winds, in the case of an adequately turbid atmosphere and during dust storms), and
also to find the relationship between these distributions and profiles of the
components of the radiation heat influx. Analysis of data on the change in the
disperse composition of aerosols with altitude indicated a constancy of the bimodal
structure of the distribution. A second minimum is common for all the distribu-
tions and falls in the size range 8—10P,m.

On the expedition specialists carried out measurements of the chemical composition
of aerosol in different ranges of particle sizes with the use of a multicascade im-
pactor which are very important for further theoretical computations.
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An investigation of the dependence of the aerosol concentration on wind velocity
was also made. The experimental data will be used in carrying out theoretical
computations of the transfer of short-wave radiation in the dust-filled atmosphere
for the purpose of formulating forms of parameterization of the radiation effects
of aerosol, and also for computing the possible diurnal variations of the radia-
tion heat influxes characteristic for the atmosphere in the desert region.

The results of the expedition are of great importance for a sufficiently reliable
allowance for the atmosphere as a colloid in models of general circulation of the
atmosphere and the theory of climate.

The principal purpose of the second expedition, GAAREX-79-IT, was a study of the
processes of formation of extensive stratiform cloud cover in the Arctic (over
SP-22) in summer and the radiation properties of the products of volcanie erup-

- tions. On Kamchatka experimental investigations of the dynamics of fog and low
cloud cover were supplemented by numerical modeling on the basis of the collected
data. Investigations of the ice-water radiation contrasts were made in this ex-
periment. On Kamchatka, in the neighborhood of Aldair and Cheringotan Islands,
the radiation regime of the atmosphere was investigated on Chepurachek volcano
during a period of fumarole activity of volcanoes during clear weather and in the
presence of a continuous cloud cover.

3) By way of making preparations for the GAAREX-79-II expedition, in December 1978
aircraft measurements were made over the cities of Zaporozh'ye and Donetsk from IL-
18 and IL~14 flying laboratories for the purpose of study of the influence of an-
thropogenic aerosol on the radiation properties of clouds below an inversion.

The following questions were raised in this experiment:

-~ How does the aerosol in a cloud exert an influence on the radiation regime of

the atmosphere over a city?

-- What is the role of nucleus formation and what aerosols are most important and
- active in this process?

-- How are the microphysical properties of a cloud transformed as a result of

cloud-aerosol interaction?

-- How great are the radiation effects of soluble and hydrophobic aerosol in com—

parison with molecular absorption in a cloud?

-- What properties of aerosol are most important to take into account in models

of the climate of a city?

The results of this experiment, together with data from investigations of the role
of anthropogenic and volcanic aerosol on Kamchatka made it possible to draw im-
portant conclusions on the influence of aerosol of anthropogenic origin on the
radiation properties of clouds.

4) In August 1979, at Ryl'sk, specialists carried out comparisons of balloon-borne
aerosol instrumentation and investigations of the chemical composition of aerosol
(especially stratospheric).

The experience in carrying out this sort of comparisons indicates the jmportance
of developing metrological principles for aerosol measurements, the creation of
generators of a polydisperse aerosol with known physicochemical properties, the
need for carrying out laboratory and field comparisons of aerosol instrumenta-
tion. In the future plans call for carrying out the GAAREX program with the
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implementation of complex experimental investigations in three principal directions:

1) September-October 1980-1981 -- "Desert" experiment. The planned experiment will
make possible a more complete understanding of the factors exerting an influence
on the formation of climate in arid zones, as well as a comparison of Soviet and
American aerosol instrumentation.

2) 1981-1983 ~- "Cloud” experiment. Investigations under this subprogram will make
it possible to carry out a thorough comparison of the radiation fields for an at-
mosphere with pure clouds and clouds subjected to an anthropogenic influence; these
will make it possible to formulate a unified approach to the use of experimental
and theoretical data in the parameterization of the interaction between clouds

and radiation.

3) 1981-1985 — "Volcano" experiment. The implementation of investigationms under
this subprogram will make possible:

a) a fuller understanding of the influence of aerosol of volcanic origin on the
radiation field in the atmosphere and an evaluation, in particular, of the relia-
bility of the hypothesis of volcanically induced changes in paleoclimate;

b) on the basis of systematic satellite tracking of the state of the stratosphere
sonclusions can be drawn on the possible reaction of the atmosphere to artificial
contamination of the stratosphere by aerosol particles.

The practical implementation of the research programs will be accomplished on the
basis of Soviet-American cooperation within the framework of the agreement on
preservation of the environment. (Working Group VIII. Project 0.2,08-12 "Influence
of Atmospheric Contamination on Climate.")
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[Article by Candidate of Physical and Mathematical Sciences V. P. Meleshko, Main
Geophysical Observatory, submitted for publication 2 Apr 80]

[Text] Abstract: In this article an attempt is made
to calculate three-level cloud cover for the
entire earth. A method is proposed for calcul-
ating cloud cover at three levels in the atmo-
sphere based on solution of the inverse prob-
lem for the transport of long—wave radiation.
On the basis of use of climatic data on total
cloud cover, temperature, humidity and outgo-
ing radiation at the boundary of the atmosphere
it was possible to calculate the distributions
of the quantity of clouds at three levels in
the atmosphere for the conditions prevailing
in July. The determined distribution of cloud
cover agrees well with both the actual zonal
data and with the principal macroscale cloud
formations in some regions of the earth, in
particular, in the region of the Indian mon-
soon, ICZ and zone of baroclinic instability.

Introduction. In the modeling of general circulation of the atmosphere and climate

by means of hydrodynamic models of the atmosphere it is necessary to have informa-

tion on the three-dimensional distribution of cloud cover, which in turn is needed

for calculating radiation heat influxes., At the present time cloud cover in the

models is calculated using relatively simple empirical expressions in which the

- tenths of cloud cover at a priori stipulated levels is usually related to relative
humidity. The corresponding coefficients in these expressions are selected in such
a way that the computed mean seasonal distribution of the quantity of clouds will
agree with the similar actual distribution., In a number of investigations such a
natching was accomplished with the zonal data published by London [9].

The question as to what degree the quantity of clouds computed in the model agrees

with the real quantity at different levels in the atmosphere and in different geo-

graphical regions of the earth remains open because at the present time there are
- no climatic data on the three~dimensiomal distribution of cloud cover. However, a
knowledge of the three~dimensional structure of the actual cloud cover is extreme-
ly important for improving schemes of its parametric description and for refining
nethods for calculating heat influxes in atmospheric models.
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Information on cloud cover obtained using data from the ground network of sta-
tions and using meteorological satellites has been generalized and published in

a whole series of investigations [2, 6, 13, 14]. The television images of cloud
cover collected during recent years made it possible to supplement and refine
available materials from surface observations over the waters of the oceans and

in inaccessible regions of the earth. In most cases these data are the mean
monthly values of total cloud cover, estimated in tenths or fractions of sky
coverage. Source [13] also contains information on the frequency of recurrence

of cloud cover of different quantitative gradations, expressed in relative bright-
nesses.

With respect to data on the quantity of clouds at different levels, they are ex-
tremely scarce, and if they exist, are available only for individual, adequately
well-studied regions of the northern hemisphere. For example, maps of the season-
al distribution of the ratio of lower cloud cover to total cloud cover over the
territory of the USSR are given in [1]. An extensive set of parameters describ-
ing the spatial-temporal structure of cloud cover for individual points in the
territory of the USSR is given in [3]. Some ideas concerning the vertical extent
of large-scale formations can be obtained from [6, 12], which give information on
the geographical distribution of the predominant types of clouds. Using information
on the frequency of recurrence of clouds of different types, London [9] construct-
ed the zonal distribution of their quantity for the four seasons. At the present
time this is, indeed, the only source of climatic data which includes information
on both the quantity of clouds and on their vertical extent.

The development of satellite systems for making such observations served as a stim-
ulus for the development and improvement of methods for determining not only total
cloud cover, but also the altitude of its upper boundary, as well as other charac-
teristics, on the basis of data from measurements of outgoing long-tsave radiation
in the transparency window and cloud brightness in the visible spectral region.
The methods for determining the temperature of the upper cloud boundary are based
on the idea of registry of the thermal contrasts in the field of outgoing radia-
tion between the boundary of the clouds and the underlying surface. The visible
spectral range is usually used in evaluating the total quantity, thickness and
phase state of the clouds on the basis of an analysis of the brightness contrasts.
A thorough review of investigations in this direction is given in the two momno-
graphs of K. Ya. Kondrat'yev and Yu. M. Timofeyev [4, 5]. It must be noted that
existing satellite methods for the time being are In the testing stage and there-
fore no other generalized data have yet been published for the earth (or even

for the northern hemisphere) other than for total cloud cover.

In this study an attempt has been made to compute the vertical distribution of
large-scale cloud cover, using for this purpose climatic data on total cloud cov-
er, outgoing radiation at the upper boundary of the atmosphere, temperature and
humidity.

The quantity of clouds is computed for three altitudes, which on the average cor-
respond to the upper boundary of clouds of the upper, middle and lower levels.
The computation method is based on the identification of the thermal contrasts
in the field of outgoing radiation between the clouds, situated at stipulated
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levels in the troposphere, and the underlying surface.

In this study we made computations of the global distribution of three-level cloud
cover for July.

Method for Computing the Quantity of Clouds

We will examine a column of the atmosphere of a unit area and extent from the ground
surface to the upper boundary of the atmosphere. We will assume that in a column
at different altitudes from the ground surface there are K layers with incomplete
cloud cover, so that the total quantity of clouds (in fractions of a unit area) N,
visible from the upper boundary of the atmosphere, is equal to
K ~
z N,=N. (68
kz=1|
Here Ny is the fraction of a unit area covered by clouds of the k-th layer which
the observer could see if he was at the upper boundary of the atmosphere. With N
= 1 the considered area is completely covered by clouds.

The total flux of outgoing radiation at the boundary of the atmosphere il consists
of fluxes emanating from the cloud sectors, visible below, situated at different
levels, the part of the underlying surface not covered by clouds and the radiation
of the atmospheric layers falling between the radiating surfaces and the upper

boundary of the atmosphere, X -

2 IVk Rk =R (2)
k=0
Here Ng = 1 - § is the fraction of the unit area free of clouds, Ry is the flux of
radiation reaching the upper boundary in the presence of total cloud cover at the
level k. The expression for the integral flux Ry can be written in the form

my
R.=B(T,) D (my) + [B(T)dD(m,—m), 3)
0

where B(T) is the radiation function at the temperature T, D(mg) is the integral
transmission function with an effective mass m.

The first term on the right-hand side describes the part of the radiation from the
cloud surface or from the underlying surface reaching the boundaries of the atmo-
sphere. The second characterizes the radiation of the atmospheric layer situated
between the radiating surface and the boundary of the atmosphere.

Now we will determine the properties of large-scale cloud formations which in a
general case can include several of the considered unit areas.

1. Here and in the text which follows it will be assumed that clouds exist at
only three levels in the atmosphere. This corresponds to their generally accepted
division into clouds of the upper, middle and lower levels.

2. The altitude of the upper cloud boundary is kmown. For the cloud cover of the
middle and lower levels it is situated at the levels 700 and 925 mb respectively.

The boundary of the upper-level clouds is a function of latitude. In both hemi-
spheres from the pole to latitude 48° it is situated at the level 500 mb; then
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gradually increases and from a latitude of 28° to the equator is situated at the
300-mb level.

3. The horizontal distribution of cloud cover at each level in an elementary area
is random, so that the probability of their mutual overlapping is equal to the
product of their quantities at the corresponding levels. Thus, the fraction of
cloud cover visible from above is related to their quantity by means of the ex-
pressions

Ni=n,.

_ ;\.2=(1—f11)n2.
Na=(1—ny) (1 —ng)n3. )

Here and in the text which follows np (k =1, 2, 3) is the quantity of clouds at
the k-th level (in fractions of unity).

4, Clouds of the upper, middle and lower levels radiate as ideally black bodies
with the temperature at their upper limits.

5. Clouds of the middle and lower levels are quite dense and do not transmit long-
wave radiation from the lower-lying layers of the atmosphere. The upper-level
clouds are assumed to be partially transparent.

6. The contribution of the nonlinear errors arising as a result of use of atmo-
spheric characteristics averaged in time and space for computing the mean radia-
tion fluxes is negligible.

The algebraic equations (1) and (2) contain three unknown functioms Np(k =1, 2,
3). Still another equation is required for closing the system. As such an equa-
tion it is possible to use an expression similar to (2) but describing the trans-
fer of fluxes of reflected short-wave radiation. This requires the inclusion of a
number of additional assumptions relative to the reflecting and transmitting prop-
erties of clouds following from the theory of transfer of short-wave radiation

in the cloudy atmosphere.

In this study we examine a simpler approach whose basis is the use of an empirical
relationship between the quantity of clouds and relative humidity at the two low-
est levels in the-atmosphere. In other words, we will assume that the ratio of

the quantity of clouds of the middle and lower levels is proportional to the
ratio of the relative humidities at the corresponding levels (layers) in the at-
mosphere:

!

A,
Ryt

)

where hy, hy are the relative humidities in the layers of clouds of the middle
and lower levels, )6 is an empirical proportionality factor (0<)6$1).

With allowance for the properties of clouds enumerated above, equations (1), (2)
' and (5) are rewritten in the form
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1
YN, =V

B k=t
! - 1
Z’cle“‘Rn’ ~\’);-_-R—R‘)— Z;’Rk (6)
t= 1 k=1
) N
(l“”;-) AI—EI\:_A\.!

vhere Mk characterizes the degree of tramsparency of clouds at the k-th level.
When Otk = 1 the clouds are opaque for long-wave radiation.

Since we assume that only upper-level clouds are partially transparent, then
AR, =1 =2 IRy — R myny + (R, — Ry (1 — ) ny 1y,
’5 R! el ;;R-! = O

The system of equations (6) isﬂclosed and can be solved by the iterations method
if the fluxes Ry, Ry, Ry, R3, R and the total quantity of clouds N are known.

(N

The fluxes of outgoing radiation at the boundary of the atmosphere were computed
using the radiation scheme developed at the Geophysical Hydrodynamics Laboratory
at Princeton in the United States. Its description is given in the studies of
Manabe and Strickler [10] and Manabe and Wetherald [11]., Computations of fluxes
of long-wave radiation are made using this scheme, taking into account the dis-
tribution of water vapor, carbon dioxide and ozone. The mixture ratio for carbon
dioxide is assumed equal to 0.456-10~3 in mass. The ozone distribution is also
stipulated and is dependent on season, altitude and latitude.

It should be noted that the system of equations (6) is poorly stipulated in the
case of temperature gradients close to isothermal or when there is a thick inver-
gion in the lower troposphere. From the physical point of view this means that as
a result of small or zero contrasts in long-wave radiation between the cloud cover
of different levels it is impossible to make an unambiguous determination of the
vertical structure of clouds. On the other hand, numerous observations of cloud
cover show (for example, see [3]) that in the middle and high latitudes of the
northern hemisphere under conditions close to isothermal or an inversion (as a
rule such conditions are observed during the cold season of the year) the cloud
cover is formed only in the lowest layer of the atmosphere. Thus, under these
conditions it is not necessary to solve the system of equations (6) and it can

be assumed that the entire (total) cloud cover is concentrated only at the low-
est level.

The algorithm realizing computation of three-level cloud cover includes a number
of stages in which there is successive determination of the possibility of the
existence or absence of cloud cover at different levels, In the first stage, as a°
result of solution of the system of equations (6) by the successive approximations
nethod, Nk is found. Choice of the initial approximation exerts virtually no in-
fluence on the rate of convergence of the iteration process.
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The solution must satisfy the natural condition
0= N, <10 (8)

If this condition is not satisfied at one of tue levels, a solution is sought for
two other levels, beginning with the lower levels. In this case the third expres-—
sion in (6) is not used in the solution. Finally, if once again condition (8) is
not satisfied at one of the two levels the quantity of clouds at the other (of
the two considered) level is assumed to be equal to their total quantity. Thus,
the determined vertical distribution of the quantity of clouds is always equal

to the total cloud cover in accordance with condition (4), whereas the long-wave
radiation, computed with these clouds taken into account, agrees with that stip-
ulated at the upper boundary of the atmosphere, except for cases of a single-
level cloud cover, when the latter condition is satisfied approximately.

Initial Data

The restoration of the vertical distribution of clouds is accomplished over the
entire earth for July conditions. As the initial data we used the following.

1. The distribution of the total quantity of clouds constructed by T. G. Berlyand
and L. A. Strokina [2]. For the latitude zone 60-90°S the data on the total cloud
cover were taken from [15]. These data were obtained using materials from long-
term observations at stations in the world meteorological network and for indi-
vidual poorly studied regions of the earth were supplemented by satellite measure-
ments. Figure 1 shows the distribution of total cloud cover used in the computa-
tions.

2. Mean monthly data on outgoing long-wave radiation at the upper boundary of the
atmosphere at the points of intersection of a regular grid 10°x 10°. These data
represent the generalized results of July satellite measurements during 1964-1970
published in [16].

3. Mean monthly temperature and dew point values stipulated at standard levels
in the atmosphere (temperature at the levels 100, 200, 300, 500, 700, 850, 1000

- mb, but humidity only at the four lower atmospheric levels) at the points of in-
tersection of a regular grid 5° x 5°. Information on this mass of data can be
found in [7, 8].

The temperature and humidity values at 13 levels in the atmosphere were used in
computing the radiation fluxes. Since climatic data on humidity are available
only to the 500-mb level, the values corresponding to them for higher levels were
obtained by means of extrapolation. At the level 100 mb and above the humidity
values were assumed to be 3-10~6 g/g at all latitudes. The temperature at the
additional intermediate levels (50, 250, 400, 600, 775 and 925 mb) was obtained
as a result of interpolation from standard levels.

The restoration of the vertical distribution of cloud cover was at the points of
intersection of a regular grid with a resolution 5° x 5°.
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Fig. 1. Observed distribution of total cloud cover (in fractions of unity) in July
(data from T. G. Berlyand and L. A. Strokina [2]).

-1
V- i © -2
: -

—

x" a0 .. £
’ Latitude . ot
=T X ¢ -0 [d

Fig. 2. Zonal distribution of computed and actual cloud cover (in fractions of
unity) for upper (a), middle (b) and lower (c) levels. 1) computed cloud cover
with 0¢= 0.75; 2) with o= 0.9; 3) with (= 1.0; 4) actual cloud cover according
to data published by London [9].

Although the horizontal resolution for satellite radiation fluxes is less in com-
parison with other stipulated characteristics, we will assume that the field of
fluxes contains adequate useful information necessary for restoring the vertical
structure of the large~scale cloud cover.

Results of Computations
In solving the system of equations (6) it 1s necessary to stipulate the parameters

oy and ,B . As already noted, the first of these characterizes the degree of trans-
parency of upper-level clouds for long-wave radiation. As a result of the known
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uncertainty in its stipulation the computations were first made with Czl = 0,75,
0.90, 1.0.

Figure 2 shows the zonal distributions of the computed and actual cloud cover of
the upper, middle and lower levels. The computations were made using the zonal
distributions of outgoing radiation, total cloud cover, temperature and humidity
in July. As a comparison, this same figure shows the actual distributions of cloud
cover obtained in [9] for the warm season of the year.

It follows from Fig. 2 that the computed cloud covers of the upper and lower levels
agree surprisingly well with the actual data published by London [9] for the north-
ern hemisphere with o’y = 1.0. However, in the southern hemisphere they differ es-
sentially from one another, especially in the latitude zone 30-60°S. The computed
middle-level cloud cover was everywhere approximately twice as great as the actual
cloud cover. The considerable discrepancies between the computed and actual cloud
covers in the middle latitudes of the southern hemisphere are evidently attribut-—
able to the presence of systematic errors in the climatic distribution of tempera-
ture, humidity and cloud cover (total and at different levels). Errors in the de~
termination of outgoing radiation do not play a significant role because their
value in the southern hemisphere is of the same order of magnitude as in the north-
ern hemisphere where the computed cloud cover agrees well with the observed cloud
cover.

In order to clarify the possible reasons for the exaggeration of the upper cloud
cover in the zone 30-60°S we made estimates of the sensitivity of the computed
cloud cover to the possible errors in determining temperature and humidity in

this zone. As indicated by the evaluations which were made, a temperature de-
crease by only 2°C in the entire troposphere leads to a decrease in the quantity
of upper clouds by approximately 25%. The sensitivity of the vertical distribution
of clouds to variations of humidity is less significant, evidently as a result of
the low moisture content of the southern hemisphere atmosphere during the cold
season of the year. One gets the impression that the zonal temperature of the
troposphere in this latitude zone is exaggerated on the average by 2-3°C.

The distributions of the quantity of clouds with different degrees of transparency
of upper cloud cover show that the best agreement with zonal data is witho¢= (,9-
1.0. Therefore, in all the computations it was assumed that upper cloud cover
transmits 10% of the long-wave radiation. In the computations it was assumed that
g =1.0.

Since the temperature distribution in the troposphere to the south of 60°S is of
the inversion type, it was assumed that only lower-level cloud cover can exist in
this region.

Now we will examine the problem of the sensitivity of the computed cloud cover to
the errors in determining outgoing radiation and the quantity of total cloud cover.
According to the careful estimates of Ellis and Vonder Haar [16], the uncertainty
in estimates of long-wave radiation from satellites is +5%, which corresponds to
an error 10 W/mZ.
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Fig. 3. Geographical distribution of computed cloud cover (in fractioms of unity)
for the upper (a), middle (b) and lower (c) levels.

Table 1 shows the zonal changes in the quantity of clouds of the upper, middle and
lower levels with the mentioned errors superposed on the outgoing radiation. If
the error is positive, the upper-level cloud cover decreases, whereas the middle-
and lower-level cloud cover increases. The reverse picture is observed in the
case of negative errors. Upper-level cloud cover is more sensitive to errors in
measuring outgoing radiation than are middle- and lower-level clouds. This is
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attributable to the circumstance that the contribution of the lower-lying clouds

to the total radiation is less than the contribution of upper-level clouds as a
result of the effect of random superpositioning and screening of radiation by

upper clouds. With one and the same absolute error in radiation the errors in
determining cloud cover increase from the low to the high latitudes. The reason

for this is the latitudinal decrease in the mean vertical temperature gradient

in the troposphere, which leads to a decrease in the thermal contrasts in the fluxes
of outgoing radiation arriving at the boundary of the atmosphere from different lay-
ers. For example, the errors in determining the quantity of upper-level clouds are
0.1 in the low latitudes, and gradually increasing, attain 0.2 in the high lati-
tudes. The corresponding errors for middle- and lower-level cloud cover are approx-
imately half as great.

Table 2 gives the mean zonal changes in computed cloud cover as a function of the
errors in determining the total quantity of clouds, equal to #0.1. The absolute
value of the error is the mean northern hemisphere deviation between the distrib—
utions of total cloud cover cited in [2, 14]. Comparison with Table 1 shows that
in this case the determination of lower cloud cover is more sensitive to errors
in determining total cloud cover than upper cloud cover. The magnitude of the
change in the quantity of lower clouds is almost twice as great as the error in
total cloud cover. With respect to the zonal peculiarities of the change in the
quantity of clouds at different levels, they are similar to those shown in Table
1.

The mass of climatic data described in section 3 was used in computing three-level
cloud cover for the entire earth.

Figure 3 shows the distribution of the computed quantity of clouds of the upper,
middle and lower levels. The figures indicate that the principal large-scale char-
acteristics of the vertical distribution of cloud cover agree well with the known
characteristics of general circulation of the atmosphere and available data on the
frequency of recurrence of stratus and cumulus forms in individual regions of the
earth. We will enumerate some of them.

1. A considerable quantity of upper-level clouds is observed in the middle lati-
tudes of both hemispheres. The formation of cloud cover was associated with the
development of baroclinic instability.

2. An extensive maximum of the quantity of upper-level clouds was clearly express-
ed over Southeast Asia, including India. This maximum agrees with the observed
region of formation of thick convective cloud cover caused by the development

of southwesterly and southeasterly monsoons during this season of the year.

3. Regions of an increased quantity of clouds of the upper and middle levels are
traced along the equator. Their formation is associated with the position of the
ICZ.

4. Extensive regions of considerable lower cloud cover are situated in the north-
ern and northeastern parts of the Pacific Ocean and along the western shores of
South America. Observational data show that in these regions there is a predomin-
ance of clouds of stratus forms [12], forming over the relatively cold water sur-—
face of the oceans.
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At the same time, some specific peculiarities are also noted in the field of
three-level cloud cover. For example, in regions with a considerable upper cloud
cover (region of Southeast Asia, equatorial and southern part of the Pacific
Ocean) there is a relative decrease in the quantity of lower-level clouds. This
was evidently caused by both the errors in the initial data and the use of some
of the assumptions adopted in the computation scheme. For example, one of these
assumptions 1s that the cloud cover distribution at each level is random. It can
be assumed that such an assumption is satisfied quite rigorously in reglons of
formation of stratiform clouds. However, it may not be satisfied in those regions
where the cloud cover has a considerable vertical extent and is associated with
the development of powerful convection. The assumption of a random vertical dis-
tribution of clouds should lead to an underestimate of their quantity at the
lower levels, as was found in the computations. In addition, the underestimate
of lower cloud cover in the ICZ over the Pacific Ocean is in part attributable
to another factor. Figure 1 shows that in this region along the equator there is
no zone of an increased quantity of total cloud cover, although available satel-
lite observations indicate its existence. It was demonstrated earlier that this
sort of error in the quantity of total cloud cover should lead, in particular,
to an underestimate of the quantity of lower clouds.

Moreover, the distribution of outgoing radiation used in the computations was
stipulated at the points of intersection of a 10° x 10° grid. This means that
some fine peculiarities in the radiation field associated with the existence of
a narrow cloud zone along the equator was evidently inadequately well expressed
in such a relatively thin grid.

In summarizing what has been said above, it can be assumed that except for some of
the mentioned shortcomings, relating for the most part to the determination of
lower cloud cover, in general the computed three-dimensional distribution of the
quantity of clouds agrees well with the principal large-scale peculiarities of
general circulation of the atmosphere and can be used in evaluations of the pos-
sibilities of schemes for the parameterization of cloud cover used in hydrody-
namic models of the atmosphere,

In conclusion the author expresses sincere appreciation to Doctor S. Manabe and R.
T. Wetherald (Geophysical Hydrodynamics Laboratory, Princeton, United States) for
numerous productive discussions and assistance in carrying out this study.
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ACCURACY IN DETERMINING INTEGRAL PARAMETERS FROM THE RESULTS OF MEASUREMENT OF THE
MICROSTRUCTURE OF CLOUDS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian Nc 9, Sep 80 pp 24-31

[Article by Candidate of Physical and Mathematical Sciences M. Yu. Orlov, Insti-
tute of Experimental Meteorology, manuscript submitted 24 Jan 80]

[Text] Abstract: Formulas are derived for determin-
ing the random errors of the values of inte-
gral parameters nf the spectrum of cloud
droplets measured, for example, using a pho-
toelectric instrument for mea3uring sizes. It
is shown that with the present-day character-
istics of measuring instruments the principal
contribution to the errors in measuring the
concentration of droplets, liquid-water content
and radar reflectivity is from the error in
determining the computation volume (+20%).

For the remaining integral parameters the errors
are determined for the most part by errors in
measuring the radii (widths of the analyzer
channels). The errors associated with the ran-
domness of spatial positioning of droplets in~
troduce a small contribution to the total error
of the results. It is shown that the errors in
measuring the mean radius are 7-8%; the errors
of the mean square radius are 10-20%.

Many studies have been devoted to measurements of the microstructure of clouds [3,
8]. The usual methods which have been employed by different authors for determin-
ing the size distributions of cloud droplets are the methods associated with the
precipitation of droplets on a backing [2, 3, 8] or photoelectric methods (for ex-
ample, see [7]).

At the present time virtually all studies of the microstructure of clouds are made

using photoelectric counters of cloud particles. Emphasis is on determinativn not
. only of the spectrum of droplet sizes itself, but also its various integral char-
! acteristics (for example, the moments of size distribution of particles).
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When using photoelectric counters, especially counters with optical formation of
the computation volume, a particle with a given size can be registered either

in the analyzer channel corresponding to its radius or in the channel corres-
ponding to a lesser radius. As a result, corrections for the nonuniformity of
illumination of the computation volume must be introduced into the instrument spec-
trum of sizes. During the time of measurements in a chanmel with the number i
there 1s registry of ny particles, which is expressed through N; -- the numbers

of particles in the atmosphere with radii corresponding to a channel with the num-
ber j, in the following way [7]:

i (U
m= XN, L=l @)
1=M i=M
where 0(—_]-1 is the probability that a particle with a radius corresponding to a
channel with the number j will be registered in a channel with the number i (ri
rj); M is the total number of analyzer channels in which the particles are regis—
tered.

Thus, it can be seen that the errors Ani of the ng values with independent errors
of the values Nj -ANy are correlated. The Ani distribution will differ from the
Poisson distribution and evidently will be close to normal.

Estimates made for typical spectra measured using the cloud droplet counter de~
scribed in [7] indicated that Ang/nj € AN;/Ny, and the correlation coefficients
are equal to : S -

i ke

The introduction of corrections for the nonuniformity of illumination of the com-—
putation volume essentially involves solution of the system of linear equations
(1) with the limitations Ny» O (1 =1, 2, 3,...,M). Thus, the errors N'; obtain-
ed using the photoelectric instrument for measuring particle sizes, after intro-
duction of corrections, will also be correlated and will be dependent, in partic-
ular, on the intercorrelated errors of the o j4 values. By virtue of the normal-
ization condition ’D“i o: = -1 for all j 7= i. However, since usually it is pos-
sible to neglect the conlributions to the errors in the N'jy values obtained from
the system of equations (1) (due to the Aaly; errors), the dispersion matrix D(N{)
of the Niy values can be written [6] as follows:

DNy = s ¢ D) |3,

i i (2)
where D(nj) is the dispersion matrix of the nj values, ||°C"1” is a triangular
matrix, inverse of the matrix of probabilities HOL “, the sign ~/ denotes transpo-
sitioning.

However, in a case when it is possible to neglect the contribution to the errors
ANy due to the errors Aocji, formula (2) leads directly to the identity

D(N)) = DN,.
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The neglecting of the Actji errors is all the more justified because the & i
values are the instrument constants for the unit used in measuring the spec%rum
and at least in principle can be measured as precisely as desired.

In theoretical and experimental studies of cloud microphysics, in addition to the
) gpectrum itself N b ;
\ P‘=—.\—;: ;\_.Z\,J

izl
it is customary to determine some of the following integral parameters of the
cloud droplet spectrum:

1. The moments of the size distribution of droplets or the parameters associated
with them: .

- ' N=Y N Ve
droplet concentration i (3
[W = error] mean radius r —-‘A: AY ’/Z Nis %)
mean square radius jz = Z rN\; 'z N (5)
- mean cubic radius i — 2 ry, Z A (6)
dispersion of spectrum ’;;':73,7;, (7)
liquid-water content W-: _%LELC.I:;, | (8)

the ratio of the standard deviation to the mean radius (so-
called relative dispersion)

o // Z f;; ‘\'l‘ Z N/
‘I, i i
= — = = =1, 9
] - ] IZ Nir‘»l ( )
i !

radar reflectivity Z N, ,?
7= _ B
B ‘" ZI\ I 10
2. The exponent m in the formula describing the large—droplet part of the spec-
trum, rish s 1
hE A ar=gzr(T ’;"5]" a1

The exponent can be determined using the description of the large-droplet part
of the spectrum by a power-law curve and employing the least squares method.

It is asserted in [5] that the value of the exponent is related to the exponent
+ in the Junge spectrum of condensation nuclei by the expression m = 5v - 2/3.
Thus, whereas the dispersions of the moments of the size distributions of drop-
lets or the parameters associated with them can be explicitly expressed through
the Ny dispersions and the dispersions of the measured radii ry, the dispersion
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of the expoment m, in addition, will also be dependent on the method for process-
ing of the experimental data and obtaining the specific m value.

The sources of errors in determining the integral parameters when using photoelec-
tric instruments for measuring sizes are as follows. The Poisson distribution of
droplets introduces its contribution to the accuracy in determining the integral
parameters. The error in the volume of alr passing through the measuring instru-
ment Verror 1S related to the error in determining the section of the computation
volune and the error in the air velocities passing through the measuring instru-
ment. A contribution to the error in the results is made by the errors in the cal-
ibration curve of the measuring instrument (relationship between the amplitude of
the pulse and particle size) and the errors in the widths of the channels of the
recording unit and the errors in tie-in of the scales of the channels to the size
scale. A role, although small, is also played by the errors in the corrections in-
troduced into the results of the measurements in order to eliminate the influence
of nonuniformity of illumination of the computation volume, especially in its op-
tical formation.

The randomness in arrangement of droplets in space will introduce its contribution
- in a double fashion. Thus, the total number of droplets counted in a given experi-

ment, N =Z Ny, is a random value with a distribution close to normal. The measure-

i

ments are usually made in such a way that the number N is equal to approximately

10%. Thus, the error in the result due to the "sampling volume" will be only a

few percent [3]. N;j, the numbers of droplets falling in the range of sizes from rj

to Ty will have distributions close to normal.

It is also clear from the form of formulas (3)-(10) that the accuracy in measuring
the volume of the sample (the quantity of air passing through the instrument) ex-
erts an influence only on the accuracy in determining the concentration of drop-
lets, liquid-water content and radar reflectivity. The accuracy of the remaining
parameters is not dependent on the accuracy of knowledge of volume of the sample.
The errors in the values of the radii of the channels are attributable to several
factors. According to estimates, the greatest contribution to them is introduced

- by the error in determining the radius of a particle in the pulse analyzer. Most
modern multichannel amplitude analyzers determine the pulse amplitude from the
time of discharge of a capacitor charged by the pulse to be analyzed. For several
different reasons the error in determining amplitude must not exceed one analyzer
channel.

Among the other errors of relatively little importance we can mention, for ex-

ample, the error due to the introduction of corrections for dead time, but dead time

is determined quite precisely by the time necessary for the analyzer to find pulse
amplitude.

Thus, we will examine the contributions of different sources of errors. We will
limit ourselves only to their random components, remembering that so-called sys-
tematic errors of the results, as soon as their existence becomes known to the
experimenter, can be taken into account by introducing corrections, which, it

goes without saying, make their contribution to the increase in the random errors
- in the final results.
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Here we will cite formulas for determining the errors in the above-mentioned in-
tegral parameters of the spectrum:

-- concentration of droplets
. 1 :
= (NP = S :
()= V5 (‘H 12)

- -- mean radius e - —
| wir=g =7+ TR
‘ (13)

We note that in this and in subsequent formulas in the case of presence of a cor-
relation between the errors of the radii ry the terms containing ArjArj are not
equal to zero. However, in the absence of correlations such terms are equal to
zero;

~- mean square radius

R eI

! (14)
-- dispersion of spectrum
EERER— —/-Iv— (=7 4 S P+
_ (15)
N ’- 2Ypi(r,—n) A’iJ.“"
L i
-- mean cubic radius : oI
—_ | — -2
(A\riy == (r—r) + 32 piti -\"
N [ (16)
-- liquid-water content .
(2Ey
LW an

-- ratio of the standard deviation to the mean radius (with allowance for the cor-
relations of errors O2 and r)

—y — _——- — =)

(r P P

(Na® = !
4 '\.’ (18)

X prrisri+ 7Y piar] —
i i
— 27X pir A
i

-~ radar reflectivity
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B ZP=4 (=T 8 '[6 T piriar, j+

ey (19)
-8 () ().

Vo

It 1s impossible to express the error of the exponent m explicitly through the

- errors in the measured parameters due to the nonlinearity in the procedure for
finding it. An evaluation of the accuracy m must be made for each gpecific case
separately. Due to the nonlinearity of the system of equations for the least
squares method, in order to determine the m value it is necessary to use, for ex-
ample, the linearization described in {5]. -

r

olr

o1

001+ ™" Analyzer
-+ channels

ot Aawngast
Lo onaAY301000
o0t ¢ 10 12w 15

Fig. 1. Typical normalized svectra for cloud droplets obtained using a photoelec-
tric instrument for measuring the size of cloud droplets. The figures on tne his-~
togtams are the numbers of the spectra (see Tables 1 and 2).

Using the formulas cited above, we will estimate the errors of different measured
microstructural parameters. For this purpose we will use the experimental data ob-
tained using a photoelectric counter of cloud droplets [7].

Typical measured normalized spectra of particles in the range size from 0.5 to 12.8
pmare given in Fig. 1.

Table 1 gives the values of the parameters and their errors. [Data on the spectra
of droplets were furnished through the kindness of K. B. Yudin and A. V. Lachi-~
khin. ]

In computing the values of the microphysical parameters and their errors it was
assumed that the accuracy in determining the volume of the air sample passing
through the photoelectric counter is +20%. Most of this error is attributable to
the error caused by the error in the cross section of the computation volume,
since the velocity of air flow is known with a rather high accuracy (2-3%).

An analysis of the individual components (see Table 2) indicated that the errors
caused by the randomness of spatial distribution of droplets in all cases are
negligible in comparison with the errors caused by an inexact knowledge of the
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relationship between the amplitude of the light pulse and the particle size (error
in radius) and inexact knowledge of sample volume (in those cases when this error
gives a contribution to the error in the result). In a case when the errors of indi-
vidual r, values (radii of channels) are correlated for the entire scale of sizes
(uncontrollable shift of scale) the errors indicated in Table 1 must be supple~
mented by terms in the form

2 Z piPk clry, 1) Ary Ary,

i k
which in the case of the mean radius, for example, leads to an increase in the
errors by more than a factor of 2. For the higher moments of the distribution the
role of the correlations is still greater.

Since the values of the errors cited in Table 1 can be considered typical, they
also determine the range of values in which the comparison of experimental data
with the results of theoretical examinations can assist in the checking or im-
provement of theory.

For example, if the computed integral parameters obtained in [1] are used for com-
parison with the results of experiments, it can be asserted that the differences
between the results of computations and experiments will also be significant for
the mean radius and for the relative dispersion. However, the values of the con-
centration of droplets under the condition that the range of sizes in which the
determination of the number of droplets in both cases is one and the same can be
considered to coincide within the limits of errors.

The V values, the exponent in the spectrum of condensation nuclei, adopted in [4]
and determined from experimental data, also coincide well.

Conclusions

1. The principal sources of errors in determining the integral parameters om the
basis of data from microphysical measurements are the errors in a knowledge of
the relationship between the amplitude of the light pulse and droplet size, and
in a case when parameters related to the concentration of droplets are determin-
ed, the error in the volume of air passing through the instrument for measuring
particle size.

2. The correlation of the errors in the values of the radii leads to an increase
in the errors of the results. Thus, when determining the errors the evaluation of
the influence of the correlations is significant.

3. When making measurements of the size distribution of particles using multichan-
nel amplitude analyzers the widths of the channels must be made as small as pos-
sible in order to decrease the relative error in determining radius. The neces-
sary statistical accuracy in determining the number of particles in a stipulated
size range in this case is attained in the processing procedure by means of com~
bining several channels into a wider channel.
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ZONES OF CONSIDERABLE PRECIPITATION IN THE CLOUD COVER FIELD DETECTED BY ARTIFICIAL
METEOROLOGICAL EARTH SATELLITES

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 32-38

[Article by N. N. Fedorova, USSR Hydrometeorological Scientific Research Center,
manuscript submitted 22 Feb 80]

[Text] Abstract: Dispersion analysis is used in estab-
lishing the correlations between considerable
precipitation at the earth's surface and differ-
ent characteristics of cloud cover obtained by
an analysis of cloud cover photographs taken
from artificial meteorological earth satellites.
It was possible to ascertain the most significant
characteristics and their paired and triple combin-
ations. Curves and regression equations were de-
rived for computing the quantity of precipitation
based on the use of cloud cover photographs.

This article gives an analysis of cyclonic cloud systems which developed from cy-
clogenetic cloud forms [2, 4, 6], frequently having the form of an undefined cloud
mass, which then acquired the form of an eddy, and which during destruction of the
eddy were transformed either into a cloud band or into a cloud mass of an indefin-
ite form. We examined thirty cloud systems in the process of their development and
destruction which were observed during the winter months of 1973-1977 over the ter-
ritory of Europe.

As the initial information on cloud cover we used cloud cover photographs taken in
the IR spectral region. The times when the cloud cover photographs were taken
(morning and evening) virtually coincided with the beginning and end of a 12-hour

" interval during which maps of the quantity of precipitation were constructed. Since
the photographs were assigned to fixed moments in time and the quantity of precip-
itation on the maps was related to a 12-hour interval, the position of the cloud
system was interpolated to the middle of this interval and from the entire zone
of precipitation we selected that part which was localized within the cloud system
at a mean moment in time. It was assumed that during a 12-hour interval the cloud
system moved at a uniform rate.
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In this study statistical methods were used in establishing the correlations be-
tween considerable precipitation at the ground surface (more than 3 mm in 12

hours) and some characteristics determined from photographs from artificial meteor-
ological earth satellites (MES). The following characteristics were used: 1) type
of cloud system B; 2) form of clouds F; 3) cloud brightness H; quantity of clouds
Tr; 5) trajectory of cyclonic eddy T; 6) position of the considered sector in the
cloud system P; 7) stage in development of cloud system C. We will make some com-
ments concerning the selected characteristics.

In determining the type of cloud system B we took into account three varieties de-
fined by the author in [5]: eddies, bands and cloud masses of an indefinite form.

In determining the form of clouds F, given in the WMO TECHNICAL NOTE [3], reference
is to seven groups of clouds, of which three groups are related to the principal
cloud genera (cirrus, stratus and cumulus types), whereas four are combinations

of these forms.

Cloud brightness H, from which it is possible to judge the height of the upper
cloud cover boundary, was taken in two gradations: bright and gray clouds.

In this study the quantity of clouds T[ was determined from the degree (percentage)

of coverage of the earth's surface by clouds in any particular considered square in
four gradations: from 1 to 19%, from 20 to 49%, from 50 to 79%, from 80 to 100% of

the area of the square.

The trajectories of cyclonic eddies T, as was adopted in [7], were divided into five
groups: northerly, northwesterly, westerly, southwesterly and southerly. As was dem-
onstrated in [7], between these groups there are differences in the relative posi-
tion of the zone of considerable precipitation.

The position of the sector in the cloud system P was determined as indicated in
Fig. 1. This figure shows how the cloud systems were divided into sectors and their
conventional numbers are indicated. The defining of these sectors was accomplish-
ed in accordance with [7].

The stage in development of the cloud system C was determined, as indicated in [3]
(a total of five stages), with the following difference. To the first stage, in
addition to the cloud cap of a frontal wave mentioned in [3], we also assigned (in
accordance with [2, 4, 6]), an isolated cloud cap, the cap (fan) of cirrus clouds
on the northern end of a ridge of cold front clouds and the cloud cap at the occlu-
sion point.

Next the considered cloud systems were broken down into squares with a 300-km side.
For each square we determined the above-mentioned characteristics, and also found
the mean quantity of precipitation. If we arbitrarily take the investigation for

one such square as one case, we will examine more than 3,500 cases.

Since some of the above-mentioned characteristics cannot be expressed quantitatively,

in this study we made use of dispersion analysis [1]. We sought the correlations be-
tween the amounts of precipitation and each of the seven criteria corresponding to
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one of the mentioned characteristics or another. We also exanined different com
binations of these criteria. - -
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Fig. 1. Diagram of separation of cloud systéms into sectors in cases of systems of
an indefinite form (a), cloud bands (b) and cloud eddies (c).

KEY:
A) Rear side E) Central part
B) Central part F) Southerm part
C) Front side G) Head

D) Northern part

An evaluation of the difference between the dispersions of the considered para-
meters was made using the Fisher test Sf

F= S_i’
where S2 and S% are unbiased evaluations of the dispersions between the criteria and
within the criteria respectively:

\ 1 ¥ oy T
S;: 7—:"‘—2 ’li(xi—’\) .

1=
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ng 1s the volume of the sample in the group; r is the number of groups in the cri-
terion; n is the total number of cases.

It is known that the Fisher criterion conforms to a F-distribution with n-r and r-1
degrees of freedom. With a significance level & = 0,01, using known tables we found
the critical values of the Fisher test Fop, with which the specific F values were
compared. Using the F-F., and F values we judged the existence of the interrela-
tionship between this criterion and the quantity of precipitation and the degree
of its influence.

All the computations were made on an electronic computer and some of the results
are given in the table. In this table, in the column entitled "Criterion," we give
the corresponding characteristics, as indicated at the beginning of this article.
The two or three letters in the "Criterion" column represent combinations of the
the corresponding two or three characteristics.

The data in the table make it possible to draw the following conclusions. If only
one of the mentioned seven characteristics is taken as a predictor (without its
combination with others), the most significant is the characteristic P and the
characteristics T, F and H are somewhat less significant. The T criterion was the
least significant.

If we take combinations of two characteristics, the most significant were the pairs
of characteristics PC and PT[ , whereas the least significant were those pairs which
include the T criterion. It should be noted that allowance for any second criterion
in addition to the P criterion increases the reliability of computing considerable
precipitation in the rear regions of the cloud systems, whereas for the frontal re-
glons such an increase is not discovered. Allowance for any other characteristics
in addition to the cloud form F does not improve the diagnosis of precipitation

if we examine cirriform clouds, their combinations with stratiform clouds, and also
combinations of cirriform and stratiform—cumuliform clouds. In cases of presence of
clouds of remaining forms the reliability of the computations of considerable pre-
cipitation is increased if the characteristics Tl or C are also taken into account
(but not the characteristic T).

35

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

If a combination of three characteris- Values of Fisher Tests F and F.,
tics 1s taken as a predictor, the most

significant, as seen from the data in Criterion F For
the table, are combinations containing o = 0.01

PC (that is PCTT, PCF, PCT). The least
significant are the characteristics

FIC and FTT. B 174 46
F 37.1 2.8

> ;

As already mentioned, in the limits of 2 45‘} §;§
any characteristic we examined a number P ZLI 19
of varieties (from 3 to 22). Therefore, ,(f, 483 ?‘é

with allowance for the varieties the
number of possible combinations was

For combinations of
very great. Thus, with the two charac- ;

two characteristics

- teristics P and F the number of combin- B
tions (with allowance for the varieties) f_}; 'g’g Il'%
theoretically attains 154, whereas with FC 132 16
three characteristics (P, F and T) the nr 10.4 1.9
number of such combinations attains Zé ::: :é
770. For practical purposes, however, PT 19.3 1.4
the number of combinations is consid- o fr L
erably less, since some combinations of - PF 19.7 13
varieties are almost never encountered. foff ::;’ }3
TH 113 14
For all the characteristics and their CH 124 14
combinations we determined the probab- BH 163 L5
ility of falling of precipitation inde- For combinations of
pendently of its quantity, and also three characteristics
(separately) the probability of falling e 1 13 1 13
of considerable precipitation. We also F8 | 88 1 13
computed the mean quantity of precipita- ::IF71T7 j 1?'8 % {?
tion and its dispersion. The results of PET | 93 10
these computations made it possible to pECc oy 1.0
draw the following conclusions. Consid- f;g? 15’? i :g
erable precipitation falls primarily at PTC 125 ! 1.2
FTC 52 1 13

the rear side of a cloud spiral, band
or cloud mass of indefinite form. Most
frequently it falls from bright strati-
form clouds and with a combination of
cirriform and cumuliform clouds. The
greatest quantity of precipitation falls in the northern part of the rear side of
the cloud eddy, in the central part of the rear side of a band, in the central
and rear parts of a cloud mass of indefinite form. The greatest quantity of pre-
cipitation and the maximm probability of falling of considerable precipitation
are characteristic for the first three stages in the development of a cloud sys-
tem. The probability of considerable precipitation in one square or another meas-
uring 300 x 300 km is maximum in a case when the square is situated in a cloud
mass of indefinite form and minimum in a cloud band. This is attributable to the
fact that cloud masses of an indefinite form were observed in the initial stage of
development of a cyclonic cloud eddy where great areas are occupied by precipita-
tion. Accordingly, the probability that a square will fall in a region with
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precipitation is greater than in cloud bands which were observed after destruction
of the eddy and which had small areas of zones of precipitation. In cloud eddies,

in addition to great areas of zones of precipitation there were large areas of

the entire cloud system, which in comparison with a cloud mass of indefinite form
decreased the probability of a square falling into a region with precipitation.

Fig. 2. Graph for determining the mean quan- Fig. 3. Dependence between quantity
tity of clouds R and the probability of fall- of precipitation and Rpppy criterion.
ing of considerable precipitation p on basis

of P characteristic.

In this study we obtained data on the frequency of recurrence of clouds of differ-
ent forms and brightness in different parts of cloud systeus. For example, cirri-
form clouds are encountered most frequently in the northeastern part of a cloud
mass of indefinite form and in a cloud eddy, whereas stratiform clouds are almost
never observed in the southeastern part of a cloud mass of indefinite form.

Data on the mean quantity of precipitation were obtained for combinations of the
two characteristics. These data made it possible to draw a number of conclusions.
In particular, the greatest quantity of precipitation is observed in the head of
- the eddy in the case of a combination of stratiform clouds with cumuliform clouds
’ and on the rear side of the eddy in the presence of stratiform clouds. At the head
of a cloud eddy the greatest quantity of precipitation falls when there are north-
erly, northwesterly and westerly cyclones and the least precipitation falls when
there are southwesterly cyclones. With any forms of clouds, other than a combina-
tion of cumulifoim and cirriform clouds, the greatest quantity of precipitation
is observed in the first three stages in the development of a cloud system and
the least quantity of precipitation falls in the last two stages. However, with
a combination of cirriform and cumuliform clouds there will be an opposite dis-
tribution of maximum and minimum precipitation.

In this study we also examined combinations of four criteria and defined those com-—
binations in which the probability of the falling of considerable precipitation
was in the range from 70 to 100%. It was discovered that considerable precipitation
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virtually always falls in the northern rear part of a cloud eddy when there is
total coverage of the sky by clouds. In this case the stage in development of
the cloud system can be the second, third or fourth. In the second and third
stages of development considerable precipitation falls from bright stratiform
clouds and when these are combined with bright cumuliform clouds, whereas in the
fourth stage -- when there is a combination of bright or gray stratiform clouds
with bright cumuliform clouds.

Considerable precipitation is virtually never encountered (probability of falling
not more than 10%) in the northern rear part of a cloud eddy and its head what-
ever may be the sky coverage with dark cumuliform clouds in the fourth stage of
development of the cloud eddy. In the southern rear part of a cloud eddy consider-
able precipitation does not fall in the third and fourth stages of development of
a cloud eddy regardless of the quantity of bright cumuliform or stratiform clouds
and their combinations. In the northern frontal part of the cloud eddy consider-
able precipitation does not fall in the third and fourth stages of development of
an eddy even from bright stratiferm and cumuliform clouds and their combinations.

In the frontal central part of the cloud eddy considerable precipitation does not
fall in the third and fourth stages of development of the eddy when there is com-
plete coverage of the sky by clouds, when bright stratiform clouds and their com-
binations with bright cumuliform clouds are observed, and in the second stage of
development when there is a combination of bright stratiform and cumuliform clouds.
In the southern frontal part of the cloud eddy considerdble precipitation does not
fall in the third and fourth stages of development of the cloud system even with
complete coverage of the sky by bright cumuliform clouds and their combinations
with bright stratiform clouds.

Graphs (Fig. 2, as an example) of the dependence between the mean quantity of
clouds R and the probability of the falling of considerable precipitation p were
constructed for the considered criteria and combinations of two and three criteria.
Below the graph we have plotted the arbitrary numerical values of the P character-
istic adopted in this study. The position of the annotated values of the character-
istic in the figure corresponds to the probability p on the x-axis. We also comput-
ed the correlation coefficients Tp, E__between R and p and the coefficients A and B
in a regression equation of the form R = Ap + B. These graphs and the regression
equations can be used in precomputing the mean quantity of precipitation in squares
with sides 300 x 300 km and the probability of falling of considerable precipita-
tion on the basis of photographs from meteorological satellites.

Now we will discuss still another aspect of this investigation. It was found above
that a relatively good correlation exists between considerable precipitation and
the characteristics P, TT and F. This made it possible to assume that the mean
quantity of precipitation R in a square measuring 300 x 300 km can be computed us-
ing the formula R T

"= aRppe: Rope =001 TT V.

where i 1is one of the characteristics P, Tor F; Nj is an arbitrary numerical value
of the characteristic; Nj = 5Ry; R; is the mean quantity of precipitation for a
given characteristic.
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The coefficients 0.001 and 5 present in these formulas were determined empiric-
ally.

Data on the actual quantity of precipitation were used in computing the R value
and the just-cited formulas were used_in computing Rprrp- It was found that there

is a significant correlation between R and (correlation coefficient 0.71).
The corresponding regression equation has the form
R =022 R

The graph of this correlation is shown as Fig. 3.

The graphs and formulas cited above can be used in a diagnosis of precipitation.
Further improvement in the method for predicting a cloud system will make it pos-
sible to use these graphs in precomputing precipitation.
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UDC 551.(509.314+524)
PROBABILISTIC MODEL OF AIR TEMPERATURE TIME SERIES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 39-47

[Article by Professor A. S. Marchenko and L. A. Minakova, Computation Center Sib-
erian Department USSR Academy of Sciences, manuscript submitted 18 Feb 80]

[Text] Abstract: The authors have formulated a mod-
el of connected air temperature time series
in the approximation of one-dimensional prob-
ability distributions by a mixture of two
normal distributions. It is shown that a fam-
ily of distributions of this type contains a
distribution with any prestipulated moments
of the first three orders. A method for eval-
vating the parameters of one-dimensional and
joint distributions is proposed.

In solving some practical problems it is necessary to use an electronic computer
for modeling a series of values 71, £3,...» 5 p of a meteorological element &,
with the same probabilistic properties as for a real process. These are primarily
problems which cannot be solved by the statistical processing of observational
data since observations with the necessary frequency or duration in many cases
are lacking (for example, computations of different characteristics of "surges"
of meteorclogical elements [2, 5]). Another important field of application is a
study of the systematic and random errors in the parameters of sample probabil-
ity distributions computed on the basis of a 1imited number of observations (for
example, see [7]). Statistical modeling of series of a random process is an ef-
fective and universal means for solving this sort of problems, in contrast to an-
alytical methods, making it possible to find only very simple characteristics
when there are rigorous limitations on the probabilistic structure of the process.

In this article we propose a probabilistic model of a series of air temperature
values. Numerous investigations of one-dimensioral probability distributions of
this element for different seasons, hours of the day and different geographical
locations show that usually they differ apprecisbly from a normal distribution
[1, 4, 8]. In winter at stations with frequent thaws it is even possible to ob-
serve bimodal distributions. The introduction of corrections for asymmetry and
excess of a distribution using Gram-Charlier series frequently gives virtually
satisfactory results [1, 8], but in mathematical respects it is incorrect because
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these series (with a finite number of terms) are not always the probability den-
sity: with some x values the approximating function f(x), depending on the spe-
cific values of the asymmetry and excess coefficients, can be negative. A more
satisfactory choice is the expansion of the random parameter itself, not the
probability density, into a Fourier series in a suitable orthonormalized base. For
example, for £ with values in the range (-0 ,c0) it can be assumed that

I=mH ) saHi() =)+ .

where "] is a normal parameter, {Hk(n)} is a system of orthonormalized Hermite
polynomials, {ak] are constants selected from the condition of an equality of
several lower-order moments of the actual and approximating distributions.

- There is still another family of approximating distributions which differ funda-

- mentally from those considered and to a certain degree take into account the na-
ture of the phenomenon. These are mixtures of distributions. The formation of a
probability distribution pg (x) of a meteorological element & is never an isolat-
ed process, but occurs under the influence of the totality of influencing factors
P =(P1, ¥92,...) of a local or global character, reflecting, for example, the
synoptic conditions, etc. The set S2 of all possible values of the ¢{vector is
broken down into nonintersecting subsets Rl, .Qz,..., S?,k, such that with ?65?1
the % distribution is most uniform, but differs to the maxirum degree from the
distribution with ¢@eqj == i. Then

pi(x) = p, (x. c€Q) =8 p (x)+68.p, (x)+ . . . =, (x), (1)

where .
B, =P €l zHi:li pl("‘):p:_(x}'f'egl)n
i=1

Formula (1) represents pg (x) in the form of a mixture of several distributions.
This idea has long been known to climatologists, but judging from available pub-
lications, has not been put into practical use, evidently due to difficulties
in choosing the influencing factors and the complexity in breaking §2 down 1into
suitable classes.

- In the probabilistic model which we propose the air temperature distribution is
approximated by a mixture of two normal distributions in the form
) EER 6 23

p:(x)= 1V 3r € - G e, ’ (2)

2 5 ]

0=<6=l, /468 =1

Thus, if %(l) and 2 () are normal values with the parameters {Jl, 0“% and }-Lz,
o’% respectively and S is an event appearing with the probability 8= P{S} (the in-
verse event S occurs with the probability @' = 1 -0), the distribution (2) is
generated by the mechanism i

P= 0l 4 (1= ) 10, (3

Here <) is an indicatgr of th% event S. Since aJ(l -w)== 0, the existence of a de-
pendence between £ (1) and £ (2) exerts no influence on the £ distribution. This
important circumstance makes it possible in (3) to limjt ourselves to one normal
¥V value with a zero mean value and a unique dispersiop, assuning
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=w(p+ 7)) + (1—w) (pg+ =)

£

3"

The five parameters of the mixed distribution should be selected in such a way
that in some sense it corresponds best to the observed distribution. As indicated
above, one way to solve this problem is a study of the factors forming the prob-
ability distributions and the breakdown of the set of £ observations into two
groups on the assumption that within each group they have a normal distribution.
The second approach set forth in this article is a choice of the parameters from
the condition that the lower-order moments of the approximating distribution coin-
cide with those actually observed, and in addition, that the functional character-
izing the difference between the approximating and actual distribution curves has
a minimum value. This approach, although it seems too formal, is not without inter-
est and not only because at the present time we are unable to make a reliable sel-
ection of the influencing factors and divide the set of their possible values into
suitable classes. It is most important that the algorithm described below uses the
totality of % observations, whereas with its breakdown into two groups one of them
in the case 8720 (or 8x1) is extremely small and unsuitable for reliable determin-
ation of the parameters of the mixture component.

Assume that P, O’gz, Az are the mean value, dispersion and asymmetry coefficient
for the parameter § with the distribution (2), and m, s2 and A are the stipulated
(for example, computed from the observations) values of these characteristics.
We will show that by careful choice of the densitg parameters (2) it is always
possible to ensure the equalities ps = m, O"g = s4, A, = A, whatever may be the
m, s2 and A values. In other words, the family of distributions (2) contains dis-

tributions with any prestipulated mean value, dispersion and asymmetry.

Using (2) we find ]
. :j xp, (x) dx = O, + 8u,,

a

= (e n) g ) dx =B s (gl + B (=)

3 :f(:t, =)+ (= )3

!

Cox e

=i

+

)qu:_(x) dx =19

3:

+ 8’ 3edtuy—ng ) - (n-ou )
3

3.

Without impairing universality, it can be assumed that }12) Hl' We will assume that

oy =y K
- = a, T =6 a=0. 4)

Then from the condition }J2= m we obtain

pi=m—@’ as, yp=:m+0Oas. (5)
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The equation 2 = sZ is transformed to the form d=0si+ 035+ s206°a* =5°

2

and gives

G=52(1—-86'a"-8"c), =s"(1~06y a®+8¢) (6)

Since the dispersion must be a positive value, the parameters a and c must assume

values in the intervals . o
I 1 — 86’ g: | - B9 a1

N=a < — , - ¢ - .
< Ve <ec<L ) D)

2

Taking into account that Oé = s%, the equation Ag = A is written in the form

A, =308 ac+ 88 (B —H) o' = A 8)

We will show that with any A there are such values of the parameter & and the para-
meters a and c from the intervals (7) with which the equality (8) is satisfied.

First we will examine the case A = 0. In this case we should have either 88' = 0
with arbitrary a and c¢ values from the intervals (0, c0) and (-09,00) respective—
ly or a = O with arbitrary & and c¢ from the intervals (0, 1) and (-1/8 , 1/86".
There are no other possibilities for reducing Ag to zero which are compatible
with the limitations (7). We note that with a = 0 and 88" == O the approximating
density, having a zero asymmetry coefficient, will be anormal with an excess index
Ez = 306" secl,

Assume now that A 5= 0. Since in this case neither a nor &&' are equal to zero,
equation (8) can be solved formally relative to c:

A- @B (g— @) a)
=TT 3w ' ®
The equality Ag = A is thereby ensured. However, this solution makes sense only
with such a and 6 values with which the conditions (7) are satisfied. Since the
case §6' 7= 0 is considered, it is convenient to comvert from a and c to the nor~
malized values z and w using the formulas

H w -8’

a= e (=—g5— (1 - 22). (10)
Then in place of (5) and (6) we will have
Farveal f-T’
W, =m-- ] %— sz, :x,:m-&‘ %— sz, (5')

. —_—) (] - ) . . (] —25) w ..
c;’:———” ”g ®). § Bw= g 5 (6")

in this case z and w must assume values in the intervals

0<z<l, 0<w<l, ‘ (11)
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Expression (9) is transformed to the form

18 A—(8—6) 20— 38 z( —1)

w= T3 (=) = [, (P 2). (12)

‘ Accordingly, the problem is reduced to proof that with arbitrary A =& O the set
of z and O values with which 0<w< 1 is not empty. With each fixed z from a unit
interval the function f,(6; z) assumes values

\ 22
I+ 31—z
in the neighborhood of the point & = 0,
23
a=0, ——-———-——'3“_1..,) <0

> 1

in the neighborhood of the point &= 1 and passes through zero only once at the
point - . -

- ) A CA =12
With A>O0 in the interval (0, 1/2) it first increases and attains a positive max-

imum, after which it monotonically approaches the negative minimum -z2/3(Q - z2).

With A<O0, on the contrary, it first decreases until it attains a negative minimum
within the interval (1/2, 1), then increases to the value -22/3(L - z2). Thus, the

inequality 0<w<1 is satisfied with any z and & from the intervals

0<z<l, BI<OL 8y, (14)

where 91 = 91(z; A) is the unique root of the equation fA(G; z) = 1, which is
equal to :

SRS SR S B [ AT, =)
91—“".’,;" rl—‘ 9 23 . 1/('.27)'T ) Tl- (15)

[*The roots of the equations £0 (@; z) =0, fa (@; z) = 1 are found without dif-
ficulty by their reduction to quadratic equatioms relative tng?@' .1

By careful selection of the z and @ parameters within the intervals 0< z<1, 91<
B< 90 it is possible to satisfy additional conditions. A graphic idea concern-
ing the structure of the set of admissible z and @ values is given in Fig. 1.
Since these parameters are interrelated, the tie-in of any functional of the form

F(o. 2)=M¢(3)

to a stipulated number F in a general case is evidently impossible. Forxr example,
it is impossible to bring about a situation when the excess of the approximating
distribution always coincides with the actual values (in this case it must be as-
sumed that O°%4 go(f,) = (% -pPg)* - 3d§); on the other hand, it is scarcely desir-
able to strive to achieve this because moments of an order above the third are
computed on the basis of observatioual data with large systematic and random
errors. Finally, the choice of z and @ can be accomplished by minimizing the ap-
propriate functional F(O, z), characterizing the discrepancy between the approx-
imating and actual distributions, for example,
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\p; = piY:
Yy

[

k
FH, 5y= 3%

1

where gi = P[§€Ai] is the computed probability that & will fall in the interval

p>0,i=1,2,0 . .,k

i» Pj 1s the actual probability, k is the number of all the intervals.

As an illustration of the described method we will examine an approximation of the
distribution of probabilities of the air temperature values registered at schedul-
ed times at the stations Kiev and Dzhusaly in January and July. The numerical char-
acteristics of the sample distributions for two scheduled observation times, com-

puted using observational data for 1936-1964, are cited in Table 1.

Fig. 1. Characteristic appearance of set
of admissible values of the & and z par-
ameters in dependence on the asymmetry
coefficient.

In Fig. 2 the actual probability density is compared with the approximating den-

sity (2) in which the optimum values of the z and @ parameters are found by min-

imizing the functional (16); the corresponding values of the parameters e,

i 01, P2, 0O, and the excess coefficient Eg of the approximating distribution

! are given in Table 2. The dashed curve in Fig. 2 also shows the normal probabil-

i ity density, computed using the data in Table 1. It can be seen that a mixture _
of two normal distributions makes it possible to describe the actual distributions
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of air temperature with a very good approximation.

The choice of a suitable one-dimensional density for approximation of the distrib-
ution of probabilities of the % value is only a relatively simple part of the
problem of constructing a probabilistic model of a series of its values Zl, z 25
«eesy & . This series is considered stipulated if the joint probability density
is determined for any subset of its elements. In our case a necessary solution is
found, in principle, without difficulty since it is assumed that the nature of
the distribution of the § value is governed by the mechanism (3'). Assume that
N1> Mogseees Nn is a series of normal parameters with zero mean values, unique
dispersions and a correlation function oqs =MNy '?j, and @i, Uz,..., aJn is

a series of indicators with a known probability function P {&31 = Xqp» Wy = X
«vey Wp = Xpfs X1 = 0, 1. Then, assuming

=y =) (1= o)y + 3y, an

we obtain a series (generally speaking, nonstationary) «‘;1, Ssenrs £, with one-
dimensional marginal distributions of the type (2) and with a joint distribution
which is unambiguously determined by the distributions of the series {)7} and[‘di.ﬁ.
In the statistical modeling of artificial time series this joint distrig'ution is
not required in explicit form and we will not write it here, especially since it
has an unwieldy structure. We will only indicate the joint density for any two
elements E’i and J.:

Pz, 5 (% x) =8,V (x, #yp X e 3 3) F
(H = 0 N m % S e T R) F (18)

+(8; — 8} N(x) 2a2u By Ky 3 ) +

. y o, a .
+ 0, N (g, w30 G By ).

Here N(...) is the two-dimensional normal demsity with the numerical characteristics
indicated in the braces: -
",":A”wl: P{mi: 1, 8,-]- :‘.Wu),u»l-:P '(‘)3: 1. w; = 1!,
Fi;’,:::.\’f(l —m‘.)(l —w/»):l -—8,-—8,—{'-9”. (19)
When i % j the Zi and f;j values are independent only when O(ij = 0, 613- =
i 6;-
J

It follows from (18) that
cov 13 i)

NG L py o+ popit) B B8 B

5,
Jij .55

# -y " w i , (20)
I R i i o ro gy , ki =z,
f. = —— = 5 1% 8,8, &= 5 14 B9
in this case ) 8y~ 8.
5= e
! 1/,91'9: Ve (21)
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is the correlation coefficient between the indicators OJi and ¢J,. It is clear
that the reduction of the correlation coefficient P to zero 13 no evidence
of a nondependence of %, and Ej since it can oceur when %y4 % 0 and gij =

Table 1
Numerical Characteristics of Sample Air Temperature Distributions
Month, Kiev . | Dz_h.u_sa_lx________.
time m *C s=c[ A E ’ m°C I s<C| A | E
| |
. V
January ' [ ! -

01 —6.21 6,66 | —0.675 | —0.286 || - 11,5 | 6,589 | —0.243 | —0,738

| 13 hours —+52 | 6.08 | —0696 | —0.047 || —7,87 | 6,25 | —0.176 | —0,439
* July 172 1505 | 0216 | —0,106 | 22,1 | 3.57 | —0.179 | —0.290
j 13 hour 242 14,40 | 0066 | —0.247 32,2 [ 4,16 | ~0411 | 0403

i Table 2

; Optimum Values of Parameters of Approximating Distribution

Kiev Dzhusaly

‘ Parameter January July : January July

i

i 0l 13 01 % 13 01 13 01 13

6 0.56 055 | 0,14 I osoll o6s 0.88 0.76 0.22

' W C 1—102 —817 |15.2 | 2302 |-153 —880 | 211 26.9

; miC 6.13 5,79 1,12 6.87 || 6.15 6,06 3.28 4,67

| e °C L —09s | =01 175 1 29,3 || 423 |} =103 | 255 332

| 6, 'C 217 234 | 5,24 { 3,01 345 2,07 2,01 345

| A, —0675 | —0.696 0.2I62 0,066 | —0.243 | —0.176 | —0,179 | —0,411
E. —0305 | —0,129 | 0,051 —0,224 || —0.644 | —0.297 | —0.366 | 0538

| b

The specific numerical values of the parameters | i, H, 91 i 0y 4, 6 are
substituted into formula (20) after they have been found from the condition of
optimum approximation of the one-dimensional probability distributions. With re-
spect to the correlations o¢y and ,Bi they are selected in such a way that
the correlation coefficients Pijy of the model process coincide with the correl-
ations ry4 of the real process or are close to it (the matrix (Pij) in this
case shou.'?.d be positively determined).

We will clarify in greater detail how this can be done in the example of a sta-
tionary process. In order to obt:ain a stationary series Zl, 22,..., 2 e
will assume that
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:AI‘-:[.L” p‘!i::“?- - —_—— - -
— v
Liimen = s Yiidop = ?n- (22)

In this case formula (20) assumes the form

= ey = (P PR3 3y T g0

Fap— ) g (3 == . e —w) (23)
f - B = 861 g:-THe-

s-

fPeprg=1

By careful choice of the appropriate functiomns O‘h and /Bh it is always possible
to obtain an adequately good approximation of the actual correlation function rp,
computed on the basis of observations. As a rule, it is even possible to ensure a
total coincidence of and 1y, for all h. In actuality, if for the purpose of
simplifying the model it is assumed that &y = /Bh = 7}» then the following
quadratic equation is derived

whose solution

N T SN o 7 Y ~
= o +]/.\2pg)+-,;r (24)
is a correlation function with any r}, satisfying the condition
a2 (L =P
—p (W)srns‘ (25)

(if p2 =0, then )} = rh). The equality Py, = rp for individual h cannot be en-
sured except in those relatively rare cases when the actual correlation coef-
ficients are not only negative, but also extremely great in absolute value. In
the case of the correlation functions for air temperature time series such a
confluence of circumstances should be rare, because, as indicated by available
data [3, 4, 6], the r, values are non-negative for all h with which they are

in general statistically significant. However, we note that it is infeasible to
achieve an agreement of Ly and r, with all h because the sample correlation
function r, contains systematic and random errors and therefore does not warrant
full trust, especially in the case of large h. It is more reasonable to regard
Ph as a function, which, generally speaking, does not coincide with ry but in

a certain sense approximates it well and at the same time smoothes its character-
istic irregularities. The choice of suitable approximating functions is dependent
not only on the behavior of r;, but also on the nature of the specific problem
for the sake of whose solution the random process is modeled.

The results of practical modeling of air temperature time series applicable to
"surge" problems and the statistical properties of sample evaluations for the
parameters of a distribution of the type (2), including evaluations obtained by
the described method, merit separate consideration.
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[Text]

Abstract: A study was made of the concentra-

tion of radioactive dust in air raised by the
wind from the soil surface, which is determin-
ed through the concentration of radioactivity

in the surface soil layer and the weight concen-
tration of the dust raised into the air. The
profile of the concentration of isotope in the
soil and the percentage of tilled land in the
studied region are taken into account. The auth-
or gives the temporal change in the mean annual
values of the contribution of the "wind compon-
ent" of the concentration of ¢s137 in the air

to contamination of the near-surface layer of

the atmosphere by csi37 of global origin during
the period 1963-1978 for the zone of semideserts,
zone of tilled lands and as an average for the
USSR. The seasonal variation of this parameter is
described. :

The long-lived isotope csl37 enters the earth's atmosphere during tests of nuclear
weapons [3] and falling onto the underlying surface, with the passage of time is
accumulated in the soil. Under the influence of the wind the soil dust, containing

cs137

, is capable of again rising into the atmosphere, creating additional, second-

ary contamination of air by the radioactive impurity [4].

We will attempt to estimate the contribution of Cs137 caused by its wind capture
from the ground surface to the total contamination of the near-surface layer of
the atmosphere by Csl137 of global origin.

The concentration q, of radioactive dust in the air raised by the wind from the
soil surface is obviously determined easily if the concentration of radioactivity

in the surface dust-contaminated soil layer n and the weight concentration C of
the dust raised into the air are known.
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' n
= qu = T C
1)
where/O is soil density.

In order to determine the n value it is possible to employ the data in [1] on the
density of contamination of soils in the territory of the USSR with Csl37, [In [1]
the density of contamination of soils in the USSR with csl37 was erroneously indi-
cated in P~Ki/km2 instead of the proper mKi/kmz.] Here it must be remembered that
the Cs137 concentration in the surface soil layer can be different in dependence

on the vertical distribution of the isotope in the soil profile. In cultivated
soils Csl37 falling from the atmosphere onto the ground surface, is reiularly mix-
ed in the entire cultivated layer with the depth H. Accordingly, the Cs 37 concen-
tration in the surface layer Ngurg ¥ill be the same as in the entire soil layer from
the surface to the depth H and it can be represented in the form

feurf = A/H, , @)

where A 1s the density of soil contamination by cs137 or the isotope reserve in the
soil. In naturally bedded soils near the surface there will be a vertical distribu~-
tion of the isotope concentrations in the soil profile whose character is deter-
mined by the rate of vertical migration of the isotope in the soil and changes in the
fallout of Cs137 from the atmosphere with time [5]. In a general case the concentra-
tion of the isotope in the soil n(x) at the depth x at the time t is described by the

formula (6] .

(= yi_PB S S t—-.]d:.
a(x\= Y (T;)j (f — <) exp [ vy (£ —1) ( )

where P(t) is the atmospheric fallout of an isotope with a radiocactive decay con-

stant A, v and vp are the rates of directed and diffusional migration of the iso-

tope vV = v/vD, [ (v) is the gamma function. The concentration of the isotope at

the soil surface n(0) is found by assuming in (3) that x—0.

(3)

Under real conditions part of the considered region can be occupied by plowed
“fields and part by soils in their natural bedding. In general, both plowed and un-
plowed sectors of lands will participate in dust formation in the entire region. If
p is the fraction of the area of the region occupied by cultivated lands the aver-
age Cs concentration in the surface soil layer for the entire region as a whole
can be estimated using the obvious formula

%)

[T surf] e+ n(0) - (1—p) =nalp+e(1—)].

where the notation €= n(0)/ngyrf has been introduced.

_ Thus, the concentration of the isotope in the air over a region consisting of plow-
ed and unplowed lands caused by wind capture of dust from the underlying surface
can be found 1f the n in (1) is replaced by n, with (2) and (4) taken into account,
and using the mean soil density value ok

=% lp+e(—pk
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The parameters entering into (5), strictly speaking, are depei.dent on time. We
will attempt to restore the pattern of change of the q, parameter over the ter-
ritory of the USSR with the passage of time. For this we will consider how the
individual parameters in (5) change with time. We will consider only the mean
annual values of the parameters. Then the atmospheric dust content C in the first
approximation can be considered constant; the fraction of cultivated lands p also
has remained virtually unchanged during the last 20 years; soil density © can also
evidently be considered constant. Thus, there is a time dependence of the density
of soil contzmination A, which can be computed from the soil accumulation of
radioactive fallout from the atmosphere [7], and the parameter € — the ratio of
the surface concentrations of the isotope in naturally bedded soils and in culti-
vated soils.

The & value is dependent on the rate of entry of the isotope from the atmosphere
onto the soil surface P(t), which changes with time. Using (3) and assuming V= O,
as a first approximation it 1s possible to derive the following simple formula
for computing E : X
U it 2)

e : 6)
\Pr.)exp (=htt—ujdr

.\'P(V':)exp[— -Hf‘ﬂl‘“
0 -

Here as the concentration of the isotopeé‘in the surface soil layer we use the
concentration in the layer 0O-x, since in actual practice it is impossible to
measure the concentration in a layer of zero thickness and it is assumed that
most of the isotope is contained in the layer 0-H. It follows from (6) that for
the different geographical regions in which the fallout values P are proportional
to one another £ retains one and the same value with identical migration para-

- meters and is dependent only on time. This is attributable to the fact that with
time the isotope falling from the atmosphere onto the soil surface gradually mi-
grates in depth, which leads to a decrease of £ .

In Fig. 1 the ¢ values were computed with formula (6) for A = 2.3.10-2 yl'_l, X =
0.5 cm and typical values of the parameters vp = 0.5 cm/year, H = 20 cm; the
quantity of annual fallout of Csl37 from the atmosphere P(t) for the territory
of the USSR was taken from [7] in corrected form with the use of [14, 15]. The
year 1954, when the intensive entry of ¢s137 into the atmosphere began due to
tests of thermonuclear weapons, was used as the origin of reading t = 0. In this
same figure the dots represent the experimental £ values which we computed using
the data in [2, 9-13, 16-18] on the vertical profiles of the concentration of cstd?
in soils; the vertical lines represent the mean square scatter of data from in-
dividual measurements. It is easy to see that there is a satisfactory agreement
- between the computed curve and the experimental & values. This makes it possible
to use the computed £ values for determining the temporal variation of the csl37
concentration in the atmosphere caused by wind capture from the soil surface. We
will refer toc this concentration as the wind component.

In order to compute the wind component of the concentration on the basis of for-
mula (5) it is necessary to know the weight concentration of the mineral compon-
ent of atmospheric dust because the Csl37 content in the soil in actual practice

is always measured after reduction of the soil sample to ash, when only the
mineral part of it remains. Accordingly, we undertook special measurements of the
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concentration of mineral dust in the surface layer of the atmosphere in the ter-
ritory of the Soviet Union. The dust samples were taken at meteorological sta-
tions using filtering apparatus and were reduced to ash at a temperature of 450°C,
as soil samples are usually reduced to ash.

i
70*
"y
4 A
7:— vJ
[
(
4 4
.9 .
T R YT T TR T 7983 7970 W
Fig. 1. Temporal change in £ parameter Fig. 2. Teupor:l ch-nge in the frac-
‘(computations using formula (6)). The tion of the wind component of the
dots on the graph represent computa- concentration of Cs137 in the surface
tions of £ on the basis of experimental layer of the atmosphere. 1) in zone

data [18] — 1, [16] -~ 2, [17] ~- 3, [2] of semidesert of Kazakhstan and Cen—

-4, [9] — 5, [13] == 6, [12] -- 7, [11] tral Asia, 2) in the Ukraime, 3) in

-- 8, [10] — 9. cultivated fields of Kazakhstan, 4)
average for the USSR

In the computations of the dust concentration averaged over the area we excluded
from consideration the aureoles of increased concentrations around industrial
centers caused by technogenic contamination of the atmosphere. The mean concen-
tration was determined as the mean weighted concentration for the area. As a con-
trol we also determined the background dust concentration, which was found from
the left maximun of the distribution function of quantitative concentrations.
There was a good agreement between these two concentrations. For example, for the
entire territory of the USSR the mean weighted dust concentration for 1978 was
13- g/u3, whereas the modal concentration was 15pg/m3. This indicates a high re-
1liability of exclusion of the technogenic sources of centamination from the aver-
aging.

The wind component of the concentration of Csl137 in the atmosphere is always ob-
served against a background of global concentrations of this isotope and there-
fore we will be interested in the ratio of these concentrations qu/q. Figure 2
shows the curves of change in the qx /q values with time, computed using (5), for
the semidesert zone, for regions of plowed lands, and as a comparison, as an aver-
age for the USSR. The reserve of the isotope in the soil A was determined from the
accumulation of its fallout from the atmosphere [7]; data on the concentration of
global Csl37 q were taken from [3]; data on the fraction of cultivated lands P
were taken from [8]; H =20 cm, p=1 g/cn3.
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Fi%ure 2 shows that the fraction of the wind component of the concentration of
Csl37 as an average for the country for the period 1963-1978 varied in a wide
range and attained maximum values in 1967, 1973 and 1976, that 1is, in the years
when there were minimum concentrations of global Csl37, Thus, the highest value qo/
q = 3.3% was observed in 1976 when the concentration of global Csl37 was q = 0.44-
10-15 gi/m3. The highest values qo = 6.4-10717 K1/m3 were observed in 1963 and
1964, when there were maximum fallouts of Csl37 from the atmosphere and the soil
surface was greatly contaminated. During this period the concentrations of global
Csl37 were also maximum and in 1963 attained q = 60-10-15 Ki/m3; accordingly, in
this year the fraction of the wind component, despite the high qx value, was in-
significant and amounted to only 0.1%, that is, 30 times less than in 1976.

We will estimate the extremal values of the fraction of the wind component of the
. concentration of Csl37 in the territory of the USSR. The minimum 9o /q values will
evidently be observed over swampy expanses of the tundra and for us they are of
no interest. Relatively low qu /q values should be observed over great expanses
of cultivated lands due to the low concentration of Cs137 in the soil surface lay-
er. Figure 2 shows our computed curve of the change in the fraction of the wind
component of the concentration of ¢s137 over extensive expanses of cultivated
lands occupied by grain crops in Northern Kazakhstan (zone of the former virgin
lands). In this zone p =1, C = 65flg/m3 (1978); the concentration q of global
Cs137 exceeds the average for the USSR by a factor of 1.21 [3], and the reserve
A of this isotope in the soil, according to the measurements in [1], is greater
by a factor of 1.26 than the average for the USSR, computed in [7]. Figure 2
shows the qu /q curve for the Ukraine, where the fraction of cultivated lands is
great (p = 0.81 [8]), C = 30;1g/m3 (1978), the concentration of global csl37 is
greater by a factor of 0.82 than the average for the USSR [3], and the relation-
ship between the reserve A of Csl137 in the soil and the average value for the
USSR is the same as for Northern Kazakhstan [1, 7].

The maximum gy /q values must be expected in the semidesert zone of Kazakhstan and
Central Asia. In this zone p =0, C = lZOPLg/m3 (1978); the concentration q of
global Csl37 is 1.5 times greater than the average for the USSR and the reserve

E A of €s137 in the soil is the same as the average for the USSR [1, 7]. The Q!

- q curve as a function of time, computed using (5) with these values of the para-
meters, is shown in Fig. 2.

A comparison of the enumerated curves shows that despite the highly differing val-
ues of the parameters, the general shape of the curves, shown at a logarithmic
scale, coincides well. The maximum qy /q values were everywhere observed in 1976
and for the cultivated expanses of Kar k¥hstan were 5.1%, for the Ukraine -~ 5.4%,
for the semidesert zone —— 24.4%; the average value for the USSR, as already noted
above, was 3.3%.

Thus, taking into account the errors in measuring q it can be said that the effect
of wind capture of radioactive dust from the underlying serface has practical im-

portance only for the semidesert zome. In the desert zone there are also high val-
ues of the dust concentration C and rather high values of the cs137 reserve in the
soil (A = 59 mKi/kmZ [1]), but as a result of deflation of the soil surface layer

by the wind it is difficult to judge the vertical profile of the isotope in the
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soil and the Csl37 concentration in the surface layer. This problem has not been
studied at all experimentally.

Q107 Ky /M
I Ki/m3
a)

1A A Y

)]

b
Y AN U SRV 5SS A "I

Fif' 3. Annual variation for the semidesert zone in 1978. a) wind component of
€sl37 concentration in the surface layer of the atmosphere, b) contribution of
wind component to contamination of the surface layer of the atmosphere with Cs}37,

During dust storms, when the soil surface layer is completely deflated, the ef-
fect of secondary radioactive contamination will be especially great, although
brief. This problem did not fall within the scope of our study.

It is of interest to examine the annual variation of the wind component of the con~
centration of radioactive products in the near-surface layer of the atmosphere. As
an example, Fig. 3a gives the annual variation of qa for Csl37 in the zone of
semideserts in the USSR, computed for 1978. The maximum qx concentrations are ob-
served late in the summer and the minimum values in winter, when the soil surface
is frequently covered with snow and dust formation is difficult. Figure 3b shows
the annual variation of the ratio qy /q for this same region. The figure shows
that the maximum contribution of the wind component to contamination of the atmo-
sphere by Cs137 is not observed in summer, but in autumn, which is attributable
to_the influence of the annual variation of q -- the global concentrations of
Csl37, which have a maximum at the end of spring and a minimum in autumn.

In conclusion it should be noted that the mean concentration of the isotope q,. for
some region, it goes without saying, only in the first approximation, can be con-
sidered simply as proportional to the mean weighted concentration n for cultivated
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and uncultivated sectors in accordance with the fractions of the areas of such
soils. The pulverization of the soil is also dependent on its moisture content,

the density of the plant cover and similar factors which must be taken into ac-
count in the weight factors for each physiographic region separately. However,

the lack of such information in the published literature and the obvious difficul-
ties in organizing such large-scale measurements force us to limit ourselves to the
simplified approach to the influence mentioned above. The absolute levels ¢, must
be regarded as only estimates whereas their temporal change is more reliable.
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UDC 551.515.2
ON THE DYNAMIC BOUNDARY LAYER OF A WELL-DEVELOPED HURRICANE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 54-61

[Article by Candidate of Physical and Mathematical Sciences V. Ye. Zakharov and
V. A. Semenov, Institute of Experimental Meteorology, submitted for publication
4 Max 80]

[Text] Abstract: A study was made of the problem of
a turbulent boundary layer of a stationary
well-developed hurricane with a stipulated
distribution of tangential velocity. The sys-~
tem of equations of dynamics was closed by
the equation for turbulent energy. The mix-
ing path was profiled vertically and in radius
applicable to the problem. The formulated sys-—
tem of equations was sclved by a numerical
method based on use of the momentum theorem.
The results correspond to well-known experi-
mental data. The influence of different types
of approximations in the equations of dynamics
on the results is demonstrated.

- In the investigation of a tropical hurricane it is customary to discriminate and
separately study its regions differing in their thermohydrodynamic characteris—
tics and the role which each of these regions plays in the process of development
and existence of the phenomenon as a whole, Such a method is useful because at the
present time it is impossible to formulate a model of a hurricane which would in-
clude movements of many scales and their interaction without a parameterized de-
scription of some of them. But a successful parameterization can be formulated
only on the basis of sufficiently clear theoretical concepts concerning the cor-
responding processes.

The boundary layer (BL) is the part of a hurricane which is of independent theoret-
ical interest. In the BL the air particles adjacent to the ocean lose their tan-

. gential velocity and in conformity to the pressure field move toward the axis of
the hurricane with some radial velocity, exchanging heat and moisture with the

ocean. The radial velocity causes the appearance of frictional forces which compen-
sate the decrease in centrifugal force, which sooner or later leads to cessation
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of translational movement. But air cannot be accumulated in the internal region

of a hurricane and acquires a vertical velocity which enables it to rise to the

condensation level, which finally leads to the formation of cumulonimbus clouds

in the convective zone of the hurricane. The released heat of condensation facil-

itates an increase in the pressure gradient and accordingly an intensification

of meridional circulation. As a result of operation of Coriolis force and centrif-

ugal force some of the energy of this circulation is transformed into the energy

of tangential circulation. In order for the hurricane to intensify this inflow must

be greater than the losses in friction. This brief exposition of the principal as—
- pects of self-sustaining movement in a hurricane shows that the problem of de-

scribing the BL is closely related to the problem of describing the energy supply

of a hurricane.

A rather great many studies have been devoted to a theoretical study of the BL. We
will mention the principal stages in these investigations. In [7, 12] the BL of a
symmetric hurricane was described by the equations of dynamics in the Prandtl ap-
proximation in a cylindrical coordinate system with an a prieri stipulated tur-
bulence coefficient (k). In [1] the mentioned equations were supplemented by the
equation of turbulent fluctuations [3] with the use of the semi-empirical Monin-
Obukhov approach [4]. The results obtained in [1} and their comparison with data
from an in situ experiment (and the data of a numerical experiment with constant
- k) indicated the preferability of the description of the BL proposed in [1].

The authors of [6] developed a two-layer model of the BL. The lower layer is de-
scribed on the basis of the Monin-Obukhov similarity theory. The equation of tur-
bulent fluctuations is used in the upper layer for obtaining k.

In this study an attempt is made to refine the BL model used in [1] by a better
profiling of the mixing path (Y ) both vertically and along the radius, relying on
the results obtained in [2]. The numerical experiments were made with a model.

Formulation of Problem and Fundamental Equations

Now we will examine an axially symmetric well-developed hurricane during the per-
- iod of quasistationarity. Then above the boundary layer it is possible to stipul-
ate the profile of tangential velocity (V) on the basis of in situ observations
[9, 12]. We will study a boundary layer forming as a result of the interaction
of stipulated movement with the underlying surface. It is assumed that the boun-
dary layer is well mixed and neutrally stratified. Above the BL, as follows from
the in situ observations, the radial velocity is much less than the tangential
velocity [8, 9]. Therefore, there the gradient balance equation (cylindrical coor-
dinate system) is approximately correct

Ve - 1 9P
—7“—)—-%-]‘/(’)'—“—?-7;: @)
where r is the radius, f is the Coriolis parameter, P is density, P is pressure.

Using the Prandtl approximation, the BL equations of dynamics can be written in
the form
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Here u, v, w are the radial, tangential and vertical velocity components in the
BL, z is the vertical coordinate.

We note that with an adequate reliability it can be assumed that the Prandtl ap-
proximation is satisfied only to the zone of maximum winds. The possibility of
using it thereafter is for the time being a debatable problem [10].

. We will assume that
k=1VT,
(5)

where b 1s the energy of turbulent fluctvations. We will discuss the determination
of § in greater detail when discussing the method for solving the problem.

On the assumption that the transfer of energy caused by operation of pressure
forces is small in comparison with the transfer of velocity fluctuations, that
the transfer of energy due to viscosity is small and that the stratification of
temperature is neutral, the energy equation for the formulated problem can be
written in the form [1, 4]

ob ab "o, b Bl (_aLY; v\
ar +’w7:——110—5z— k-—a?—-'—c 7 +k 0z T u:)? (6)

u

The constants aj, ¢ were selected equal to 0.73 and 0.46 respectively [4].

The system of equations (2)-(6) is closed. It remained to form the boundary-value
conditions. The vertical boundary conditions are:

w-0, v—V, b=0 with z—~>c0

-0 o O @)
=0 v=0 =0 C.,=o.

The following must be taken into account in order to formulate the additional con-
ditions aloag the radius. For sufficiently large r the equations (2), (3), (6) are
simplified by discarding the terms containing the derivative of r or the factor
1/r, and terms of the same order of magnitude with them:

d ] '
f(Va— o) = 55 ko 2 ®)
[W= per] o, ov
fun= g7 ka5 9
0, o, bel? dug \¥ | (o, ) 10
—'”b??k"Tz‘:—""nT‘+k"[(F)+(7z“)]‘ 0
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The subscript "per" [T ] relates to the periphery, where the boundary layer, as
follows from (8)-(10), becomes an Ekman boundary layer.

The solution of the system of equations (5), (8)-(10) with boundary conditions of
the type (7) also makes it possible to obtain the condition at the outer boundary
of the BL of the hurricane.

Solution Method

Assume that r,. . corresponds to the radius for which the equations (8)-(10) are
approximately correct (rpey was determined in solving the problem in a numerical
experiment). The variables are made dimensionless in the following way:

zf

[T= per] U=uV, v=vV, V=VIV, w=w/V, z= o

- r - - L3 - .
=15 T=0Vh e gk T=UVe
Below for the parameters with a line we use the old notations, provided this does
not lead to perplexities. In integrating the derived equations we used an approx-
imate method based on use of the theorem of momenta. The idea of the method is
that the velocity and vertical turbulent energy profiles are assumed to change
similarly with a change in radius. With such an approach the similarity para-
meters and coefficients, dependent only on the radius, are unknown. Accordingly,

the problem is reduced to a system of ordinary differential equations.
The sought—for parameters are represented in the following form:
[T= per] uir, 1) =V (r) U(r) u,(m),

v (f, 7&) = V (r) 'z'n (.,l)t (11)
br, v) =V (r) B(r) by (v),

where N= z /8 (r), and 4 (r) is the dimensionless vertical scale of the boundary
layer, equal to the ratio of the thickness of a layer with a given r to the thick-
ness of the layer on the hurricane periphery. The parameters er{n)s vper(72)’
bper(77) are solutions of the problem formulated above for the hurricane periphery.

Now we can discuss the choice of the functional dependence for the mixing path ];.
An iIntegral representation was proposed in [2] for the turbulence coefficient.

Its use within the framework of a traditional description of a homogeneous BL (8)-
(10) made it possible to compute the wind profiles which rather successfully dupli-
cate the profiles obtained experimentally. Since the accuracy of the method for
solving the system of nonlinear BL equations proposed here (2)-(7) is dependent on
the accuracy with which the uney, Vper» bper profiles were obtained for the hurri-
cane periphery, it was desiragle to use an integral representation for k. However,

‘in this case this was technically a rather unwieldy procedure. Accordingly, for de-

termining k it was nevertheless decided to use expression (5), and for ) the
Blackadar representation [5]

[7= per] T _ etz 4 URo) Ro= Vo ' (12)

Y

" )
I+ "‘—"V-o,mmzf'(‘ + To‘)
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since it was demonstrated in [2] that in this case the differences between the
computed and observed wind profiles evidently fall in the range of accuracy of
an in situ experiment. We note that expression (12) was used in a modified form

1 .
_ c‘“-:.(t +Ro ) (13)
l= i ) .

U+ veY / 1 )

1+ RoV/Y[z — =—
0,018 v3/4 { Ro,

It was taken into account in (13) that a study was made in a rotating fluid and
the expression derived in [2] was used for the limiting value of the turbulence

scale a4 :
Lo = 22, (RO)** - 0,018,

For the effective integration of the energy equation (6) we somewhat transform it,

writing it in the form S(ui-‘h'w—ﬁ-—a -—i—k "y R N
]/T -ix_‘— 2 R dv \?
+ (0:) (%) }
Here in 34 o
3_{1_v;r‘ Ro'
. TV v ) c14%5.0,018
we have replaced the parameter
1 1
= P (15)

¢y (z =1 Ro)

which evidently does not exert a strong influence on the solution of equation (4a).
In actuality, the first term on the right-hand side of expression (15) has impor-
tance only for scales z <100-150 km; but it is well known that diffusion is not
important at the underlying surface and the convective terms are small in this
problem [1], especially at low altitudes.

We substitute (11) into equations (2)-(4), (14). Integrating the result along z
from O to co , after some transformations we have: '

A 1—1}:'—) ; (16)
Z_Lr}:‘%/" (1‘—1:1 +%I.-[-‘15— L}n (_1%1_ é)“'
* e
+ (3 - =) o
[Q':"""% 3(1— 1) V(L ]
R e T Ve A ’u-'/l\T‘F“P') - an

w 2 U=y 1
- (-I—,- I, =L UV
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In accordance with (11), to the equations (16)-(19) it is necessary to add the in-
itial conditions

[T = per] S =U0(r)=8(r)=1.

(20)
Thus, using equations (8)-(10), (5), (13) and boundary-value conditions of the type
(7) we find Uper> Vper» bper. These equations were integrated by the matrix fitt-
ing method with iterations for k in a nonuniform grid. Then the Runge-Kutta method
was used in solving the system of equations (16)-(19) with the initial conditions.
Then, using expressions (11), we found the solution of the problem (2)-(7), .(13).

Discussion of Results and Conclusions

When carrying out numerical experiments the roughness height was selected constant
(zg = 0.1 m), £ = 5:10-3 sec™l, and for determining the V(r) profile we used equa~
tion (1) and an analytical expression for pressure at the ocean level from [12]
b - R‘r.

P(r) =Pt (Py— Py ' "7 (1)
Here P, is pressure with r = 0, P, is pressure at the periphery, b = R/l'surf,
is a constant obtained from the condition dV(R)/dr = 0. Two V(r) profiles were
selected:
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40 km, Pg - Pc = 60 mb; V(R) = 42.76 m/sec; V(rper) = 3,726 m/sec;
24

c
0 km, Py - P. = 60 mb; V(R) = 40 m/sec; V(tper) = 7 m/sec.

2m The first profile (typical mean

21 for well-developed hurricanes)

is necessary in order to be

able to compare the derived
dynamic characteristics of the

BL with the averaged data from

an in situ experiment [11] and

the results from [1]. The sec-
ond profile is drawn out along

‘ , r and therefore it is conven-

+ Ml s m¥s ' m2]gec ient for obtaining results
near the center of the hurri-
cane without a substantial de-

: crease in the interval when

Fig. 1. Profiles of velocities and coefficient of carrying out integration by the

turbulent viscosity on hurricane periphery. The Runge-Kutta method. Figure 1

first figure in the notation of the curve corres- gives the v, u, k profiles on

ponds to the V(r) type. The second figure denotes the hurricane periphery. Ac-
the following: 1) tangential veleccity, 2) radial cording to the comparison
velocity, 3) coefficient of turbulent viscosity. with the results in [1] there

<3
€
~
KX
(S
~

was a qualitative change only in k(z). In this case the BL on the periphery became
approximately half as thick and the k(z) maximum decreased from 23 to 1.3 m /sec.

Ir

ra

2 10 200 507 Raxm

lg R am)

[

Fig. 2. Some characteristics of boundary layer of hurricanme. To the right of the
axis are the data corresponding to the first type of V(r), at the left ~- the sec-
ond type. At the left all the values have been reduced by a factor of 4. 1) curves
of the maximum k values along z, reduced to dimensionless form for the absolute
maximum k value: at right -- 17.8 m?/sec, at left —- 34.4 mZ/sec; 2) ;3 3) U, 4)
B (see text).
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Fig. 3. Vertical velocity at top of boundary layer. 1) formulated problem. The let-
ters correspond to the type of approximation (see text) in the formulated problem.

The data in Fig. 2, in combination with formulas (1), (11), (21) and the informa-
tion in Fig. 1, make it possible to determine the dimensional values of radial vel-
ocity, thickness of the boundary layer, total frictional stress at the surface and
angle of wind rotation. The analysis indicates that these computed characteristics
of the BL agree well qualitatively and quantitatively with data from averaged ex-
periments in [11].

The § (r), U(r) curves on the right side of Fig. 2 with r>300 km for ail practical
purposes duplicate the shape of the corresponding curves, computed in [1]. However,
with r<300 km J (r) changes qualitatively in a different way and U(r) increases
more rapidly. It is interesting that as a result (see expression (19)) w. in Fig.
3 differs Ia value insignificantly from the value obtained in [L] (about 10%). The
difference in the rate of increase with a change in r and the values of the k maxi-
mum is substantial. Whereas in [1] it assumed values from 23 m2/sec on the peri-
phery to 600 m?/sec with r = 120 km, in this study these values are 1.3 m2/sec and
17.8 m*/sec respectively. This decrease in viscosity also led to a decrease.in the
thickness of the boundary layer with r+ 0 (r<300 km). Evidently, it is already
possible to be oriented on the values obtained here for k in the parameterizatlion
of the influence of the hurricane BL. The left part of Fig. 2 indicates the possib~
ility of a change in the sign of radial velocity which corresponds to the observa-
tional data. Unfortunately, the writing of the equations (16)-(18) adopted here

in the numerical integration did not make it possible to pass through the point
where U = 0. But the cited data evidently indicate that the change in sign of ra-
dial velocity (and vertical velocity) can be obtained within the framework of the

formulated problem. This means that the "eye" of the hurricane probably has a pure-
ly dynamic origin.

Vertical velocity at the top of the BL is an important characteristic since pre-
cisely vertical velocity brings about an energy interaction between the BL and the
free atmosphere of the hurricane. Therefore, the quality of parameterization of
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the BL must determine the degree of reliability in determining wa . Since in the
parameterization of the BL and the modeling of evolution of a hurricane the equa-
tions of motion are frequently simplified by one method or another, here an at-
tempt was made at giving an evaluation of these approximations. Therefore, we
studied the characteristics of the boundary layer with different formulations of
the problem: a) in equation (2) the convective terms were discarded; b) the same,
but in equation (3); c) same, but simultaneously in equations (2) and (3). The
corresponding w, are given in Fig. 3.

We note at once that in all cases in the neighborhood r2£300 km the vertical velo-
cities become small (about 0.1-0.3 cm/sec) and negative.

It follows from Fig. 3 that the roughest approximation is the discarding of convac-
tive terms in the equation for radial velocity. This is not surprising because

they determine the depth of penetration to the center of an air particle moving
from the periphery of the hurricame. It is easy to see some compensation of the
approximation errors in case (b). This fact is still more clearly traced in the
5(1‘), u(r), B(r) not cited here. In the case of the approximation (b) the errors
in determining all the variables near the center attain approximately 20-25%. It
appears that none of these approximations is acceptable. Especially if an attempt
is made to model the evolution of a specific hurricane.

We note that as in [1] it was found that the convective terms in equation (6) exert
a negligible influence on the distribution of turbulent energy.

In conclusion it must be emphasized that the proposed method for solving the BL
equations makes no pretemse at a rigorous determination of the local characteristics
in the boundary layer of the hurricane. But experience in use of the theorem of mo-
menta in classical hydrodynamics makes it possible to hope that the integral values
(vertical velocity at the upper boundary of the BL, height of the BL, frictional
stress, etc.) have been determined quite well.

However, a final conclusion can be drawn only after comparison with corresponding
new specific (and not averaged, as in [11]) data for in situ observations or with
the results of solution of the system of BL equations vy a more precise method.
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UDC 551.(465,74515.2)
REACTION OF THE UPPER LAYER OF THE OCEAN TO A MOVING TYPHOON
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 62-70

[Article by G. G. Sutyrin, Institute of Oceanology USSR Academy of Sciences, sub-
mitted for publication 29 Jan 80]

[Text] Abstract: A study was made of the reaction
’ of the upper layer of the ocean to a system
of wind stresses and heat fluxes character-
istic for a moving typhoon. The author uses
an integral model of the upper layer of the
- ocean consisting of a quasi-homogeneous lay-
er and a density jump layer of finite thick-
ness. The vertical transfer by turbulent pul-
sations is parameterized with allowance for
the balance of kinetic energy of turbulence
in the mixed layer, The role of different
physical mechanisms in the formation of the
typhoon track is analyzed. The results of
the computations are compared with observa-
tional data in the track of typhoon Tess
(1975).

In tropical cyclones (typhoons, hurricanes) the wind attains an enormous force and
the exchange of momentum, heat and moisture between the ocean and the atmosphere
increases sharply, which leads to a sharply expressed change in the structure of
physical fields in the ocean. These changes are most conspicuous in the upper lay-
er of the ocean —- the turbulent stratified boundary layer at the water - air dis-
continuity.

Using an idealized distribution of wind stress and a linear two-layer model of the
ocean, Geisler [17] demonstrated that a moving hurricane excites inertial oscilla-
tions whose energy is scattered by gravitational waves. A geostrophically balanced
crest is formed behind the hurricane on the internal density discontinuity. The am-
plitude of such a crest and the velocity of the geostrophic flow associated with it
increase with a decrease in the velocity of movement of the hurricane. In this mod-
el the density of the upper layer of the ocean remains constant.
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Fedorov [12] made an analysis of the types of curves representing the depth dis-
tribution of temperature anomalies and conmstructed an idealized scheme of the
vertical circulation of waters caused by the passage of a typhoon. That study em-
phasizes the important role of convective mixing of waters in the upper homogeneous
layer with the colder waters of the upper part of the thermocline, which leads to a
considerable increase in the thickness of the homogeneous layer and a temperature
increase at the intermediate horizons.

A brief review of the investigations devoted to modeling of the dynamics of the
upper layer of the ocean under the influence of tropical cyclones, included in the
collection of articles [2], gives the results of computations by Elsberry and Krigs-
by of the reaction of a two-layer model of the ocean, with allowance for convective-
wind mixing between the layers, to a hurricane moving at a constant velocity. The
computations were made for a vertical section of the ocean oriented along the hur-
ricane trajectory. The vertical velocity of the current at the depth of the discon-
tinuity has the form of a track predicted by the Geisler linear theory. The first
peak of the upwelling is at a distance of approximately 100 km from the hurricane
center. The principal difference from the Geisler results is that allowance for
turbulent mixing leads to an increase in the thickness of the upper homogeneous
layer and a decrease in its temperature. After the passage of the hurricane the

- mixing between the layers ceases and the temperature of the mixed layer does not
change, despite inertial-gravitational oscillations of its thickness.

More detailed results were obtained in the numerical experiments of Chang and An-
thes [15] for a uniformly moving idealized eddy over a rectangular region of the
ocean with a similar two-layer model. After passage of the vortex, at the ocean
surface a zone of water cooled as a result of mixing remains on the ocean surface
(in this study heat transfer into the atmosphere was not taken into account). The
intensity of cooling increases with a decrease in the velocity of movement of the
vortex.

An analysis of different factors in the cooling of the ocean surface, carried out
within the framework of an axially symmetric model of interaction between the boun-
dary layers of the ocean and the atmosphere in a tropical cyclone [9], confirmed
the dominant role played during a storm by the entrainment into the upper homogen-—
eous layer of colder water from the thermocline associated with turbulent mixing.
Thus, for example, the extremal cooling of the ocean surface, attaining 6°C after
the passage of hurricane Hilda [20], can be attributed to the greater duration of
the effect and the intensity maximum of the hurricane in this place. The decrease
in the temperature of the waters from the thermocline entrained into the mixed
layer also favors cooling of the ocean surface. In addition, as was demonstrated
in [9], the degree of cooling is essentially dependent on the initial heat content
of the upper layer of the ocean, which in the region of maximum cooling, according
to the data in [20], could be lower.

Recently the observational data obtained on the specialized expeditions of the
State Committee on Hydrometeorology, "Tayfun-75" and "Tayfun-78)' and on the 27th
voyage of the scientific research ship "Akademik Kurchatov' in accordance with the
POLIMODE program, considerably enriched our ideas concerning the structure of the
track of a tropical cyclone in the ocean [1, 5, 6, 11, 13]. It was found that the
changes in the temperature field can be traced not only in the upper layer of the
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ocean, but also in the main thermocline in the ocean. An analysis of the change in

- the heat content of the upper layer of the ocean as a result of the passage of hur-
ricane Ella (1978) indicated that the nain role in this change is played by the
vertical advection of heat under the central region of passage of the hurricane [3].
Thug, the ¢irculation caused by the tropical cyclone is not closed in the uppetr
layer of the ocean, as was theoretically demonstrated in [8]. Nevertheless, in
clarifying the principal peculiarities of structure of the typhoon track in the
upper layer of the ocean it is possible to neglect the processes transpiring below,
in the main ocean thermocline, as is usually done [7, 9, 10, 15, 17]. On the other
hand, the dynamics of currents in the main ocean thermocline can be analyzed with-
out taking into account the vertical turbulent transfer of heat and salts in the
upper layer of the ocean [8].

The modeling of the track of typhoon Tess (1975) within the framework of an inte-
gral model of the upper layer of the ocean [7] indicated that in those regions

vhere the typhoon slowed its velocity of movement spots of the coolest water re-
mained at the ocean surface. Thus, the observed "spotty" structure of the typhoon
track in the ocean [5, 11] can be attributed to the nonuniformity of typhoon move-
ment. In this study we give a description of this model and set forth the results of
a numerical investigation of the formation of the track of a tropical cyclone in

the upper layer of the ocean under the influence of a model distribution of wind
stress and fluxes of apparent and latent heat. The results of the computations are
compared with data from observations of the typhoon track in the ocean.

Integral Model of Upper Layer in Ocean

Data from observations in the ocean show that the upper layer usually consists of a
mixed vertically quasi-homogeneous layer and a jump layer, where the water density
increases sharply with depth (Fig. 1). These peculiarities in the density distrib-
ution in the upper layer of the ocean make it possible in the modeling of the var-
iability of its structure to make effective use of the integral method widely em—
ployed in the theory of the turbulent boundary layer. Then the dependence of demsity
only on temperature will be taken into account because the influence of salinity is
taken into account similarly.

The basis for the model 1s the continuity equation and the heat balance equation

1)

T"+’wz=cr

Ti+5v7Tv+(Tw),=—T, (2)

where V is the nabla differential operator in the system of horizontal coordinates

x and y, v is the vector of horizontal current velocity, w is the vertical component
of current velocity, the z-axis being directed downward, T is temperature, t is time,
= w'T' is the kinematic turbulent heat flux (the primes denote pulsations, the
line denotes averaging).

Solar radiation in the typhoon region can be neglected.
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Fig. 1. Vertical temperature profile in upper layer of ocean.

' Integrating equations (1), (28 along z from the ocean surface z = 0, where the boun-
; dary conditions w = 0, [ = [U are satisfied, to the boundary of the upper turbulent
layer of the ocean z = H(x, y, t), where [ = 0, we obtain
. PR
Vv o H—wf V={ vdz, (3)
0 .
H H
Q+vl=r+7"2, Q={Tus U=5Tvdz. %)
U 0
Here the superscrlgt H denotes the values at the boundary of the upper layer of the
ocean, v, = Hg + vie gH - w H=3(vS - v¥) is the rate of entrainment of water from
the lower—lying thermocline into the upper layer of the ocean (a =/1 + (Y H)2, vn
= Hea is the rate of movement of the surface z = H(x, y, t) along the normal to

it, v = (wl -~ vH.gH)/a is the water current velocity along the normal to this
surface).

With expressions (3) taken into account, the rate of entrainment can be Trepresented
in the form
7-(:/‘7’,—# T\,‘. (5)

With entrainment (v.> 0) the temperature change at the boundary of the upper layer
of the ocean is described by an expression derived from equation (2) for the sur-
i face z = H(x, y, t), 7

T{I\'VH ~VT”:"‘T1'¢:1 |=——rz with z = H. (6)
‘; Since in the mixed layer the temperature is vertically comstant T = T°, the inte~
: gration of equation (2), with allowance for (1), along z from the ocean surface to
; the boundary of the quasi-homogeneous layer z = hy (x, y, t), leads to the expres-
i sion
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T, + V.¢l=(*=Tm4,, %))

where
by -
v= | vdz 4,

R

is the mean current velocity in the mixed layer,

[[®=( when z = hy.

The influence of the processes transpiring in the main thickness of the ocean on
the dynamics of the upper layer is not considered here and therefore henceforth
v =0, '

The heat content of the upper layer of the ocean can be expressed in the form
Q=T+ (H—m)TH, ®)

where the depth h = hy + O(H - hy) is determined from the condition of equality of
the shaded areas in Fig. 1

(: = ((r- r"’)dz;(H-/zmxr’—r”)).

S
Substituting expression (8) into equation (4) and also using . (5)-(7), we obtain
the condition in a jump layer of finite thickness in tne following form:

(T2 —=T"(h + ¢ V)= Tm= (1 —h'h (T = Tm) £y v, (H— k) +

(Av—=V) v T =g (T"V-U)
According to the data in [14], H/hy = 1.4-1.8, 0= 0.2-0.3, therefore h/hy = 1.1-1.2
and with an accuracy adequate for the integral model it can be assumed that h®hg,
hv 2 V, T°V~U. In addition, usually Y (H-h)<€ T° - TH. Thus, all the terms on the
right-hand side of expression (9) can be neglected even under conditions when the
thickness of the jump layer has a finite value. Due to the steep drop of tempera-

ture in the jump layer, characterized by the O value, the use of a simple expres-
sion at the jump is entirely justified

9

(1 =T +5sV)=T" (10)

for whose derivation it is customary to apply the hypothesis of a negligibly small
thickness of the jump layer. As in [14], the thickness of the entire upper layer
will be assumed to be proportional to the value hy:H/hp = \ .

In this model we will take into account only the drift part of the current velocity,
which, as indicated by an analysis of the results in [15, 17], plays the principal
role in forming of the track in the ocean under a moving typhoon. The total flux

of the horizontal current velocity in the upper layer of the ocean is determined
directly from the wind stress - °:
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B Vi+ kX V=<2 1)

Here f is the Coriolis parameter, k is the unit vector along the z-axis, p is water
density.

Thus, for finding the parameters of the upper layer of the ocean TH, T°, h, V we
derived the system of equations (6), (7), (10), (11), in which the (™ value is
determined taking into account the integral balance of kinetic energy of turbulence
[9]:

Pm=—¢ T 4+t exp(—c hv, f) gah,
C] T, p( 3 f (12)

where vy = (! 'f/"l /,O)]-/2 is friction velocity, g is the acceleration of free fall-
ing, X is the thermal expansion factor, dependent on the temperature of the mixed
layer, with the following values of the constants:

a=02: ¢=1,0; ¢3;=4.0.
The computations were made in a rectangular region in a grid with a 30-km interval.
The points at which the total flow of the drift current was computed are shifted
by a half-interval relative to the points at which the remaining parameters were
computed with use of the "predictor-corrector" method, ensuring a second order of
approximaticn in time and space. At those points of the boundary where the total
flow V was directed within the region, the Neumann conditions were used for the
temperature T° of the mixed layer. At the remaining points of the boundary use was
made of a directed differences scheme. The time interval was 1 hour.

The initial values of the parameters in the upper layer of the ocean were selected
close to the mean values of the background in the region of passage of typhoon

Tess [5]: the temperature of the ocean surface was T° = 28.5°C, the thickness of the
mixed layer was h = 40 m, the temperature drop in the jump layer was T°® - T = 4.5°C,
the vertical temperature gradient in the thermocline was Y= 0.05°C/cm, A= 1.6.

Exchange of Momentum, Heat and Moisture Between Ocean and Atmosphere

During a storm the expenditures of heat on evaporation and turbulent heat transfer
constitute the principal part of the heat flux at the ocean surface Oc_ [ °. Its
distribution, and also the flux of momentum 1 °, were stipulated by the integral
expressions : :

.C'Cp 1—: =Pacxm("5"\ Tll (] + Bo-l); = .OaCD uu,

where ¢, and c,, are the specific heat capacities of water and air, /Oa is air den-
sity, Bo = 0.05 and AT = 0.4°C are the characteristic values of the Bowen number
and the water-air temperature drop for the conditions of typhoon Tess [l], u =
Utyph t Uyind 1s the wind velocity at the level of the anemometer, being the sum
of the velocity of movement of the typhoon Utyph and the wind velocity in the ty-
phoon uyjng, whose radial and azimuthal components were determined from the empir-
| ical dependence [18]

[T = wind] W= Uy (r 7)) sin®, ui = n, (rjr,)" vos8,
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k=1, =0 with rgry; X=-0.5, 8= Op(l - ry/r) with r>1p.

Here u, 1is the maximum wind velocity in the typhoon, r is the distance to the cen-
ter of the typhoon, rp is the radius of the maximm winds, 9, = -30° is the
angle of inflow on the periphery of the typhoon.

The most complete data on the coefficient of exchange of momentum up to a wind velo-
city of 50 m/sec are presented in [19], and hence we have

¢, = (124 ujuy) 102 u; = 40 m/sec with ug25 n/sec;

cp =thiy-107, up = 14 m/sec with u>25 m/sec.

The information on the coefficient of exchange of heat and moisture in the presence
of stormy winds for the most part has an evaluatory character. The last chapter

in [4] notes the possibility of a marked increase in this coefficient due to the
generation of spray up to a value cg = 0.008 with u = 40 m/sec. However, estimates
of the fluxes of apparent and latent heat from the balance expressions on the basis
of observations in a hurricane [21] and on the basis of the change in the heat com-
tent of the upper layer of the ocean, with allowance for the advection of heat by
currents [3], give basis for assuming that the exchange coefficient increases
somewhat more slowly, approximately as follows:

¢, =12:107  with ug12 n/sec,
cp =ufuz-10=,  uq =10 m/sec with u>12 m/sec.

It should be noted that use of the Deardorff method [16] for stormy conditions
gives values of the cp coefficient close to these [10, 21].

Uniformly Moving Typhoon

The temperature anomalies and thicknesses of the mixed layer 96 hours after onset
of operation of a typhoon having a maximum wind velocity upy = 40 m/gsec with ry =
100 km and a velocity of movement ui,np = 5 m/sec are shown in Fig. 2. In the case
of uniform movement of a typhoon a zone of cooled water is formed at the ocean
surface. An upwelling develops behind the center of the typhoon and the thickness
of the mixed layer becomes less than the initial thickness, despite the mixing in
the rear region of typhoonal action. The inertial oscillations of thickness of the
mixed layer (Fig. 2b), whose presence was demonstrated by Geilsler [17], exert vir-
tually no influence on its temperature, since after the passage of the region of
winds of hurricane force in the typhoon the mixing and cooling are greatly weaken-
ed. The asymmetry of wind stress, associated with movement of the typhoon, leads
to shifting of the region of maximum cooling and upwelling to the right of the
trajectory of the center of the typhoon. These results essentially agree with the
computations of Chang and Anthes [15] for a two-layer model with a somewhat differ-
ent wind distribution and without allowance for the heat flux.

Allowance for the heat flux and the final thickness of the jump layer makes pos-
sible a real evaluation of the role of different factors im cooling of the ocean
surface. For the section A-A (shown in Fig. 2), in Fig. 3 we give a comparison
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of the contribution of the heat flux on the lower boundary of the mixed layer (1),
heat transfer into the atmosphere (2) and horizontal advection (3) to change in
the temperature of the ocean surface (equation (7)). As already noted, the prin-
cipal mechanism of its cooling is convective-wind turbulent mixing in the region
of winds of hurricane force, which leads to entrainment of colder water from the
thermocline into the mixed layer through the jump layer. These computations show
that heat loss into the atmosphere gives about one-third of the cooling of the

- mixed layer 1in the region of winds of hurricane force and about one-half on the
typhoon periphery, thus playing a significant role in cooling of the ocean surface.
The horizontal advection of heat exerts a significant effect in the region of high
horizontal temperature gradients forming under the influence of the typhoon and
leads to an increase in shiftimg of the region of the maximum cooling of the ocean
surface to the right of the typhoon trajectory.

1 KM
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-§00
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. | |
600 1200 1800 X KM
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Fig. 2. Anomalies of temperature (a) and thickness (b) of upper homogeneous layer
96 hours after onset of operation of typhoon over ocean. The regions where the
thickness is less than initially are shaded. Temperature isolines are drawn each 1°
C; isolines of thickness are drawn each 20 m. The crosses represent the initial
and final positions of the center of the typhoon, whose trajectory is indicated

by a dashed line (movement from left to right).

Fig. 3. Distribution of components of
temperature anomaly of homogeneous layer
in section A~A (see Fig. 2). 1) cooling
as a result of entrainment, 2) cooling
as a result of heat transfer from ocean
surface, 3) change in temperature as a
result of horizontal advection.
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Fig. 4. Temperature of ocean surface in track of typhoon, computed from model for
conditions close to conditions of passage of Tess (a) and on basis of observations
[5] (b). The dashed line represents the trajectory of the center of the typhoon,

the dots represent the position of its center after 24 hours. The maximum wind
velocity (m/sec) is given in parentheses.

14

Modeling of Track of Typhoon Tess

The results of computations of the distribution of temperature at the ocean surface
after the passage of a typhoon whose intensity and velocity of movement are stipul-
ated in accordance with data on Tess [1] are given in Fig. 4a, A comparison of the

- computations with observational data taken from [5] (Fig. 4b) leads to the conclu-
sion that the spotty structure of the Tess track on the ocean surface is associated
with nonuniformity of typhoon movement.

In actuality, on the average the typhoon moved at a rate of 5 m/sec. The closed
isotherm 25°C is associated with a slowing of the rate of movement of the typhoon
to 3.5 m/sec and an increase in intensity (up = 43 m/sec) in this region. Then
the typhoon increased its velocity of movement, but we do not know how it changed
its velocity on the days which followed. In the computations in this sector the
velocity of movement was stipulated constant (ut h=3 m/sec) and therefore there
are no closed isotherms here (Fig. 4a), whereas In accordance with observational
data, in Fig. 4b there is a closed isotherm. Then the typhoon reduced its velocity
of movement by half and changed direction. The ocean surface was cooled to 23°C,
which agrees with observations. It is therefore possible to express the hypothesis
that the formation of the closed isotherm 24°C (Fig. 4b) was associated with a
slowing of movement of the typhoon or a brief increase in its intensity over this
vegion. In addition, the appearance of the isotherm 26°C in the region of passage
of the maximum winds could be associated with a preliminary local increase in the
velocity of typhoon movement.

These computations were made for an extremely idealized typhoon. To the left of the
trajectory of the center the cooling, according to computations, was considerably

more intense than according to observational data. Further improvement of the
model requires more detailed observatioms, both in the ocean and in the atmosphere.
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We note in conclusion that on the basis of the model of the upper layer of the
ocean described above we carried out numerical experiments taking into account the
inverse influence of the track in the ocean on the dynamics of a tropical cyclone
[10]. With a velocity of movement of 5 m/sec the inclusion of interaction between
the ocean and the atmosphere leads to a substantial decrease in the intensity of a
tropical cyclone,

10.
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UDC 551.461,(261)
COMPUTATION OF THE OCEAN LEVEL
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 71-80

[Article by Professor A. S. Sarkisyan, Yu. L. Demin and A. M. Gurina, Institute of
Oceanology USSR Academy of Sciences, submitted for publication 29 Jan 80]

[Text] Abstract: On the basis of the most com—
plete and detailed observational data (in
comparison with those used previously) the
authors made a series of numerical experi-
ments for the northern part of the Atlantic
Ocean based on schemes with different orders
of approximation. An evaluation of the influ-
ence of refinements of the model and the
numerical method on the accuracy of computing

- the level and currents in the ocean is presented.

As is well known, level is one of the important hydrodynamic characteristics of
the ocean. Being of independent oceanographic interest as a characteristic of sur-
face gradient currents, the level field, in addition, is the principal integral
function in many models of oceanic circulation [9]. Accordingly, the accuracy in

- computing level to a great extent governs the accuracy in computing the field of

i currents. The accuracy and correctness in computing level are of particularly
great importance in prognostic problems, To be sure, at the present time such
problems are based on the "total flows" function, However, in some cases models
based on the level function are preferable (for example, in an investigation of
equatorial circulation [10] and in global computations of currents in multiply
connected regions [6]).

In our research, on the basis of the most complete and detailed observational data
- (in comparison with those used earlier) we carried out a series of numerical ex=—
periments for the North Atlantic based on schemes with different orders of ap-
proximation. We will formulate both an oceanographic problem —- obtaining more
precise and detailed information on the ocean level and comparison with earlier
- results, and a methodological problem —- an evaluation of the influence of re-
finements of the model and the numerical method on the accuracy of computations
of the level and currents.
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The computations made here are based on the quasi-geostrophic model given in
[9]. In this model the pressure gradient is balanced by the Coriolis force and
vertical turbulent viscosity. It is well known that a quasi-geostrophic approx-
imation is completely justified when computing macroscale currents of the extra-
equatorial zones of the ocean {9]. The basis for this model 1s the following
boundary~value problem for the level:

Level equation

1 .- T-1; S é | oH 37 _
it Eylae TR lr —me T
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- - e ] —— T —
A MO~y o] T T } 2 d
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— e | e e e dz |
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Boundary conditions for meridional sectors of the contour
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g wsin® cos .o, C(0F [ _ sin K2
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0

Notations: H is ocean depth; pis the density anomaly, 'C) ,‘Ce are the components
of wind shearing stress; £ = §1 + Pa/pg 8 is the reduced level (I 1 is the
physical level, P, is atmospheric pressure, g is the acceleration of free fall-
ing); a is the earth's mean radiusi éoO is some constant density value (here/OO
= 1,028 g/cm3); o={(wcos 8/v) / is the Ekman parameter (« is the angular
velocity of the earth's rotatiom, ¥V is the coefficient of vertical turbulent
viscosity); A is lonmgitude; @=T/2 - ¢ is the polar angle (§ is latitude);

’ H H

Vi=\ v dz Vo=1{ v, dz,

b 0

are the integral water discharges;

A=0%d ©%+ctg @ 0/08—0%/d ;.2/sin’@
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is the Laplace operator in a spherical coordinate systemn.

The M axis is directed eastward, O is directed southward, z is directed vertical-
ly downward.

We will reduce this problem to a problem for reduced pressure at the bottom [3, 7;,

introducing
L= 4 .
X ) @)
|
where L= —-;fpdz.
0
Substituting (4) into (1)-(3), we obtain an equation for pressure at the bottom
' 1 .. | [OH v ar 1 PH v
- R s.n&(??*H‘gH)?T"“—sincTW—
; H
a (9% - 1 9= 1 ¢
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Neglecting the derivatives of Z ' along the normal to the contour and substituting
into (6) and (7) the expressions for the water discharges, obtained by the quasi-

dynamic method " H

- ____ & 9 zodz, Vo= g L\."sz'
V‘a_ Jas;wcos® l’ﬁg * a Qup,wcosashle U"l’) (8)
in place of (6), (7), we arrive at the expressions
oy asin® _
% = pagH (9)
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Fig. 1. Density field at a depth of 200 m (the values of the isolines correspond to
P! = 105 (P71 -1.02) (a), level surface of the North Atlantic, cm (b) and field of
reduced pressure at bottom, cm (c).
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9y 1

B T wgH e (10)
The very insignificant role of the normal derivatives of {' has been repeatedly
demonstrated by computations of macroscale circulation made earlier (at least

with grid intervals 1° or more [9]). However, allowance for these terms sharply
increases the time expenditures on an electronic computer. With respect to stipula-
tion of the water discharges by the quasidynamic method, for the time being there
is no other more acceptable method for their stipulation. It is known (and this
will be seen from the computed data) that the quasidynamic method is a good approx-
imation in computing the level. We then note that since we are considering a sta-
tionary problem, integrated along the contour, the discharge must be equal to

zero. As a result of neglecting the normal derivatives of z' and stipulation of the
discharges by the quasidynamic method, this condition, generally speaking, is not
satisfied. The balancing of the discharge is accomplished by a method proposed

in [1}. We emphasize here that in diagostic problems the satisfaction of this condi-
tion is not so important since the influence of the boundary conditions in these
problems is localized near the boundaries of the basin and the errors in the boun-
dary conditions to all intents and purposes are not reflected in the solution with-
in the region [9].

The advantage of this approach 7s that the main part of the solution j;g is comput-
ed precisely, using an explicit formula (including the boundary of the region),
whereas for J ' we obtain a less unwieldy problem, and accordingly, one which is
simpler to solve on an electronic computer. In contrast to [3, 7], conversion to
the problem for Z ' has been done precisely, with preservation of the bottom fric-
tion effect (the underlined term in (5)).

The "directional differences" method is used in constructing the difference scheme.
The solution of the difference problem was found by the Gauss~Seidel method. The
computations were carried out in three stages. In the first stage we found a solu~
tion in the initial grid using the directional differences scheme, that is, with a
first order of approximation. In the second stage a solution was found by the same
method, but in a grid with an interval half as great. The "input" data in this case
were determined by interpolation of the initial data. Finally, in the third stage

a corrector in the fomm )

Tho g Al vy

(11)
was obtained.

As a result, in the initial grid the solution was obtained with a second order of
accuracy. The described procedure for increasing the order of approximation of the
difference schemes is one of the variants of the embedded grids method and was pro-
posed in [5]. The iteration process for solution of the difference problem was con-
tinued until satisfaction of the condition max|{ 441 - 510I<¢, where n is the number
of the iteration. On the basis of numerical experiments the £ value was assumed
equal to 10-3. The results in this case are not dependent on the initial approxim=-
at%on. The coefficient of vertical turbulent viscosity v was assumed equal to 10
cm“/sec.
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The computations were made for the North Atlantic., The greatest number of diagnos-
tic computations were evidently made for this region of the world ocean. The
southern boundary of the considered region was situated at 3.,5°N and the northern
boundary at 72,5°N. In the eastern part of the basin it passes through the shallow
waters in the neighborhood of the Danish straits (shown in the figures by a dashed
line). The grid interval is 1° and the number of computation horizons is ‘31, from
the surface to 6,000 m. The basis for the computations was information on the mean
long~term temperature and salinity distribution for the summer season. Data on tem—
perature and salinity, as well as the mass of averaged ocean depths, were prepared
at Princeton University in the United States. The density anomaly P was determined,
in accordance with [9], as P (A, O, 2) =P1U(A, 8, 2) -p(z), where P is density
and O(z) is the standard mean vertical distribution of density. The "input" data
on the components of wind shearing stress were prepared using the Hellerman tables
[11]. Thus, in this study we examine the climatic circulation of waters of the
North Atlantic in summer. An example of the denmsity field is shown in Fig. la. We
note that this map, like the subsequent maps, was constructed using a CALCOMP
curve plotter,

Figure 1b shows the level surface field obtained with a second order of accuracy.
The level map is more characteristic of subsurface than surface circulation because
it does not reflect drift transfer. Accordingly, in particular, on this map, as in
other diagnostic level computations (see {9]), there is no North Trades Current.
However, the macroscale circulation elements expressed in the density field are
represented rather clearly. The level drop in the Gulf Stream is more than 90 cm,
in the Guinea, Guiana and Labrador Currents —- 40-50 cm, in the East and West
Greenland Currents -- 20-30 cm. The total level drop was about 1.5 m. The very
well-developed circulation systems of the Caribbean Sea and the Gulf of Mexico are
the sources of the Gulf Stream. In general, however, with the exception of the
Guinea, West Greenland and Canaries Currents, located along the eastern coast, and
also the Inter-Trades Countercurrent and the North Atlantic Current, passing
through the ocean from west to east, all the most powerful systems of currents are
situated along the western shore — a clear illustration of the role of the B~
effect. One of the most interesting peculiarities of Fig. 1b is the representation
of a clearly expressed flow of Labrador waters toward the shores of America, driv-
ing the Gulf Stream away from the shore, .

In comparison with the diagnostic computations made earlier (for example, see [9]),
the presented map is more detailed and informative. In [2], where one of the auth-
ors earlier made computations in a 5° grid, the level drop in the Gulf Stream is

1 1/2 times less than in this study, the flow is considerably broader and the velo-
city is much weaker. The fundamental, global characteristics of circulation coin-
cide qualitatively but in [2] many detailed characteristics are absent and narrow
flows, such as the Guinea Current, are expressed very weakly. The circulation in
the Caribbean Sea is far less developed. The principal reasons for these differ-
ences; to be sure. are the grid interval and the detail of the density field., How-

- ever, in addition to the quality of the density field, an important role is also

played by the peculiarities of the model and the numerical method.

For example, in [8], in which a quasi-geostrophic model and approximately the same
grid interval (1°15') are used, the level map differs appreciably from that pre-
- sented here. The subpolar cyclonic circulation is poorly expressed and the flow
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of Labrador waters toward the shores of America is completely absent: the Gulf
Stream occupies the entire coastal region. One of the principal reasons for these
discrepancies is methodological: in the numerical realization of the model there
was a strong exagleration of the "baroclinic" effect of bottom relief, which led
to a suppression of "anomalous' coastal currents. Labrador waters are also ab-
sent on the level map in [12], where the computations were made using a nonlinear
model in a grid with a 1° interval. It is interesting that the level drop across
the flow of the Gulf Stream is the same as in these computations (90 cm). However,
other jet currents were expressed extremely weakly. In general the map is rather
close to that obtained in a 5° grid in [2]. To a considerable degree this is asso-
cilated, in our opinion, with the strong smoothing effect of horizontal viscosity
(as a result of the high value Ap equal to 4108 cm2/sec).
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Fig. 2. Distribution of mean latitudinal values of reduced bottom pressure (a),

zonal (v, ) and meridional (vg ) velocity components at horizons 50 m (b), 1,500
m (c¢), 3,000 m (d). 1) variant of computations with second order of accuracy, 2)

with first order of accuracy.

85

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

Fig. 3. Fields of Reynolds difference numbers, a) (A ), b) r(e). In the shaded
regions r{?) £(6)< 10.
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Fig. 4. Surface gradient currents in North Atlantic.
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Figure 1lb shows a considerable number of relatively small circulations. An at-~
tempt at smoothing them by means of a Tukey cosine filter led to a dual result,
On the one hand, the number of small eddies considerably decreased, but on the
other hand, there was a considerable weakening of jet currents. The Gulf Stream
becamé broader and the velocities in it decreased appreciably. The narrow Guinea
Current, in particular, "suffered." The double use of the filter leads to a pat-
tern extremely close to that obtained in a 5° grid in [2].

Figure lc represents the field of reduced bottom pressure obtained using the cor-—
rector. It is some dynamic characteristic of deep and bottom currents. The total
drop &' is about 40 cm, that is, approximately 25% of the drop & . The most devel-
oped circulatory systems are in the southwestern part, in the region of the Carib-
bean Sea, Gulf of Mexico and to the north of the West Indies. A chain of circula-
tions can also be seen in the neighborhood of the Mid-Atlantic Ridge. The inten-
sive bottom circulation in these zones is evidently caused by the very nonuniform
bottom relief. The most interesting characteristic of this map is that it graph-
- ically demonstrates a virtually universal tendency of oceanic currents to be re-
structured with depth. An extensive cyclonic system is formed in the area of the
subtropical anticyclonic circulation; it, joining with the subpolar cyclonic cir-
culation, forms a gigantic cyclonic ring occupying almost the entire North Atlan—
tic. The tendency to the formation of countercurrents is manifested in most cir-
culatory systems in the ocean: in the neighborhood of the Gulf Stream, Laborador
and East Greenland Currents, the currents in the Caribbean Sea and the Gulf of
Mexico, and others. A countercurrent is very well expressed along the shores of
Northwest Africa. It is known [13] that a deep countercurrent, directed poleward,
33 an important component of the dynamics of the coastal upwelling, whose zone is
the region in question. One of the few systems where the direction does not change
with depth is the Inter-Trades Countercurrent. The latter peculiarity, like the
restructuring of the subtropical anticyclonic circulation with depth, was noted
earlier in [1] in an investigation of the dependence of integral circulation on
the thickness of the baroclinic layer. It is interesting that on the bottom pres—
Sure map, in contrast to the level map, the western intensification cannot be
traced. Along the shores of Africa, for example, the bottom pressure gradient is
much greater than in the Gulf Stream region, that is, the bottom relief effect
successfully competes here with the ﬂ—effect.

Computation of the values of the terms on the right-hand side of (5) shows that
the "weight" of the term expressing the bottom friction effect, takenm into ac-
count in this problem, is approximately the same as the "weight" of the wind term,
And although the density term on the right-hand side of (5) is the most important,
even on the average it exceeds the other two terms by less than an order of magni-
tude, Thus, in correct computations of bottom pressure it is necessary to take all
three terms into account.

The solutions for g ', obtained with the first and second orders of accuracy, were
qualitatively extremely close. However, the quantitative refinements were consider-
able, This can be seen even from a comparison of the mean 4 ' profiles constructed
for a "meridional ocean" (Fig. 2a). The differences in the level fields were far
less considerable, as is understandable; indeed, the principal part of the solu-
tion, gg, is the same in both variants. It is interesting to note that the mean
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zonal level profile is diametrically opposite the bottom pressure profile: if
the & ' surface is tilted from north to south, the level drops from south to
north. This is still another illustration of the fact that countercurrents are a
distinguishing characteristic of the ocean.

It is known [4] that schemes of the first and second orders of approximation give
close results if the Reynolds difference numbers are much greater than unity. In
this case these nunbers have the form

H I_ o4 M =ha

) i
li,cosn T SinB o9

1 = la

Il oH |
at (12)

sitn 9

where h is the grid interval.

The results of computations of r(}) and r(9) are represented in Fig. 3. It can
be seen that the sectors where the use of schemes of an increased order of approx-
imation can give a substantial refinement of the solution occupy a relatively
small part of the region. As a rule, these are regions with a small bottom relief
slope. In general, it can be concluded that the resolution of a 1° grid is never-
theless inadequately high for it to be possible to obtain a full manifestation of
the advantage of precise schemes.

Nevertheless, in the computation of currents even relatively small quantitative
refinements of level were extremely important. The discrepancies in the fields

of currents increase appreciably with an increase in depth and at 3,000 m, for
example, in some regions even have a qualitative character. The dependence of the
results of computations of currents on depth is illustrated in Fig. 2b,c,d, where
it is posrible to see the mean zonal profiles of the velocity components, computed
from two level fields at the horizons 50, 1,500 and 3,000 m. The velocities were
computed from the quasi-geostrophic expressions cited in [9]. The values of the
velocity components were determined at the points of intersection of a "chess-
board" grid, that is, at the centers of elementary grid units of the initial grid.
This procedure increases the accuracy of the difference representation of the lev-
el and density derivatives, that is, in the last analysis, the accuracy in comput-
ing velocity. This is particularly important for narrow flows.

As a quantitative illustration of the level field, Fig. 4 is a map of surface gra-
dient currents. Lt shows even detailed peculiarities of circulation represented
on tae level map. To a considerable degree this is attributable to the use of a
cheosboard grid. However, with the usual approximation of the derivatives by cen-
tral differences some of the information is lost in the computation of velocities.
For example, the flow of Labrador waters toward the shores of America is very
poorly expressed in this case, although it is reliably represented on the level
map., It is interesting to mote that the level map itself does not give a full idea
concerning the intensity of the currents. Thus, at the equator the level gradients
are relatively small, but the velocity values, as a result of the smallness of the
Coriolis parameter, are extremely considerable. In the Inter-Trades Countercurrent
and the Guinea Current, like in the Gulf Stream, they are more than 80-90 cm/sec.
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UDC 551.326,7
NUMERICAL MODELING OF ICE DRIFT IN THE COASTAL ZONE OF THE SEA
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 81-85

[Article by B. M. Taran, Moscow State University, submitted for publication 18
Dec 79]

[Text] Abstract: The author proposes a hydro-
dynamic model of drift of the ice cover
in the coastal zone of the sea. The model
makes it possible to formulate correctly
the boundary conditions for the drift vel-
ocity of ice in a closed region, compute
the detailed characteristics of drift and
even detect narrow coastal polynias. A
numerical solution of the problem is ob-
tained using the method of splitting with
respect to physical factors and the "coarse
particles" method. The article gives an ex—
ample of computations of the dynamics of
the ice cover when an offshore wind is pre-
vailing. The results of the computations
are compared with the actual ice conditions
under similar hydrometeorological condi-~
tions. The width of the computed polynia
is approximately the same as is actually
observed.

There are a great number of hydrodynamic models of ice drift which make it possible
to compute the dynamics of the ice cover. In these models the authors for the most
part deal with problems relating to ice drift in basins commensurable with the
extent of .an arctic sea or the entire Arctic Ocean. In this article an attempt is
made to formulate a model of ice drift in a closed coastal region occupying part
of the aictic sea. We will examine the coastal zone of an arctic sea, knowing

that in a definite hydrometeorological situation polynias exist here beyond the
shore ice. We will assume that the wind regime is the principal cause of the for-
mation and regime of a polynia, as described by V. N. Kupetskiy [2].

We will represent the coastal region in the form of a rectangular region (Fig. 1)
bounded on the west, east and south by the solid part of the boundary contour and
on the north by the liquid part of the boundary. Such an approximation ¢:ceurs, for
example, along the coast of the Laptev Sea where the shore ice along th: eastern
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shores of the Taymyr Peninsula, along the sea shores and the western edge of

the shore ice of the Novosibirskiye Islands form the solid part of the boundary
and the northern part of the boundary of this region -- the fluid part -- is sit-
uated at a distance of 200 km from the southern part of the solid boundary (Fig.
2).

We will assume that the area of averaging <) is far greater than the dimensions of
the floes and the spatial scale of the problem is considerably greater than the
linear dimensions of the area «. We will examine the movement of an ice cover
consisting of individual floes within the framework of a two-dimensional contin-
uous model. The laws of conservation of momentum and mass of the ice cover are
written in the form

fu

- 1 -
T:F—Tgradp-{—.-l.\a, @

24 div (s =0, (2)

where P= P, _hs is _the surface density of the ice [1], g/cm?; Pice is the den-
sity of the ice, g/m3; h is ice thickness (h = const), cm; s(t, X) is the ice
continuity (packing) function [5]; G(t, %) is ice drift velocity, cm/sec; ¥ is
the density of external mass forces, cm/sec2; p is the analogue of hydrostatic
pressure [6], g/secZ; A is the lateral exchange coefficient [3], cm2/sec;

o &

FXZErT

is the two-dimensional Laplacian symbol.

A=

Adhering to [6], we will represent the dependence of pressure on ice continuity in

the form s ds -
Pl €5
(3)
[ ds
— >0
lﬂ)_!when ar "
a i ds
I when @@ =0

Py = 10°-107 g/sec?; xX=4;

sy is the value of the continuity function in the case of dense packing of the
floes.

The system of equations (1)-(3) is closed. We will formulate the boundary condi-

tions. On the solid part of the boundary contour for the velocity we stipulate
the condition

u [ L = 0, (4)
and the continuity function here will be assumed equal to zero:
s, =0, : &)

where L is the solid part of the boundary contour.
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On the liquid part of the boundary we stipulate the condition

n ,
=0 (6)

where n is the normal to the liquid part of the boundary.

At the initial moment in time the Qregion occupied by the ice is known, velocity
is absent and the continuity function is stipulated:

Q0. ) =Qu(¥). 70, X)=0. s(0.5)=5o(x). x& Q(x).

It is necessary to find the region §2(t, %) and the function U(t, X), s(t, %), p(t,
x) satisfying the system of equations (1)-(3) with the boundary conditions (4)-(6)
with t2 0.

With the wind drift of ice relative to motionless water the external mass forces
represent the sum of the frictional forces between the upper surface of the ice
and the air flow, the lower surface of the ice and the water and Coriolis force.
The shearing stresses at the upper (£ 2) and lower (4 %) surfaces of the ice cover
can be computed using the formulas [1]:

-.":K,'-,a&z-lze'-l‘, :ﬁ'r_;Kgf,:.zliu|, (7)

where K;, Ky are the coefficients of resistance of the upper surface of the ice
to the air flow and the lower surface of the ice to the water respectively; /Oa,
/Ow are the densities of the air and water, g/cm3; w, u are the velocities of the
wind and ice drift, cm/sec.

For numerical solution of the problem (1)-(6) we will use a variant of the splitt-
ing method with respect to the physical factors [4, 7].

Assuming the movement to be steady, e_guation (¢B) is w—it_ten in the form

fl;: -AI— grad p — —;— (=) — A3 (8)

where £ = f; + B y is the Coriolis parameter, l/sec.

Applying the splitting method to equation (2), we obtain two equations:

-—'—:,ilv—:——sdivu‘ 9)

ds
=0 (10)

Equation (9) describes the compressibility of the ice cover. With its solution
we obtain intermediate values of the continuity function /sv, which are used in
the transfer equation (10). After the solution of (10) we have the Tinal values
of the continuity function s.

We will break the computation region down into rectangular fixed areas in the

process of solution of the grid element. Within the grid units there are moving
particles modeling elements of the continuous medium. The integration of system
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(1)-(3) 1is accomplished in time intervals in two stages.

In the first stage we compute the adaptation of the properties of the medium under
- the influence of frictional forces, the Coriolis force and the pressure gradient.
At the initial moment in time at the points of intersection of the fixed grid
there are '"coarse particles" having the properties of the medium for a particular
point of intersection. On the basis of the known initial values of the continuity
function 50(;)' by the solution of equation (3) we determine the pressure. Solv-
ing equation (8) with the boundary conditions (4), (6) we determine the velocities
at the grid points of intersection. By solution of equation (9) we find the in~
termediate values of the continuity function at the grid points of intersection.

In the second stage we compute the transfer of the properties of the medium by
: the particles. In our case we will determine only the evolution of the contin-
uity function by solution of equation (10) with the boundary condition (5). We
- introduce the new variables X and Y -- the coordinates of the particles relative
to the fixed grid. In Lagrangian coordinates the transfer equation (10) is writ~
ten as follows:

- .ﬂ_ - -i’-/— - 7,
at ' at (11)

where u, v are the velocities found by solution of equation (8).

Assuming that during one time interval St the particles transport the values of
the continuity function aloug the trajectories of movement without changes, we
find from (11) the distances (A X, AY) by which the particles move during § t.
Here we will assume that there is satisfaction of the Courant test J'GIS t/h<l,
where u is the velocity of the particle, h is the interval of the difference grid.
If we now interpolate the values of the continuity function from the points to
which the particles were moved to the nearest points of intersection of the fix-
] ed grid we obtain the final values of the continuity function. These will be the
- initial values for the next integration interval. In each integration interval the
particles begin their movement from the grid points of intersection. In each time
- interval we deal with different particles arriving in a particular grid unit with
their values of the continuity function. The continuity function is assumed to be
continuous in the entire integration region. The isoline s~ 0 corresponds to
the ice-water edge.

a
.‘l
- S L
B .
| e Pty

Fig. 1. Formation and development of polynia beyond the shore ice five and ten
days after onset of offshore wind. a) t=10, b) t = 5 days; ¢ = 10 days. The wind
velocity is 5 m/sec (Ax = 30 km, Ay= 10 km, At = 12 hours, s,(x) = 0.4, A =
- 108 cm?/sec, Py = 105 g/sec2); 1) drifting ice, 2) clear water. The arrows indi-
cate wind direction.
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- Fig. 2. Formation of polynia beyond shore ice in spring of 1959 in southern part
of Laptev Sea. a) ice conditions at end of May, b) ice conditions at beginning of
June; 1) shore ice, 2) drifting ice, 3) clear water. The arrows indicate the di-
rection and velocity (5 m/sec) of the prevailing wind.

Figure 1 shows an example of computation of the dynamics of the ice cover in the
coastal region of the sea, completely filled with ice at the initial moment, under
the influence of a southerly offshore wind. The polynia forming in this case after
being under the influence of the wind for 10 days attains a width of 30 km. In the
computations we used a model region with a latitudinal extent of 600 km and a mex-
idional extent of 200 km. Figure 1 shows the southern part of this region.

Figure 2 shows ice conditions in the southern part of the Laptev Sea under hydro-
meteorological conditions similar to the model conditionms. Approximately after
the same length of exposure to a southerly offshore wind the width of the polynia
beyond the shore ice attains 14-40 miles (25-70 km).

A comparison of'the computed and real data indicates some nonagreement which can
be attributed to different initial conditions. In general, however, the model ice
conditions reliably reflect the essence of the process of movement of the ice cover
under the influence of the offshore wind -- the outward movement of the drifting

- ice from the shore ice and the formation of a polynia beyond the shore ice of ap-
proximately the same width as in nature.

Numerical experiments make it possible to draw the conclusion that the proposed
) model can describe the dynamics of the ice cover, including in a closed region.

The author expresses appreciation to Ye. V. Semenov for great assistance in the
work.
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UDC 556.16.044"321"
METHOD FOR COMPUTING THE LAYER OF SPRING RUNOFF OF SMALL WATERCOURSES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 86-91

[Article by Candidate of 7iechnical Sciences V. Ye. Vodogretskiy, State Hydrological
Institute, submitted for publication 21 Mar 80]

[Text] Abstract: Results were obtained on the
basis of an analysis of the dependence
of slope runoff on soil-botarical factors.
A method was developed for the differen-
tiated allowance for slope rumoff from
different elements of the underlying sur-
face with its subsequent integration over
the area of the drainage basin. A formula
was derived for refining computations of
the layer of spring runoff from slopes
and in small watercourses in comparison
with the existing recommendations.

In the practice of planning of agricultural water supply an important place is oc-
= cupied by the use of local slope runoff and the runoff of small watercourses by
its accumulation in different artificial water bodies: reservoirs, ponds, pools
and tanks.

In regions of inadequate moistening and with limited possibilities for the use of
ground water the construction of the mentioned water bodies assumes particular
importance. They are used not only for the watering of cattle, fish cultivation
and irrigation of adjacent lands, but also for industrial and domestic water supply
of populated places.

At the present time in computations of the volume of spring high water in unstudied

- rivers the recommendations call for the use of a map of the layer of spring runoff
constructed on the basis of observational data on runoff primarily in medium and
large rivers.

Using such a map the runoff layer is determined independently of the area of the
drainage basin with the exception of the arid and semidesert regions of Western
Siberia and Kazakhstan. The accuracies in computing the layer of spring runoff in
the small watercourses is 247 in the forest zone, 32% in the wooded steppe zome, 44%

in the steppe zone of the European USSR and 50% in the steppe zone of Northern Kaz-
akhstan.
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For a more precise (reliable) evaluation of local (slope and channel) runoff in
small watercourses an attempt was made at development of a method for differenti-
ated allowance for slope runoff from different elements of the underlying surface
with its subsequent integration over the area of the drainage basin.

The method for computing the spring runoff of small watercourses was developed on
the basis of an analysis of data on slope runoff in runoff areas and in small
channels at water balance stations and at hydrometeorological observatories situ-
ated in different natural zones of the USSR and belonging to the State Committee
on Hydrometeorology and other departments.

As a basis we used a dependence in the form
—_ ,
1= 5y =f (U, T—1t, 11. M, D, @

where ¢ is the coefficient of winter-spring slope runoff; y is slope rumoff; S +x
are the maximum snow reserves and liquid precipitation during the period of slope
runoff; Uy jgg are the moisture reserves in the meter snow layer during the period
preceding snow thawing and rumoff; J, - t is the sum of negative air temperatures
from the date of stable transition of air temperatures through 0°C to 1 January
or to mid-February for the steppe zone of the European USSR, that is, during the
period of maximum cementation of the ground and soil prior to the onset of runoff;
Tl is the nature of the underlying surface ( 3 is idle land, steppe, virgin lands,
™ is cultivated land; ? is forest); M is the mechanical composition of the soil
and ground with their separation into sandy loam and light clayey loam soils, clay-
ey loam and heavy clayey loam soils; I is the slope in promille.

A dependence in the form of graphs was constructed for each natural zone (forest,
wooded steppe and steppe) and for years with different water volumes (years with
abundant, intermediate and little water). The years with abundant watex include
years with a runoff having a probability P< 25%; years with intermediate water vol-
ume -— years with a runoff having a probability 25% <P< 75%; years with a low water
volume -~ years with a runoff having a probability P> 75Z.

As an example, a dependence of the mentioned type for virgin land and cultivated
slopes was given in [2].

The dependence is a multiple nonlinear correlation of three variable parameters

= ’-I‘l
»=/{G )

vhere Uy is the index characterizing the degree of moistening in the meter layer

and the freezability of the soil and ground during the period preceding the run-
off; the remaining notations are as before.

The Uy index is the index of permeability of the soil and ground. The greater the
index, the higher is the runoff coefficient and vice versa.
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The greatest values of the index correspond to years with abundant water with
active slope runoff and, vice versa, minimum values of the index correspond to
years with little water, with great losses of runoff with soaking into the soil
and ground, A more detailed explanation of structure of the index was given in

- [2].

Here it need only be added that for comstructing the empirical dependences the
structure of the index in such a variant can be applicable. One and the same
value of the index with different combinations of its components (U) and ($-1t)
corresponds to a definite value of the runoff coefficient.

The total correlation coefficient of dependence (2) is 0.80-0.90 with a relative
mean square error 12-17%.

On the basis of the mentioned interpolation dependences it was possible to deter-
mine the coefficieni of slope runoff in land-use areas in ranges of slopes not
covered by data from actual measurements.

Table 1 gives the coefficients of spring runoff from different land-use areas
(virgin land or idle land, cultivated land, forest) on slopes with different de-
grees of slope and in years with different abundance of water, Within the limits
of each natural zone data are cited for the characteristics of soil and ground
and different degrees of slope.

The cited data are recommended as computational data. When using the tables it must
be remembered that the recommendations apply to slopes which are plowed in aut-
umn by the usual method, that is, with a depth not greater than 22 cm. According-
ly, for slopes with plowing greater tham 22 cm it is necessary that the value of
the runoff coefficient Ol taken from the tables be divided by a factor of 1.5,
whereas for slopes with deep plowing (25-37 cm) and where antierosion measures
have been taken (such as the forming of ridges and dams, contour and combined
plowing, etc.), by a factor of 1.7. This is convincingly demonstrated by the re-
sults of experimental investigations under productive conditions, generalized in
a study by M. I. L'vovich [6], N. I. Koronkevich [5] and supplemented by V. N.
Kaulin [4].

Computations of the magnitude of water inflow into an artificial water body (pond,
pond-tank, tank) due to slope runof f are made in the following sequence.

1. We determine the area of land-use areas in the drainage basin, taking into ac-
- count the variety of soil and ground (sandy loam, clayey loam) in percentage of
the total area of the water-collecting part of the water body.

2. We compute the mean weighted degree of slope in the drainage basin within the
1imits of sectors with sandy loam (fg1) or clayey loam (fc1) soil and ground in

each land-use area (idle land, cultivated land, forest). The slope is determined
from large-scale naps in accordance with the recomnendations existing for these

purposes.
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3. We compute the mean weighted coefficient of slope rumoff (inflow)
E =[{2,fea = 2, fo) + (24 fen + 2nfer)] Kan + (2, fen 4 23 fe) + . fe, (3)

where (3, &y, Oy, & are the coefficients of slope runoff from idle land (virgin
land), cultivated land, forest and the hydrographic network (slopes along channels);
f is the area of land-use areas, taking into account the differences in soil and
ground in fractions of the area of the drainage basin; Ky 1T is the coefficient of
decrease in slope runoff under the influence of shelterbelts in the drainage basin
of an artificial water body.

Kpeg=1 - 0.01(1.0-1.4)f ey » (4)

where fJ1cTriS the area in shelterbelts in percent of the area of the drainage
basin. Wifh a cross arrangement of the shelterbelts in the drainage basin a value
1.0 is used in the computations and when the shelterbelts are laid out across the
slope =- l.4. The coefficients of slope runoff from different land-use areas are
included in Table 1 on the basis of data on the mean weighted slopes in the range
from fg] and fc1; ¥-in all cases is assumed to be equal to 0.7-0.8 [5, 6].

The mean weighted coefficients of slope runoff are determined from Table 1.

With the availability of recommendations for computing the slope runoff from
swamps and swampy lands the computation of mean weighted of can also be car:led
out for swampy drainage basins.

4., We determine the mean weighted value of the maximm water supplies in snow and
precipitation during a period of slope runoff (S + x) in the drainage basins of
the water body:

S+ =+ 0 fo + 154 Xafat S+ xafot+ S+ e for 5

where f3 , £, £5, £ are the areas of the land-use areas in the drainage basin
in virgin land, cultivated land, forest and the hydrographic network. In the ab-
sence of large-scale plans or maps the area f can be assumed to be approximately
30% of the area of the drainage basin not in agricultural use [6].

The maximum water supplies S in the snow in the sectors (land-use areas) are deter-
mined from the map, taking into account the factors for conversion from smow re-
serves in the predominant landscape (land-use area) to other landscapes.

The quantity of liquid precipitation during the period of snow melting and slope
runoff (X) is small. In the forest zone it can be neglected, in the wooded steppe
and steppe zomes it can be 20 and 15% respectively, and in the southwestern part
of the steppe zone of the European USSR —- 30-40% of the total mean long~term S
value respectively.

Computations of the total slope runoff (water inflow into an artificial water body)
with a stipulated probability are made using the formula

V,= 1083 (S+ %)%, F, (6)
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(X 4 ), Autumn-Plowed Fields (o¢+y ), Forest (a¢q)

Slaone, 0/00
Charac- [ | . 1 -
teristicd & 0 | 200 a0 ! 40 |2 | 60 | 80 1100 {150 [200
| . i l
_ Forest zone (sandy loam soil)
- ' 0,07 10,13 l 0.18 | 0,22 IO,‘L’G 10,30 0,37 ] 0,43 10,3
Qn ’ 0.05!0,11,0,15¢0,19:023 1 0,27 10,33 10,40 | 0,52
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Forest zone (clayey loam soil) .
as ] 10,110,200,28 l 0,34]0,40 10,440,501 )0,5 0,651 0,70
an 10706 10713 | 0:26 | 0132 0,38 | 0,41 10,45 1 0,54 1 0,621 0.69
B s 10,00 ,0,02]0,06 {0,10]0120.18:0,27|0,35 0,51 0,58
“Wooded steppe zone (clayey loam soil)
a, 0,1310,24 ] 0.33 ] 0,41 0,46 ]0,52 | 0,61 0,67 0,78 10,83
Qo 0.10{0.19 { 0,27 1 0,3410,38{0,43]0,5 [057 0,69 | 0,76
a3 0.00 /0,00 | 0.021{0,03{0,050,07 lo.1110,1510,26 0,37

w |

Steppe zone European USSR (clayey loam soil)

0,13 0,24 1 0.33 1 0.41 10,46 | 0,52
007 | 0°15 | 0,20 | 0,2 0,32 | 0,37

0.61 10,67 ‘ 0,781 0,8
0,45 | 0,52

0,61 | 0.6

Steppe zone —= Northern Kazakhstan (sandy and light elayey loams)

Gn

Steppe zone - Northern Kazakhstan (clayey and medium clayey loams)

a: 0,10
an 0.03

[+ 3] 0-07 i
0.04 {0.07;0,15{0,17 [ 0,22,0,24

0.13:0,21 ] 6,251 0,30;0,32 ' 8.246 ; l

0.16 1 0.23 0.27*0.30|o.32 0,34
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|
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[3= idle and virgin lands; & = autumn~plowed fields; ;= forest]

Table 1

and Virgin Lands

Table 2

Factors (?\p) for Conversion from Mean Long-Term Values of Layer of Spring Runoff
to Layers of Runoff of Different Probability

Natural zone

Forest

Wooded steppe

Steppe European USSR
and Northern Kazakh-
gtan

APPROVED FOR RELEASE: 2007/02/08:

Probability, %

1 5 10 20
3.5 2.5 2.0 1.5
4.0 3.0 2.0 1.5
6.5 3.5 2.5 1.8
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where A_ 1s the factor for conversion from the mean long-term values of the lay-
er of spging runoff to layers of different probability. The remaining notations
are as before. The A, factors were computed on the basis of the spring runoff
layer probability curves constructed on the basis of data for runoff areas and
small watercourses within the regions of water balance stations and generalized
for natural zones (Table 2).

Table 3

Factors for Conversion from Slope Runoff to Totuzl Channel Runoff in Drainage Basins
with F< 200 km?

Natural zone Mean degree of slope Probability of annual excess P, %
in drainage basin 1 5 50 75
Forest > 80 1.0 1.0 1.9
< 80 1.6 1.8 3.0
Wooded steppe > 80 1.0 1.0 1.2
< 80 1.3 1.4 2,7

Steppe zone of European USSR
and Northern Kazakhstan 1.3 1.3 1.9

Notes. 1. In the steppe zone the dependence of the values of the coefficients on
the mean degrees of slope in the drainage basin were not determined. The cited
data are characteristic for degrees of slope less than 80°/co. 2. In drainage
basins with slopes greater than 80°/oo when there is ground water runoff in the

channel the value of the factor is obtained by interpolation between the values
for slopes more or less than 809/co.

The total volume of the runoff in small watercourses with an area of the drainage
basins less than 200 km? is computed using formula (6) with the introduction of
an additional factor (the coefficient K) into the computations, that is

V,=10"1(§ + X) i, KF ] N

The K coefficient represents the relationship between the actual (complete) runoff
of the watercourse and slope runoff from the drainage basin, computed using for-
mulas (3), (5) and (6). The numerical values of the coefficient were obtained for
all watercourses within the regions of the water balance stations and the hydro-
meteorological observatories situated in the forest, wooded steppe and steppe
zones of the European USSR and the steppe zone of Northern Kazakhstan.

The K coefficient is dependent on the mean slope in the drainage basins and the
probability of the annual exceeding of the volume of slope runoff. The generaliz-
ed values of the factors for comversion from the volume (layer) of slope runoff

to the total runoff from the drainage basin are given in Table 3.

In years of a rarer frequency of recurrence the relationship of the total channel
and slope runoffs in small watercourses approaches unity. This was expressed most
clearly in watercourses with slopes > 80°/00. Such a character of the relationship
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indicates that during years with a rare frequency of recurrence the runoff vol-
ume during the spring in the channels of small rivers is formed almost completely
by slope runoff.

In years which are average with respect to water volume and during years with
little water the slope runoff in the drainage basins totals 25-50% of the total
channel runoff. The remaining part of the spring runoff is formed from ground
water and also the accumulation of smow and its thawing in the channels of
tributaries.

The results of comparison of computations of the layer of spring runmoff in some
watercourses of water balance stations on the basis of this method and the recom-
nendations in the Handbook [7] indicate a higher accuracy of computations of the
layer of spring runoff on unstudied rivers with F<200 km“ by the proposed method,
The accuracy of the computations is increased on the average by a factor of almost
2 in comparison with computations in accordance with the recommendations in the
Handbook [7], that is, from the map of the layer of runoff, but for individual
watercourses by a factor of 5-6 or more. In addition, in the mentioned Handbook
there are no recommendations at all on computing the water resources of local
slope runoff, which makes difficult the solution of practical problems involved
in the planning of agricultural water supply.
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HYDROLOGICAL CONDITIONS FOR THE 'BLOOMING' OF WATER IN THE RESERVOIRS OF THE
DNEPR CASCADE

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 92-96

[Article by Candidate of Technical Sciences V. M. Shmakov, Institute of Hydro-
biology Ukrainian Academy of Sciences, submitted for publication 20 Feb 80]

[Text] Abstract: The creation of a cascade of
reservoirs on the Dnepr has led to a
change in the hydrological regime and
has exerted an influence on formation
of water quality. Under conditions of a

i warm climate and a highly developed nation-
1 al economy in this region this has led to

| an impairment of the ecological equilib-
rium, manifested in an intensification of
the development of different species of
algae, especially blue-green algae,

: which is observed in the form of water

i ) "blooming."

The problem of contending with the "blooming" of water is timely with respect to
water bodies (reservoirs, lakes, seas and even individual sectors of some oceans)
situated outside the polar and arctic zones. This problem is attributable to an-
thropogenic factors intensifying the development of different types of algae, es-
pecially blue-green algae. In our country the problem is most acute on the Dnepr.
Here, in the average productive year, the quantities of organic mass during the
time of "blooming" of the water, exceed 200,000 tons of dry matter [8]. During a
period of intensive "blooming" (June-September, especially July-August) there is
a marked deterioration of water quality and sometimes its consumption and even
recreation along the shores in places where "blooming" is observed become unsafe.

According to the data of the All-Union Scientific Research Institute of Hydroen-
gineering imeni Vedeneyev, the annual losses due to the "blooming" of water in
the Dnepr reservoirs are about 12 million rubles (without taking into account the
deterioration of the quality of water, which at the present time cannot be econ-
omically evaluated) [5].

One of the principal factors responsible for the "blooming" of water in the Dnepr
reservoirs is a change in the hydrological conditions as a result of creation of
the cascade,
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The Dnepr is the principal water artery.of the Ukraine, ensuring 75% of the water
supply for the national economy of the republic. The great national economic im-
portance of the Dnepr, the 1imitation on the water resources in the region and

the need for their most complete and multisided use led to the creation of a cas-
cede including six reservoirs. The total length of the reservoirs in the cascade
is 855 km, the total volume is 43.8 km3 and the surface area is 6,974 km?. Reser-
voirs with dams have a head from 11.5 to 38.7 m; the total head is 114.4 m [21.

The creation of the cascade caused a change in the hydrological characteristics
of the Dnepr [6], the most important of which are given in the table. The change
in the indicated hydrological characteristics, as well as a number of other para-
reters, exerted a substantial influence omn the hydrological regime of the Dnepr
and on the dynamics of hydrobiological processes.

With creation of the cascade of reservoirs the predominating current velocities
decreased from 0.6-0.8 to 0.3-0.02 w/sec. The decrease in current velocities in
the reservoirs resulted in a more intensive sedimentation of suspended particles
on the bottom and this exerted an effect on water transparency. In the cascade
there is a gradual increase in water transparency: in each lower-lying reservoir it
is 0.1-0.3 m greater than in the above-lying reservoir. In general, with the crea-
tion of the cascade the water transparency during the period when ice had not
formed increased from 0.4-0.6 to 1.2-3.0 m.

The increase in water transparency caused an increase in the depth of penetration
of solar radiation from 1.0-1.5 to 2.5-6.0 m, which resulted in a lowering of the
boundary of the layer of photosynthesis by 1.5-4.5 m. The horizontal extent of
this zone increased from 442 to 2,062 km2 (see table). Therefore, the creation
of the cascade of reservoirs caused a considerable increase in the zone of photo-
synthesis, which led to an increase in biological productivity, including an
increase in the mass of blue-green algae.

The creation of the cascade of reservoirs caused a marked decrease in through flow
and water exchange. For example, in the Kremenchugskoye Reservoir, intended for
seasonal regulation, the water is replaced 3.5 times each year, whereas prior

to the creation of the reservoir within its boundaries under these same conditions
the water was replaced 83.9 times. The intensity of water exchange here decreased
by a factor of 24, In the Kakhovskoye Reservoir this decrease was by a factor of
19.6 (see table), whereas for the Kiyevskoye Reservoir it was by a factor of 13,

etc.

All other conditions being equal, hydrobiologieal processes develop most intensive-
iy in parts of water bodies without or with 1ittle through flow, characterized by
a total absence of a current or currents with low velocities, little water ex-
change and weak turbulent mixing [4]. After creation of the cascade of reservoirs
the Dnepr was transformed into a system of water bodies with 1ittle through flow,
which caused an intensification of the development of different water organisms

in them, including blue-green algae.

The decrease in water flow velocities in the reservoirs exerted an influence on

the quantity and quality of bottom deposits. In the course of formation of these
deposits their differentiation i3 observed: large particles are deposited in the

104

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

9SEe910UT

T°6S 6°C
L°L6 L°ST
L°601 T
6°¢c8 G*
8° 101 L
¢ STt 6

uoT3

-~I2NIJsUO0D

?1039q wep YIFm

agaf/sauTl ‘aSuByoXa 133BM

1881
867
oy
2902
T€S
L28

aseaxourx

692 0STC
(A3 0Ty
YeT ETAY
88T 052
91 SL9
9°%6 226
uot3l

-oni3suod

a1039q wep YITM

7=t ‘eoxe IoBIINg

aseaxour

0s°¢
0s°¢
¢8°¢
90°¢
66°C
€£0°€
uot3l

—-onI3suod
?1039q

w ‘yadep uesy

9z°(T
ez
86°1
€6°C1
61°C
£y°¢e

9SB9IDUT

MEM ¢£31ordED TOUUERY)

€76°0
ZES°0
%0
£95°0
0ev°0
L82°0
uoT3l
—ONI3SU0D
91033q

wep y3Ipm

2°81
0£°e
Sy°e
S°ET
9°C
€L°€E

wep Y3ITm

Te3loL

dLovsaoyey
94o0xsyzozodeyz
afomisutuzaazpoxdaugq
afoxs3nyouswaxy
afoxsasuey
24L0qsAaLTy

IT0AII83Y

Te30L

akoysaoyye)y
afoysyzoaodeyz
9foxsuryzaszpoadaug
afoxsBnyousmaxy
2£oysaaue)y
ELCTTETS w'

IFOAI3SIY

‘SITOAID89Y JO IPEOSE) JO UOFIONIIsuo) YITM Idaug Jo sOF3IsTIazdeary) (e fE3oroapLy ur asueyn

T 21qelL

105

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

zone of edging-out of the backwaters of rivers flowing into a reservoir and in
the upper reservoirs of the cascade, whereas the finer particles move into the
depths of the reservoir proper and into the lower-lying reservoirs. With the cre-
ation of the cascade of reservoirs there was an increase in the intensity of the
deposition of the fine fractions on the bottom and the accumulation of silts. The
thickness of the layer of silts in the Zaporozhskoye Reservoir is about 30 cm.
The silting of the reservoirs in the cascade occurs at a rate of 0.5-0.9 cm/year.
The bottom deposits are the site of wintering of blue-green algae. The silts cre-
ate favorable conditions for the maintenance of vital functions of the blue-green
algae during the prolonged presence of these water organisms there, in actuality
without light, at a temperature of about 4°C.

Blue-green algae are characterized by a diurnal migration: during the daytime

from the depths to the surface of the water, at nighttime from the surface into the
depths. With the construction of the reservoirs there has been an intensification
of the role of hydrological factors intensifying these migration processes.

An increase in depths and the associated decrease in the penetration of solar radi-
ation into the bottom layers of water led, especially in deep-water sectors with
1ittle turbulent mixing, to an increase in the water temperature difference at

- the surface and in the depths. During anticyclonic weather in the summer months
in the upper water layer there is a diurnal change in stratification: during the
daytime and in the evening -- direct, at nighttime and in the early morning --—
the reverse. Such a change in stratifications causes convective movements of the
water particles and exerts a positive influence on migration processes.

A considerable increase in the surface areas of the reservoirs created favorable
conditions for an increase in wind velocities and wave fetch, as well as an inten—
sification of wind waves. The height of the waves increased from 0.3-0.6 to 0.7-
1.9 m. The wave disturbances in the deep-water parts of the reservoir began to be
propagated to a depth as great as 12 m and exerted an influence on the specifics
of turbulent mixing of water. In this mixing there was an intensification of the
role of water particles moving in a plane close to vertical. An intensification
of the role of convective and wave phenomena in the turbulent mixing of water
exerted an intensifying influence on the processes of migration of blue-green al-
gae and on their developrent.

A decrease in the amplitude of the variation of water level results in a contrac-
tion of the coastal zones of drying-out (when the level drops), and this exerts

a favorable effect on the development of hydrological processes [4]. An increase
in channel capacity with the creation of the cascade of reservoirs by 40.6 km3
(see table) made it possible to carry out regulation of runoff and a reduction
in the amplitude of water level variation from 6-10 m to the height of the regul-
ating prisms of the reservoirs.

With the creation of the cascade of reservoirs there was a change in the conditions
for the formation of the quality of water in the reservoirs, which also intensified
the processes of "blooming" of water. The Dnepr flows through a demsely populated

region with a well-developed industry and agriculture in which different chemicals
are used extensively. The region is characterized by extremely great volumes of
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induscrial and domestic effluent rich in biogenous substances. With an increase
in the use of chemicals in agriculture there has been an increase in their con-
tent in the runoff, especially in surface runoff. It has been computed that in
the course of a year from 1 hectare of water-collection area about 0.2 kg of
phosphorus, about 2 kg of nitrogen, etc. enter into the system of reservoirs.
Scaled to per capita of population, this gives from 0.75 to 5 g of phosphorus and
8 g of nitrogen which are discharged daily with waste water [9].

Prior to creation of the cascade of reservoirs some of the runoff of solid and
chemical substances was held by the abundant vegetation on the floodplain (grass,
scrub and forests). After filling of the reservoirs most of the floodplain was
inundated and the natural filter disappeared or its role was considerably de-
creased. There was also a decrease in the quantity of forest in the coastal zone
and an increase in the area of the worked agricultural fields. For these reasons
the entry of chemical substances into reservoirs, including biogenous substances,
increased and this exerted a negative influence on formation of the quality of
water and intensified hydrobiological processes.

With the filling of the reservoirs of the cascade about 6,000 kmZ of lands with
fertile soils and vegetation were inundated. A total of 134,000 tons of organic
material, 42,000 tons of nitrogen, 2,000 tons of phosphorus, etc., entered the
reservoirs [8]. The inundated fertile lands and the biogenous substances entering
the reservoirs from them exerted the most serious influence on the processes of
development of different types of water organisms, including algae.

The creation of the cascade of reservoirs caused the formation of great areas of
shallow waters which occupy the following percentages of the total areas of the
reservoirs: Kiyevskoye -- 40%, Kanevskoye -- 24%, Kremenchugskoye —— 18%, Dnepro-
dzerzhinskoye -—- 31%, Zaporozhskoye -- 36%, Kakhovskoye ~- 5% [3]. The shallow
waters are characterized by poorer conditions for turbulent mixing and water ex-
change, a greater occurrence of phytocoemoses and better heating of the water
masses. Investigations show that the water temperature in them is 0.5-1.5°C high-
er, and in some phytocoenoses -- 3-4° higher, than in the deep-water sectors of
the reservoir. An increase in water temperature over great areas of shallow waters
accelerated all the exchange processes and the rate of reproduction of popula-
tions [4] and exerted an influence on the quality of the water and on the course
of hydrobiological processes in reservoirs.

In discussing the "blooming'' of water it must be noted that this phenomenon is not
observed over the entire surface area of the reservoirs of the cascade, but in indi-
vidual spots [1]. These "blooming spots'' are situated for the most part in the
lower sectors of the reservoirs. For example, in the Kremenchugskoye Reservoir

in July 1961 the biomass of blue-green algae in_the sector near the dam attained
7,166 mg/m3, in the middle sector — 2,177 mg/m3 and in the upper part -- 150 mg/m3.
Approximately the same picture was observed in July 1962 and 1963 [7].

Accordingly, "blooming spots" in reservoirs were assoclated with places of occurr-
ence of great depths, small current velocities, increased transparency, maximum
thickness of the layer of silts, and also slowed water exchange and flowthrough,
that is, those places where the hydrological regime experienced the greatest
changes.
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The intensity of development of blue-green algae in individual years is extreme-
ly different and is governed for the most part by hydrometeorological factors.
During the first years after filling of the reservoir there is an increase in
the intensity of "blooming." During subsequent years the intensity of this pro-
cess in general decreases somewhat. For example, in the Kakhovskoye Reservoir,
filled in 1956, the total biomass of blue-green algae in August was: in 1956 --
7,100 mg/m3, in 1957 - 9,429, in 1958 — 2,969, in 1963 -- 2,319 mg/m3 [71.

- An increase in the intensity of development of blue-green algae usually coin-
cides with the years of positive water temperature anomalies, weakened wind
activity and turbulent mixing of the water and increased water transparency, that
is, with years of development of anticyclonic weather conditions.

Summary

The creation of the cascade of reservoirs on the Dnepr caused a change in its hydro-
logical characteristics and related conditions of formation of the hydrological re-
gime. There have been considerable increases in channel capacity, surface area and
mean depths. In this connection there have been substantial changes in current vel-
ocity and water transparency, flowthrough, water exchange and conditions for the
formation of bottom deposits, penetration of solar radiation into the water and

its propagation there and formation of the thermal regime. Extensive areas of

jands from which a great quantity of organic material and biogenous substances
entered the reservoirs were flooded. The conditions for the formation of water
quality changed with the disappearance oOr considerable contraction of the areas

of the floodplains and also with the formation of extemsive zones of shallow
waters.

All these changes under conditions of a warm climate and the highly developed
national economy of the region led to a disruption of the ecological equilibrium,
manifested in an intensification of the development of different species of algae,
and in particular, blue-green algae, as is observed in the form of Y"blooming" of
water.
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EXPERIENCE IN USING A KINETIC EQUATION FOR DESCRIBING THE PROCESS OF FORMATION OF
FRAZIL ICE AND SLUSH

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 97-104

[Article by N. M. Abramenkov, Central Asiatic Regional Scientific Research Inst-
itute, submitted for publication 28 Jan 80}

[Text] Abstract: The author demonstrates the pos—-
sibility and some peculiarities of use of
the kinetic coagulation equation for de-
scribing the formation of small accumula-
tions of frazil ice and slush, Numerical
solutions of the kinetic equation are given
applicable to the conditions for ice forma-
tion in water flows.

The freezing of many rivers begins with the formation of frazil ice, which then
with adequate flow turbulence is transformed into slush accumulations. The pro-
cess of formation of the latter is similar in many respects to the process of co-
agulation in disperse systems, as was pointed out by S. Ya. Vartazarov in [1].
However, until now the study of the regime of surface slush-and frazil ice has
been based, as a rule, on the seeking of dependences between the values of ele-
ments of the ice regime (density of slush formation, slush discharge) and the
heat exchange between the water and slush surfaces with the atmosphere, In some
studies the authors have taken into account the hydraulic conditions for the for-
mation of slush but have not numerically described the mechanism for the forma-
tion of frazil ice.

In this article we examine some problems relating to the formation of frazil ice,
being an important element in the winter regime of many rivers, and on the basis
of concepts relating to the coagulation of particles numerically describe this

process.

The principal ohjective of this study was an explamation of the possibility and
peculiarities of use of a kinetic equation for describing the process of forma-
tion of frazil ice.

We will examine some volume of a mixture of water and ice crystals. Assume in an
element of the phase volume d ( = dxdydzdr, where r is the size of the particles,
the number of particles is characterized by the product of the density of the dis-
tribution f(x, ¥y, z, T» t) In a 4 element. The kinetic coagulation equation [2]
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can be written in the following form:

of Lyt '
—'d—‘-—"dIV(fUp)-J,'r 'g—{"':" ‘g:—=[+—l—+Fp- (l)

Expression (1) is the continuity equation, where the internal sources and losses
are integrals of the collisions I and I_, describing coagulation proper, and al-
so the F, value, representing the rate of entry of newly forming crystals into a
unit of phase volume. The U, value in expression (1) denotes the velocity of mo-
tion of particles of the size r. The last two terms on the left-hand side of equa-
tion (1) take into account the change in size of already existing ice crystals

as a result of freezing and thawing.

We introduce the following assumptions:

1. We will examine a one-dimensional case, taking into account only the coordin-
ate of depth of the flow z.

2. We will assume that the changes in the size of the crystals of frazil ice them-
selves do not occur, but the newly forming crystals, whose appearance is de-
scribed by the term Fp, have the size rgp.

The latter assumption is entirely admissible if the results of the investigations
{1, 5, 6] are taken into account. V. V. Piotrovich [6] indicates that it is impos-
sible even to make an intercomparison of the process of growth of crystals in
place (near a body) and the process of combination in the increase of ice ac-
cumulations, it being impossible to ascertain the extent to which the combination
process predominates over the growth process.

With the mentioned assumptions equation (1) is simplified:

of 9 —f. ] X F
TT__()_T(fUP)-I_ I- oo, (2)
where U,, is the velocity of movement of particles, I, is the number of particles
which as a result of collisions (changes in size) enter into a given unit phase
volume in a unit time, I_ is the number of particles which as a result of col-
lisions (changes ip size) emerge from a given unit phase volume in a unit time.

The collision integrals are adopted here in the form

T
Lomws [ P (= ) (o VIR () dr (3)
0 Fanss :
I-::';‘f (r (E (r+ r|)2 Vf"'|) dry, (3b)

where ry = (3 - r%)l/3, r is particle radius, ¢ is the capture coefficient,
V=il ()= Ul

U is the velocity of motion of particles, Tp,y is the radius of the largest par-

ticles participating in coagulation.

Since in thermal investigations of ice the kinetic coagulation equation has not
been employed, here it is fitting to cite at least a brief phenomenological vali-
dation of the collision integrals (3a), (3b).
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>
Assume that a particle of the radius r, moves in a flow with the velocity U, (rq).
The number of its collisions during a unit time with particles with the radgus Ty
+ Arz, moving with the velocity P (rp), 1s assumed equal to the number of the
latter situated in the phase volume A= S [ U, (rp) = U (xr9)| Ary, where Saff
eff | "p 1 P gﬁ

is the effective area of interaction of particles rp and rp, Seff = T (rl + 1y)°.
The nutber of particles r, in the indicated volume Al is equal to

AN == (r 0 fir Uy ()= U (ra} |3 re

- From the conservation of masses of colliding particles_and garticles forming as a
result of collision we have the obvious relationship r% + Ty = r3. Then

r-

Ar, = Ar.

S A—
T
All further reasonings will be carried out for a unit interval of sizes of the

forming particles Ar = 1.

ANz = .‘?\.T:/a (r; = £V [ P ) — U, (ra)l.

The mumber of collisions of all particles ry in the range of sizes drj with par—
ticles T, in the range of sizes A T, is equal to

AN, = =72 (7 — r2)=38 (= e f(r) f(r) U, (rd = U, (ra) 1 dry.
The mumber of collisions of particles r] and r9, leading to the formation of a new
particle of the size r, equals dN/¢ dNj, where §1~is the capture coefficient,
determining the percentage of collisions leading to the formation of a new par-
ticle of the size r. Then the total number of particles forming in a unit time as
a result of all possible colliasions is determined by the following expression:
r/')"2

le=x | ar(t—=R)B (ot nf flr) fr)

C

(3a)
X IUP(I")— Up(frl”dl'l.

Thus, equation (3a) was derived. Integration in this equation is carried out for
sizes from O to the size of a particle having a volume equal to half the volume

of a particle r (the radius corresponding to it is equal to r/ \}/B in order not
to take into account the same combination of sizes of colliding particles twice.
Equation (3b) is derived in a similar way.

Tn order to exclude from consideration the variations of the instantaneous values
f and U_, caused by flow turbulence, instead of (2) we will examine the time-
smoothed equation

F . 0 ry—T [ -F
-BT‘E-—&-!—(fU,,:]:L—I_-— P

The right-hand side of expression (2) will be considered a random value, s0 that

of 9 T
G T o fU) =l =14 (4)
In accordance with the Schmidt and Keller semi-empirical theory 3]
T T 07
fb,v: =] Upz — 39z ! (5)
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where V& is the turbulent viscosity coefficient.

Now understanding by f and Upz their averaged values, and substituting (5) into
(4), we obtain

af ., 4 / S N _ s 1 - F.

Lt g [t gg) =l l-5 (6)
Since all further computations are made in a coordinate system moving with the
mean flow velocity, by Up, we will understand the hydraulic granularity of the
considered particles. The computation of U,, is based on solution of the equa-
tion of motion for a particle situated in a fluid medium. The solution of the

_equation is similar to the solution proposed by Yu. M. Denisov. In contrast to

it, in our scheme we have taken Archimedes force into account and have neglected
change in the density of the medium with depth. It can be demonstrated that for
not excessively large particles (r<1-5 cm) the following expression is correct

. B ooani 4 i ACg 0
L‘I,,-— ——._'—C‘ w- R {1—1 l — he w /I-
where
s O rek,
A=l——, B= .

1] Pp

0,22 rk'-":p
= ———,
o

v is the particle volume, © is water density, P 4. 1s ice density, R, is the
density of a particle, in our case the density of accumulations of frazgl ice,

P~ is the coefficient of water viscosity, ks 1is a coefficient characterizing the
shape of the particles, for a sphere

k= (632 0.62.
The value of the coefficient of turbulent viscosity is computed using the formula
(3]
=) g1 = ) @
where X = 0.4, H is the depth of flow, I is water surface slope.
The rate of entry of newly forming ice crystals into a unit phase volume (Fp) was

determined from an expression based on computations of crystallization of super-
cooled water carried out by V. A. Rymsha [7]

1 z H—z:
—— 1S ¢h == — S;ch—=—=1,
[7T= surf; = ground] P Vom sh [ P Y am ! ]’nm} ' )

]/ 1Im .
where P is the intensity of release of the heat of crystallization in a unit vol-
ume, ¥} is the coefficient of turbulent thermal conductivity, m is a factor for
the proportionality between water temperature and P, H is the total depth of the
flow, z is the depth from the bottom to the point where P is computed, Sgyrf
is the intensity of heat transfer from a unit water surface, Sgr is the intensity
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of the heat flux from the ground (assumed equal to zero) .

According to the investigations of A. N. Chizhov [8], A. G. Kolesnikov [5], V. V.

Piotrovich [6] and R. V. Donchenko [4], the sizes of the crystals of frazil ice

are 2-3 mm, rarely exceeding 4 mm. Accordingly, in our case the following assump-
tion was made: the sizes (radii) of the newly forming particles have a fixed lim-

iting value rg, which in our case was assumed equal to 2 mm. The total mass of
ice crystals forming in a unit time in a unit volume is equal to
‘)

M= == Najto,,

where w, = (ro/kJ )3 is the crystal volume, N is the number of crystals forming in
a unit time in a unit volume, Y is the latent heat of fusion, A is the density

of the crystals (for convenience in computations assumed to be egual to the den-
sity of slush formations).

Hence
- P}

N =

3
o

For computing F_ it is necessary to assume that all the newly forming crystals
have a size from O to rQ. Accordingly,

N 3
I Fo= PR pkl vhen r=<v,

o ol (9)
I F,=0 when r>re

Substituting (7) into (6), we obtain a final differential equation for the dis-
tribution function

_d_f_,K — ) gHI —22'1 97 s T 2N\ o f
=I1——/-—+‘Fp.

which is fundamental for all numerical computations. I, I_ and Fp are computed
using formulas (3a), (3b) and 9).

For numerical solution of equation (10) we selected a semi-implicit predictor-

corrector scheme; the explicit part of the scheme -- the corrector --— is conserv-

ative.

The velocity V in equations (3a), (3b) is the relative velocity of approach of in-
teracting particles to one another; it is equal to the difference in the averaged

velocities of the particles and the difference in their "pulsating' additions:

V::U:). "7“)*—“7‘— r)'

In the first approximation we will examine only the averaged velocities of the

particles, which in our case represent the rate of floating up, that is, the hy-

draulic granularity of the particles. It is therefore clear that in this case

only that part of the gravitational coagulation [2] is considered which is caused

by the difference in the hydraulic granularity of the particles.
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Results of computations. In this article we describe the results of two numerical
experiments for computing the coagulation of frazil ice. The radius of the larg-
est particles participating in coagulation was assumed to be 2 cm and the interval
of radii 1s 2 mm. The total depth of the flow was 8 m, the depth interval was 1 m,
the time interval was 4 sec. The coefficient of turbulent viscosity was computed
using formula (7) for a slope I = 0.0002. The entry of newly crystallizing ice par-
ticles corresponded to the heat losses from an open water surface and was about

290 J/ (m2-:sec).

The first and second variants of the computations differ only with respect to the
capture coefficients ¥ in formulas (3a), (3b), that is, the effectiveness of col-
1isions of ice particles. For the first variant ¢ = 1.0, for the second ¥ = 0.1,
that is, in the first case each collision leads to coagulation, whereas in the

second —- only one of ten collisions leads to coagulation.
¢ 1+ for
T ypepe
! 'IJN_E N
3 a5 -7
a,a‘m‘E ------------------------------
5210° — NP

a4-10% a1-1. l === 1 —2

L [ YOS T TR T S B S}

j i A . A d A - o> 1 n i
g 20 40 60 48 100 120 w0 160 180 200 220 T Muk min

Fig. 1. Chronological variation of distribution function at different depths z
with different capture coefficients %¥,a)r =2mm, b) r = 10 mm, c) r = 20 mm;
1) 2=8m, 2) z =4 m 1) ¥= 0.1, II) ¥=1.0.

Figure 1 shows the chronological variation of the distribution function (or the
concentration of particles) at different depths for particles of different sizes.
The variations of the distribution function with time evidently are attributable
to the peculiarities of the adopted difference scheme. The variations are atten-
uating and after some time the solution enters into a stationary regime, despite
the constant influx of the finest particles. The existence of such a statiomary
state is mathematically attributable to the limited range of sizes of the consid-
ered particles. Such a limitation is physically valid because the coagulating
particles of sufficiently large size float to the surface, forming surface

slush, that is, a qualitatively different process begins, which in the described
scheme is not taken into account. In our numerical experiments the largest radius
of the coagulating ice formations rpax is equal to 2 cm. Accordingly, it is as-
sumed that particles whose size, as a result of coagulation, becomes greater

us
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than rp,y emerge from the limits of the considered spectrum and do not partic-
ipate in further coagulation. The quantity and total mass of such particles in-
crease with an increase in the number of large formationms, aad, finally, an
equilibrium sets in between the mass of the crystallizing particles and the mass
of particles emerging from the limits of the considered spectrum.

The time required for reaching a statiomary regime and the period of variations
are essentially dependent on the size of the particles and the capture coef-
ficient and virtually do not change with the depth at which the coagulation is
considered. The time required for the appearance of an appreciable quantity of
large particles is 10-15 min from the time of appearance of the first crystals
for ¥ = 1 (time of onset of the first maximum for the largest particles) and 30-
50 min for = 0.1 (Fig. 1). According to the observations of A. N. Chizhov on
the Naryn River [8], slush is collected into individual concentrations already
30-40 mir. after the time of appearance of the first crystals of frazil ice in the
flow.

In order to compare the computed time of appearance of a sufficiently large number
of coarse particles with the results of observations we carried out additional
computations for hydraulic and meteorological conditions close to those observed
[8]. The total depth of the flow was assumed to be 0.48 m, the slope of the water
surface was I = 0,037, the depth interval was 0.06 m, and the time interval was

0.2 sec; Tpax = 1 cm. The computations indicated that with a capture coefficient

@ = 0.1 the time of appearance of a sufficiently large number of the coarsest
particles is 5-6 minutes, for $= 0.01 -- 17-20 min, and for % = 0,001 it increases
to 60-70 min.

Fig. 2. Solution of coagulation equation after its entry into a stationary regime.
1) ¢ = 0.1; 2) ¥ = 1.0.

Accordingly, it can be expected that the value of the ¢ parameter in our scheme for
the selected computation conditions falls between 0.001 and 0.01, closer to the
lower boundary.

In our computations the concentration of the finest crystals of ice near the flow

surface was in the range 106—108 m'3, which in order of magnitude is close to the
observed data [9].
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A decrease in the total quantity of both large and small particles with an in-
crease in the capture coefficient ¥ can be seen in Figures 1 and 2. A decrease

in the concentration of small particles is easily attributed to a more intensive
coagulation (with a high value of the capture coefficient). After some time this
leads to a decrease in the number of large formations because small particles

are the initial material for their formation. However, an increase in the concen-
tration of the largest particles, which, it seemed, should be observed under condi-
tions of more intensive coagulation, does not occur due to an increase in the rate
of transition of the particles beyond the limits of the considered spectrum. Such,
evidently, is the mechanism of the general decrease in the concentration of par-
ticles of all sizes with an increase in the capture coefficient.

Figure 2 is a graphic representation of the stationary solutions of the two numer-
ical experiments. The logarithm of the distribution function in dependence on par-
ticle size and distance from the bottom z has been plotted along the y-axis.

The computed relationship between large (r = 2 cm), already forming, and the small-
est (r = 2 mm) "primary" particles varies in a very wide range. For a capture co-
efficient ¥= 1.0 the concentration of the largest particles is less than the con-
centration of small particles by a factor of 220 at the surface and by a factor of
0.48-106 at the bottom. With ¥ = 0.1 the relationships of large and small particles
are 240 and 0.20-106. At the same time, the total weight of the large formations
at the surface of the flow (for = 1) is 4.5 times greater, whereas at the bottom
—~ 480 times less than the weight of the small particles. For $= 0.1 these rela-
tionships are equal to 4.2 and 200 respectively. The computed value of the concen-
tration of particles of all sizes is maximum at the surface of the flow. Whereas
the number of the "primary" crystals (for %= 1) at the surface is only 17 times
greater than at the bottom, for the largest formations this relationship is already
0.37-105. The similar relationships of concentrations for ¥= 0.1 are 44 and 0.38-
105 respectively.

It must be remembered that the results of the numerical experiments cited here
are determined entirely by those conditions under which equation (10) was solved.
Additional computations indicated that such a parameter as the size of the largest
particles taken into account in the scheme (rmax) exerts a particularly strong in-
fluence on solution of the equation.

Our study indicated the possibility of use of the kinetic coagulation equation for
numerical computation of small concentrations of frazil ice or slush.

It was stated above that the adopted scheme makes it possible to compute only grav-
itational coagulation. In order to take into account other aspects of this process,
such as "direct turbulent coagulation” [1], the rate of convergence of particles,
determined in the collision intervals (3), must be computed by a different method.
A substantial refinement of the scheme can also be obtained by a more detailed de-
scription of the capture coefficient ® in (3). In our scheme we assumed ¥ = const.
Evidently, the capture coefficient must be dependent both on the degree of super-
cooling of the water, turbulent mixing or the rate of relative approach of the
particles and on their sizes. However, there have been few studies for clarifica-
tion of such dependences even in regilons where the kinetic coagulation equation

is used quite extensively. A further improvement of the scheme will possibly re-
quire allowance for the processes of destruction of particles.
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In the described scheme the “primary" crystals are represented in the form of
spheres of the radius rg, whereas under natural conditions it is possible to
observe the most diverse forms of crystals of frazil jce —— from acicular to
spherical. It is very common to observe particles in the form of small thin ice
disks [7, 8]. The use of the characteristics of form of the particles better cor-
responding to natural conditions should also lead to a refinement of the numer=-
ical scheme.
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UDC 551. (510.534+590.21)

OZONE AND SOLAR FLARES
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 105-107

[Article by Professor A. Kh. Khrgian and N. A. Petrenko, Moscow State University,
submitted for publication 6 Apr 80]

[Text] Abstract: The change in the total quantity
of atmospheric ozone X in the earth's cir-
cumpolar and tropical regions was examined ’ '
during the time of 80 solar flares during
1972-1977. In the cilrcumpolar region there
is a decrease in X on the average by X = -8
d.u., which substantially exceeds the probable
error in detemmining X. In the tropical region
the decrease in X is insignificant.

The problem of the influence of change in solar activity on the atmosphere 1s of
great interest. Its influence on the uppermost atmosphere — the thermosphere
above 100 km -— has been well studied and has a clear physical interpretation:
there 1s a considerable heating of the upper atmosphere from its daytime side
during periods of great activity, which leads to its expansion, a relative in-
crease in pressure (at a stipulated level in comparison with the nighttime side)
and the development of characteristic air circulation.

The situation is more complex with the lower layers of the atmosphere -~ the meso-
sphere and upper stratosphere — in which these manifestations of activity are not
so considerable and are more difficult to explain. Here it is possible to expect
an appreciable influence of activity on composition and accordingly on absorption
of solar energy and as a result, also on circulation. For the time being the in-
vestigation of these processes has only begun.

A special, but the clearest manifestation of activity is so-called solar flares,
relatively brief (with a duration of about 1 hour), but yielding a considerable
flux of electromagnetic and corpuscular radiation, including relatively fast pro-
tons. A single more detailed observation of change in composition -- a change in
ozone content in the upper stratosphere -- was made during the large flare of 4
August 1972, At that time a marked decrease in total content was discovered from
a satellite in the latitude zone 70-80°N in the layer above 38 km. A reduced con-
centration then persisted there, almost unchanged, for a period of more than 20

days.
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At the present time the idea prevails [1] that such significant flares produce an
"explosivelike" formation of considerable quantities of nitrogen oxides NOy in the
mesosphere. Since protons are focused in the high magnetic latitudes under the in-
fluence of the earth's magnetic field, the initial effect of the flare should be
concentrated specifically there in the annular region of the auroral maximum or
somevhat outside it, in the so-called region of "hdrogen auroras." Here NO, it is
postulated, enters into a catalytic interaction with ozone and initiates the pro-
cess of its prolonged destruction.

In order to check this hypothesis we examined the changes in the total quantity of
ozone X during a more prolonged period —- during flares occurring in 1972-1977. A
study was made of a total of 80 flares of the class 1B and 2B. For these we com-
puted the X values on the day before the flare, on the day of its occurrence and
1-3 days after. In the circumpolar zome, close to the auroral zone, we used X ob-
servations at Edmonton, Churchill, Goose Bay and Resolute (Canada), at Leningrad,
Murmansk and Yakutsk, and also at Lerwick (Great Britain). Thus, eight observator-
ies were used. The observations were sufficiently regular in order to ensure a
wiformity of the data for the mentioned five days in each case. Data on 32 flares
were used for 1972, data on 15 for 1973, 17 -- 1974, 3 =- 1975, 4 —-- 1976, 9 —
1977. Thus, this period took in both the time of relatively high activity (1972)
and a year of very low activity (1976) when over the course of individual weeks
there were no spots on the sun at all.

Table 1

Change in Total Quantity of Ozone X in Dobson Units During Solar Flares of Classes

1B and 2B
‘ Circumpolar region ’Ero?ical and equatorial

Year| " 7 T l - Fog ! ;
N L ll 3

. : ' 1
e | oo D oase ase |2 “rn Loso Jort (o Lo o (2
s | Th 0 aam |30 [0 {ost 182 | 268 | 200 69 1269 {30
o |15 as0 &S |6 [T oarl |22 26 ) e
1975 4 327 325|318 lsls {318 1279 280 |2,_9 26 s
lorg | 4 ¢ 03 Wi |aos las o dlv 2 18 28 ) B0 | 254
R RO L IR e |26 | %5 | 267

Mean for all flares
[ SO | 3T 376 |uT4 | 370, (34 2L |29 |22 1972 | 273

Note. n —— mumber of observations. Days: -1 —- day before; O -- day of flare, 1, 2,
3 -- days after flare.

The mean data for all 80 flares for the six—year period are given in Table 1. This
table shows that in the circumpolar region at the time of a flare there is evident-
ly a small gradual decrease in X in agreement with the above-mentioned photochem-
ical hypothesis, The decrease in X from the "eve" of the flare to the second day
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on the average was AX = -8 d.u. (Dobson units). However, it varied from -12 in
1972 (the year of greatest activity) to +4 in 1976 (a year of very low activity).
It is possible that the flare effect is dependent both on the flares themselves
and on the general activity level.

Table 2

- Standard Deviation O of Mean Daily Data in Dobson Units

l 1972 1973 ! 1974 1975 1976 1977 Mean
i
l ]
Leningrad i
April 245 51,1 47.2 33.1 39,0 323 379
August 17,2 16.7 23,3 163 22,0 23,7 19,9
Edmonton I
April 33.2 36.0 37.8 31.0 20.6 52.7 35.2
August 263 331 1 B3 | 401 224 | 200 | 265

However, on individual days with flares the AX values can deviate substantially
from these means in both directions. For example, in 1972-1974 we discovered a
number of cases when AX < -20. Thus, on 13 January and 7 March 1972 AX attained
~31; in 1973 and 1975-1977 there were no cases with A X< -20. To be sure, it
must be remembered that in a number of our observations there are also values Ax>
O and that therefore the correlation of flares and X can be ambiguous or burden-
ed by random deviations.

In order to evaluate the reliability of our data on the mean AX we compared them
with v -- the value of the probable error in the daily X values., In this case,
obviously, the mean error of data from n observatories for N cases of observa-
tions is
¢e=067c1AN—1,

where ¢ is the standard deviation of the daily data for one observatory.
We computed the O values for two characteristic observatories —— Leningrad and Ed-
monton, relatively close to the region of "hydrogen" auroras. The computations
were made for April and August -- the months with the maximum and minimum ozone

- variability respectively (see Table 2).

On the other hand, the mean value AX for 1976, determined from observations of
all four flares, has the probable error

v=10.67.20)45—1 23,5 dobson units,

and the AX = +4 value therefore in no case can be considered reliable or indica-
tive for the AX variation.

Tt is obvious that rapid photochemical changes over the course of several days can
occur only in that upper part of the ozone layer where the mean time for the sett-
ing-in of photochemical equilibrium is = 1 day. For the usual system of ozone
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reactions this will be above 36 km — in the atmospheric layer which was examined,
in particular, for the above-mentioned observation of the flare of 1972, In the
layer above 36 km (in the high latitudes) there is on the average about 27 d.u.
of ozone. Thus, if the ozone changes which we discovered in these latitudes are
actually associated with flares, the effect of the latter is a decrease in X by
approximately 30%.

However, it is also necessary to examine the change in relaxation time T of ozone
with the postulated (see above) explosivelike formation of NOx in the mesosphere.
It can be somewhat different than with a mean state of the atmosphere and the level
with T= 1 day can be different.

Similarly we studied the changes in X in the tropical and in the equatorial re-
gions. For this purpose we used observational data for Varansi, Mount Eba, Mauna
Loa, Kodaykanal and Huancayo (between 23°N and 16°S). There were no progressive
changes in X during the flare and for three days thereafter. In individual years
the mean AX was from +2 to -3, averaging +1. True, in this zone the variability
of ozone was small, O 8 and accordingly for the five observatories v = 0.3 d.u.
However, in this case it is very difficult to ascribe a physical sense and value
to AX = +1 (see Table 1). It can be surmised that the disturbance of the ozone
layer arising during the period of a flare in the circumpolar latitudes during
such a short time as three days can be propagated into the low latitudes. In ad-
dition, the absence of changes in X in the latter suggests that the electromag-
netic radiation of a flare evidently produces a lesser influence on the ozone
layer than corpuscular radiation. If the influence of direct irradiation by X-
or UV-radiation was substantial and decisive the ozone changes would be far more
appreciable in the low latitudes than in the high latitudes,

In the future, evidently, it would be of interest to analyze the influepce of
flares directly on the basis of observations of the vertical distribution of
ozone. For the time being there are few such data.
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IArticle by G. K. Gushchin, Karadagekaya Actinometric Observatory, submitted for
publication 25 Feb 80]

[Text] Abstract: On the basis of measurements from
scientific research ships in the northwest-
ern tropical zone of the Pacific Ocean it was
possible to obtain the mean characteristic
curve for change in the total ozone content
in dependence on distance to the center of a
typhoon. In the regions of a typhoon adjacent
to the center and on its most distant periphery
the quantity of ozone is 6-12% greater than in
the undisturbed atmosphere. An ozone deficit
(4-6%) is noted at distances 1,100-1,500 km
from the center of the typhoon. These peculiar-
ities in the distribution of the total ozone
content can be explained qualitatively on the
basis of vertical air movements noted during
observations.

Circulation in a typhoon takes in the entire troposphere and even the lower strat-
osphere [7]. Intensive ascending and descending air movements, developing in a ty-
phoon and leading, in particular, to fluctuations in the altitude of the tropo-
pause, should also exert a definite influence on the atmospheric distribution of

ozone,

The fluctuations of the total content of atmospheric ozone in the tropics are re-
lated for the most part to a change in the position of the subtropical anticy-
clones and have a small amplitude [3]. As an example, the table gives the mean
daily values of the total ozone content ($2) in the region of work of the exped-
itions "Tayfun-75" and "Tayfun-78," which were obtained on the southern periphery

of the North Pacific Ocean subtropical anticyclone and characterize the undisturb-
ed ozonosphere. The mean 52 value here was 0.255 cm and the deviations from the
mean did not exceed +47%.

The disturbed tropical atmosphere is characterized by completely different ampli-
tudes of fluctuations of theszvalues, Intensive flows of stratospheric air from
the temperate latitudes are accompanied by marked increases in the total content of
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ozone by 30-50% [4]. On the other hand, ascending air movements in the ICZ can
lead to a decrease in the S values by 60% [1, 2].

Table 1

Mean Daily Values of Total Ozone Content (2, 10~3 cm) on S and SW Peripheries
of Subtropical Anticyclone Characterizing Undisturbed Ozonosphere in Region of
"Typhoon" Expeditions (Data for 16th, 18th and 23d Voyages of Research Ships

"akademik Korolev" and 24th Voyage of Scientific Research Weather Ship "priliv"

t ]
| ‘ Lati-l Longi-
Date |Lati- | Longi- ! ! | ong Q
tude,*| tude, ° e i Date i tmle,'i tude, ®
[l | i
1975 r
AV 120¢ 1137 a 252 N 14N 185 ¢c.| 1430 B 255
1nIX | 210 1487 R T} 183y | 30 p 237
12 © 188 1458 o0 11X 17.3 1194 248
13 ;183 EECI El 12 12,8 114,6 256
1976 r.

4 VI | 21,8 ¢ 12078 | 253 16 VIIy 200c. | 1702 3 l 258
10 20.0 1554 1 232 17 200N | 1640 W 251
1 20,0 160.4 253 20 22,1 161.1 1264
12 20.0 1653 202 | 2 230 162,0 i 3
IR 20.0 1702 256 22 26,7 1659 l 258
14 | 200 1752 25

1978 r.
22 1IN 15.7 ¢ 1450 8. 236 3 VI ’ 233 ¢ | 14628 | 262
30 1.0 143,0 235 7 233 1453 263

I\ K] 145.0 25% 1 233 43,3 l 200

2 i1.0 145.0 203 i3 ’ 235 1433 e
10 239 131.8 238 16 339 1455 |27
i} Coa74 . 1324 0| 261 17 234 144.7 | 257
24 VI 250 1490 253 18 232 1443 | 249
23 250 ¢ 1450 252 24 233 131,5 i257
% 220 ¢ 1435 233 191X 133 147,6 | 233
30 153 148.0 250 22 133 147.6 | 254
TR 1.1 149.3 248 25 133 147.6 247

SV 220 1478 252 Mean 255

With the passage of typhoons there were appreciable increases in the ozone concen—
trations in the upper troposphere and lower stratosphere [9] and a considerable de-
crease in the total ozone content in the region of ascending air movements [57.
Measurements of the total ozone content made on scientific research ships make it
possible to trace the §2 distribution at different distances r from the center of
typhoons (see Fig. 1). Use was made of observational data for several voyages of
the scientific research ship "Akademik Korolev" and the scientific research weather
ships "Okean" and "Priliv" in the northwestern tropical zone of the Pacific Ocean.
The greatest volume of data was obtained on the 16th voyage of the scientific re-
search ship "Akademik Korolev" during the "Tayfun-75" expedition.

Out of safety considerations the ships did not enter the typhoons and all the ob-
servations were made at great distances from the centers of the typhoons. However,
a study of the processes even on the distant periphery of typhoons is of undoubted
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interest because the influence of a typhoon extends far beyond its limits. For
example, observations from a satellite show that the area of spiraling convective
cloud cover entrained into a typhoon exceeds the area of the cloud vortex of the
typhoon itself by a factor of 20 [6].

0,107
r
b/ N
h! 3
HF___
2

Fig. 1. Dependence of mean daily values of total content of atmospheric ozone §2 on
distance r to center of typhoon. 1) typhoons; 2) Typhoon Tess; 3) tropical storm;
4) tropical depression; 5) mean §2 value in undisturbed atmosphere.

Typhoon Tess was tracked for the longest time and ozonometric observations made it
possible to determine the trend in the change of S with r ¥1000 km (see Fig, 1).

In order to clarify the dependence of {Jon r at distances less than 1000 km observ-
ations were made in tropical depressions and on the peripheries of tropical storms.
The legitimacy of combining observations relating to different stages of tropical
cyclones follows from computations made using data from the "Tayfun-75" expedi-
tion and showing that the values characterizing the dynamic and energy state of

the atmosphere in this case were completely similar both on the periphery of ty-
phoons and in tropical depressions [8].

In Fig. 1 the curve drawn on the basis of 24 2 values shows the change in the to-
tal ozone content with advance toward the center of the typhoon. The deviations of
individual f values from the curve for the most part does not exceed 2%. The quan-
tity of ozone is minimum at an average distance of 1300 km from the center of the
typhoon and increases both with an increase and with a decrease in distance r. At
distances of 1000-1500 km from the center of the typhoon the ozone deficit relative
to the mean J¢ value in the undisturbed atmosphere (0.255 cm) is 5-6%. With 360<
r< 500 km and 2500< r < 3000 km the total ozone content exceeds the value 0.255 cm
by 5-8 and 5-~12% respectively.

Since typhoons have a relatively small extent and move tropical air masses rather
homogeneous with respect to their ozone content, the advective changes in the
values can scarcely be significant. Probably all the peculiarities in the distrib-
ution of the total ozone content represented in the figure are related only to the
vertical movements of air in typhoon systems. In such a case in the region of ozone
deficit (r = 800-1800 km) there should be a predominance of ascending air flows near
the tropopause. In actuality, computations of vertical wind velocities made for dis-
tances of 800-1000 km from the center of typhoon Tess indicate that there, in a gen~-
eral case, it is possible to observe ascending movements up as far as the tropo-
pause [8].

Observations and computations show that with r> 300 km descending movements usually
develop [8] which should lead to an increase in the total ozone content. In our

case with r# 400 km there was an increase in the §2 values by 87 relative to the
mean value (0.255 cm).
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On the most distant periphery of the typhoon (r> 2000 km) the total ozone content
also increased and accordingly descending air movements predominate there.

Thus, the nature of changes in the £ values (see Fig., 1) agrees qualitatively with
the dynamics of typhoons. More numerous and specially organized observations make
it possible to ascertain the quantitative relationships between the total ozone
content and individual parameters of typhoons.

3.

4‘
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UDC 551.510.4
DEPENDENCE OF CONCENTRATION OF TROPOSPHERIC CARBON DIOXIDE ON SURFACE PRESSURE
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 110-112

[Article by Candidate of Physical and Mathematical Sciences V. F. Belov, Doctor of
Geographical Sciences V. D. Reshetov, Doctor of Chemical Sciences B. A. Rudenko
and N. P. Shoromov, Central Aerological Observatory, submitted for publication 25
Feb 80]

[Text] Abstract: This paper presents the results of
alrcraft measurements of the volumetric con-
centration of tropospheric CO2 obtained in
November 1978. The results, averaged for all
altitudes, are represented in the form of a
graphic dependence on atmospheric pressure of
the air mass in which the measurements were
made. The least squares method is used in
finding the linear dependence of the CO2 con-
centration on pressure. With an increase in
pressure the CO2 concentration in the tropo-
sphere decreases.

During recent years scientific interest in the carbon dioxide problem is increas-
ing [3]. This interest is attributable to the fact that the mean CO2 content in
the atmosphere, beginning with the beginning of the century, is continuously in-
creasing. For example, whereas at the end of the last century the relative vol-
umetric concentration of CO7 in the atmosphere averaged 290 parts per million
parts of air (mill‘l), by the end of the 1970's it had attained 330 mill-1, Thus,
during this period the increase in the mean CO content was 13.8%Z. The rate of
increase of COy during the last 20 years has also been increasing and by the end
of the 1970's had attained 1.5 mill™1l/year [5].

This increase in atmospheric CO, according to the calculations of climatologists,
can cause a warming of climate, which in turm can have such consequences as a
thawing of the polar ice, inundation of the coasts of seas and oceans and unpre-
dictable changes in the atmosphere [4]. In order to predict the further change in
the atmospheric CO; content it is necessary to know the factors exerting an influ-
ence on the CO, content there.

The first regular observations of the atmospheric content of COj were begun in Swe~-
den and Finland in 1954 [8]. These observations were considerably activated during

the period of the International Geophysical Year (1957+1958). The results of ob-
servations made in the free atmosphere by Bolen and Bischof for the northern
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hemisphere, by Pearman and Garratt for the southern hemisphere [6, 7, 9]. In the
Soviet Union such observations of the COp content in the free atmosphere made
from an aircraft were initiated in 1973 by the Central Aerological Observatory [1].

Observations during the first years were made with a coulometric gas analyzer. The
instrument was installed aboard a flying laboratory — an IL-18 flying laboratory.
The measurement errors were 5% of the measured parameter. A preliminary analysis
of the results of the measurements indicated that the CO?_ content in the tropo-
sphere was subjected to quite great variations attaining 10%Z or more of its mean
content [1].

Table 1

Results of Aircraft Measurements of CO, Concentration in Troposphere in Dif ferent
Air Masses at Different Altitudes Over Territory of Soviet Union in November 1978

Buicota, . 2
. [ T i : I Paiion 3| Jdasaensie. %
lecao 0 1] 23 1 s lbe 78 L HIMEpeHHit 16
2 ] 328 31 l 35 l Yapawoy 5 1000
15 sz 327 320 |Amaepua 970
17 37 | 30 3J5 1 310 Maraaau 1020
15. | 33 i M 324 {Kawvartia 990
19 i 347 304 Caxaaws 9 1000
21 | 33 320 R 3 S0 320 |Caxa.ann 8 980
2 SRS Sm39 13 Bpatex 1 976
24 312 sy | B2 318 Joweux 1L 1020
p2} 35 | 38 528 Mocksa 12 980
KEY:
1) Number 7) Magadan
2) Altitude, km 8) Kamchatka
3) Measurement region 9) Sakhalin
4) Pressure, mb 10) Bratsk
5) Chardzhou 11) Dometsk
6) Amderma 12) Moscow

In the analysis of the results it was possible to determine the factors which can
be responsible for variability of carbon dioxide in the troposphere. In particular,
it was discovered that the mean CO, content in the troposphere in clear anticyclon-
ic weather is less than in cyclones [1]. Such facts have been noted earlier by other
authors. For example, in determining the CO2 content in the near-surface and near-
water layers of the atmosphere from ships and automobiles it was possible to note a
dependence of the CO content in the air mass on its origin [2]. However, no correl-
ation was noted between the CO) content in the air mass and cyclonic or anticyclonic
circulation. Therefore the objective of this study was a clarification of the depen-

dence between the CO2 content in the air mass on atmospheric pressure.

For this purpose we analyzed the results of the observations made by the Central
Aerological Observatory in November 1978 in the troposphere over the territory of
the USSR. The measurements were made employing an improved method aboard an
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aircraft employing a new airborne gas chromatographic gas analyzer developed by
the Institute of Organic Chemistry imeni Zelinskiy USSR Academy of Sciences in
‘ collaboration with the Central Aerological Observatory on the basis of a standard-
! produced LKhM-8MD gas chromatograph.

,,,,;" mill"l' k

JJa -

Ji- t
| .

' 350 580 905 1020 & mb

Fig. 1. Dependence of mean volumetric concentration of CO; in troposphere on atmo-
spheric pressure at the earth. The graph shows the mean square measurement errors.

The operating principle of the gas analyzer is as follows. The air sample to be an-
alyzed 1s transported by a helium flow through a chromatographic column filled with
an adsorbent of the "polysorb” type. The components of the sample to be analyzed,
with their passage through the column, are separated from one another and after

; emergence from the column are registered by means of a detector on the basis of

. the change in the thermal conductivity of the passing gases. The signals from the

' detector are fed to an automatic KSP-4 potentiometer, where they are registered in
the form of peaks. The gas concentration in the sample is determined from the val-
ue of the peak, for example, from its height. Improvement of the aircraft method )
! for measuring the CO, concentration involved the carrying out of regular calibra-

! tion of the gas analyzer by means of a standard gas mixture with a known COp con-
tent, determined with a high accuracy. The time required for the analysis of one
sample was 3-5 minutes. The error in an individual measurement was 1-1.5%. The
sampling of air for analysis was accomplished from the aircraft air line feeding
air into the cabin.

The results of the observations of CO2 content in the troposphere at different alti-
tudes from 0.5 to 9.0 km, carried out in November 1978, are presented in Table 1 in
the form of volumetric relative concentrations. The last column of the table gives
the atmospheric pressure at the earth at the center of the air mass in which the

i observations were made. In order to clarify the dependence of the tropospheric

: COy content on pressure at the ground level the observational data were averaged

i for all altitudes and plotted on a graph (Fig. 1). Here along the x—-axis we have

‘ plotted the pressures at the ground level (see Table 1), and along the y-axis --

; the mean COy concentration in the troposphere.

The figure shows that with an increase in pressure at the ground level the COy con-
i centration in the air mass decreases. This fact agrees with the phenomenon, noted
earlier in [1], of a lower COp content in the troposphere under anticyclonic condi-
i tions. If it is postulated that the dependence of the C02 concentration on pres-
sure at the ground level is linear, that is, that the CO2 concentration is related
to pressure P by the formula
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C=ab-b, @)

then, using the least squares method, it is possible to determine the constants a
and b in formula (1) using the experimental values Ci and Pi (see Table 1 and Fig-
ure 1).

After computing the coefficients a and b we obtain the following dependence of
the volumetric concentration of COy in the air mass on stmospheric pressure in
the form

¢ =—=0,25 P- 55 2)

This dependence has a preliminary character since it is based on limited statis-
tical data. Nevertheless, it can be of some interest in constructing mathemat-
ical models describing the COy content in the troposphere in dependence on atmo-
spheric pressure at the ground level. One of the reasons for the decrease in the
COy content with an increase in pressure at the ground level (that is, under anti-
cyclonic conditions) can be a predominance of descending currents under such con-
ditions, bringing from the upper layers air having a lesser C0p content, and vice
versa, an increased COj content in cyclones can be caused by ascending flows in

a cyclone bringing CO, from surface sources.
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UDC 551.508.7

DETERMINATION OF THE WATER VAPOR CONTENT ON NEAR-SURFACE PATHS FROM THE SPECTRAL
BRIGHTNESS OF OBJECTS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 113-116

= [Article by V. N. Marichev, Institute of Atmospheric Optics, Siberian Department
USSR Academy of Sciences, submitted for publication 23 Nov 79]

[Text] Abstract: The author has developed a simple
and effective method for determining the in-
tegral moisture content of the air layer to
an observed object, based on measurement of
the intensity of the solar radiation reflect-
ed by the object in and outside the water vapor
absorption band. The measurement method is de-
scribed. The paper gives the results of deter-
mination of the precipitable layer of water
vapor on paths with a length of 0.7-3 km, ob-
tained on the basis of experimental data.

In order to solve a number of problems related to investigation of the physical
properties of the atmosphere and also for practical needs it is necessary to
have routine information on the integral characteristics of humidity on near-sur-
face paths. In such cases it is of unquestionable interest to develop new, simple
and effective methods for the remote determination of moisture content of air
layers, as will be considered below. :

The essence of the method is as follows. The earth's surface is illuminated by the
sun, whose wide~band radiation spectrum takes in the vibrational-rotational ab-
sorption spectrum of atmospheric gases. In order to determine the gas content in
the air layer to the observed object its spectral brightness is measured. In the
measurements use is made of sectors corresponding to the absorption band of gas
molecules (A 2) and the nearest window of atmospheric transparency (A1). From a
comparison of the signals received in the absorption and transmission sectors it
is possible to determine the quantity of gas along the measurement path.

The expression for the sensed brightness of the observed object B(L), in accord-
ance with [2], is written as follows:

B(L)=ByT (L) + B[V —T(L)]. @)
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where T(L) = e~ YL {s the transmission function, Y is the extinction coefficient,
B is the brightness of an infinitely extended air layer (that is, sky brightness
at the horizon), By is the true brightness of the object.

With increasing distance from the observed object the sensed brightness differs
from the true brightness for two reasons [2]: first, because there is attenuation
of radiation along the path from the object to the observer due to scattering and
possible absorption; second, due to the fact that due to the fogging effect of at-
mospheric haze there is an increase in the brightness of the object proportional
to the length of its layer. The first effect in (1) is taken into account by the
function T(L) and the second by the second term, following from the Koshmider
"light-air" equation. The corresponding spectral brightnesses for the two spectral
sectors of interest are written in the form

B (L) =By, Tpu (L)+
. —5e
[T = abs] B (- .
(2)

B, (L)y=8,, T

p'».“_ (L' Tﬂ:“' (L +

+ B (1= T

).

where T, 21> Tp) 2 is the transmission function for a layer of the atmosphere with
the extent L in the spectral sectors A; and 7(2, determined by radiation scatter-
ing; Taps A2 is the transmission function in the absorption band, determined by
the absorption of radiation; S » & o are the coefficients of atmospheric scatter—
ings of is the coefficient of mo}ecular absorption.

The true spectral brightnesses of the object BgAjs 3022 are determined as

x, (8)
By, = & —— Eox, Tpi (=),
8, A, = gx,_. 2 X

2=

-~ on’ Tp\? (=) Ty;, ().

Here gA1, A are the spectral albedos of the object; %Ay, * A9 are the scatter-
ing indicatrices for the radiation of objects in the direction of the observer;

B 1is the angle between the line of sight and the direction to the sun; EgAl,
EgA g are the spectral illuminations of the object without allowance for the at-
tenuation of radiation; Tp A1(%0 ), Toa2(€0), Tapgrp(c0) are the functions of
transmission of radiation by the thickness of the atmosphere in the transparency
window and the absorption band.

The brightnesses of an infinitely extended atmospheric layer B’l and B Agps in ac-

cordance with [2], are represented as
/»,_I(O) P

[Tr = abs] E"'l= 4= “0n CpYy (e,

3

5, —

“1=4r.(5...+:)

(4)

X Eqy T i, (09) Ty, (@)
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where £ 7\1(6), f )2(6) are the indicatrices of scattering of radiation by air in
the direction of the observer.

On the basis of [4-6], for the spectral sectors of the visible and IR ranges, spac-
ed several hundredths of a micron, it can be assumed with a high accuracy that
W=h=t & =6, =2
Ry =k =R, (5)
Tp‘*," Tpy=To.
5, (&) =5, (9) =1 (8).

We introduce the coefficients fg and £§ , determined as

. 5, .
— " = 2 6
fi= =, S T (6)

[1.r= abS] Se= E. n}.2 (7)

The final expression for the transmission function Tapg Ap(L), which carries in-
formation on the gas content along the measurement path, is written as follows:

T . (Ly=— X
n“'—'( ) S
—i L (8)
B, (Ly=bB (1—¢ @
B =B, (- h)
1

For determining Typg A 2(L) it is necessary to find seven parameters, specifically

B?l, B?\z, 5)1, 5}2; fK’ f§, i .

Measurement method. The expression for the registered signal in this case has the
form

U (L) =nQ 8B,, (L) 3.
! 9

where (X is a coefficlent including the response and transmission of the receiving
system; §), S is the solid angle of the field of view and the area of the receiv-
ing antennaj; AA is the transmission band of the spectral instrument.

Since the useful information ultimately arrives in the form of electric signals,

the expression for Tgg ?\Z(L) is written more conveniently through the values of
these signals:
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, LU (L) =9, (L)
VTR TD =, W)

1 U (L) (10)
TR @
Al

Here the signals U (L), § (L) are related to B 3 (L) and 5,\ (L) by expression (9).

Tabs A

2(L) is determined by satisfaction of the following operations:

1) The spectral signals UA (L), Ua,(L) from the observed object are measured.,
2) The signals corresponding to sky brightness at the horizon are determined. Then

with L =00 Uaq(00) = Pa1(0), Un,(00) =

Prp(0), and £§ = $y(00)/P 21 (22).

3) Signals from a near—lying screen (L = 0) are registered, this excluding the con-
tribution of haze to the total signal. From these signals we find the coefficient

fo= U (0).U; (0).
2 1

4) Using the meteorological range of visibility Sy we find the scattering coef-
ficient 5 . For evaluating & it is possible to use tables of its dependence on
wavelength for different Sy [3].

In cases when the object is situated at a short distance or atmospheric transpar-

ency is high, the influence of haze can be neglected.
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Fig. 1. Signals obtained in observation of some objects at different distances

in two parts of spectrum:

) KEY:
- 1) Relative units
2) Screen

in band (2, A= 942 nm) and near band (1, A = 928 nm)
(water vapor absorption band)
3) Soil 5) Forest
4) Grass 6) Sky
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Fig. 2. Results of determination of precipitable layer of water vapor on the basis
of measurement of the spectral brightness of objects.

Table 1
Mean Humidity Values)_d = W/L on Different Paths, 1977
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KEY: 3
1) Notation in Fig. 2 4) g/m 7) Glade
2) Date 5) Extent to end of path, km 8) Screen
3) Time 6) Shore 9) Forest

The considered method was checked in the example of sounding of water vapor. We
used spectral sectors near A1 = 929 nm (transparency window) and ?\2 = 942 (ab-
sorption band) with a width AA= 6 nm. This gave basis for using the empirical
dependence between the precipitated layer of moisture W and the optical ‘thickness

{abs (W) [11, which we derived earlier, which is more conveniently written in the
form - e e
W95 4%,
[1r= abs] (11)
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where 't;bs is dfiermined through the transmission function /zabs az(W): 1 aps
=1 [Tapg A (171

Measurement results. An experiment for determining the integral humidity was carried
out in May-June 1977 with solar zenith angles 35-60°. The length of the realized
paths was in the range 0.7-3 km. One of the series of measurements is represented
in Fig. 1. Here the signals denmoted by the figures 1 and 2 relate to measurements
A1 and Ao and the figures 3 and 4 represent signals obtained with allowance for
the correction for the influence of haze. In this situation Sy2=Z 25 km (£ = 0.1
km~1l), It can be seen that the signals in the transparency window are considerably
stronger than in the absorption band. Their ratio UAj(L)/UAo(L) increases with
increasing distance of the observed object from 4.8 (L = 0.7 , river shore) to
7.3 (L = 3 km, forest). The minimum and maximum ratios of the signals, 2.5 and
16.9, were obtained for a nearby screen (L = 0) and with measurement of sky bright-
ness at the horizon (L = ©0),

The results of determination of the precipitable layer are given in Fig. 2, which
glves the dependence of W on the length of the path on different days and different
hours. The W values relating to the same series of measurements are comnected by
lines and annotated with figures corresponding to the numbers in the table. It can
be seen that in general the increase in W is proportional to the length L of the
path (with the exception L = 0.7 km, which will be mentioned below). The measure-
ment error O:,/W is 13-18% with Sy = 20-30 km and 21-27% with Sy = 10 km, The pre-
cipitated layers of moisture 4 and 5, determined on the basis of observational data
from observations made with a 20 min interval, are in good agreement, The value for
the precipitated layers was used in determining the mean humidities on the paths

P = W/L, which are cited in the table. As a comparison, here we have also given

the humidities measured with a psychrometer at the reception point (fgrec) and an
optical hygrometer [1] on a path with L = 0.98 km (/9hy). In all cases it was as-
certained that the humidity along the path reception point - shore (see Fig. 1) ex-
ceeds the control humidities P ... and fhy! which surpasses the measurement error.
The figure shows that this path then passes closer than the others to the water sur-
face and therefore high mean humidity values should be expected here, as was dis—-
covered in the experiment, The humidities measured along one and the same path re-
ception point ~ screen by the two different methods (also described from the radia-
tion of a thermal source) agree well with one another (the difference does not ex-
ceed 10%). On paths rising higher above the river the 0 values are close to Prano
A comparison of the data obtained by different methods gives basis for drawing the
conclusion that the proposed method can be recommended for determining the integral
content of water vapor on paths of different length. An analysis of the accuracy
characteristics of the method, not presented here to save space, shows that the ac-
curacy in determining W, considered above, can be improved to 8-15%. Among the mer-
its of the method is its simplicity, ease of use and routineness in making measure-
ments in the surface layer in any azimuthal directions and the possibility of
sounding other atmospheric gases.

BIBLIOGRAPHY
1. Borovikov, V. G., Marichev, V. N., "Instrument for Optical Measurement of Atmo-
spheric Humidity," TEZISY DOKLADOV PYATOGO SIMPOZIUMA PO LAZERNOMU I AKUSTICHESK-

OMU ZONDIROVANIYU ATMOSFERY (Summaries of Reports at the Fifth Symposium on
Laser and Acoustic Sounding of the Atmosphere), Tomsk, 1978. i

137

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

3.

4.

5.

FOR OFFICIAL USE ONLY

Gavrilov, V. A., VIDIMOST' V ATMOSFERE (Atmospheric Visibility), Leningrad,
Gidrometeoizdat, 1966.

Zuyev, V. V., et al., "Atmospheric Propagation of Laser Radiations," ZARUBEZH-
NAYA RADIOELEXTRONIKA (Foreign Radioelectronics), No 7, 1977.

Zuyev, V. Yeo, RASPROSTRANENIYE VIDIMYKH I INFRAKRASNYKH VOLN V ATMOSFERE
(Propagation of Visible and IR Waves in the Atmosphere), Moscow, Sovetskoye
Radio, 1970.

Zuyev, V. Ye., Kabanov, M. V., PERENOS OPTICHESKIKH SIGNALOV V ZEMNOY ATMOSFERE
(Transfer of Optical Signals in the Earth's Atmosphere), Moscow, Sovetskoye
Radio, 1977.

Shifrin, K. S., Zel'manovich, I. L., TABLITSY PO SVETORASSEYANIYU. T. III,
KOEFFITSIYENTY OSLABLENIYA, RASSEYANIYA I LUCHEVOGO DAVLENIYA (Tables of

Light Scattering. Vol IIIL. Coefficients of Attenuation, Scattering and Ray Pres-
sure), Leningrad, Gidrometeoizdat, 1968.

138

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

UDC 551.5:556:46:378.96

FIFTIETH ANNIVERSARY OF THE MOSCOW HYDROMETEOROLOGICAL INSTITUTE AND THE MOSCOW
HYDROMETEOROLOGICAL TECHNICAL SCHOOL

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 117-119

a [Article by K. A. Khzmalyan, USSR State Committee on Hydrometeorclogy and Environ-
mental Monitoring, submitted for publication 7 Feb 80]

[Text] The Moscow Hydrometeorological Institute (MHMI) and the Moscow Hydrometeor-
ological Technical School (MHMTS) were organized in 1930 in the system of the Hy-
drometeorological Committee of the Council of People's Commissars in the USSR.
These were the first specialized hydrometeorological instructional institutions
not only in our country, but in the entire world.

The MHMI was organized on the basis of the Department of Geophysics of the Physics
Faculty at Moscow State University and the MHMTS was organized on the basis of a
‘ “nine-year school near Moscow (Saltykovka village) where students in the eighth and
. ninth years were specially trained for work as observers at meteorological sta-
tions.

The organization of the MHMI and the MHMTS was directly associated with the broad
development of hydrometeorological investigations and studies necessary for ensur-
ing the grandiose problems of industrialization of the country, uplifting of agri-
culture and maximum use of the natural resources of the country outlined by the
Communist Party in the years of the First Five~Year Plan.

During the first year of existence of the MHMI a total of about 100 students stud-
ied in its two faculties (meteorological and hydrological). However, already in
1931 their number had increased to 500 and by 1940 they numbered 1000.

The rapidly growing needs of the hydrometeorological service, scientific, planning-
engineering and other organizations for highly qualified meteorologists, hydrol-
ogists, oceanographers and agrometeorologists made it necessary not only to ex~
pand the MHMI, but also to create the Khar'kov Hydrometeorological Imstitute, and
also to organize the training of specialists with hydrometeorological knowledge at
a number of other colleges. Such specialists are now being trained at 14 institutes
of higher education in our country. About 8,000 students are in these fields of

specialization.
The development of hydrometeorological investigations and the network of hydro-

meteorological stations also required expansion of the training of professional
hydrometeorologists with intermediate qualifications -- meteorological technicians,
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aerologists, hydrologists, oceanographers and agrometeorologists. Now technicians
with hydrometeorological fields of specialization are being graduated from 11 in-
termediate specialized academic institutions with a total number of students over
7000,

A great service of the organizers, first directors, professorial and instructional
ataff of the MHMI and MHMTS has been that from the very beginning the instruction
of hydrometeorological specialists has rested on a fundamental formulation of phys-
ical-mathematical and special disciplines. It has been carried out with allowance
for the prospects of development of hydrometeorological science and practical work.
At the same time, much attention has been devoted to both the theoretical and prac-
tical aspects of training of students, the creation of an instructional-laboratory
base, production of fundamental textbooks and study aids, development of scientific
and scientific teaching staffs, improvement in the 1living conditions for students,
their ideological-political education and military-sports training.

A highly important role in all this was played by the attraction of leading scien-
tists to instructional work at the young and relatively small Moscow Hydrometeoro-
logical Institute. These included B. P. Apollov, S. L. Bastamov, Ye. V. Bliznyak,
V. F. Bonchkovskiy, M. A. Velikanov, N. N. Zubov, P. Ya. Kochina, Ye. S. Kuznetsov,
A. 1. Kaygorodov, S. S. Kovmer, N. A. Lavrent'yev, B. P. Mul'tanovskiy, S. I. Ne-
bol'sin, B. P. Orlov, B. V. Polyakov, N. N. Slavyanov, B. I. Semikhatov, S. P.
Khromov, V. V. Shuleykin, V. M. Shul'gin and many other outstanding specialists.

It is impossible to overlook the great work which has been carried out by the
military department of the MHMI under the direction of A. A. Samoylo.

A major contribution to the organization and development of the MHMTS was made by
its first directors and instructors M., M. Gol'tsov, S. P. Zouloshnov, V. A. Uspen-
skiy, N. M. Bochkov, Ye. A. Sokolov, V. D. Bykov, A. P. Loidis, Ye. V. Mal'chenko,
A. A. Lucheva and other workers at the technical school.

The first director of the Moscow Hydrometeorological Imstitute, Professor Vasiliy
Alekseyevich Belinskiy, who still continues his scientific and teaching activity,

H devoted many efforts to the organization and realization of the MHMI and the MHMIS.
In all stages of development of hydrometeorclogical education great attention was
devoted to it by the directors of the Hydrometeorological Service.

Many of the first instructors and students of the MHMI and MHMTS are no longer
alive. Some of them gave up their lives in the struggle with fascism in the years
of the Great Fatherland War. The bright memory of these people has been preserved
among their friends and comrades; it lives in the modern achievements in hydro-
meteorology in our country which came about with their participation.

The successful development of the system of hydrometeorological education played

a decisive role in providing the hydrometeorological service and other interested
organizations with highly qualified scientific, engineering-technical and supervis-
ory personnel.

During the threatening years of the Great Fatherland War the accumulated experience

made possible the training and retraining, within a relatively short period of
time, of hydrometeorological specialists for the Soviet Army and Navy, the
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transformation of the MHMI into the Higher Military Hydrometeorological Insti-

tute (HMHMI). After the end of the war the HMHMI was reorganized into a civilian
hydrometeorological institute and moved to Leningrad (LHMI -- Leningrad Hydrometeor-
ological Institute).

- During the years of its existence the MHMI and its successors (HMHMI and LHMI)
trained more than 13,000 highly qualified specialists in hydrometeorological

- fields and the MHMTS graduated 11,500 hydrometeorological technicians., Graduates
of these academic institutions can be encountered in many republics, krays and
oblasts of our Motherland, in the Arctic and Antarctica and on far expeditions. A
considerable number of them became outstanding scientists and organizers. They are
successfully carrying out scientific and pedagogic activity and are heading up major
scientific and operational-production groups in the system of the State Committee on
Hydrometeorology and other departments; they are working in responsible posts in
the central administration and local agencies of the State Committee on Hydro-
meteorology.

Naturally, with the passing years, in accordance with the new, higher requirements
on specialists, there has been a further improvement in the entire system of hydro-
meteorological education, an intensification of academic and instructional work, an
improvement in academic documentation. During recent years the hydrometeorological
: schools have begun the training of specialists (by means of specialization in the
! higher courses) in such modern directions as numerical weather forecasting methods,
‘ artificial modification of atmospheric processes, long-range weather forecasting,
- hydrometeorological measurements and instruments. At the Khar'kov Institute of |
Radioelectronics there is now training of radio engineers with specialization in
the field of radar systems used in hydrometeorology and at hydrometeorological
technical schools there is training in the field of specialization "hydrometeoro-
logical radar apparatus." A special course entitled "Preservation of the Environ-
ment" has been introduced at all colleges and technical schools training hydro-
meteorological specialists and programs in special disciplines have been supple-
mented. This has required a considerable strengthening of the academic-material
base for academic institutions and a re-examination of curricula and programs, the
preparation of new and supplementing of earlier published textbooks.,

During the last 10 years alone the Hydrometeorological Publishing House has pub-
lished more than 100 textbooks and study aids for students at colleges and tech-
nical schools teaching hydrometeorological fields of specialization. Many of these
are original study aids on new disciplines or they are substantially revised and
supplemented textbooks on traditional subjects.

In adopting measures for improving hydrometeorological education, Soviet scientists
and specialists make extensive use of international communication. They partici-
pate in the activity of the WMO, UNESCO and other specialized agencies of the UN
for the dissemination of the achievements of the Soviet Union in this field and in
study of leading foreign experience. Comparing the status of training of hydro-
meteorologists in the USSR with the training of similar specialists in the well-
deve:loped capitalist countries, it is possible to note with satisfaction the
superiority of Soviet hydrometeorological education not only with respect to the
number of specialists in training, but what is most important, the high quality
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of this training. This is leading to an increase in the interest of foreign sci-
entists in the experience of training hydrometeorological personnel in our
country and a constant increase in the number of foreigners coming to the USSR
for training and gaining experience in the field of hydrometeorology. During re-
cent years. the number of foreign students studying in the colleges and technical
schools in the Soviet Union with hydrometeorological fields of specialization

has reached 326. They represent 59 countries. They include about 60 scholarship
holders of the WMO from 16 countries. In addition, Soviet hydrometeorological ex-
perts are doing much work in the training of national personnel in a number of
foreign countries.

The development of hydrometeorological investigations and studies increasing the
requirements on the hydrometeorological service in connection with the transfor-
mation of the Hydrometeorological Service into the USSR State Committee on Hydro-—
meteorology and Environmental Monitoring is making necessary a further improve-
ment in hydrometeorological education, taking into account:

—— the need for satisfying the increasing requirements of agriculture and water
management, electric power, transportation, construction and other branches of

the national economy for completeness and quality of regime, prognostic and
computed hydrometeorological materials;

~— practical introduction of automatic and remote instruments and apparatus, auto-
mated systems for the collection and processing of hydrometeorological data, elec~
tronic computers, space meteorological systems and other new technical equipment;
~- organization of a system for monitoring the state of the environment, the level
and sources of its contamination, as well as the development of investigations in
this field;

~- development of investigations and practical work in the field of artificial mod-
ification of atmospheric processes; :

-- strengthening of international cooperation in the field of hydrometeorological
investigations and preservation of the environnent.

In accordance with the resolutions of the 25th Congress CPSU and subsequent reso-
lutions of the Party and government, particular attention must be devoted not only
to a further increase in the quality of the professional training of specialists,
but also a resolute intensification of ideological-educational work at colleges
and technical schools.

The formation and development of the system of higher and intermediate special hy-
drometeorological education played its decisive role and continues to remain one
of the most important factors in the successful solution of the problems facing
hydrometeorological science and practice.
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REVIEW OF MONOGRAPH BY S. L. VENDROV: 'PROBLEMS IN TRANSFORMATION OF RIVER SYSTEMS
IN THE USSR' (PROBLEMY PREOBRAZOVANIYA RECHNYKH SISTEM SSSR), Leningrad,
Gidrometeoizdat, 1979, 207 pages

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 p 120
[Review by A. A. Sokolov and V. V. Kupriyanov]

[Text] The second edition of a monograph by S. L. Vendrov, entitled PROBLEMY PRE~-
OBRAZOVANIYA RECHNYKH SISTEM SSSR (Problems in the Transformation of River Systems
in the USSR), appeared in 1979, It has attracted the attention of scientists and
specilalists due to the novelty of formulation of the problem. In this monograph
the author has set forth his points of view concerning highly complex modern prob-
lems related to the use and conservation of water resources of the country.

In his reasonings and conclusions the author relies not only on a deep understand-
ing of hydrological phenomcna and processes occurring during the regulation and
redistribution of river runoff with time and in space, but also on the basis of
his rich personal experience in participation in expert evaluation of many water
management processes carried out in the USSR.

The author has an original and extremely successful method of exposition of mater-
ial, presented in the form of reflections sometimes of a polemic character, and
not from the point of view of a disinterested observer, but as a profoundly con-
cerned specialist highly reacting to the by no means always successful interven-
tion of man in natural processes, counseling careful treatment of the environment,
every possible protection of nature against exhaustion and contamination.

The book, abounding in factual information, examines a wide raange of questions as-
sociated with the problems of present-day and long-range reconstruction of the hy-
drographic network, analysis of changes in the hydrometeorological regime as a
result of anthropogenic activity, the need for the redistribution of runoff over
the territory of the USSR.

In analyzing the negative phenomena associated with different transformations of
water bodies, S. L. Vendrov does not descend to the extremely widespread unfound-
ed condemnations of a number of projects which have been carried out, but examines

all aspects of the problem, in his way weighing the resulting socioeconomic effect
and expenditures on restoration of the damage inflicted on the environment, The
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author uses as a point of departure the correct materialistic idea of the inevit-
ability and necessity of an active transformation of water systems and individ-
ual objects. His understanding of the Sevan problem is characteristic in this re-
gpéct. S. L. Vendrov agrees that the depletion of part of the century-long ac-
cumulations of lake water would worsen the entire complex of natural conditions
of this unique water body, but the waters of the Razdanskly cascade were the only
initial material base for the economic development of the Armenian SSR during the
period of the pre-war five-year plans. Now that the tasks of economic development
of the Armenian SSR have to a large extent already been realized, the preserva-
tion of Sevan is of primary national importance. '

S. L. Vendrov objectively evaluates the rapid "moral aging" of water management
principles and schemes for the use of water resources as the economic and social
development of the country progresses.

Tn examining the national economic role of the regulation of runoff of our lowland
rivers, S. L. Vendrov also notes the problem of the need, already existing today,
for a universal reduction of the areas of reservoirs for the purpose of freeing
arable lands for their economic exploitation.

With respect to the problems of redistribution of runoff, S. L. Vendrov uses as a
point of departure the historical inevitability and socioeconomic necessity of
their solution in our country. However, the means and methods for implementing
this, as correctly notad by the author, must be well studied and validated. It

is also important to take into account and carefully weigh all the possible ecol-
ogical changes in the regions from whence water is taken and to which it is re-
distributed. And indeed, an equally important, and possibly the main circumstance
is that it is necessary to make full, economically rational use of water re-
sources without allowing their unnecessary loss.

One can disagree with individual conclusions presented by the author and his eval-
uations of different projects, but it must be admitted that the general concepts
developed in the monograph are characterized by depth and penetration into the
essence of the problems involved in the preservation of the enviromment and its
transformation in the interests of a socialist society.

The book will unquestionably find a broad response among specialists working in
the field of effective use of water resources, the transformation of river sys-
tems and preservation of the environment.

144

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

SIXTIETH BIRTHDAY OF SEMEN SAMUILOVICH KAZACHKOV
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 p 121

[Article by members of the Board of the USSR State Committee on Hydrometeorology
and Environmental Monitoring]

[Text] Semen Samuilovich Kazachkov, chief of the Omsk Territorial Administration
of Hydrometeorology and Environmental Monitoring, marked his 60th birthday on 28
August,

From the time of his graduation from the Leningrad Hydrometeorological Institute
in 1945 all his activity has been associated with the hydrometeorological service.
Being deputy chief of the Administration of the Hydrometeorological Service of the
Kirgiz SSR, to which S. S. Kazachkov was sent in 1946, he did considerable work on
the construction and reconstruction of hydrometeorological structures and develop-
ment of the hydrometeorological network in the mountainous regions of the Kirgiz
SSR.

S. 8. Kazachkov became chief of the Omsk Territorial Administration, one of the

largest administrations in our country, in 1955. During this time the administra-
- tion did considerable work on development of the network, which more than doubled,
_ and a service for safeguarding the environment was recreated.
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The exploitation of the virgin lands in the southern part of the administration,
the petroleum and gas deposits in its northern part, the construction of new
cities and settlements, railroads and highways required a radical restructuring

of the hydrometeorological servicing of all branches of the national economy, a
task with which the personnel headed by S. S. Kazachkov has successfully contended.
And servicing continues to improve.

The productive activity of Semen Samuilovich has been repeatedly recognized by de-
partmental awards and valuable presents.

In 1976 Semen Samuilovich was awarded the order of the Red Banner of Labor for im-
plementation of the targets of the Ninth Five-Year Plan and for the successes at-
tained in the hydrometeorological servicing of the national economy.

S. S. Kazachkov has been a uember of the CPSU since 1945, His organizational abil-
ities and his high qualifications fruitfully contribute to the development of the
meteorological service in our country.

We sincerely wish Semen Samuilovich good health and further successes in work.
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SEVENTIETH BIRTHDAY OF VALENTIN DMITRIYEVICH KOMAROV

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 121-122

[Article by specialists of the USSR Hydrometeorological Scientific Research Center]

[Text] Professor Valentin Dmitriyevich Komarov, Doctor of Geographical Sciences,
Meritorious Worker in Science and Technology RSFSR, marked his 70th birthday on
5 July. :

The scientific and teaching activity of the outstanding Soviet professional hydrol-
ogist V. D, Komarov, who has made a major contribution to the development of hydro-
logical forecasts, has received broad recognition in our country and abroad.

The creative work of Valentin Dmitriyevich began in 1934 at the Central Weather Bur-
eau immediately after his graduation from the Moscow Hydrometeorological Imstitute.
Already in his first scientific studies he laid out the principles of a fundamental-
ly new approach to investigations of the spring runoff of rivers, to study of the
physical laws of fomation of runoff on the basis of the water balance equation.
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This scientific direction is being productively developed by V. D. Komarov him-
self and by his numerous students.

During the period of the Great Fatherland War V. D. Komarov worked in routine sup~
port of the operational army with hydrological forecasts. Since 1943 his creativ-
ity has been inseparably assoclated with the Central Institute of Forecasts, or-
ganized in this same year and subsequently reorganized into the USSR Hydrometeor—
ological Center.

There he did much work in creating a general model of formation of high waterx. His
fundamental works, including the monograph VESENNIY STOK RAVNINNYKH REK YEVROPEY-
SKOY CHASTI SSSR, USLOVIYA FORMIROVANIYA I METODY PROGNOZOV (Spring Runoff of the
Lowland Rivers of the European USSR, Conditions of Formation and Forecasting Meth-
ods), became reference books for all hydrologists. The deep sclentific analysis
and sagacity of the researcher enabled him to see broad possibilities of territor-
ially universal dependences in the development of methods for long-range forecasts
of runoff for different geographical zomes. As a result of these studies we now
have methods for predicting the runoff of many rivers in the USSR and the inflow
of water into reservoirs. These are being successfully used in the country's econ-
omic activity.

Experimental investigations at runoff statiomns, one of whose founders and organiz-
ers was V. D. Komarov, have played a major role in the development of the physical
aspect of runoff investigations.

A rigorous formulation of scientific experiments (such as investigation of the
phenomenon of infiltration into frozen soil), evaluation of observations, analysis
and theoretical generalization of an enormous volume of field observations, en-
abled V. D. Komarov to detect a series of highly important regularities becoming
the basis of our knowledge concerning the process of formation of meltwater runoff.
They are used in modern mathematical models describing this process.

The ATLAS SNEZRNOGO POKROVA YEVROPEYSKOY TERRITORII SSSR (Atlas of the Snow Cover
of the European USSR), created under his direction, is used extensively in the de-
velopment of forecasting methods and in hydroengineering planning.

During recent years Valentin Dmitriyevich has been working on the problem of pre-
diction of the runoff of mountain rivers and has engaged in extremely important
and responsible public-scientific activity. He is a member of three scientific
councils and is deputy chairman of the Expert Council on the Earth Sciences of the
USSR Higher Certification Commission.

V. D. Komarov is the author of several monographs and more than 50 articles and
one of the authors of a textbook on hydrological forecasting which has been trans-

lated into several foreign languages and which enjoys a well-deserved broad fame
among hydrologists in our country and beyond its limits.

Teaching activity plays a significant place in the life of Valentin Dmitriyevich
and has earned him the love and respect of hundreds of hydrologists with advanced
training who attended his lecture courses, profound in their content and clear in
their exposition. His graduate students, successfully defending their disserta-
tions, are continuing to develop the Komarov school.
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The scientific and humane rectitude of his judgments, high demands on himself and
others, soundness in evaluating the results of investigations, enormous capacity

_ for work and his kind relationship to people always create a special climate of
productive creative activity and absence of compromise in scientific discussions
and in the groups in which his activity takes place.

The services of V. D. Komarov in the development of Soviet hydrological forecast-
ing have received high recognition from the government. He has been awarded two
orders and several medals.

Friends, students and colleagues with all their hearts congratulate Valentin Dmi-

triyevich Komarov on his birthday and wish him good health and new creative suc-
cesses,
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SIXTIETH BIRTHDAY OF GENNADIY PETROVICH GUSHCHIN

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 122-123

[Article by specialists of the Main Geophysical Observatory]

[Text] Doctor of Technical Sciences Gennadiy Petrovich Gushchin, head of the sec—

tion on actinometry and atmospheric optics at the Main Geophysical Observatory,
narked his 60th birthday on 7 September 1980.

The scientific activity of G. P. Gushchin began in 1946 at the Vorkuta Scientific
Research Permafrost Station. In 1954 he completed his graduate work at the Main
Geophysical Observatory and in 1958 defended his Candidate's dissertation there.
Between 1960 and 1965 he worked as senior scientific specialist at the Main Geophys-
ical Observatory and beginning in 1965 and up to the present time he has been head
of the section.

The field of scientific interests of G. P. Gushchin is closely related to the prob-
lem of atmospheric ozone. He developed and introduced the integral method for meas-
uring total ozone. He created the M-83 filter ozonometer and introduced it into in-
dustrial production and into the network of statioms in the USSR. The ozonometric
network of the USSR was created under his direction and operates under his super-
vision. In 1957 G. P. Gushchin developed an airborne ogonometer and introduced it
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into practical work and for the first time in the world organized regular observ-
ations of total ozone on aircraft and scientific research ships, which are contin-
uing even now. In 1969 Gennadily Petrowvich successfully defended his doctoral dis-
sertation on the theme: "Investigation of Ozone in the Earth's Atmosphere.”" A
serles of studies by G. P. Gushchin became well known: in these investigations
the phenomenon of deformation of the field of atmospheric ozone by a jet stream
was discovered. In 1968, on the basis of computations, for the first time he dem~
onstrated that the presence of nitrogen oxides leads to a decrease in the concen=-
tration of atmospheric ozone, Since 1961 G, P, Gushchin has published a series of
studies in which for the first time he developed a one-~dimensional theoretical
model of an ozone layer with a physical interpretation of the latitudinal and an-
nual variations of ozomne.

A considerable part of the activity of G. P, Gushchin has been devoted to an inves—
tigation of the spectral transparency of the atmosphere and the optical properties
of atmospheric aerosol. He developed, and introduced in the network of stations, a
method for measuring the spectral transparency of the atmosphere and the character-
istics of atmospheric aerosol. An instrument for measuring the spectral transpar—
ency of the atmosphere has been developed and introduced. In a number of studies
he generalized data from network observations on spectral t+mospheric turbidity
for the territory of the USSR.

Many of the studies of G. P. Gushchin dealt with investigations of the patterns of
transmission of solar UV radiation through the atmosphere. He evolved a physical
interpretation of the C. F. Rodionov effect, based on the multiple scattering of
light.

During recent years G. P. Gushchin developed, and introduced in the network of
stations, a method for measuring the natural WV radiation. A network of stations
for measuring UV radiation was established and operates under his direction.

Gennadiy Petrovich has published about a hundred scientific studies, including two
monographs, a number of methodological instructions, and has received two author's
certificates for inventions. He has been awarded the emblem "Distinguished Worker
of the Hydrometeor.logical Service," a number of diplomas and medals, including
the silver medal of the All-Union Exhibition of Achievements in the National Econ-
onmy.

Over a period of many years G. P. Gushchin has been a member of the International
Commission on Atmospheric Ozone, has been a member of a number of international
working groups on radiation and ozone and has repeatedly participated in inter—
national comparisons and intercalibrations of ozonometric instruments,

We congratulate Gennadiy Petrovich on his birthday and wish him good health and
further successes.
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CONFERENCES, MEETINGS AND SEHINARS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 pp 123-125
[Article by Yu. G. Slatinskiy]

[Text] A scheduled session of the basin section "Indian Ocean and the Southern
Seas" of the Scientific Council on the Problem "Study of Oceans and Seas and Use
of Their Resources" of the USSR State Committee on Science and Technology was
held during the period 12-14 March 1980 at Sevastopol'. The session was attended
by 75 persons from 13 scientific research, planning and other organizations whose
activity is related to the sea. From the State Committee on Hydrometeorology the
session was attended by specialists of the Sevastopol' Division of the State
Oceanographic Institute and the sea section of the Crimean Hydrometeorological
Observatory. The speakers summarized the preliminary results of a broad complex
of scientific research studies carried out by members of the basin section during
the Tenth Five-Year Plan. Twenty—eight scientific reports were presented at the
session. They were devoted to different aspects of study of the hydrometeorolog-
ical regime of the Black Sea, an increase in its biological productivity and use
of the results for the national economic needs of the country.

In discussing the preliminary results of investigation of the dynamics and thermal
parameters of the active layer in the Black Sea, N. K. Shelkovnikov (Moscow State
University) noted that difficulties in the interpretation of numerous field observ—
ations of temperature, conductivity and current velocities in the coastal zone led
to the need for formulating a whole series of laboratory experiments in order to
understand better the mechanism and patterns of the considered phenomena. An in-
vestigation of the averaged and fluctuating characteristics of the turbulent flow
was carried out in a rectangular open chanr 1. Data were obtained on the vertical
distribution of the velocity of flow, including near the water—air discontinuity.

Yu. M. Belyakov (Marine Hydrophysical Imstitute) reported on the results of study
of inertial currents. On the basis of observational data from numerous buoy sta-
tions it was possible to trace the variability of inertial currents from the sur-
face to a depth of 1.5-1.6 km. It was noted that at all depths the rotation of
the vector of the inertial current occurs in a clockwise direction and the phase
shift from the surface to a depth of 1.5-1.6 km is about 20 hours.

V. B. Titov (Southern Division Institute of Oceanology) told of some results of
long-term measurements of currents from a stabilized buoy. An experimental buoy
was set out in a polygon along the Caucasus coast at a depth of 70 m; measurements
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were made by BPV-2 automatic recorders with a discreteness of 60 min. The re-
sults of the observations confirmed the predominance of along~shore flows whose
direction varies in the course of the seasonal alternation of winds. Currents of
a northwesterly direction prevail for about 7 months per year; currents of other
directions prevail about 5 months. The observations also indicated that the cur-
rent velocities vary from 2-5 to 128 cm/sec. Current velocities of a northwester-
ly direction are 1.5-2 times greater than for the southeasterly direction.

L. D. Rozman (Institute of Biology of the Southern Seas) discussed some problems
relating to study of the structure of mesoscale turbulence in the Black Sea. It
was established that the principal dynamic factor determining the turbulent regime
is current velocity. The coefficients of turbulent exchange increase proportional-
ly to the values of the velocity vector only to a definite value. The report gives
universal dependences of the anisotropy of turbulence and turbulent exchange on
the mean current velocity vector obtained for the conditions prevailing in the
Black Sea.

G. S. Dvoryaninov (Marine Hydrophysical Institute) reported on investigations of
turbulence in the wave mixing layer. A layer whose depth is commensurable with

the characteristic wavelength was used in the computations, All the principal char-
acteristics of the layer of wave mixing were analyzed: the field of drift currents,
the wave velocity field, the distribution of turbulent energy and the coefficients
of turbulent exchange of momentum and heat. The results of the computations agree
well with experimental data and field observationms.

G, G. Neuymin (Marine Hydrophysical Institute) told about study of optical charac-
teristics in the Black Sea and the prospects for further development of these stud-

- ies. It was noted that with respect to optical properties the waters of the Black
Sea differ sharply from the waters of other internal seas and approach those of
highly transparent ocean waters. The uniqueness of the vertical structure of the
waters also finds its reflection in the optical properties, as is indicated by the
presence of a stable abyssal layer of reduced transparency, as well as an increase
in the selective absorption of short-wave radiation with an increase in depth in
the western part of the sea. The reports of I. L. Isayev and V. G. Shemtura (Mar-
ine Hydrophysical Institute) were devoted to investigations of the mesoscale field
of temperature and transparency and the hydrooptical characteristics of waters of
the Black Sea. The authors analyzed the results of the summer expedition of 1979
on the scientific research ship "Aytodor." In order to establish a correlation be~
tween the optical and biological characteristics the measurement of transparency
was accompanied by determination of the concentration of organic carbon.

L. F. Yermakova, O. I. Belyayeva and N. G. Khorolich (Sevastopol' Division of the
State Oceanographic Institute) reported on the results of hydrological, hydrochem—
ical and hydrobiological investigations carried out in the open sea and in indi-
vidual regions of the coastal zone. The observations were made synchronously by

four ships in 16 special polygons having the configuration of a square with sides
having a length of about 10-12 miles. The investigations which have been made will

serve as a basis for optimizing the network of stations and the choice of the most
representative observation points.
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L. V. Kurakova (Institute of Biology of the Southern Seas) told of new data ob-
tained in the course of study of the variability of the content of phosphates in
the coastal waters. It was noted that the observed concentrations of phosphates

at the sites of discharge of sewage are considerably greater than should be the
case under the condition only of their dilution by sea water. Simultaneous observ~
ations of the content of dissolved oxygen indicated that its content in such
places is somewhat reduced in comparison with pure sea water. It is postulated
that this is caused by inadequate aeration of waters at the time of dilution of
effluent and great expenditures of oxygen on the oxidation of entering organic
matter.

K. K. Zelenov (Moscow State University) presented a new hypothesis on the reasons
for hydrogen sulfide contamination of Black Sea waters. It is postulated that an
important source for the entry of hydrogen sulfide into the deep layers of the
sea is the anticlinal structures of Upper Cretaceous calcareous rocks lying under
recent deposits and emerging at the surface in the neighborhood of Sochi-Matsesta.
According to the calculationms of the speaker, the "flares" rising from the sea
floor contain about 290 million toms of dissolved hydrogen sulfide; its excess
corresponds to the quantity annually oxidizing in the zone of contact with oxygen.

A. V. Krotov (Odessa Division Institute of Economics) discussed some problems in-
volved in increasing the biological productivity of the Black Sea. It was noted
that the biological resources of the Black Sea are quite great. During 1973-1978
the fish catches in all parts of the basin were from 280,000 to 430,000 tons an-
nually. According to long-range calculations, in the course of the coming decade
the fish catch can be increased to 0.5 million toms. In addition, it will be pos~-
sible to harvest a great quantity of other sea products, including about 200,000
tons of phyllophora and 300,000 tons of mussels from natural fishing areas. In or-
der to maintain stable productivity of the water body there is a need for immedi-
ate investigations for optimizing river runoff so that hydroengineering measures
which are being taken and which are being planned will not inflict losses on the
productivity of the water body.

A. F. Vysotskiy (Institute of Government and Law Ukrainian Academy of Sciences) in
his address told of some peculiarities of application of the norms of internation-
al law to the Black Sea basin.

G. S. Baskirov (Odessa Division Imstitute of Economics) reported on the development
of long-range development of the productive forces of the southern economic region
on the basis of use of the natural resources of the Black Sea.

S. G. Boguslavskiy (Marine Hydrophysical Institute) familiarized specialists at
the session with the plan for the basic directions in investigations of the Black
Sea during 1981-1985.

The resolution which was adopted contained a formulation of a number of fundamental
tasks for the further development of investigations and improvement in the coor-
dination of activity of the marine institutes in the Sea of Azov-Black Sea basin.
It was recommended, in particular, that synchronous complex surveys be regarded as
the basic method for studying the regime of the Black Sea. In this connection they
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- should be carried out in a standard network of stations covering the entire sea

: surface or its individual regions, depending on the formulated tasks. It was deem-

_ ed desirable that when carrying out synchronous surveys the observations at all
the hydrological stations be carried out to the bottom. It was also recommended

that work be done in evaluating the effectiveness of environmental protection meas-
ures applicable to the Black Sea basin.
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AT THE EXHIBITION 'ANALYTICAL INSTRUMENTS-80' (ANALITICHESKIYE PRIBORY-80)
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 8C, pp 125-126
[Article by I. M. Shenderovich]

[Text] An exhibition entitled "Analytical Instruments-80" was held during the per-
iod 11-20 March 1980 at Tallin. This international exhibition was attended by par-
ticipating firms from 12 countries, including the United States, Great Britain,
Japan and Italy.

At this exhibition, in addition to instruments intended for analytical investi-
gations carried out for scientific and industrial purposes, there were also
oceanographic instruments and equipment for monitoring the state of the environ-
ment.

At the exhibition instruments for investigations of the seas and oceans developed
by companies in the United States — "Neil Brown Instrument System, Inc." (NBIS)
and "General Oceanics, Inc." (GO) were represented most fully.

The DRSM-1 remote current meter, exhibited by NBIS, is of considerable interest
for oceanographers. This instrument consists of a submergible sensor amnd an on-
board reading device, connected with one another by a two-strand cable. In the
sensor housing there is a two-contact acoustic converter of flow velocity and
an induction-type compass. The depth of sensor submergence is up to 1,000 m.

An on-board unit processes the information arriving from the sensor and feeds out
readings of current velocity and direction on two digital displays. At the same
time, information in amalog form can be fed to an external memory device.

Measurements of flow velocity are ensured by means of two independent high-fre-
quency (1.6 MHz) acoustic emitters situated at a right angle to one another. The
phase shift of the acoustic beams reflected from an acoustic mirror is dependent
on the direction and flow velocity of the water relative to the sensor housing.
The range of measurement of flow velocity with the DRSM-1 instrument falls in

the range from O to 250 cm/sec, the error is about 41 cm/sec, or 5% of the velo-
city value (which is greater), the nonlinearity is not more than 1% of the meas-
urement range, the range in measuring direction is 0-360°, the error is not great—
er than 2°, the admissible tilt of the sensor housing is 30°.

156

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300080007-3

FOR OFFICIAL USE ONLY

The NBIS Company demonstrated the Mark III CTD sounding system for measuring tem—
perature, conductivity and depth of instrument submergence. As the water temper-
ature converter use is made of a combination of a low-inertia thermistor and a
highly precise platinum thermometer. Such a unit is insensitive to thermistor
zero drift. Conductivity is measured with a four-electrode element made with alum-—
- inized ceramics with platinum black. The pressure sensor is a wire strain gage
sensing element. The system consists of an instrument submergible on a cable and an
on-board reading device. A single-strand armored cable ensures instrument submerg-
ence to 6,500 m. The transmission of information along the cable is accomplished
successively for each measured parameter in digital form.

The ranges of pressure measurement (depending on design) are: 3.2, 6.5, 16.0, 32.0
and 65.0 MPa with an error up to 0.1% of the total scale. The range of temperature
measurement is from -3 to +32°C with an error not greater than 0.005°C. The range
of measurement of conductivity is from 1 to 65 mmho with an error of 0.005 mmho.

The "GO" Company for the most part is developing different types of bathometers for
the sampling of sea water and apparatus for their placement and triggering at a '
stipulated horizon. Depending on the formulated tasks and operating conditions it

is possible to use bathometers of the same design, but with a different volume of
the samples taken -- from 1.2 to 4U.0 liters. The design of the bathometer is a
cylinder open at both ends which is closed by covers by means of springs passing
through the inner part of the cylinder.

The bathometers can be employed either individually or in groups, with 12 or 24 in-
struments per holder.

When working with bathometers in holders the control of triggering at a stipulated
horizon is accomplished by means of electric signals fed by means on an on-board
command device through a single-strand power cable.

A sea current meter of the pendulum type (model 6011) developed by this firm is of
definite interest. In this instrument the current velocity is determined from the
angle of deviation of the housing from the vertical and the direction is determin-—
ed from the angle between the direction along the magnetic meridian and the longi-
“tudinal axis of the current meter housing. The instrument contains a tilt sensor
of the weight type and a compass with a three-component sensor for measuring the
magnetic field based on the use of the Hall effect. Data on the tilt angle and the
compass readings are autonomously registered on a magnetic tape. The processing
‘of data and computation of the current velocity and direction are accomplished us~
ing an on~board unit.

The current meter has the following measurement ranges: flow velocity 0-225 cm/sec,
housing tilt 0-90°, current direction 0-360°. The error in measuring tiit is
+0.5° and the current direction is 2.0°. The capacity of the magnetic recorder is

38,000 measurements, the frequency of the measurements is from 1 to 512 measure-
ments per hour, the depth of submergence is as great at 6,000 m.

The "KROHNE" Company (West Germany) at the exhibition demonstrated different types
of mobile (truckborne) stations for monitoring the state of the environment. The
stations ensure measurement of a number of meteorological parameters: wind speed
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and direction, temperature and relative humidity, atmospheric pressure and also the
air content of carbon monoxide, ozone (oxide and dioxide), sulfur gas, sulfur diox-
ide, nitrogen and other substances, as well as the dust concentration. The measure-
ment of parameters and the taking of air samples can be accomplished at altitudes
up to 10 m using an extensible telescopic mast. Apparatus for both processing and
registering data in 20 measurement channels was installed in the truck body. The
station ensures measurement of the instantaneous and averaged (for a selected time
interval) parameters and also feeds signals when the measured parameter exceeds a
threshold value. The processing program can be readily restructured. The registry
of the collected data is on teletape, punch tape and magnetic tape.

The company produces a number of variants of a mobile station for monitoring the
state of the environment.

The British company "Nuclear Enterprises" exhibited three instruments for measur-
ing soil moisture content and density under natural conditions. Instrument opera-
tion is based on measurement of the absorption and scattering of radioactive (Y-
rays and neutrons) emission of the soil and the moisture which it contains.

The neutron instrument for measuring soil moisture content consists of a source
of fast neutrons, a detector of slow neutrons and an electronic reading unit.
The number of moderated neutrons is dependent on the number of light atoms (of
the hydrogen type) present in the investigated medium.

An instrument with a source of Y -radiation is used in measuring soil density in
general, including the moisture present in it. The density of the medium is judg-
ed from the backscattering of the Y-radiation measured with a detector of Y -rays
in a case when the source and detector are situated over the soil and from the
backscattering and absorption when the source and detector are situated in the
soil at some distance from one another.

The exhibited units for measurement of soil density and moisture content are char-
acterized by a high measurement accuracy (about 1%), a short time required for

measurements (less than 1 minute), simplified servicing and increased safety in
operation because use is made of radioactive sources with a low radiation level.
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NOTES FROM ABROAD
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 9, Sep 80 p 127
[Article by B, I. Silkin}

[Text] As reported in SCIENCE NEWS, Vol 116, No 7, 1979, an apparatus has been con-
structed at Purdue University (Lafayette, Indiana) which can be used in physical
modeling of tornadoes. The apparatus is used in creating conditions similar to
those which lead to tornadoes under the environment of the plains and prairies of
the United States Middle West which are natural for them.

The apparatus is a cylindrical chamber with a height of 7 m and a diameter of 4 m.
Air i1s fed into the chamber through a rotating screen, entering there through an
opening with a variable diameter which is situated in the bottom. The conditions
most suitable for the development of a tornado are thereby created: resistance
against a horizontal air flow, its rotation in a circle with a large radius and
rapid ascent,

The artificial tornadoes in the chamber attain a height of 145 cm and their velo-
city is 20 m/sec. Thus, a possibility is created for safe study of the behavior
of a tornado from its initial phases of development to the formation of fumnels,
including several funnels, which under natural conditions results in particularly
extensive destructive consequences.

A group of specialists at Purdue University, consisting of K. R. Church, E. M. Agee
and J. T. Snow, who constructed this apparatus, the largest of its type among sim—
ilar apparatuses in the United States, is using it in a series of experiments in
which the conditions are recreated corresponding to many really occurring tornad-
oes, A fact which was established is that during a tornado the maximum velocity is
attained by those air masses which are in the surface layer of the atmosphere. Fur-
ther experiments have the purpose of studying the boundary layer of the cone of air
trapped by the rotation and the nature of the small-scale circulation within it.

dekkkk

As reported in SCIENCE NEWS, Vol 116, No 21, 1979, the principal weather-forming
factor for a considerable part of Asia and the entire coast of the Indian Ocean

is monsoons. However, their role in global atmospheric circulation has not yet been
adequately studied.
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An attempt at studies of the characteristica of monsoons over a long period of
time has been undertaken by the scientific specialists J. L. Kallen (Brown Uni-
versity, Providence, Rhode Island, United States) and J.~K. Duplessis (Radioac~
tivity Study Center, France). A report which they presented at a conference of
the American Geological Society, held in San Diego (California) in November, 1979,
examined the types of fossil foraminifera, organisms essentially dependent on
water salinity, at different times living in the Indian Ocean.

It was established that the salinity of waters in the Bay of Bengal is determined
by the intensity of the southwesterly monsoon. A strong monsoon drives into the
bay a great quantity of fresh water, lessening its salinity; however, weakening
of the monsoon causes an increase in the content of salts. Thus, the nature of
deposition of foraminifera in columns of sedimentary rocks is an indirect indi-
cator of the intensity of monsoons at a definite time.

The columns studied by J. L. Kallen and J.-K. Duplessis covered the last 25,000
years, that is, a period which includes the most recent transition from condi-
tions of maximum glaciation to the warm conditions of the interglacial period.

The investigations indicated that during the period of maximum glaciation the mon~
soons lost their intensity, whereas during the transition to warmer conditions
they became stronger. Global circulation, on the other hand, becomes stronger in
a glacial epoch. In other words, the cycle of the degree of intensity of monsoons
does not coincide with the cycle of glaciations, For the time being the reason
for this remains unclear.

Kkkkk

As reported in NEW SCIENTIST, Vol 84, No 1186, 1979, a special radar network of
four stations has been established in Great Britain for use in weather forecast-
ing. The equipment used at the stations has an effective radius of about 200 km
and it makes it possible six hours in advance to determine the characteristics
of impending precipitation with an accuracy to 1 mm/hour at a distance of about
100 km.

The data collected by the radar are fed into a computer at the central station.
There, as a result of their analysis and comparison with other meteorological
information, in particular, with data on wind velocity, a weather map is prepared
which shows the location of the rain front. The quantity of moisture present in
a cloud is not determined in this system.

In the late 1980's plans call for expanding this network to 12 stations so that
it will cover the entire territory of Great Britain.
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OBITUARY OF VLADIMIR NIKOLAYEVICH PARSHIN (1919-1980)
Moscow METEOROLOGIYA I GIDRCLOGIYA in Russian No 9, Sep 80 p 128

[Article by members of the Board of the USSR State Committee on Hydrometeorology
and Environomental Monitoring and specialists of the USSR Hydrometeorological Sci-
entific Research Center]

[Text] Soviet hydrometeorological science has experienced a severe loss., Professor
Vladimir Nikolayevich Parshin, Doctor of Geographical Sciences, a leading scien-
tist and organizer of science, CPSU member, deputy director of the USSR Hydro-
meteorological Center, died on 19 July 1980 in his 62d year.

V. N. Parshin was born on 16 January 1919 in Moscow. During the Great Fatherland
War he was deputy chief of the hydrometeorological division of the operations
staff of the Third Guard Army. Upon completing his combat service in Prague, in
1945 he went to work at the Central Institute of Forecasts, now the USSR Hydro-
meteorological Center.

Precisely there, working alongside leading professional hydrologists, V. N. Parshin
rapidly developed from a novice researcher to a major scientist in the field of
general hydrology and hydrological forecasts. His fundl'amental investigations in
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the field of long-range forecasts of river runoff in the zone of inadequate mois-
tening are well known. In particular, the physicostatistical methods which he pro-
posed for the long-range forecasting of the runoff of the most important rivers in
the southeastern part of the European USSR, Kazakh and Turkmen SSRs, are still be-
ing used effectively in the practical, operational hydrological servicing of the
national economy of the country.

V. N. Parshin, for the first time in hydrology, used the method of objective anal-
ysis of the fields of meteorological elements for study of the field of spring run-
off. The correctness of the theoretical premises which he advanced was convincing-
1y confirmed by the method for predicting water inflow into the reservoir of the
Tsimlyanskaya Hydroelectric Station which he developed on the basis of these
premises. Engaged in the study of the formation and distribution of the snow cover
in the European USSR, V. N. Parshin gave a theoretical validation for the opti-
mum distribution of the network of snow cover observation stations.

The scientific interests of V. N. Parshin were exceedingly broad. It is no accident
that during recent years highly important investigations were carried out under his
direction in the field of agrometeorology, devoted to the development of methods
for the long-range prediction of crop yield and the gross grain harvest.

V. N. Parshin performed exceptionally important services as an organizer of hydro-
meteorological support of the national economy of the country and he personally

participated in the servicing of key Party and government agencies. He has devoted
much attention to the popularization of science and hydrometeorological forecasts.

The Party and government have placed a high value on the multisided activity of V.
N. Parshin, awarding him the orders of the Red Star, Red Bamner of Labor and many
medals. He was awarded the gold medal of the All-Union Exhibition of Achievements
in the National Economy three times.

Those who for many years worked together with Vladimir Nikolayevich will forever
remember him not only as a scientist and leader, but also as a sound Communist, a
sensitive and responsive person sincerely interested in the fate of each of us.

COPYRIGHT: '"Meteorologiya i gidrologiya", 1980
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