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UDC 551.515.1
SOME FEATURES OF THE ENERGETICS OF TEMPERATE-LATITUDE CYCLONIC FORMATIONS
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 5-16

{Article by N. Z. Pinus, professor, and T. P. Kapitanova, candidate of physical and
mathematical sciences, Central Aerological Observatory, manuscript received
30 Sep 80]

[Text] Abstract: The article presents the results of
investigations of the budgets of kinetic, poten-
tial and internal energy, as well as the energy
of phase transformations, on the basis of the water
vapor budget in different stages of evolution of
temperate-latitude cyclones, making use of empir-
ical material. Quantitative estimates of the ener-
gy capacity of the mechanisms forming the budgets
are presented.

During recent years more and more attention has been devoted to study of the ener-
getics of cyclonic formations in the temperate latitudes. These cyclones are an
extremely important part of the genmeral circulation of the atmosphere. Associated
with these are atmospheric fronts and cloud systems, as well as precipitation:
fields determining the state of the weather over large areas and being extremely
important for man's economic activity.

The budget of any type of energy, like the other characteristics of cyclonic-form-
ations (moisture cycle, etc.) can be studied in a moving coordinate system which
moves along the trajectory of movement of cyclones or over a fixed area (polygon).
The first research method makes it possible to study the features of energetics,
taking into account different phases in the evolution of this synoptic formation.
In a fixed polygon it is possible to trace the course of the atmospheric processes
transpiring over it and compare the peculiarities of the budgets of different 'syn-
optic formations.

The nature and structure of the budgets of different types of energy in the atmo-
sphere are dependent on the temporal and spatial scales of averaging; with an in-
crease in these scales there is a smoothing of the values of the parameters making
up the budget. In this connection a factor of great importance is the choice of
the extent (area) of the polygon.
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In our studies [1, 2, 4, 5, 7] we obtained preliminary evaluations of the role of
different mechanisms forming the budgets of kinetic, potential and internal energy
of different parts of a cyclonic formation and in different stages of its evolution,
and also the role of the energy cf phase transformations of water vapor. In par-
ticular, in the study of the energetics of a deep cyclone penetrating into the
European USSR in November 1973 it was possible to detect and evaluate the role of
horizontal advection through the lateral boundaries of a cyclonic formation (ex-
change with the external medium) anc internal vertical redistributions of energy
(and water vapor). It was established that local changes in kinetic, potential

and internal energy are relatively smail against the background of major energetic
processes transpiring at different altitudes in cyclones; they constituted approx-
imately 6-10% of the total changes of the corresponding budget. The law of compen-
sation between the inflow (outflow) of kinetic energy and the outflow (inflow) of
labile (the sum of internal and potential) emergy is not operative within a cyclone.
In a cyclone, in addition, especially in its cemntral part, the contribution of the
energy of phase transformations was substantial, It was important to check the de-
gree of universality of the results on the basis of independent material and make

a more precise evaluation of the energy capacity of temperate-latitude cyclonic
formations. - :

In this article we examine the results of investigation of the energetics of indi-
vidual cyclones moving in different zones of the European USSR in a moving-coordin-
ate system (Lagrangian budget), and also different parts of cyclonic formations
observed over fixed polygons (Eulerian budget). Figure 1 shows the trajectories

of the cyclones which we studied and the geographical position of three fixed poly-
gons in which investigations were made of the atmospheric processes transpiring
there. We investigated the energetics and moisture cycle of five cyclones observed
in April (10-12) 1968, in October (22-25) 1973, in November (24-27) 1973, in Feb-
ruary (18-21) 1978, in June (18-20) 1978, selected taking into account the nature
and clarity of the trajectory of movement (surface center) and intensity of their
evolution. The trajectories of these cyclones in general coincide well with the
mean long-term paths of cyclones in the territory of the Soviet Union [3].

In the Balkhash polygon a study was made of the processes transpiring in May (13-
27) 1972, in the Perm polygon in December (12-25) 1973, and in November-December

[ (11-18 November) and (29 November-9 December)] 1977, and in the Riga polygon in

May (16-27) 1979.

The area of the moving and fixed polygons, equal to approximately (2—4)'1011 mz,
in all cases was a hexagon based on the six nearest stations for temperature-wind
sounding of the atmosphere with a seventh station at the center. Data from seven
such stations served in all computations as the initial aerological information.

The equaticns describing the budgets in a quasistatic approximation (for a umit
mass) are:

—- kinetic energy budget

K _ T oo 95K V.50 +4;
-—d—’—_:—\' KV — op V-y®+4,;
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-— potential energy budget

ol _ >y 0.l 172 .
-- internal energy budget
or ST oWl ol T o5 0ue | 5=z N ay
d =V IV T v OV Vg =4, + Ay (&)
-- water vapor budget
b _ _ 7. V__ﬂ_*__\,
=T 7 : (4)
The following notations were used in these equations: K -- kinetic energy of mean

motion, TTis potential energy, I is internal energy, q is specific humidity, p is
pressure, is geopotential, <= gp/J t is the analogue of vertical velocity in

- a p coordinate system, W is the velocity of vertical movements, V is the wind vec-
tor, '

H o
[ -
<l (g‘é EHAHTPADSY 17
< N~
(<R3 \ad
.‘.rnA MOC._K A4
|\ Avnick '

Fig. 1. Trajectories of cyclones and location of polygons. 1) October 1968; 2) Oc-
tober 1973; 3) November 1973; 4) February 1978; 5) June 1978.

In equations (1)-(4) the terms at the left describe local changes in the energy

(moisture content), the first two terms at the right -~ the changes due to hori-
zontal inflows (outflows) through the lateral boundaries of a column of the atmo~-
sphere and the vertical redistribution, the third term in (1) at the right -- the
preneration of kinetic energy due to the operation of the force of the horizontal
pressure gradient, the third term in (2) at the right -- the relative transforma-
tion of kinetic and potential energy, the third term in (3) at the right -- the
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relative transformation of the internal and potential energy (through the change
in kinetic energy in the ascending (descending) fluxes); the fourth and fifth
terms in this equation describe the relative transformation of internal and kin-
etic energy (with broadening (compression) by pressure forces at the boundary of
the volume), [}l includes the dissipation of kinetic energy into heat, nonlinear
interactions of movements of different scales, effects of errors of initial aero-
logical information and computations on an electronic computer.

We note, as was demonstrated in [5, 7], that in the case of sufficiently great
scales of spatial averaging the [31 value has a negative sign and (with allowance
for the errors in initial aerological information) describes the rate of dissipa-
tion of kinetic energy into heat. With a decrease in the averaging scale the ef-
fects of nonlinear interaction of disturbances of different scales and disturb-
ances with a mean flux begin to exert an influence, as does the effect of thermal
stratification of the atmosphere. In these cases Z&l can be either a positive or
negative value and in addition, can attain large absolute values,zﬁz are subgrid
effects and the effects of errors of initial aerological information and comput-
ations on an electronic computer; Z§3 = dQ/dt + 13'3 are the nonadiabatic inflows
(outflows) of heat due to radiation heating (cooling), phase transformations of
water vapor (condensation, evaporation), turbulent heat transfer, and also the
effects (135) of errors in initial aerological information and computations on
an electronic computer;

Ay = ~(acon - Gevap) * Dy *+ 154,

where q.on 1s water vapor condensation, Qgya is the evaporation of cloud par-
ticles and precipitation particles, Dq is the turbulent transfer of water vapor,
A} are the effects of errors in initial aerological information and computations
on an electronic computer. If it is assumed that Dgq and A} are small, the JAYA
value is the total effect of condensation (sublimation) of water vapor and evapor-
ation of cloud particles and precipitation particles in the considered volume.

The -\, value will be positive in the case of predominance of evaporation pro-
cesses or negative in the case of a predominance of water vapor condensation (sub-
limation) processes.

All the terms in equations (1)-(4), except D1, Az, 133 and 134, were computed on
an electronic computer using data from aerological observatioms. The zll, 152, Z&3
and 4) 4 values were obtained as residual values on the basis of the balance of
equations (1)-(4).

The method and procedures for computing energy and the moisture cycle were describ-
ed in [1, 5]. These sources also give evaluations of the role of errors in initial
aerological information. Numerical experiments indicated that although the errors
in computations of energy and the moisture cycle due to the inaccuracy in aerolog-
ical information are rather considerable, this applies, in particular, to an evalu~
ation of the value of the residual terms in equations (1)-(4). They exert relative-
ly little effect on the general patterns of spatial and temporal changes in energy
and the moisture cycle and in addition, are numerically the smaller the greater
the thickness of the considered layer of the atmosphere. Satisfactory results are
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obtained with a thickness of the layers Z§p = 200 gPa. On the average the error
of the residual terms is 8-10%.

As indicated by investigations, cyclonic formations have enormous energy reserves:
the kinetic energy in a column of the atmosphere is Pg..¢ - 50 gPa, where Pg,,f is
the surface pressure, on the average being 4-10 J/mz, the potential energy is
about 6-108 and the internal energy is about 1.7-109 J/m2. The reserves of kinetic
energy increase with altitude and in the vertical profile of the distribution have
a maximum in the layer 400-200 gPa. The reserves of potential energy increase with
altitude, whereas the reserves of internal energy decrease. In the layer 200-50 gPa
the reserves of potential and internal energy ire approximately identical; the dif-
ference does not exceed 5Z%.

The horizontal distribution of the reserves of kinetic energy even over the rela-
tively small area of the polygon (2. .1011 ) is characterized by a definite nonuni-
formity. The degree of the horizontal nonuniformity of reserves was evaluated by

us as the standard deviation of the reserves in a column of the atmosphere over

the area of each of the six triangles of the polygon from the total reserve over
the area of the entire polygon, normalized to this total reserve. This ratio var-
ied in the range from 10 to 60%. The degree of horizontal nonuniformity of the re-
serves of kinetic energy is different in different stages of cyclone evolution. In
the generation period the degree of nonuniformity was relatively small and does

not exceed 10%. With the deepening of the cyclone it increases to 40-607.

An important parameter to a definite degree reflecting the dynamic activity of a
cyclonic formation and weather~forming processes is the ratio of the kinetic ener-
gy value to the labile energy value, Whereas for the atmosphere in the northern
hemisphere this ratio averages 0.01-0.07%, in temperate-latitude cyclones, as in-
dicated by our computations, this ratio can attain 0.4-0.6%Z, and as an average

was 0.18%. The vertical profile of this parameter has a maximum in the layer 400-
200 gPa. This maximum is the more clearly expressed the greater are the energy re-
serves in the entire considered layer of the atmosphere (Pgyurf - 50 gPa).

The computations indicated that with respect to significance (contribution to
budget) the kinetic energy budget is determined by:

-~ the generation of kinetic energy (K en) due to the operatlon of the pressure
gradient fource transforming the potential energy into kinetic energy (internal en-
ergy source);

-- the inflows (outflows) of energy (Kpoung) through the lateral boundaries of a
column of the atmosphere (external source);
-~ the vertical redistribution (Kyey) of energy (in a cyclone there is energy
transfer from the lower half of the troposphere into the higher layers).

The budget of potential energy is determined by:

-- inflows (outflows) of energy (T pound) through the lateral boundaries of a col~
umn of the atmosphere;

-- the vertical redistribution of energy (Tdver),

—— the relative transformation of potential and internal energy.
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The budget of internal energy is determined by:

-~ the inflows (outflows) of energy (Ibound) through the lateral boundaries of a
column of the atmosphere,'

-- the vertical redistribution of energy (Iyer);

—- the relative transformation of internal and potential energy;

—- the relative transformation of internal and kinetic energy;

-— the 1ntens1ty of nonadlabatlc processes (phase transformations of water vapor,
radiation processes,’ etc: )

As an example, Figure 2 shows the structure of the budgets of kinetic and internal
energy for the central part of the February (1978) cyclome in the stage of its max—
imm development. In computations of the structure the sum of the moduli of the
parameters entering into‘ equations (1) and' (3) was assigned the value unity. the
internal energy ‘budget (Fig. 2b) gives data only on‘the contribution of I, Iphound,-
Iyer, dM/dt and -A73; the relative contrlbution of the remaining components of the =
budget totals less than 24. '

It can be seen that the" contr1but1on of the local changes of energy in both budgets
is relatively small; in’the Pguyf — 800 gPa layer it is 6%, but at’ greater alti-
tudes it is less than 3% in the budget of kinetic energy, whereas in the internal
energy budget at all levels 1t is 1ess than 2%.

The contribution of lateral effects and the vertical redistribution of energy is
important. In the kinétic’ energy ‘budgét their 'total contribution for the atmo- -
spheric boundary Tayer ‘(Psurf - 800 gPa) is about’ 25%, ‘for the layer 800-600 gPa
-- about 12%, for the layer 600-400 gPa -- about 25%, for the layer 400-200 gPa. .

-- about 45%, and for the layer 200-50 gPa —-- about 20%. In the internal energy

budget these contrlbutions are Stlll ‘more important and constitute 87, 33, 61,

59 and 28%. o

The contribution of the generation of kinetic energy due to the operation of the
pressure gradient force and subgrid effects (A1) is decisive in the kinetic en-
ergy budget. In the internal energy budgét a considerable contribution is from
nonadiabatic factors, attaining almost 50% of the budget in the layer 600-400 gPa. .
The rélativé smallness of “the contribution of nonadiabatic factors to the internal
energy ‘budgét for the boundary layer' (about 8%) is evidently attributable to the
fact that in this atmospher1c layer the changes in the energy of phase transfor-
mations 6f-water vapor “drd ¢hanges due to.radiation factors are opposite in sign
and quantitatively to a considerable degree compensate one another. The contribu-~
tion of the relative transformations of internal and potential energy at differ-
ent levels attains 10-20%. It should be noted that although the relative contribu-
tion of the relative transformations of internal and kinetic emergy to the budget
is not great (less than lA), the quantity of this energy 1s extremely great

(see Tables 1 and 2). - '

The vertical redistribution of energy in cyclonic formations has the important
characteristic that in them there is a transfer of energy from the layer Pgyrf =
400 gPa into the layer 400-50 gPa, most sharply expressed in the leading and cen-
tral parts of a cyclone. On the periphery of an anticyclone, as demonstrated by
investigations in fixed polygons, the transfer of energy occurs from the layer
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50-400 gPa into the lower layers of the atmosphere. As an example, Fig. 3 shows
the averaged profiles of the vertical redistribution of kinetic energy for the
periphery of cyclones and the periphery of anticyclones, constructed on the ba-
sis of data for Riga polygon. This figure shows that at the cyclone periphery
there was pumping of energy from the layer Pg,rf-400 gPa to the layer 400~50 gPa;
the greatest outflow occurs at the layer 800-600 gPa (about 1 W/mz), whereas the
greatest inflow is in the layer 200-50 gPa (about 1 W/mz). At the periphery of an
anticyclone, on the other hand, there was a pumping of energy from the lower
stratosphere and the upper troposphere into the lower layers; the greatest out-
flow was from the layer 50-200 gPa, whereas the greatest inflow was in the layer
400-600 gPa.

NN

AR TN

24}

Fig. 2. Structure of budgets of kinetic (a) and internal (b) energy. 1) K¢y 2)
Kpound» 3 Kyers 4) Kyen> 5) &4, 6) Iy, 7) Ipounds 8) Iyers 9) dT/dt, 10) Aj.

Similar patterns of the vertical redistribution of energy are also characteris~
tic for processes in other polygons. A distinguishing characteristic of the Bal-
khash polygon is that the maximum pumping of energy in the mechanism of vertical
redistribution occurs here at great altitudes (in the layer 600-400 gPa).

It should be noted that on the periphery of cyclones in the initial stage of

their filling the pumping of energy upward from the layer Psurf — 600 gPa still
continues, but at the same time there is pumping of energy downward from the
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layer 50-200 gPa, as a result of which there is an increase in energy, especial-
ly in the layer 400-200 gPa. The patterns of vertical redistribution of potential
and internal energy have the same character.

70 srim W/m?

Fig. 3. Vertical redistribution of kinetic energy on periphery of cyclones (a) and
periphery of anticyclones (b). Riga polygon.

Thus, although the vertical redistribution of energy in itself does not change the
total energy reserves in the column of the atmosphere Pgyrf-50 gPa it exerts a
strong effect on the structure of the budget of relatively thin layers of the at-
mosphere (Ap = 200 gPa) and determines the degree and character of the energy re-
lationship between different layers.

The energy processes in temperate-latitude cyclonic formations have an enormous
energy capacity. This is illustrated by the data given in Tables 1 and 2 for the
column of the atmosphere Pgyrf - 50 gPa (ground-approximately 20 km) with an area
of the base 21011 m2 (=450 x 450 km). Table 1 gives averaged estimates of the
energy capacity of the mechanisms forming the budget for different parts of cy-
clonic formations and the periphery of anticyclones and Table 2 gives similar
data for the central part of cyclonmes in different phases of their evolution. The
maximum values exceeded these means by a factor of 2-3.

Investigations confirmed that in the budget of both kinetic, potential and inter-
nal energy small local changes traced on the basis of data from scheduled aero-
logical observations are formed against the background of extremely active pro-

_ cesses of generation of kinetic energy, horizontal advection, vertical redistrib-
ution and also subgrid processes. This is attributable to the fact that active
internal and external sources and losses of energy as a rule mutually compensate
one another and are manifested together in the course of local energy changes.

Table 1 shows that lateral effects are expressed most strongly in the leading and
central parts of cyclones in which the horizontal influx of kinetic energy aver-
ages 8-10 billion KW, with the corresponding figures for potential and internal
cnergy being 760-860 and 1150-2830 billion KW. It should be noted that in the
central part of a deep cyclone penetrating into the European USSR in November 1973,
rare with respect to the intensity of processes and rate of movement [6], the con-
tribution of horizontal advection to the kinetic energy budget exceeded by a factor
of 1 1/2 the contribution from the generation of kinetic energy [5].
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Now we will turn to Table 2, The data in this table show that the role of the mech~
anisms forming the energy budget to a considerable degree is dependent on the stage
of cyclone evolution. All the energy transformations transpire most actively in the
maximum development stage.

Cyclones in general differ from one
and with respect to the activity of
the budgets of each of the types of

another both with respect to energy reserves
energy transformations, but the structure of
energy for them in general is similar.

Table 3
Distribution of Kyer, A4 and AT/At Parameters by Layers
ctober 1973 November 1973.
T
p K A-10? A—t < A 102 -A_tr
gPa ver g/ Kyer g/
W/m? {n2.sec) | K/hr W/m?| (m2-sec) K/hr
200—50 251 0,02 —_ 30,9 —0,22 -
400—200 6,21 -0.22 0,01 16,9 - ~-1,49 0,072
600—400 ~—4.94 —1,68 0.08 —6,2 ~—6,80 0,306
800—600 + —0.9° —4.03 0,18 —20,6 —11,36 0,512
P,—800 « 289 —2.89 0.13 —21,0 —634 | 0,285
Fehruary 1978 _ .Tugg_l9.78
P 2 AT AT
gPa ! Kyer A ’;’ At Kver A“lg(}’ FY;
j 2 , 8 r 2 :
i m4, 2, hr W/m 2.
W/ (m*-sec) </ (m-sec) 1y
200—50 ~1,80 0.03 — 2,70 —0,52 —_
400—200 §.90 -—0.09 0,004 719 -2,19 ° 0,10
600—400 —3.60 0,12 —0.005 -—7,07 -11,68 0,53
800—600 —0.80 —2,06 0,09 —043 —13,49 0,61
P;—800 ~2.70 —1.53 0,07 —2,39 —6,01 0,27
11
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The moisture cycle and the energy of the phase transformations of water vapor as-

sociated with it occupies a special place in the energetics of cyclonic forma-

tions. As indicated in Tables 1 and 2, the energy of phase transformations in dif-

ferent parts of a cyclone is evaluated as an average of 20-40 billion KW; in the

central part of cyclones in the stage of their deepening and maximum development

it attains an average of 70-75 billion KW. With respect to its quantity this ener-
- gy exceeds by several times the generation of energy due to the operation of the
force of horizontal pressure gradients.

As indicated by computations, the water vapor reserves in the column of the atmo-
sphere Pgyrf - 50 gPa with an area of the base 2.1011 n2 on the average are about
2 billion tons; about 80% of the moisture reserves are contained in the layer
Pgurf - 600 gPa. The degree of horizontal nonuniformity in the distribution of
moisture reserves over the area of the polygon is dependent on the stage of cy-
clone evolution. In the generation of a cyclone it is about 20%; in the mature

- stage it is about 50%.

The water vapor budget is determined by:

—— the inflow (outflow) of water vapor (qbound) through the lateral boundaries of
a column of the atmosphere;

-- the vertical redistribution of water vapor (qyer);

-- the phase transformation of water vapor (154).

Table 4
Moisture Cycle in Cyclonic Formations, millions tons/hour
Mechanisms forming Region (part) of cyclone Stage in cyclone development
water vapor budget
leading cen- southern waves deepen- devel- filling
) tral periphery ing opment
maximum
- Lateral inflow 57 71 26 18 43 110 14
Vertical redis-
tribution 25 41 27 15 33 55 25
Effective condensa-
vion 59 62 2 21 100 105 7

As an example, Fig. 4 shows the structure of the water vapor budget for the central
part of the Tebruary (1978) cyclone in the stage of its maximum development. The
local changes in the lower half of the troposphere are as follows: in the layer

I 800 gPa their contribution was 19%, in the layer 800-600 gPa -- approx-

‘surf ~
imately 27, and at greater altitudes -- 5-2%. The horizontal inflow and the ver-
tical redistribution were: in the layer Pgyrf - 800 gPa —-- total 617, in the lay-

er 800-600 gPa —-- about 22%, and in the layer 600-400 gPa -- even 92%. Whereas in

the layer Pgyrf — 800 gPa the effective condensation contribution was approximate-
1y 20% of the budget, in the layer 800-600 gPa it was already 50%. At greater alti-
tudes this contribution does not exceed several percent. It should be noted that in
the layer 200-50 gPa the moisture budget is determined primarily by the vertical
redistribution (inflow from the lower layers of the atmosphere), constituting 507%
of the budget.

12
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As indicated by an analysis of research data, there is a definite correlation be-
tween the profile of the vertical redistribution of kinetic euergy and the profile
of effective water vapor condensation due to the energy of phase transformations
which is set free and atmospheric heating. Table 3 gives data on the vertical re-
distribution of kinetic energy (Kyey), the effective condensation of water vapor
(D,) and the rate of atmospheric heating (AT/At) by the energy of phase trans-
formations (assuming that all the energy of phase transformations is expended on
the heating of air) for the central part of cyclones in the stage of their maxi-
mum development. This table shows that the maximum outflow of kinetic energy in
the vertical redistribution is in the layer 600-400 gPa and the minimum outflow

is in the layer 800-600 gPa. The maximum of the heating rate is in the layer
800-600 gPa, so that this atmospheric layer is heated to a greater degree than
the layers Pgyrf - 800 and 600-400 gPa. Accordingly, the layer 600-400 gPa in time
becomes thermally unstable and the pumping of energy into the higher layers is
intensified in it.

In actuality, in the underlying layer relative to the layer with the maximum rate
of heating the vertical temperature gradient decreases and with time this layer
becomes thermally more stable, whereas in the above-lying layer, on the other
hand, the vertical temperature gradient increases. This layer becomes thermally
more unstable and convective movements can develop in it. These movements can be
propagated upward and in turn favor the vertical transfer of water vapor. The rate
of generation of buoyancy, equal to AT
&5

where g is the acceleration of free falling, and & is the coefficient of volumet-
ric expansion of the air, can attain, as indicated by computations, 200-250 cm?/
sec? per hour.

Thus, the vertical movements of air, ensuring water vapor transfer, exert a sig-
nificant influence on the structure of the water vapor budget and the effective
condensation of water vapor, ensuring the release of the energy of phase trans~
formations, in the feedback system exerts an influence on the intensity and ver-
tical distribution of the vertical movements of air themselves. This phenomenon
was manifested with particular clarity in the October (1973), February (1978) and
June (1978) cyclones. In the November (1973) cyclone this phenomenon was masked
by a strong horizontal inflow of kinetic energy in the layer Pgyrf -600 gPa, giv-
ing an intensification of the pumping of kinetic energy from the layer 800-600
gPa.

Quantitative evaluations of the role of each of the mechanisms enumerated above,
forming the water vapor budget (for the column of the atmosphere Pg,.f - 50 gPa
with an area of the base 2-1011 m2), are given in Table 4. The data in this table
show that the moisture cycle is most intensive in the central part of a cyclone
and in the stage of its maximum development. The effective condensation is maxi-
mum in the leading and central parts of cyclones (59 and 62 million tons/hour)
and in the stage of deepening and maximum development (100 and 105 million tons/
hour).

The data in Table 4 convincingly show that the water vapor budget is significant-
ly rerlated to the dynamics (energetics) of the atmosphere (intensity and nature
of horizontal and vertical movements).
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In conclusion we will examine some results of the investigation related to the
moisture cycle and precipitation in cyclonic formations. Computations indicated
that effective condensation (condensation minus evaporation) of water vapor in
a cyclone in the wave stage, in the central part of a cyclone in the development
- (deepening) stage, in the leading part of a cyclone occurs 85-90% due to the lat-
eral influxes of water vapor and only 15-10% due to the initial reserves. In the
central part of the cyclone in the stage of its filling and on the southern peri-
phery of a cyclone the effective condensation of water vapor occurs 70-100% due
to the initial reserves.

Thus, the initial reserves of water vapor in a cyclone in the wave stage, in the
central part of the cyclone in the development (deepening) stage and in the lrad-
ing part of a cyclone are almost not entrained into the phase transformation
processes and the formation of precipitation.
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Fig. 5. Measured and computed quantity of precipitation during period 18-21 Febru-
ary 1978. In central part of cyclone: 1) measured, 4) computed; in leading part of
cyclone, 2) measured, 3) computed.

Second, it must also be noted, as demonstrated by the comparisons in [1], that the
cffective condensation of water vapor satisfactorily reflects the presence and in-
tensity of continuous precipitation (over an area) in cyclonic formations. This
was also confirmed in subsequent investigations. As an example, Fig. 5 shows the
quantity of precipitation measured in the precipitation-gage network and also the
quantity of precipitation computed on the basis of the residual term for the lead-
ing and central parts of the February cyclone, from 18 through 21 February 1978.
If one takes into account the present-day accuracy in measuring precipitation in
the precipitation-gaging network, the demnsity of this network and the accuracy of
radiosonde measurements of air humidity, the agreement between the curves can be
regarded as entirely satisfactory; the maximum quantity of precipitation was ob-
served at 1500 hours on 19 February at the time of the maximum development of the
February cyclone and it was confirmed by all the curves shown in Fig. 5.
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UDC 551.(571.34+583)
FORMATION OF MOISTENING OF THE LAND ACCOMPANYING CLIMATIC VARIATIONS
Mos cow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 17-23

[Article by O. A. Drozdov, professor, State Hydrological Institute, manuscript
received 17 Jun 80]

[Text] Abstract: Since an increase in temperature in-
creases the moisture content and vertical in-
stability of air masses, but weakens westerly
transfer and circulation in the temperate lat-
itudes, in the modern epoch moistening in the
temperate latitudes decreases during a warming.
With a change in temperature by more than +2°C
relative to the modern level the correlation
between temperature and precipitation becomes
direct. Similar phenomena are observed in the
annual variation of precipitation. The secular
and intrasecular temperature variations over sev-
eral centuries reveal an appreciable correlation
with the objective characteristics of volcanism
and reveal no correlation with Wolf numbers.

In preceding articles ([7] and others) studies were made of the correlation be-
tween the thermal regime and moistening. Although these correlations are complex
and locally ambiguous, they are decisive in characterizing the precipitation of ex-
tensive territories in the temperate latitudes. The complexity of these correla~-
tions is attributable to a diversity of effects caused by temperature changes in
the moistening regime. Direct correlations between the quantity of precipitation
and an increase in temperature arise due to an increase in moisture content and in-
stability of atmospheric stratification. They are clearly manifested with consider-
able changes in temperature: in the annual variation, in the variation of the quan-
tity of precipitation with latitude and in a change in precipitation in warm and
cold geological epochs.

On the other hand, since during warmings there is a decrease in the temperature dif-
ference between the poles and the equator, there is a weakening of westerly trans-
fers in the temperate latitudes, which leads to a decrease in water vapor flows

from the oceans into the interiors of the continents. The possibility of compensa-
tion of the role of westerly flows by meridional flows is noted only with a very
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high temperature background (from the south -~ in summer at the present time, from
the northern seas -- in the geological past). A weakening of westerly transfers
ihcreases the intensity of the transfers along the meridians, which favors an in-
crease in the temporal and spatial variability of temperature and precipitation. In
addition, cyclonic activity attenuates over the continents and the temperature
contrasts decrease within the cyclones themselves, which has a negative effect on
the moistening of arid regionms.

An analysis of the material shows that on the average for the temperate latitudes
under modern conditions the moistening decreases with an increase in temperatures.
Judging from the climatic variations in different parts of the spectrum in the
Holocene and in the historical epoch this regularity persists at least with temper-
ature changes from -1.7 to +1,.3°C in comparison with the modern epoch. Cold epochs,
including the ''small glacial epoch," were relatively moist; the warm, including
boreal and subboreal epochs, were dry. However, with an increase in the temperature
level by 2°C the moistening was substantially increased (Atlantic epoch); during
coolings greater than 2°C the quantity of precipitation evidently decreases (Fig.
1). A complex dependence of the quantity of precipitation on temperature is also
obtained in the annual variation.

We examined the changes in precipitation in the annual variation with a change in
temperature for 10 stations in Europe and Siberia situated to the north of the

A. I. Voyeykov 'great continental axis."” Such a choice of stations ensured at
them through the course of the year a predominance of winds with a westerly com—
ponent, that is, relatively uniform conditions of atmospheric circulation. Among
these stations six were on the plain, two on the western slope of the Ural Range,
one to the east of the Sayan and one (Sverdlovsk) in the "saddle" of the Middle
Urals, at the beginning of the leeward slope. The stations near the ranges differ
somewhat from the others: the windward stations have relatively more and the lee-
ward stations have relatively lesser winter precipitation and therefore this pre-
cipitation thereafter had to be excluded from consideration. At Sverdlovsk the
annual variation of precipitation is similar to that observed at lowland stations.

) Tendency to Atlantic epoch
~
o]
9
llodern level @
of moi:;teniny
Ul
5 Level of boreal and
Tendency to [ & subboreal epochs
subarctic g
epoch i
Temperature deviation from modern level
5 o2 -1 | 17 3

Fig. 1. Diagram of changes in mean annual precipitation in the temperate latitudes
of the land with a change in temperature in comparison with the modern tempera-
ture.
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Fig., 2. Change in monthly quantities of precipitation in annual variation relative
to the precipitation falling at 0°C as a function of temperature in regions with
small circulation-moisture differences in course of year.

The dependence of the actual quantity of precipitation, related to precipitation at
0°C, on temperature on the average indicated an increase in precipitation with an
increase in temperature, being interrupted in the interval from -8 to 0°C. This in-
terval evidently corresponds to a rapid change in interlatitudinal temperature dif-
ferences due to degradation of the regime of snow-ice phenomena with an increase
in temperatures.

In connection with the change in the temperature level from year to year there is
also a change in the form of correlation with the quantity of precipitation [8]. In
the warm season of the year the correlation between these parameters is negative
(as in the Brickner cycles); in the cold season of the year it is positive. This
circumstance in part is a consequence of the trivial fact that cyclonic activity,
forming precipitation, decreases in summer, whereas in winter the temperature in-
creases, but in part also reflects the regularities noted above.

In addition to the mentioned features of the correlatiom, during the cooling and

warming in both the long-term and annual variation latitudinal shifts occur in the

pressure-circulation zones (trajectories of cyclones, positioning of anticyclones,

- dislocations of atmospheric fronts, etc.). This circumstance has now already been
noted by many Soviet and foreign authors [3, 4, 6, 17, 18 and others].

The superposing of this process on the dependences noted above creates an ambiguity
in the changes in precipitation in dependence on the temperatures within large re-
gions and a fundamental curvilinearity of the mentioned correlations for each point
separately. The simultaneous effect of all the three above-mentioned correlation
factors creates difficulties for an analysis of the regularities of the considered
correlations.

In addition to the long-term climatic changes, in whose creation fluctuations in the
elements of the earth's orbit, and possibly some other factors apparently particip-—
ate, in the long-term variation of precipitation there is evidently a whole series
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of relatively regular fluctuations in which it is possible to detect approximate-
periodic components by correlation and spectral analysis methods. True, due to the
nonstationary character of many of these fluctuations they are perceived by many as
variants of "red noise" (for orders of the Markov process substantially higher than
the first). The longest of these (about 1500-2000 years) are usually related to
tidal phenomena [15], less frequently to solar activity. Neither such explanation
fully agrees with the actual material. In solar activity fluctuations there is re-
liable determination only of rhythms not longer than 90 years and more prolonged
rhythms are only postulated, frequently with an examination of the actual variation
of climate (the tie-in between the variation in climate and shorter solar cycles,
as will be demonstrated below, is also not ideal).
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Fig. 3. Secular variation of ice content near Iceland (according to Koch) (1) in
comparison with Wolf numbers W (five-year moving averages) (2).

The tie-in of long-term temperature and moisture fluctuations with an 1850-year
tidal cycle, in addition to some unclarity in the physical scheme of its influ-
ence on climate, is also inadequately satisfactory. In analyzing the variation of
these fluctuations from the present day into the past we find that already their
first realizations in the historical past diverge from the tidal cycle up to two
centuries (lagging or outpacing it in phase). Then into the depth of the past cen-
turies the tie-in becomes still poorer. The temperature and moistening fluctuations
themselves also in different parts of the hemisphere are not entirely synchronous;
the phase differences can attain several centuries.

The tie-in of temperature and precipitation fluctuations is also not very rigorous.
tvidently, even if the tidal phenomena are related to the considered fluctuations
the synchronism of the effect is impaired by autooscillations in the atmosphere-
ocean-polar ice system. According to the computations of V. Ya. and S. Ya. Sergin
[13], the latter can vary in a considerable range of spectra.

The reasons for the shorter fluctuations (300-500 years [6], according to [16] 360
vears; 200 years [14], according to [16] 180 years) are unclear. This was also
true for secular cycles (60-120 years) [1, 7, 8] (dissimilar with respect to dura-
tion and phases in different parts of the hemisphere, and also varying with time)
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and numerous shorter cycles (intrasecular, Brickner, and others). Many of these

are traced on the basis of ice and isotopic indicators, and also on the basis of
fluctuations of water bodies and deposits of silts in lakes over the course of sev~
eral millenia [1, 7, 9, 10, 14, 16 and others]. Secular and more prolonged cycles
since the time of their discovery have been manifested in different geophysical
series more or less regularly.

Attempts at explaining intrasecular, secular and multiple (with respect to dura-
tion) fluctuations on the basis of the influence of solar activity meet with for-
mal difficulties of a statistical nature. The spectra of secular fluctuations of
differeant geophysical parameters are not identical to one another and do not coin-
cide with the solar cycles (including for an average period up to 10 years or

more [9]); in sufficiently long series the increasing difference in the phases of
the fluctuations of helio- and geophysical factors becomes quite appreciable.
Since for the time being no jumplike changes in phases in the fluctuations of geo-
physical parameters or time gaps have been discovered in their manifestations up

- to the time of restoration of the correspondence in phase with secular and other
solar cycles, any phase difference can be accumulated between the fluctuations of
geophysical parameters and the solar activity cycles.

Such, in particular, was found to be the case in a comparison of the Wolf cycles
with the variation of the ice content of the sea near Iceland (according to the
Koch index) (Fig. 3), although in both series there are fluctuations with a dura-
tion of 10-12 years.

A number of scientists (M. I. Budyko [2], H. H. Lamb [21, 22]," H. Flohn [17, 18]
and others) have attempted to establish a correlation between decreases in trans-
parency caused by eruptions of groups of volcanoes (or, on the other hand, pro-
longed increases in transparency) with climatic fluctuations. As long as the ef-
fectiveness of eruptions was determined on the basis of indirect criteria, includ-
ing on the basis of temperature anomalies in the northern hemisphere, it was pos-
sible to doubt the objectivity of such comparisons, at least during the time prior
to the development of actinometric observations. Even in recent studies with the
use of information on eruptions substantially refining and prolonging 2000 years
backward the statistics cited by Lamb [19], the correlation between volcanic activ-
ity and climate left much to be desired. However, the precipitation of soluble
products of eruption onto the glaciers of Greenland (H2S04, (NHz)2504), some of
which make a substantial contribution to the formation of turbidity, created change
in the conductivity of ice persisting for many hundreds of years and detected in
cores during drilling.

For the time being these data have been obtained only on the basis of drilling in
Greenland for a period of 350 years; it is desirable that such refinements be ob-
tained for other regions of the earth. And nevertheless the results of drillings
make it possible to conclude that short climatic fluctuations are tied into vol-
canic-induced atmospheric turbidity considerably better than could be demonstrated
before. For example, the last three secular warmings, which were separated by in-
tervals of about 100 years (1930-1940, 1840-1860, 1730-1740), confirmed by the
paleotemperatures of Greenland, a decrease in the volume of ice near Iceland

and an increase in the growth of wood at the northern boundary of the forest in
the Taz River basin, were accompanied by a sharp decrease in the conductivity of
the cores.
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Similar warmings in 1650-1660 and 1530-1540 can be established only on the basis
of the indirect data mentioned above and the virtually zero values of the dust
curtain index, according to Lamb, in the years 1514-1550, 1552-1564, 1573, 1588,
1590-1661. Most of the years with increased transparency either precede or occupy
the years of warming maxima.

Thus, the hypothesis for the first time expressed by M. I. Budyko [2] concerning
the reasons for the secular warmings is confirmed, although for the time being on
the basis of limited material. With respect to climatic fluctuations of higher
frequencies, they are relatively well dated on the basis of increases in ice vol-
ume near Iceland (by a value greater than 2Q Koch units [20]). These coolings al-
so agree satisfactorily with the temperature of long-series -stations in Western
Europe [22], Furopean USSR [12] and the growth of wood at the northern boundary
of the forest in Western Siberia [14]. More than 75% of these fluctuations during
the period of adequately complete information (from the second half of the 18th
century) correlate with the group eruptions of volcanoes. In one case (the erup-
tion of Armagora in 1846) Lamb exaggerated the volcanic component of temperature
variation. (Because of the year preceding the eruption, characterized by an anom-
alously high temperature for some undetermined reason. This initial level should
not be taken into account and the subsequent cooling must be reckoned from the
mean level of temperatures for the group of preceding years).

After correction of this variation in accordance with data on conductivity, the

agreement with the variation of temperature indicators is restored. In three

cases (1865-1869, 1885-1892, 1938-1942) the coolings were unrelated to volcanism
. and according to the information available for the two latter cases the coolings
' had either a local character (1938-1942) or were noted in the American sector of
the Arctic with a relatively high temperature in the Eurasian sector, which in
Eurasia formed winter colds of a monsoonal character.

Earlier we made the assumption that such coolings, usually local, are associated
with circulation conditions forming in the Arctic and in all probability caused

by the distribution of polar ice in periods when its volume was relatively small.
This increases meridional transfers, at definite longitudes creating advection
from the Arctic, and at others -- either advection of heat, or at the longitudes
of sectors with a small quantity of ice, an intensification of monsoonal phenomena
on the temperate-latitude continents in winter. For the considered cases this is
in general confirmed.

Thus, secular and intrasecular fluctuations of climate are frequently, although
not always, associated with the variation of decreases in atmospheric transparency;
in the remaining cases the development of meridional intrusions of cold or anticy-
clones is favorable for them. With respect to more prclonged coolings in the super-
secular cycles, according to the data in [18], bursts of active volcanism longer
than 1 1/2 centuries apparently do not occur. Accordingly, the problem of the ori-
! gin of fluctuations of 1500-2000 years for the time being remains open.
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UDC 551. (510.4+583)
EFFECT OF COZ ON THE THERMAL REGIME OF THE EARTH'S CLIMATIC SYSTEM
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 24-34

[Article by I. I. Mokhov, candidate of physical and mathematical sciences, Insti-
tute of Atmospheric Physics, USSR Academy of Sciences, manuscript received
25 Jun 80]

[Text] Abstract: A study was macde of the influ-
ence exerted on the temperature regime of
the earth's climatic system by the parameters
to which it is most sensitive with a change
in atmospheric COy content. It is shown that
the results of different climatic models can
be analyzed usefully and conveniently using '
the effective response parameter X character-
izing the derivative of the mean hemispherical
surface temperature relative to atmospheric
CO02 concentration. The reasons for the dif-
ferences in the model results set forth in
the article are validated quantitatively.
With the use of empirical data it was found
that = 3.5 K. Allowance for the lag of the
annual variation of the mean hemispherical al-
bedo relative to the variation of the mean
hemispherical temperature leads to a decrease
and even a virtual absence of the influence
of a dependence of albedo on mean temperature
for the year; in this case X is close to 2 K.
The conclusion is drawn that X is considerably
influenced by the type of cloud cover and strato-
spheric parameterizations. It was found that the
¥ parameter for a zonally averaged model is
greater than for a hemispherically averaged model.

At the present time the most preferred estimate of the global increase in surface
temperature with a doubling of the atmospheric CO2 content is usually assumed to
be 3 K [3, 15], although there is a quite great scatter in the estimates from a
half-degree to four or more degrees, that is, differing by an order of magnitude
_ [4, 7-9, 12, 14, 21, 25, 26, 29, 31, 32]. Qualitatively the reasons for such dif-
ferences for some climatic models are discussed, for example, in a review by
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S. Schneider [31]. The purpose of this study was to obtain quantitative estimates
of the influence of the parameters of the earth's climatic system to which it is
most sensitive with a change in atmospheric CO3 content. This is done in a simple
but quite general formulation suitable for different models and for a comparison
with experimental data.

We will examine the energy balance equation for the earth's climatic system, aver-
aged for the northern hemisphere

F AT . n)y=F - (T, n, q)=0. (1)
Here Fy is the solar radiation absorbed in the system and F4 is the outgoing
thermal radiation. These are represented by the functions T -- surface tempera-
ture and n -- extent of cloud cover, but F4 is also a function of q -- atmospheric

CO2 content. The solar radiation absorbed in the system can be written in the form
F,=Q (I—a), 2)

where 4Q is the solar constant (1360 W/mz) and albedoX is represented by the for-
mula

a=uyn+uy (1—n).

[T=cf = cloud free] ! " (3

The albedo of the cloud system 0‘0 with the extent of cloud cover n and the albedo
of the cloudless system .f are assumed to be functions of temperature.

It follows from (1) on the assumption of a dependence of the extent of cloud cover

n on temperature T that .
oF, oF, ..
7 4T~ =7 4T =

oF, ., _
- dg=0,

K (4)

Now we will determine an expression for the differential parameter of response of
the temperature regime of the hemisphere to the relative change in atmospheric
€Oy content q:

oF .
1= gdL = %
i b S ool )
oar or

Most of the model computations are made for determining an integral characteris-
tic -- the temperature change AT of the climatic system with a doubling of the
atmospheric CO» content. The introduced X parameter is convenient for a compar-
ison of the AT evaluations made in different models with use of the mean value

'—‘f’u

vE.
AFy = \ Jng ding in the numerator of expression (5) with a doubling of qq,
g
2 4, 2 iy Z’;:n'] ding \F
. v I t — . _~
-\['—-‘ “ding = \ oF —F,) T TJ(F, =F.) ~ .
o Y r¥i - .0/' - (4¢) (58)
25

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400040041-8



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400040041-8

FOR OFFICIAL USE ONLY

viF =F) = Ty
[3¢¢ = eff] o (5a)

where qp< q.<2 49> qg is the present-day q value, [Similarly it is possible to es-
timate the change in T for different changes in q, making use of the approximate
expression ’

o _. A
According to [29],9la¢ - -5.9 w/mz.] It is important that AF1~ varies little from
nodel to model and is about -4 W/m2 [4, 5, 8, 13, 15, 29]. However, the derivatives
of such an effective response parameter X differ substantially in different models,
and as 1is especially important, they can be evaluated on the basis of experimental
data.

In expression (5) it is possible to take into account all the feedbacks and evalu-
ate the influence of all possible climatic variables and parameters: the extent of
cloud cover, albedo of the cloud system, relative humidity, vertical temperature
gradient, altitude and temperature of clouds, quantity of precipitation, parameters
of the stratosphere, biosphere, etc. For example, discriminating the influence of
cloud cover extent on the temperature regime, we obtain

oF .

) 6

*=99F oF, dn ! oF, oF . dn* ©
©oor Y wmur T Ter T om 4T

It is also possible to evaluate the stratospheric influence on k, the importance
of an allowance for which is mentioned in [31]. The influence of the stratosphere
can be attributed, first of all, to the fact that with a greater atmospheric CO,
content there is an increase in stratospheric cooling (which decreases strato-
spheric temperature) and a decrease in stratospheric transparency in the warm
range. Second, the increased absorption of solar radiation by both COp and water
vapor observed in such cases leads to an increase in temperature [9, 31]. It is
simplest to evaluate the stratospheric influence by representing outgoing thermal
radiation F4 in the form [10]

F.=F, Dyt By (1 =Dy (7)
Here F 4 .o is the outgoing thermal radiation of the troposphere; Dg. is the inte-
gral transmission function for the stratosphere for thermal radiation; Bgy =

o T} , where & is the Stefan-Boltzmann constant, Tgy is the temperature of the iso-

theimic layer of the stratosphere.

Then in place of (5) we obtain

oF , D5, oF .
5 1L Dy = (Foyy—Bu)— o (8)
YARCSN { g .
2T q oF ,  oF Dy — 0By, (=D,
or ar oT

In (8) F, g = Fyse(q) is the absorption of solar radiation in the stratosphere as
a function of q. Using (7), from the energy balance it is possible to obtain the
condition for cooling of the stratosphere with an increase in q (with Fj g¢ = 0):
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e (1~ D,) dT - By 20 dg 0.
(9
Or otherwise gg)qi < _74;0_07;_: (1 = Dy) _Z_qT <0.
(10)

| with dT/dq >0 and 9Tge/d T< 0. For example, in [31] there is an estimate of the

: value ¢9Tst/3'r = -4, in order to obtain which it is necessary to take into account
i the absorption of solar radiation in the stratosphere. We note that the stratosphere
i with Dy, close to 1 considerably increases dT/dq.

Table 1

Comparison of AT and X Parameters for Different Models

Climatic models T K K
; Energy balance [12] 0.5 0.5
: [33] 0.7 0.7
[9] 1.1 1.1
3.0 3.1
[29] 3.2 3.6
Radiation-

convective [14] 2.0 1.9
3.2 3.0

General cir-
culation [24] 2.9 2.7

We estimated the values of the effective parameter ¥ using formula (5) with (5a)
taken into account for different models. Table 1 gives an evaluation of X for some
models with appreciably differing changes in mean surface temperature A T with a
doubling of the atmospheric CO, content: for the genmeral circulation model [24],
for the radiation-convective model [14], for energy balance models [9, 12, 29, 33].
For model [24] the values of the temperature radiation influx derivatives were
taken from [18]. Table 1 shows that the X parameter reflects well the properties
of the models, that is, a knowledge of the derivative radiation influxes with re-
spect to different variables makes possible a quite precise evaluation of the
change in the temperature regime of the climatic system with a change in the atmo-
spheric CO, content.

On the basis of the model comparisons made the conclusion can be drawn that there
is an appreciable sensitivity of ¥ to the parameterization of cloud cover: the de—
pendence of albedo and the quantity of clouds on temperature. The substantial in-
fluence of cloud cover on the sensitivity of the climatic system can also be seen
when using data from satellite measurements in [27]. In particular, the positive
dependence of cloud system albedo on temperature in models [12, 33] also deter-
mines lower temperature changes with a doubling of atmospheric COy content. For ex-
ample, if the positive dependence of cloud albedo on temperature in the model pro-
posed in [8] is excluded, the value of the temperature increment more than triples
-- from 0.5 to 1.7 K without allowance for influence of the stratosphere,
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An important reason for the difference in the results in the models [9, 14, 29]
is the difference in the derivatives of outgoing thermal radiation for tempera-
ture J F4 / JT. The difference in the results in the different variants of the

radiation-convective model [14] is associated, for example, with the difference
in JF4 /JT in cases of a constant temperature or altitude of the upper cloud

level. The variants of model [9] differ in the dependence of albedo on tempera-
ture, and not only due to the influence of the snow and ice cover, but also due
to the influence of a change in the biosphere on albedo.

In comparing the model evaluations of change in the temperature regime with eval-
uations based on real data for the northern hemisphere we will use a number of
equations and dependences obtained using the corresponding regressions based on
empirical zonally and hemispherically averaged data in the annual variation and
for the mean annual regime. Data for surface temperature were taken from [19].
For outgoing thermal radiation in the annual variation, according to mean month-
ly data [20], averaged for the hemisphere, using the linear regression

F, =A+B (T—T.), (11)

where Ty = 273 K, we determine A = 204 W/m2 and B = 2.0 W/ (m?+K) with a correla-
tion coefficient r = 0.83. We note that in the regression using mean annual zonal-
ly averaged data, the coefficients coincide with those determined within the limits
of 2% accuracy. All the latitude zones in the regression based on mean annual data
were represented with an equal weight.

1
The dependence of albedo of the hemisphere 2 (a= [ a(x) Six) dx, x=sing

1]
¥ is latitude, S(x)is the insolation distribution function, satisfying the condi-
tion 1

S S(x) dx = 1

- 0

on the mean surface temperature of the hemisphere

; 1

( T=§ T (%) dx)
on the basis of mean monthly data for o/ (x) in the annual variation {20}, was deter—
mined using the linear regression

a =an+eay (T—Ta). (12)
In (12) an allowance was made for the time lag in the annual variation of albedo,
for example, due to the inertia of the cryosphere, relative to the temperature
variation. The maximum correlation coefficient (0.9) for (12) was obtained with a
lag time A\t equal to approximately 3 months. With At = 3 months we determined
oy = doc/dT = -0.0024 K™l and &4 = 0.340.
On the basis of the empirically determined expressions (11) and (12) for the north-

ern hemisphere in the annual variation we determine (specifically with ZkFt‘= -4.1
W/m2 [29]) in accordance with (5) the value of the effective parameter x —— 3.5 K.
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; The determined value confirms the conclusions [3, 15] that the most preferable es-
> timate is 3°K for the change in the mean global surface temperature with a doub-
1 ling of atmospheric CO7 content.

Allowance for a lag of a quarter period (3 months) in the annual variation of mean
hemispheric albedo relative to the variation of mean hemispheric temperature leads
to a decrease and even a virtual absence of the influence of the dependence of
albedo on temperature as an average for the year. [We will demonstrate the influ-
ence of a lag in the annual variation of mean hemispheric albedo OC relative to
the annual variation of mean hemispheric temperature T in an example. As a sim-
plification we will represent the annual variation of T and o¢ in the following
form: T=T+ATsinwt,

= q—Au sinw (/—A 7). =

Here «Jis the angular frequency of the earth's revolution; 3f=- o+ where élgg-
termines the difference from a quarter of the lag period & relative to T; T and &

are the mean annual values, and AT and A« are the amplitudes of the annual varia-
tion of the mean hemispheric temperature and albedo respectively. Using the expres-
sions for T and &, we obtain the formula 4, 4,4 1y

a7 T "—_\—7‘ (Cosiigmt —sind),

f

2w/

With averaging for a year (271/w) we obtain do/dT = sin § » Since ( igwtdrl - 0.

0
However, if the lag is equal to a quarter period (3 months), that is 4 = 0, then
de/dT = 0 and as an average for the year there appears to be no dependence of & on
T.] In the absence of a dependence of planetary albedo on temperature the X value
is close to 2°K. This estimate coincides with the results of computations by S.
i Manabe and R. Stouffer using a general circulation model with an annual variation
- for an increase of mean global temperature with a doubling of atmospheric COp con-
; tent [25]. We note that for long-term changes of the climatic system the influence
of the dependence of planetary albedo on temperature must not be precluded. It is
possible to evaluate the influence of the stratosphere on the X parameter., For ex-
ample, with 43F¢ for the tropospheric model from [10] we estimate X = 2°K, indicat-
ing the importance of stratospheric influence on the X parameter,

One of the most important problems in climate theory is that of the influence of
cloud cover on the thermal regime of the earth's climatic system. This problem has
not yet been solved due to the shortage of experimental data on cloud cover. It is
all the more important to evaluate the criticality of the results of computations
for a possible uncertainty in cloud cover parameterization [6, 11]. In this case
we evaluate the influence of cloud cover on the X parameter. It follows from a
representation of hemispheric albedo & in the form (3) that

d d , , d-» dn _
; [rr: hemi (sphere)] —IT;: = 7—;.— n -+ 77':' (‘ -_— l?) + AT (7.0 7-n‘- (13)

| The dependence of the extent of cloud cover on temperature in (13) can be deter-
| mined from the nonstationary equation

'."—l—:lir-:‘—(n—;?)'{"((r" T/:) (14)

for the extent of cloud cover, averaged for the hemisphere, in the annual varia-

tion according according to data in [2]. Here n and T are the stationary mean an-
nual cloud cover and temperature, Tn is the characteristic inertia time for cloud
cover extent. In (14), by the least squares method, for the regression

y=a; 2+ a2 2, (15)
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with 21 = T~ T, y =n - n, z2 = dn/dt, aj = c, ap) = - T we determine the values
Tn = 0.05 month and ¢ = 0.004 K1 with a correlation coefficient r = 0.93 (14).

It is important to note that according to [1] with an increase in the extent of
cloud cover without the falling of precipitation the temperature at the surface

is reduced. However, the temperature increase due to an increase in the quantity

of heat released during the condensation of water vapor is greater than the de-
crease in temperature due solely to the increase in cloud cover and the total ef-
fect is expressed in a temperature increase. However, with the use of mean annual
data for different latitudes the correlation coefficient for the extent of cloud
cover and temperature is negative [16]. Accordingly, it must be noted that the
change in the extent of cloud cover with latitude is associated not only with the
temperature distribution with latitude and generally speaking, it is impossible

to determine their correlation from the latitudinal variation of the parameters. In
order to describe the correlation between the extent of cloud cover and temperature,
for example, it is necessary to investigate changes in cloud cover and temperature
with time over, the stipulated area.

In order to determine the dependence of the albedo of a cloud-free system use was
made of the nonstationary dependence of the area of the snow-ice cover X5 on the
mean surface temperature T of the hemisphere. In a linear approximation for small
deviations of x5 and T from their stationary mean annual values x_and T the sought-
for equation assumes the form s .

2, ﬁd-_"t-\'_—__- (x,—x)+d(T-T). (16)
Here xg = sin %g; P4 is the latitude of the continuous snow and ice cover, deter-
mined from the mean monthly data from [30] on the fraction of sea ice and snow in
different latitude zones in the course of the year; 'CS is the characteristic iner-
tia time for sea ice and the snow cover of the land.

On the basis of equation (16), by the least squares method for a regression in the
form (15) with y = x5 - x5, 21 = T - T, 2y = dx;/dt, a; = d, ay = ~Tg we find that
with Tg = 0.44 month, ¢4 = 60°N, the correlation coefficient for the latitude of
the snow-ice boundary with the temperature d = 0.0144 K™l is 0.99. In this case zo
= dxg/dt in the computations were determined as the central differences of the xg
values for adjacent months. By determining the coefficient dxg/dT it is possible to
find do¢( ¢/dT from the expression

& an
ar ’

where ©; ., and dif are the albedo of the system over ice and over ice-free sur-
faces respectively

dXog/dT = =(Xj0e = ¥ yf)

We will determine the mean hemispherical albedo values % ces 0L ¢ and OCO, using

the data in [20] for the mean annual distribution of albedo ¢ with the latitude
(x = sin ¥), on the basis of the following equations:

1 };s
1, =a, | S(x) dx +z; | S (x1dx,
_ 0

Xs

(18)

[M= cf; i = ice]
1

1
2, (1 —n)+zUn:SS(x) a(x)dx/j‘ S (x) dx,
X

s Xs
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- ao(l—n)+aon=f’S(x)a(x)ax/fS(x)d_x.
0 0

Here S(x) is the function of distribution of insolation with latitude. In order to
evaluate the mean hemispherical albedo values ¥jcer ¥y¢ and & in (18) we_use
n=0.5and ®.f = 0.18, as in [16], on the basis of the data in [20]. With Ps

= 60°N (xg = sin ¢_) we obtain Oqf = 0.15, 4.6 = 0.56, 0y = 0.43. With the de-
termined albedo values d 0t ¢/dT = -0.0059 K~1 and using the value do¢/dT = -0.0024
k-1 obtained above, from equation (13) for dn/dT = 0.004 K-l we determine dOéO/dT =
-0.001 K~1, We will evaluate the reliability of the resulting value da(oldT. If it
is assumed that the extent of cloud cover is not dependent on temperature, then
from (13) it follows that da(/dT = 0.001 X1, Thus, the uncertainty in the depend-
ence of the extent of cloud cover on temperature leads to an uncertainty in the sign
of the dependence of cloud system albedo on temperature.

The response of outgoing thermal radiation F4 to a change in temperature and the
extent of cloud cover is determined using a representation in the form [4]

- F. =a+b (T—Ty)—[a\ b, (T—Ty)]n. 19

Due to the already mentioned uncertainty in the parameterization of cloud cover
there are considerable differences in the coefficients of expression (19). In par-
ticular, the ﬁFf / dn value in the studies of different authors varies in the
range from 34 to 91 W/m2 {17]. Such an uncertainty exerts a considerable effect
when finding the relative influence of cloud cover on the response of the climatic
system in this case to a change in atmospheric C02 content.

In order to evaluate the influence of cloud cover on the X parameter we will use

- parameterization of outgoing thermal radiation from [10], for which the IF¢/Jdn
value falls in the middle of the above-mentioned range. In [10], on the basis of
the proposed model, analytical expressions were obtained for the coefficients in
(19) and their values were determined:

Fy =230+£24 (T—T0)—[54+0.6 (T—Tw) In.  [W/m2] (20)
(The coefficients in (20) differ somewhat from those cited in [10], since in [10]

the outgoing thermal radiation was parameterized through the extent of cloud cover
in the thermal wavelength range). It follows from (20) that

ik 2,1_53%"7’- W/ (m2+K) ] (21)

with values n = 0.5 and T = 288 K for present-day mean hemispherical cloud cover
extent and surface temperature.

We note that for a coincidence of the dF ¢ /dT values from (11) and (21) it is neces-
sary that dn/dT = 0.002 X1, It follows from (13) that do¢/dT = 0. On the basis

of these parameterizations it is possible to represent the effective parameter X as
a function of the cloud cover characteristics dn/dT and dMO/dT:
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- AFI

=
da, . dn
- frhgE AT

(22)

where fl =b + Q(1 - n)d dcf/dT, f2 = Qn, f3 = Q(O/O -“Cf) - (”l + byT).

x K[ I}

\

AT 90 40 0| 40 day : !

Fig. 1. Dependence of the X parameter on Fig. 2. Dependence of ¥ parameter on
dol,/dT with dn/dT = O (hyperbola 1). The dn/dt with d %,/dT = 0. For the para-
straight line 2 corresponds to ¥ = 3.5°K. meterization of outgoing thermal radi-
ation Fy from [10] -- hyperbola 1, for
the parameterization of Fy from [16]
-~ hyperbola 3. The straight line 2
. corresponds to X = 3.5°K.

For an evaluation of the response of X to the d ®;/dT and dn/dT values Figures 1
and 2 give curves (hyperbola 1) of the dependence of the X parameter on doLO/dT
with dn/dT = 0 and on dn/dT with do(O/dT = 0 in accordance with (22). Table 2

- gives the corresponding computed X values with the do¢p/dT and dn/dT values used in
different models. Evaluations of ¥ without allowance for influence of the strato-~
sphere with A\_Ff from [10] are given in parentheses. It follows from the cited
evaluations that the different model parameterizations of cloud cover can sub-
stantially change the value of the ¥ parameter. However, we note that the dependence
of the extent of cloud cover on temperature dn/dT = 0,004 K™l found in this study
for the northern hemisphere on the basis of empirical data in the annual variation
exerts little influence on the } parameter. The stratosphere exerts a considerable
influence on x . .

It is interesting to note that with a sufficiently strong negative dependence of
albedo and cloud cover extent on temperature an increase in atmospheric CO; con-
tent can lead to a temperature decrease. (However, this regime is evidently un-
stable,) It can also be seen that the X% parameter is sensitive to a change in dg 0/
dT and dn/dT and with an increase of their negative values in absolute terms in-
creases with £ > 0. In this connection it is necessary to note the inadequate ac-
curacy and completeness of present-day data on cloud cover on a global scale for
drawing final conclusions concerning its influence. For example, the dFr /dn
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values near the upper boundary of the range of uncertainty correspond to a weaker

(and even opposite in sign) dependence of the X parameter on the dn/dT value char-
acterizing the correlation between the extent of cloud cover and temperature. In

particular, the hyperbola 3 in Fig. 2 was computed for the upper boundary of the
2 Fy /9 n value for the uncertainty range [16]. As a comparison, Figures 1 and 2

show the straight lines 2 corresponding to the value of the parameter X= 3.5°K,
evaluated on the basis of experimental data.

Table 2

Evaluation of ¥ Parameter in Dependence on d (x_o/dT with dn/dT = O and on dn/dT
with decp/dT = 0

ds, da, ., ! dn dn . _,
'(dT) ar & ’(dr) a7 K
1.1 (0.6) L0015 [12) 2,5 (1,4) 0026 [28]
3.2 (1.8) 0.001 3.5 (1.9) 0,004 [11]
3720 0 37 (2.1) 0
1.1 (23) —0.0005 |22} 1.1(23) -~0.004 [11]
44 (2.3) . —0.001 47 (2.6) ~0,01 [16]

<0 ; <—0.0065 <0 <—0,05

All the cited computations were made for a climatic system averaged for the hemi-
sphere. With conversion to a zonally averaged energy balance system there is a
weridional transfer of energy F.. and a dependence of temperature on latitude ¥(x =

sin ). The initial energy balance equation (1) for a system averaged for the hemi-
sphere can be written in the form:

<Fl L =<LF (la)
1
where ’\F.,\:Q(I—<z>), <7,>=i',(x)5(.\,) dx,
o
]
<Fo= | Fl(x) dv,

In the case of a zonally averaged system the energy balance equation has the form

Fou) - Fy(x)=F i) (23)
Here T, (x) =QS(x) I I—u ()] 2 =[x T(x)]. Fy =Fy [T(x) Jn=n(x).

If we assume a meridional transfer of the temperature function at a particular lati-
tude T(x) and a mean hemispherical temperature
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1
<T>={ T(x) dx,
[
for example, as in the model [4]

F.-.'—_—F’--»IT (X), <T>‘, (24)

then the response parameter X assumes the form

I<F. > 9<Fy >
R - 9
17 oFy > d<F,> T oF da (25)
_ : b o S (x) dx
9<TS T a<Is  0<F.> G TS )
TS ) 9a  oF. OF
9<T> i [QS(_().E-%-+ de + o;]

In particular, in model [4] the meridional transfer is expressed in the form

Fr=1(T—<T>), 26
- then
9 Fy>
- "= %.
d<Fo> ¢ o S0 & (27)
—5— 9 | s % L OF] :
b1 +—_{-Q (-Y)TI—.‘*T-J

We note that the dependence of system albedo on temperature is determined for the
most part by the high and middle latitudes due to the high albedo of snow and ice
[22].

On the basis of the data used in this study it is possible to determine that the Jxl
parameter is greater than the ) parameter for a hemispherically averaged model
and approaches )ﬁo

'l.| - 10

- (28)

in the case of intensive meridional transfer with Y»>oo. (In accordance with [9] the
real value of the Y pcrameter in the computations was assumed equal to 3.75 W/ (m“:
%)). The computations in [23, 24, 32, 33] confirm that the response of the models to
a change in atmospheric COj content increases with an increase in the dimensionality
of the model, for example, with conversion from mean hemispherical to zonally averag-
ed models. As is well known, in zonally averaged models there is a great change in
temperature in the high latitudes with an increase in atmospheric COZ content.

In conclusion the author expresses appreciation to G. S. Golitsyn and also to A. S.
Ginzburg, V. K. Petukhov and R. D. Sess for useful discussion,.
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UDC 551.510. (522+575+576)

NUMERICAL MODELING OF THE DIURNAL EVOLUTION OF THE ATMOSPHERIC BOUNDARY LAYER IN
THE PRESENCE OF CLOUDS AND FOGS

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 35-44

[Article by M. V. Buykov, doctor of physical and mathematical sciences, and V. I.
Khvorost'yanov, candidate of physical and mathematical sciences, Ukrainian Region-
al Scientific Research Institute, manuscript received 30 Jun 80]

[Text] Abstract: The article describes a numerical mod-
el of low clouds and fogs which takes into ac-
count the processes of transfer of heat, moisture
and turbulent energy, long-wave and solar radia-
tion, and growth and evaporation of droplets in
a turbulent medium. The authors carried out model-
ing of the diurnal variation of the atmospheric
boundary layer (ABL) ‘during the formation of
stratiform clouds over snow and the process of
dispersal of a fog by the sun. It is shown that
allowance for solar radiation leads to greater
turbulence and thickening of the ABL, more rapid
development of a cloud, lowering of its lower
boundary and the enlargement of droplets. The
opposite effects are observed during the nighttime
hours. It was established that during the dispersal
of a fog by the sun the main role is played by the
heating of the underlying surface and the turbulent
transfer of heat upward; direct absorption of solar
radiation by droplets is less important. In the case
of small solar altitudes (in autumn, spring) a fog
can be transformed into cloud cover.

Increasing requirements on the quality of weather forecasting and the development
of work on artificial modification have stimulated the appearance of a whole ser-
ies of studies in the Soviet and foreign literature during the last 15 years which
have been devoted to the mathematical modeling of low cloud cover and fogs in the
atmospheric boundary layer. These models, differing with respect to the methods for
computing the turbulence characteristics, radiation and condensation processes (for
a review and comparison of models, see [1]), made it possible to describe the prin-
cipal regularities in the formation and evolution of low cloud cover and fog.
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Howeve many models either do not take radiation processes into account or take
into account only long-wave radiation, that is, relate to nighttime conditions.
In {13] the authors included the processes of transfer of solar radiation, but
arctic stratiform clouds are modeled during the time of the polar day, the solar
altitude is fixed and there is no diurnal variation.

",
The inclusion of solar radiation transfer processes also makes it possible to "
model the diurnal variation of low clouds and fogs and can help in better under-
standing of the mechanisms of their formation and evolution, reciprocal transfor-
mations and energetics. In this communication the model of low clouds and fogs
formulated earlier [2, 11] is generalized for the case of presence of solar radi-
ation. The modeling of two situations was accomplished: formation and evolution

of cloud cover over a snow-covered underlying surface and the process of the dis~
persal of a fog at sunrise. In this model, in contrast to the others, use is made
of a microphysical approach: the spectrum of droplets is computed in each time in-
terval by the solution of a kinetic equation. This made possible a more orderly
relating of radiation and microphysical characteristics and as a result -- invest-
igation of the influence of solar radiation on the cloud microstructure, and also
allowance for the fact that radiation characteristics of the droplet phase (co-
efficients of scattering, absorption, etc.) vary greatly with time together with
the droplet spectrun.

Block Diagram of Model

The system of equations for the model is given in [2, 11]. Here only a block dia-
gram of the model (Fig. 1) is given. Each group of processes in the ABL is de-
scribed by its own system of equations. The method of component-by-component
splitting is used in the numerical solution.

The blocks in the diagram correspond to the splitting of the model into special
problems; the arrows correspond to the sequence of the computations, and the sym-
bols over them correspond to the exchange of information between blocks.

The equations for describing all the processes, other than the transfer of solar
radiation, and also the algorithms for their solution, were set forth in [2, 11].
For computing the effective solar flux Fg = Fg - Fg and the influx (JT/dt)g .we
used the method developed by R. Goody and G. Herman [13], based on a solution of
the transfer equations in a two-flux approximation. As was demonstrated in [9],
in a comparison of the method of distribution of photons by paths with a two-flux
approximation, the latter has an adequate accuracy, but is simpler in its numer-
ical realization. For Fg we solved the equation

& Fo, 1=, <Zcos b
Show g 2 L _
am AP BEd = W

Here‘JA is single-particle albedo,

%19
VIR I A (2)

) =

[B = air]
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Fig. 1. Block diagram of model.
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where Cﬁx is the spectral mass coefficient of scattering of droplet water, oﬁAL
and &, , are the spectral mass coefficients of water and vapor absorption, q,, q
and Pair are liquid-water content, humidity and air density, < cos 8> is the
scattering asymmetry factor, T, is spectral optical thickness,

(B = air] L@ =1 (eqs 3 q0,) dz. (3

As the boundary condition for FS at the underlying surface we used the reflection
condition, at the upper boundary (10 km) -- the equality of the descending flux to
the value I » cos p, where I 5 is the solar constant, cos p is the solar zenith
angle, which was computed as a function of latitude, season of the year and time

of day.

In {13] the spectrum of absorption of solar radiation by vapor was broken down into
two sectors with large and small vapor absorption coefficients. The coefficients of
absorption and scattering of droplet water were not dependent on time. In this com-
munication spectral computations were made for 32 wavelengths, taking into ac-
count the eight principal absorption bands in the interval 0.4-4pm (see Table 1).
For the coefficients of scattering 051, and absorption°€AL we used analytical ex-
pressions obtained in [i2] for the spectra of droplets in the form of gamma dis-
tributions. For this purpose the computed droplet spectra in each time interval
were approximated by gamma distributions whose significant parameters were then
substituted into the formulas from [12]. The intensity and profile of the effective
fluxes of solar radiation, computed by this method, were close to those observed
under cloudy conditions with corresponding solar altitudes [5, 6, 8].

As in [2], the initial relative humidity in the boundary layer was considered con-
stant and temperature was considered as decreasing linearly with altitude; droplet
water was absent. If at some altitude humidity for the first time attains satura-
tion, N, of condensation nuclei is activated and the droplet phase is formed.

Evolution of Clouds Over Snow

In modeling the albedo of snow was considered equal to 807%; solar altitude was com-
puted for the latitude of Kiev for 21 March and 21 December. Qualitatively both
cases are similar; in the first of them the amplitude of the diurnal variations

is greater. The initial conditions are as follows: geostrophic wind 10 m/sec, rela-
tive humidity in the boundary layer constant and equal to 90%, surface temperature
5°C and decreases with altitude with a gradient 6°C/km. Humidity at the surface

was equal to the saturating humidity over ice. Calculations begin at 0350 hours.
The evolution of the ABL is illustrated in Fig. 2. Due to long-wave radiation
cooling the surface temperature decreases by 6°C at 0400 hours, the turbulence
coefficient k decreases (maximum value -- from 9 to 4 m“/sec) and relative humid-
ity increases. At 0810 hours at an altitude of 300 m a cloud is generated and the
long-wave radiation balance at the surface decreases sharply. At 0820 hours (here
and in the text which follows the time is astronomical) the sun rises, but the
total radiation balance Ry remains negative for a period of a half-hour (cooling
continues). At 0855 Ry changes sign, the surface temperature rises, the thickness
of the ABL and turbulent exchange increase, the k maximum at 1200-1400 hours is

at an altitude 200 m and increases by a factor of almost 10, attaining 35 m*/sec.
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The increase in the solar and total radiation balances continues to midday; the
temperature increase continues to 1400 hours. This is followed by onset of surface
cooling, although Rg is still positive. The reason is that now the soil surface,
covered with snow, is warmer than the deeper soil layers. Such a temperature gra-
dient arises in the soil that with these solar altitudes the radiation balance no
longer can compensate for the flux of heat from the surface into the depths of the
soil. Beginning at this moment turbulent exchange again begins to decrease.

Zmf
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g cal/Cm2°Sec

5 =3 KaN
450 g ﬁuﬁs 0 tmi.c

300+ 2t

%0F 11 5

ok el
—~—l___ 40 tdays
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Fig. 2, Evolution of meteorological parameters in ABL. Computations for latitude
of Kiev, 21 December. 1) long-wave balance Ry; 2) short-wave balance Rg: 3) total
balance Rys 4) surface temperature Tp; 5) altitude of maximum of turbulence coef-
ficient, the figures are its values in m“/sec; 6 and 7) altitudes of the lower

and upper cloud boundaries; 8) altitude of maximum liquid-water content, the fig-
ures represent its value in g/kg.

An increase in cloud thickness occurs during the course of the entire day, for the
most part duc to upward increase. The liquid-water maximum is in the upper part of
the cloud, which is caused by radiation cooling. Beginning with 1700-1800 hours
there is a stabilization of the ABL and clouds. This quasistationary state is as-
soclated with the blocking effect of the inversion over the upper boundary and

the fact that the total heat balance at the surface is close to zero.

The effect of heating and additional turbulence of the ABL in winter over the snow
is observed only in the presence of a cloud. With the modeling of cloud dissipation
by descending vertical movements [4] under these same conditions it was discovered
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that after the disappearance of a cloud even at the midday hours the negative
long-wave balance is greater than the solar balance so that the total radiation
balance is negative (high albedo and low sun), a temperature inversion develops
and turbulence decreases.

A TN S A Y E"l
:  EaT @ W gemigea glkg 0@ a2qua 8lks
’ 050 24 Grmmm(ih) 1000 °Clsec G Z 4 Fnm m

226326y T°C, 267_Z6F BT g/kg

. 21 0 1 2 3 #40%n glkg ’ fur fa"fj-'é"’-’%C/sec
h ¢ 500 M0

Bkg 4T 7 B0l C/sec

16 20 gi'm s g/kg

Fig. 3. Vertical sections of cloud after two hours of development. a)' without al-
lowance for solar radiation; b) with allowance for solar radiation (latitude of
Kiev, 21 March), T is temperature; q is humidity; q, is liquid-water content; N and
r are the concentration and mean radius of the droplets; A is supersaturation;

are the rates of long-wave, solar and total radiation changes of temperature.

Thus, under winter conditions cloud cover exerts a warming effect (greenhouse ef-
fect), screening long-wave radiation and transmitting solar radiation.

The influence of solar radiation on cloud development is illustrated in Fig. 3. The
extremal values of the long-wave and solar influxes are attained almost at the same
altitude, 50 m below the upper cloud boundary, but the second of them is much less.
A positive solar influx partially compensates radiation cooling in the upper part
of the cloud; here there is a decrease in the condensation rate, liquid-water con-
tent maximum and total influx. Solar radiation exerts the most important influence
on the lower part of the cloud. As a result of a temperature increase and a de-
crease in undersaturation at the snow surface the lower boundary of the cloud drops
down. Radiation heating in the lower part of the cloud, caused by the total effect
of long- and short-wave radiation, is now twice as great; its maximum is close to
0.2 degree/hour and is attained at an altitude of 120 m over the lower cloud boun-
dary. The lower two-thirds of the cloud exist in an undersaturation state because
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greater heating causes more intensive evaporation in the lower part of the cloud.
Since small droplets evaporate more rapidly, this leads to an increase in the
mean size of droplets by 20-30%. Vhereas in the absence of the sun the mean radi-
us of the droplets has a tendency to an increase with altitude (Fig. 3a), in the
presence of solar radiation the mean radius has a distinct maximum in the lower
part of the cloud (Fig. 3b), caused by more intense evaporation. Due to turbulent
mixing, in the upper part of the cloud the size of the droplets increases by 10-
15% and their concentration decreases.

Thus, solar radiation intensifies the pattern of existence of a cloud in a state
of dynamic equilibrium: in its upper third condensation transpires, whereas
evaporation transpires in the lower two-thirds. The close correlation between ra-
diation and microphysical characteristics leads to the following: in the presence
of solar radiation a cloud over snow is somewhat '"drawn'" downward; the liquid-
water content in it decreases and it is redistributed from small to larger drop-
lets.

Such a change in the microstructure of a cloud causes a change in its radiation
characteristics. Table 1 gives the spectral coefficients of scattering and ab-
sorption obtained using the formulas from [12] using the spectra of droplets
computed at an altitude of 300 m at two moments in time.

The decrease (almost by a factor of 2) in the scattering coefficients in the en-
tire spectral region and the absorption coefficients in the bands X and 3.2 was
caused by an increase in the mean radius of the droplets at this altitude from
- 4.4 to 9.8pm and emphasizes the need for joint computation of the radiation and
microphysical characteristics. The constancy of O‘AL in the case of weak absorp-
tion is attributable to their nondependence on the spectrum of droplets [2, 12].

An interesting problem is that of the contribution of the radiation factor to the
energetics of a cloud, especially in connection with the recently arising discus-
sion of the role of radiation in the dynamics of cloud formation [7, 10]. Table
2 represents the temporal variation of the rates of temperature change due to the
heat influxes: long-wave (2T/J t)y , solar (JT/J t)g, phase (I T/ It) gpq> tur-
bulent (JT/J t)ed and total velocity (3 T/d t)iye at the altitude z, where radi-
ation cooling is maximum (under the upper boundary). In the morning hours long-
wave cooling and the negative turbulent influx caused by a temperature inversion

- are compensated by only 20% by the heat of condensation so that the total rate of
cooling is greater than 3°C/hour. By midday the heating of the surface and the re-
structuring of temperature stratification lead to a change in the sign of the tur-
bulent influx, which together with the phase and increasing solar influx to a con-
siderable degree compensates long-wave cooling. At 1400 hours the total rate of
cooling is less than 0.4°C/hour, that is, an order of magnitude less than the long-
wave cooling. Table 2 is also an answer to the question raised in [10] concerning
the mechanisms of smoothing of the powerful "thermal well" formed by a cloud rela-

- tive to long-wave radiation. With a decrease in solar altitude and surface temper-
ature the turbulent heating decreases and the total rate of cooling increases We
note that in the modeled situation the role of solar radiation is reduced for tue
most part to an increase in the radiation balance at the surface; the direct ab-
sorption of solar radiation in a cloud is small in comparison with other types of
influx.
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Coefficients of Scattering (Numerator) and Absorption (Denominator)
of Solar Radiation by Droplets in cm2/g

Band
! ; a 0.8 p pat o Y Q X 3,2
2362 | 2364 | 2364 | 2367 | 2853| 2314 | 1281 1184
0850 hry 5575 | G055 | O 08 | 89| 65| 1o 1180
1400 | 1401 | w401 | 1402 | 13s9| 133 | 7 701
1250 hre 0016 | D016 | 022 | o8 | 88| "o | W 700
i

Table 1

Table 2

Temporal Variation of Different lleat Influxes (°C/hour) at Level of Maximum
Radiation Cooling

t dav hrs _

8.5 0w | 1 ] 1 18
zn 300 450 540 630 840
Tioty, —396 —3,56 —3,04 —393 —3,19

(3Tia1), 0.08 0.34 0.45 0,36 -
(0T/01)cana 121 1.01 0.68 115 0,88
(9T/0t)en —0.44 —0.23 0,61 2.04 1.23
(OT11) 01 —311 —244 —1,30 —0,38 —1,08

Temporal Variation of

Table 3

Temperature (°C) and Its Rate of Change (°C/hour) at Lower
Cloud Boundary

t day hours
83 10 12 14 15 16 18
Tiow bound °C | _jo38 | —1003 | —728 | —607 | —591| 606 | —6.41
(OT. 00 | 096 ti2 | 0952 | oa12 | —oo2al —o0264| —olli4

We note that the maximum value of the solar influx in a cloud of 0.45°C/hour (Table
2) for the variant of 21 December with a solar altitude hg = 15.5° and a maximum
value 0.74°C/hour, obtained in the variant for 21 March with hg = 30°% agree fairly
well with the measured values 0.63°C/hour with hg = 40° from [5] and 0.8-1°C/hour
with hg = 26° from [8]. This agreement is evidence of a satisfactory accuracy of
the method used for computing solar radiation.
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Changes in the temperature of the lower cloud boundary are determined for the most
part by variations of the radiation balance at the surface. This is illustrated by
Table 3. In the morning hours Tjoy bound drops down, which is associated with a

a temperature inversion in the layer below the clouds. An increase in Ty,y pound
begins with heating of the surface at the time »f sunrise. According to our com-
putations, the total rate of heating due to long- and short-wave radiation (which
is attained at 50-70 m above the lower boundary) does not exceed 0.15°C/hour, that
is, the increase in temperature at the lower boundary is almost completely attrib-
utable to the turbulent heat influx from the surface.

Table 3 shows that it is maximum at 1000 hours when the temperature gradients in
the surface layer are maximum and decreases with an eveping~out of temperature in
the layer below the clouds. After 1500 hours, up to the next sunrise, T;,u phound
drops down.

In [7], on the basis of data from aircraft sounding, it was demonstrated that the
correlation of temperature change after 12 hours at the upper zﬁTu and lower

D Tiow bound boundaries of St-Sc is positive, although it is known [8] that the
radiation changes of temperature near the upper and lower boundaries have differ-
ent signs and the conclusion was drawn that radiation plays a small role in com-
parison with advection and vertical currents.

In our case, as can be seen from a comparison of Table 2 and 3, the signs on JTUP/
2t and aTlow bound/a t in the first hour after cloud generation are identical,
before 1500 hours are different and after 1500 hours are again identical. As fol-
lows from what was stated above, the different signs on ZSTlow bound @nd LSTu

at the near-midday hours are related to the turhulent influx of heat near the
lower boundary from the underlying surface, and not to an increase in radiation
heating caused by solar radiation.

Thus, different signs apply to ATu and OT only in the course of 20% of the day
and therefore with the use of sounding data each 12 hours, as in [7], the proba-
bility of positive correlations of ZSTlow bound and ZBTup is greater than the
probability of negative correlations.

In addition, some time after the formation of a cloud there will be relative stabil-
ization of the ABL and the diurnal variations of temperature caused by short- and
long-wave radiation are relatively small, as is indicated by the surface tempera-
ture curve in Fig. 2, after 1100-1200 hours, i.e., after 3-4 hours of cloud devel-
opment when the ABL has been transformed from cloudless conditions to cloudy condi-
tions. Table 3 shows that from 1200 to 1500 hours ATjgy bound is less than 1.4°C,
and from 1500 to 1800 hours ATiow bound = -0.5°C. The temperature difference after
12 hours con be still less since the signs on A Tjiow bound to the time of attain-
ing the maximum Ty, pound (1400~1500 hours) and thereafter are opposite. Accord-
ingly, the changes of Tiow bounds identical in sign with the changes Typ and

caused by advection and ascending vertical movements, as was noted correctly in
[7], can be greater than the changes caused by diurnal variation.

These computations show that at least in the absence of vertical movements the ex-
istence of a positive correlation between ATyp and ATlow bound Py no means is
evidence of a negligible role of radiation in the formation and energetics of
stratified clouds (Table 2).

46
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400040041-8



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400040041-8

FOR OFFICIAL USE ONLY

We note further that the role of radiation in the formation of a temperature in-
version over lower-level clouds is entirely comparable with the role of vertical
movements. An inversion is formed due to radiation and in the absence of ver-
tical movements (Fig. 3). The modeling of the evolution of clouds with allowance
for radiation and vertical movements [11] indicated that in the absence of ver-
tical velocities the intensity of the inversion is AT = 2.5°C when there are
descending movements (-1 cm/sec) AT = 5.5°C. Ascending movements in the absence
of radiation should lead to complete disappearance of the inversion, but with al-
lowance for radiation the inversion persists (Fig. 2 in [11]).

0650 hrs

’

0610 0630
-

Fig. 4. Dispersal of fog over dry soil after sunrise (latitude of Kiev, 21 Sep-
tember). Solid curves -- isolines of liquid-water content, the figures near them
represent the liquid-water content in g/kg; T is soil temperature; Rg is the ra-
i diation balance at the surface; hg is solar altitude.

Table 4

Rates of Temperature Change (°C/hour) -- Radiation (Numerator), Total (Denominator)
at Altitudes 10 and 50 m

- t day
: 1
| 0600 hrd 0610 hrs0620 hrs 0630 hrs| 0640 hrs

P OB VR e T R B T —108 - 022 00

(9T Iy | —0.05 041 206 38 1 399
50 O/ | —282 | =322 | —340 | =28 =142

(T . =174 . =085 ' 027 ! T& ' 99
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It follows from everything stated above that the radiation factor exerts a very
significant influence on the dynamics of at least lower-level clouds and that it
must be taken into account in numerical models together with other factors in-
volved in cloud formation, the importance of which is mentioned in [7]: turbulent
exchange and vertical currents.

Dispersal of Radiation Fog at Sunrise

The computations were made when there was a geostrophic wind of 3 m/sec, an in-
itial humidity of 90%, over dry soil (albedo 25%) for a solar altitude at the
latitude of Kiev on 21 September. The calculations began at a time corresponding
to 0300 hours. Under these conditions the formation of a fog begins an hour after
the onset of the calculations and after three hours of calculations its thickness
is 60 m. The sun rises at this time, corresponding to 0600 hours. Evolution of the
fog is illustrated in Fig. 4. The dispersal begins from below; the detachment of
the lower boundary (isoline "0") from the earth occurs after 20 minutes, the fog
is transformed into a cloud, which thins out, both its boundaries move upward

and after 30 minutes come together at an altitude of 75 m, that is, full dispersal
occurs 50 minutes after sunrise when the altitude is 7°, In this process there is
a predominance of evaporation from below, whereas for some time cooling and con-
densation continue near the upper boundary and therefore in the process prior to
fog dispersal it rises by 15 m. The solar influx in the fog layer is extremely
small and constitutes less than 77 of the long-wave influx.

An interesting effect is observed in the behavior of the radiation balance (Fig. 4).
Its increase, caused by sunrise, when t = 0630 hours, is replaced by a dropoff. The
reason for this is that by this moment there is a great decrease in the optical
thickness of the fog and an increase in the negative long-wave balance. Then, when
the sun rises above the horizon, the short-wave balance increases more rapidly than
the long-wave balance and the total balance again increases.

The contribution of the radiation factor to the energetics of fog dispersal 1s
illustrated in Table 4. It follows from this that at an altitude of 10 m after 10
minutes and at an altitude of 50 m 20 minutes after sunrise heating will begin,
that is, the positive turbulent heat influx from the surface will be greater than
the sum of radiation cooling and the expenditures of heat on evaporation.

Thus, in the dispersal of a fog by the sun the main role is played by an increase
in the radiation balance, heating of the soil and turbulent transfer of heat up-
ward and the direct absorption of solar radiation by droplets plays a secondary
role. This circumstance is confirmed by observational data [l4].

The authors of [3] made computations of the evolution of a fog under a thermal in-
fluence, which was modeled by adding to the heat balance equation a term similar
to the short-wave balance and close to it in value. In this case the pattern of
fog evolution is qualitatively similar to the evolution of a fog at sunrise. Its

= principal stages are the same as in Fig. 4: transformation of a fog into a cloud,
its rising, thinning and evaporation.
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For dispersal the minimum value of the additional (short-wave) balance should ex-
ceed the value of the long-wave balance by a factor of 3-4; otherwise there will

be a restructuring of the fog without dispersal [3]. This condition can be used in
predicting the fact of fog dispersal after sunrise when there are measurement datn
for the long- and short-wave balances. If the initial thickness of the fog is suf-
ficiently great (>100 m) and the short-wave balance is small, after its transform-
ation into a cloud the rising of the lower cloud boundary, caused by solar heating,
and the rising of the upper boundary, caused by long-wave cooling, occur with an
identical rate [3]. Thus, the appearance of the sun in the morning hours in autumn
or spring may not lead to fog dispersal, but its transformation into low stratiform
cloud cover, as agrees with observational data.
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MODELING OF AN A PRIORI ENSEMBLE OF SOLUTIONS OF THE INVERSE PROBLEM AND STABILITY
OF OPTIMUM PLANS FOR AN OZONE SATELLITE EXPERIMENT

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 45-51

[Article by M. S. Biryulina, Leningrad State University, manuscript received .
8 Jul 80]

[Text] Abstract: The article gives computations of the
optimum plans for an ozone satellite experiment
for different latitudes and seasons for the pur-
pose of checking their stability. The basis for
the computations was model a priori covariation
matrices of the ozone profiles, the method for
vhose construction is described and substantiat-
ed. It is shown that optimum two- and three-chan-
nel schemes for an ozone satellite experiment
must not have appreciable seasonal and latitud-
inal variations,

Satellite methods for obtaining information on the atmospheric content of ozone have
become especially timely during recent years, in particular, in connection with pos-
sible variations of the ozone layer as a result of natural and anthropogenic changes
in atmospheric composition [8, 11]. The need for obtaining global information on the
characteristics of the ozonosphere associated with this has stimulated the develop-
ment of special satellite methods for determining ozone content based on the inter-
polation of data on outgoing atmospheric radiation in different spectral ranges.

In earlier studies [6, 7] we evaluated the theoretical possibilities of indirect
methods for restoring the vertical profile and total content of ozone for different
satellite schemes: IR method (band 9.6‘,Lm), UV method (backscattering), joint use
of the IR method with the heterodyne or UV method. These very same studies gave
recommendations for creating the corresponding specialized satellite instruments
based on optimization of the scheme for measurements in the IR spectral range by
the V. P. Kozlov method [2, 3]. Computations of the designs of these instruments
were made using a priori statistics for ozone profiles for the conditions prevailing
in Berlin [10]. However, it is known [4, 5] that the optimum conditions for satel-
lite measurements for other meteorological parameters, computed by the Kozlov meth-
od, are dependent on the statistics used. In this connection it seems important to
clarify the applicability and effectiveness of the proposed optimum schemes of an
ozone experiment for other sounding conditions -- other latitudes and seasons.

This article is devoted to this subject.
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The lack of a sufficient quantity of information on the statistical characteris-
tics of ozone distribution in the atmosphere for different regions of the earth
makes solution of the formulated problem difficult. Under these conditions a solu-
tion was obtained by using model a priori covariation matrices of the ozone pro-
files qu.

One of the well-known methods for modeling covariation matrices is constructing ele-
ments of the matrix using a formula from [1]

Ko =5 ()5 (@) exp (= Z52L) )

where K 1) is an element of the matrix with the superscripts 1, j; 93(q) and Cr (q)
are the%8tandard variations of ozone content at the i-th and j~th levels in the at-
mosphere; zj and zj are the altitudes of the i-th and j-th levels; r is a parameter
of the model.

It can be shown rigorously that the use of a priori covariation matrices of such a
type in the algorithm for the statistical regularization method is equivalent to.
application of the first—order Tikhonov regularization méthod to solution of the
inverse problem. Thus, the proposed method for modeling the qu matrices is to. an
adequate degree theoretically substantiated.

We selected the following criterion for a correct evaluation of the r parameter:
dispersion of the total ozone content ensured by a model matrix in accordance with
the formula

2020 A
o= [ [ Ky (2 2)) dz dzy

00

(2)

(0/2 is the dispersion of the total ozone content; K q(z1s zJ)--K13) coincides with
the real dispersion of the total content at a given p01nt on the g rth for a par-
ticular season.

The modeling method which we seiected (formula (1) Plus the criterion of evaluation
- of the r parameter) was checked for the conditions prevailing in Berlin, for which,
as we have already mentioned, we had natural covariation matrices for ozone. In this
case equation (2) for evaluating the r parameter assumes the form
Zo 2- 7 Zya, - '
" ( o (z” " ) d"i d" :-‘Y SKQV (:i’ 2/) (12‘ d’]’ ) (2a)
II l| 0 4
where Kq is the real covariation matrix of ozone and qu is the model covariation
matrix of ozone.

As an evaluation of experimental accuracy, as usual [6, 7], we used the value

' <y (f”j . .
@, (P)= (‘1 - ’i] 7. -100° o (3)

where J‘(p) is the natural standard variation of ozone concentration at the level
P (correspondlng to the a priori matrix K, q), CT (p) is the mean square error of
restoration at this same level (correspong ng to the residual covariation matrix

A

) Kyq) -
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Fig. 1. Vertical variation of parameter Fig. 2. First (a), second (b) and third

Vq(p) (p in millibars) for summer con- (c) eigenvectors of Kozlov informational

ditions in Berlin region. operator for summer in the Berlin region
(real a priori statistics).

In the case of use of so-called "extraneous" statistics (in our case —- the model
- statistics Kqq) a formula is known [6, 7] for the residual covariation matrix
which is transformed to the form
I

~ ~ ~ , A .
Ryy = Koy = Ky AT (AKy, AT+ Sy AK g = 3 Kog : (4

where AK,, = (I—RAF AK,, (1 —RA). o)

Here A is an operator of the direct problem; R is a decision operator of the prob-
lem; J, is the covariation matrix of measurement errors; I is a unit operator; Aqu
_ is the deviation of the used a priori statistics from the true statistics

(A K/,q = K:/q - qu) H

Aﬁ/ is the correction to the residual covariation matrix caused by inadequacy of
the a priori statistics; T is the transposition symbol.

Figure 1 shows the vertical variation of ‘/q(p) for three cases: 1) the true
a priori statistics; 2) model a priori covariation matrix; 3) same as (2), but with-
out allowance for the correction Aﬁqq for the inadequacy of the a priori statistics.

The curves are shown for a level of mean square measurement error O’I erg/cmz-sec-
sem1)
srecm ).
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The closeness of all three curves in the figure indicates that a model covaria-

tion matrix of the type (1) quite well represents the real a priori statistical

ensemble of ozone profiles (the 4a correction is small) and can be used with a
- good degree of accuracy without taking this correction into account,

Now we will discuss the informational content of the experiment. In the V. P. Koz~
lov method it is determined by the information volume, which characterizes the
number of states of the object distinguishable in the experiment:

V:(ﬁli \,l:, (5)
dar

where Ai are the eigenvalues of the Kozlov informational operator C = Z‘J-AquAT
and are greater than unity (k is the number of the last of such eigenvalues).

- The computations indicated that for all schemes of the IR experiment ("full" ex-
periment, optimum two- or three-channel instrument —- see [6]) the V value (for
any 7,) persists well when using in the informational operator C the model matrix
Kq . Moreover, as indicated by Table 1, the eigenvalues A{ themselves, and not
oniy their product, persist with a good accuracy. At the same time, the eigenvec-
tors of the C operator, on the basis of which the optimum plan of the experiment
is computed by the Kozlov method [3], also virtually do not change. Figure 2 shows
the first three eigenvectors of the C operator for summer conditions in Berlin
with the use of a real covariation matrix. The corresponding vectors for the model
matrix within the limits of accuracy of the figure do not differ from those shown,
The optimum plans, computed on the basis of these vectors, completely coincide.
Their configuration is illustrated in [6].

Table 1
Comparison of Eigenvalues of C Operator (o1 =1) erg/(cmz-sec-sr-cm'l))

_ and Values of Information Volume for Real and Model A Priori Statistics for
Berlin, Summer, m is the Number of Sounding Channels

" &
/)] 9]
) . ) L0 8d wes
m Statis-— gl l2 /3 ~g wy >0 ¢ s
tics i SoL9
i B s
] » ~ n."v
20 Koy 41,35 03694 | 0.3161-10-2 6 391
Koy 12,46 04103 Jo3211-10-7| . 6 417
3 Ky, 1945 1053 [0.2913.10-1 143 24430
Ry 1975 W75 [0,2605-10~1 152 24580

We limited ourselves to a discussion only of the first three elgenvectors of the
Kozlov informational operator on the basis that the optimum scheme for an ozone
satellite experiment in the IR spectral range with the modern level of measure-
ment errors includes not more than three registry channels [6]. If one continues
the comparison of the eigenvectors and the numbers of the C operator for real and
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model a priori statistics, it is possible to confirm their close coincidence to
the sixth number inclusive (we did not examine eigenvectors and numbers at higher
levels). This fact once again confirms the representativeness of the model covari-
ation matrix (1) and the reliability of the optimum Plans for an ozone satellite
experiment determined on its basis.

1155ew!

Fig. 3. First (a), second (b) and third (c) eigenvectors of Kozlov informational
operator for northern part of western hemisphere. 1) ¥= 50°, summer; 2) ¢ = 50°,
winter; 3) ¢ = 20°, summer; 4) ¢= 80°, winter.

Similar computations made for other seasons in the Berlin region gave similar re-
sults.

The results of study of the possibility of modeling of the covariation matrices of
ozone on the basis of formula (1) for the conditions prevailing at Berlin made it
possible to proceed to modeling of the a priori statistics for other regions of
the earth for the purpose of checking the stability of optimum schemes for an
ozone satellite experiment.

For this purpose we used data in [12], which gives the latitudinal variation (with
a 10° interval) of the mean seasonal vertical ozone profiles for the northern part
of the western hemisphere with the corresponding standard variations. On the basis
of these data, and also data on the total ozone content taken from [9] (by means

of statistical processing of a sample of values of the total content it was pos-—
slble to ascertain the O}y value), using the scheme described above we computed
the eigenvalues and eigenvectors of the operator C = ¥,~1 AKqq AT for ¢= 20°N,
(summer), 50°N (summer and winter) and 80°N (winter) (in our opinion, the most rep-
resentative situations). Figure 3 shows the first three eigenvectors of the C

55
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP382-00850R000400040041-8



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400040041-8
FOR OFFICIAL USE ONLY

operator for the mentioned conditions. The figure shows that they are extremely
close with respect to the nature of the change and the vectors for the middle lat-
itudes (summer) virtually do not differ from the corresponding Berlin vectors (sce
Fig. 2). The optimum plans, computed for all four considered gituations, colnclde
with one another and with the optimum plans obtained earlier for the conditions
prevailing in Berlin [6]. [The author expresses appreciation to V. P. Kozlov, who
undertook these computations. ]

Table 2

Values of Informational Volume of Ozone Satellite
Experiment for Different Latitudes and Seasons
for Two Levels of Measurement Errors

(Three-Channel Optimum Instruments)

North latitude, season Vop=1 erg/(cmz-sec-sr-cm‘l) VC& = 0.1 erg/(cmzosec~sr-cm‘1)

20°, summer 92 30910
50°, summer 177 28110
50°, winter 240 30860
80°, winter 133 26400

Table 2 gives the values of the corresponding informational volumes of the satel-
lite experiment for two levels of measurement error with the use of an optimum
three-channel instrument. The table shows that the informational content of the
experiment has an insignificant latitudinal and seasonal variation (which is de-
pendent on the measurement error); the values of the informational volumes for the
middle latitudes of the northern part of the western hemisphere (summer) are close
to the corresponding values for Berlin (see Table 1).

The observed latitudinal and seasonal stability of the optimum plans for an ozone
satellite experiment (at least for the considered conditions) is directly related
to the circumstance that, as already mentioned, with the present-day level of
measurement error in the IR spectral range the optimum scheme for an ozone experi-
ment contains not more than three registry channels (the method makes it possible
to determine not more than two or three independent parameters of the ozone pro-
file). Already the fourth vector of the C operator has insignificant seasonal but
well-expressed latitudinal variations. However, the eigenvalue corresponding to
this vector has a value of about 10~%4-10-5 with a measurement error cri 1 erg/
(cmz-sec-sr scm” ) Thus, the inclusion of a fourth channel in the optimum scheme
is reasonable, according to the Kozlov criterion, with a measurement error level
not worse than 102-10" erg/(cmz’sec -sreem™l), which in the spectral region 8-12FLm
cannot be realized at the present time. It follows from this that a three-channel
optimum scheme 1s some limiting case of an optimum scheme for the registry of
radiation in an ozone experiment, with respect to which one can hope for its sea-
- sonal and latitudinal stability. With respect to a two-channel scheme, it is
known that it should not have significant seasonal and latitudinal variations.

Now we will concisely formulate the conclusions from the results of this study:
1) The method for modeling of a priori covariation matrices of ozone proposed in
this study is theoretically substantiated;
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2) Model covariation matrices of the proposed type with a good accuracy describe
the a priori statistical ensemble of ozone profiles;

3) The known positive determinancy, symmetry and good conditionality of these
matrices and the small number of parameters by which they are described make it
possible to use them in the operational processing of satellite information;

4) Computations of the optimum plans for an ozone satellite experiment, carried out
on the basis of such matrices for different latitudes and Seasons, indicated that
the optimum two- and three-channel schemes for an ozone experiment obtained in [6]
should not have significant seasonal and latitudinal variations.

In conclusion the author expresses appreciation to Yu. M. Timofeyev for consulta-
tions and attention to the work.
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EVALUATION OF ACCURACY IN DETERMINING TURBULENT FLUXES USING STANDARD
HYDROMETEOROLOGICAL MEASUREMENTS OVER THE SEA

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 52-59

[Article by A. S. Gavrilov, candidate of physical and mathematical sciences, and
Yu. S. Petrov, Leningrad Hydrometeorological Institute, manuscript received
21 Jul 80]

[Text] Abstract: A quite simple model is proposed for comput-
ing the turbulent fluxes of heat, water vapor and mo-
mentum on the basis of data from standard shipboard
hydrometeorological measurements. It is based on the
use of experimental dependences for the universal func-
tions of similarity theory in the near-water layer, On
the basis of this model a quantitative analysis is made
of the relative errors in determining turbulent fluxes.
Three principal sources of errors are considered:
errors in standard measurements, inaccuracy in stipul-

| ation of universal functions and incorrectness in the

parameterization of heat and moisture exchange in the
immediate neighborhood of the water surface. Analytical
expressions are derived for the corresponding weighting
coefficients and computations are given for some mean
' conditions.

The use of data from standard shipboard hydrometeorological measurements for com-
puting the turbulent fluxes of momentum, heat and water vapor in the near-water
layer is of great importance for the solution of many problems in- climatology and
weather forecasting, since only these data are available in a volume adequate for
statistical analysis. The successful use of mass material from standard measure-
ments requires a clear understanding of the accuracy with which at the present stage
information can be extracted from these data on the values of the mentioned turbu-
lent fluxes. One of the possible approaches to solution of this problem is develop-
ed in this investigation. .

! The -basis for modern methods for computing turbulent fluxes of momentum, heat and
i water vapor on the basis of measurements of wind velocity (u), potential tempera-
j ture (T) and specific humidity (q) at two levels in the near~ground (near-water)

‘ layer is the Monin-Obukhov similarity theory [2], asserting that the dimensionless
gradients of wind velocity, temperature and humidity
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om0 _ s 0T uz g
u T U, ez T T. 0z ‘.‘q——QT'a;‘ (l)
are universal functions of only one dimensionless variable
v 2237, M .
= o )

Here * = 0.4 is the Karman constant, Ux is dynamic velocity, Tix = -Hg/Us is the
temperature scale, Qi = -Eg/Uyx is the humidity scale (Ho and Eg are the vertical
kinematic turbulent fluxes of heat and specific humidity), /9= g/T is the buoyancy
parameter, M = 1 + 0.07/B0 is a factor taking into account the influence of humid-
ity stratification on the stability of the near-water layer, By = cpHO/(L Eg) is the

- Bowen number (c, and L are the specific heat capacity of the air at a constant pres-—
sure and the specific heat of vaporization respectively).

The universal functions %, %7, %q (&) have been repeatedly determined from ex-
perimental data (for example, see the reviews in [3, 4]). The general scatters of
experimental values obtained by different authors under the most diverse conditions
approximately correspond to the discriminated regions in Fig. 1. The reason for
this scatter is not only possible measurement errors, the peculiarities of the
employed instrumentation and the methods employed in carrying out the experiment,
but also, as is more important, the deviations from the main postulates of Monin-

_ Obukhov similarity theory, always existing under real conditions, caused by the
joint effect of the most different mechanisms, such as the nonstationary character
of the situation, radiation heat exchange, horizontal inhomogeneity and some others.
It goes without saying that in principle it is possible to formulate a similarity
theory for the surface layer taking into account at least the most important of the
enumerated factors by means of the introduction of some set of new dimensionless
parameters, but for all practical purposes for the use of such a theory there
must be additional extensive information exceeding the framework of data from stan-
dard measurements. Along these lines it is natural to examine this sort of devia-
tion as random and to assume that the universal functions of similarity theory ¢L,
Pr and CPq are stipulated with some error.

For the universal functions we will use simple expressions adequately well approx-
imating the experimental data,

[(1=ap gme, <o

P, (3= (3)
[t+a@ 5 =0
. . 2, (1 — 2l =13 L)
?q(“):?r(-)———J - +1+’r.‘-'
0 |ata et =0 )

The equality of the universal functions ¢  and 9ﬁjfollows from the usually surmis-
ed similarity of the temperature and humidity profiles in the near-water layer, as
is confirmed in general by measurement data [3].
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The cited approximations for %, %r and #q> in the case of free convection (£
> — ) satisfy the "-1/3" law, following from Monin-Obukhov similarity theory.
In this sense they differ from the frequently used power-law expressions obtained
by different authors [3,4] on the basis of formal considerations.

The integration of (3) and (4) leads to quite simple expressions for the dimension-:
less functions of wind velocity and temperature: '

x—1 - 2x+1 v
v, " Veeer Vg G £<0
InC +a®%+Cy =0 )

y—1 Vu 2y+l] 1t _
as[ln Ve + V3arctg % + o, In_}’ﬁ-‘c?ﬁ_*"+

v 6
+C, 1<0 (6)
(a3 +25) InT+e»74C, (=0,
where Cy, Cy, C3, C4 are integration constants,

T,=

x=(1—a")h, y=(1 - afrg)a

The determination of dynamic velocity, the turbulent fluxes of heat and humidity
requires data on wind velocity ua, potential temperature T, and specific humidity
qa at some altitude z, (the level of standard measurements). As the second measure-
ment level it is possible to use the water surface at which the temperature T, is
stipulated and humidity is considered saturating. The procedure for determining the:
fluxes is reduced to solution of the following equations which together with (5)
and (6) form a closed system:

U, -
U, =i, M
AT
Ta = "AT,, ’ (8)
_ g
Q-u iy Tn » . (9)
cp, AT
BO= pA ’ (10)
LAg
AT=T,—-T, (1)
A‘? =qa = Quac (Tw)» (12)
AT, =T, () —T, D, (13)
AU, =U, (L) — U, (%), 14
Fig. 1. Universal functions in " » (%) » (&) ()
similarity theory for surface L=2,l, w=2/L, J=0/a,, (15)
layer. The solid curves approx- .
imately limit the region of scat- _ . _ 0,07 6
ter of experimental values using L= WM M=1+ B, ° (16)

data from [3,4]. The dashed curves
are for computations of the uni-
versal functions using (3) and (4). [HA. C = sat]
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Z,=m —.
’ £ an

Here the qgu¢(T,) value is saturating specific humidity when T = Ty, and is com-
puted using one of the psychrometric formulas; the roughness level of the sea sur-
face zy is determined using the well-known Charnok formula (17) [1], ap is some
correction factor, equal to the ratio of the roughness level for wind velocity to
the level at which the air temperature coincides with the temperature of the water
surface and humidity is saturating. The ap value can be regarded as a universal
constant only with a certain degree of approximation. It is possible to achieve a
greater accuracy in the description of the processes of heat and moisture exchange
near the water surface by using finer methods for the parameterization of transfer
processes in this region, but for the purposes of this study the employed approach
is entirely acceptable.

Proceeding on the basis of the general formulation of the problem, it is possible
to discriminate three principal sources of errors arising in the computation of
turbulent fluxes in the near-water layer. First, these are ordinary errors in de-
termining u,, Tz, qg and Ty 1n the process of carrying out standard shipboard ob-
servations, second, the inaccuracy in stipulating the universal functions ¢y, #7»
and third, the incorrectness of parameterization of the processes of heat and mois-
ture exchange directly at the water surface. '

Assuming that the latter two types of errors to a definite degree can characterize
the errors in stipulating the universal constants of the employed model, we will
write the following expressions for the relative variations of the sought-for tur-
bulence characteristics:

- " =i Py kA, (18)
b Fr+ P+ FL - (19)
"Ei:=/-',v + F3 + F3, (20)

where for p=u, T, g Fr=dpliy a2l + Ayl A

Here as a simplification it was assumed that
. [ N | S
')T:TO(AT), "‘7=T"(AQ)~

The F functions correspond to the first group of errors, F/-- to the second, and
Fﬁ'-— to the third. The determination of the weighting coef%icients A{i B{‘and D{ﬂ
on the basis of whose value it is possible to judge concerning the relative contrib-
ution of different measurement errors and errors of the model to the total error of
the computed turbulent flux,is the principal goal of the reasonings which follow.
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These coefficients, as functions of the stability parameter é'a and the 50 and ¢ T
parameters can be determined as a result of solution of a system of linear algebraic
equations derived by varying all the variables in the initial equations of the model
(5)-(17), including the parameters u,, AT, Aq, M, oy (1 =1,.0.,5) mand ap. Af-
ter some transformations it is thus possible to obtain:

K (! AU = Q_K. -
Az‘l:: :\_T" ('.5“ - ?T—" A Tn), AS‘ = AUn (l ,u))
AL=0, Ai=-4 Av, Bi=— A4 X,

B:‘="«4gX‘ (i:2’v--75)'

, ° - ?T
D}‘=37’1L_\'p; (’?r—?u+?r+ATn)’ Dg"—A%AT,.'

° ° -1
$r—%r o - $r —¥r¥u
K=[1+ 37, iU, ("’“'* 8T,
Here the following notations were used:
‘F} = (.“r (0) =&y +au '

roo.
1 7l o3 (| dy,
— — — —h
X"‘AT,,j[da{” et
)

o¢
s 1 T |l (j—=0
Xy =5 jr[aa;,, aj] L (j=2...,5),

where i = 1 corresponds to unstable stratification, i = 2 corresponds to stable
stratification. The functions Spu, ¥¢r, AUp and AT, entering into the expres-
sions cited above are computed using formulas (3)-(6), (13) and (14). Quite
simple analytical expressions can be cbtained for the Xj parameters.

Similarly it is possible to obtain the coefficients in expressions (19) and (20):

A‘{:A{:-Ai%l Be,—s34+4T,), Al=AT-2,

L~ | $7—%7 2
— AT — o — Y
Aj=A] =K l:'\Un + Az, +AU,,AT,|(”' ®r%) |
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T
Bi=Bl=—-2X (i=2 , 5),
—_ — K . 3 3
Df =Dl =g7=5- BTa+ 678U, +3 (9, — 579,)],
T °
D__?:D2T=——A2—;I-,

The weighting coefficients are evaluated using some optimum values of the constants
*:, determined on the basis of the experimental data cited in Fig. 1. These values,
together with their relative errors following from an analysis of Fig. 1, are given
in Table 1. This table also gives the mean value of the m constant recommended in

[1] and its relative error.

- ‘ '/_-‘,u %

2 2], 4:

o L
- 2

20

L . i
-8 -66 -4+ 42 0d 47

Fig. 2. Contribution of different mechanisms of generation of errors to total rel-
ative error in computing the parameters ux (a), Hp (b) and Eg (c) as function of
stability parameter 4 . 1) contribution of errors in standard measurements, 2)
contribution of errors in determination of universal functions, 3) errors as a re-
sult of incorrectness in description of the processes of heat and moisture exchange

directly at water surface.
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Table 1

Values of Universal Constants of Model and Errors in Their Determination

u{” ’(l:) rzél) a.gg) aa ay Qs m
8,0 50 35,0 6,0 0,65 0.25 8,0 0,035
50% 20% 50% 50% 10% | 10% 50% 100%

The values of the weighting coefficients for computing the relative variations of

Uy and Hy for different values of the stability parameter é:a are shown in Table

2. Similar coefficients for the turbulent flow of water vapor can be scaled on the
basis of the expressions cited above. In the computation of these characteristics

2z~ was fixed, proceeding on the basis of some mean conditions (Ux = 0.3 m/sec, z,

= 10 m), and the constant a; was assumed equal to 300 with a relative error coincid-
ing with the error in determining m (100%). These values of the weighting coef-
ficients can be useful in evaluating the relative error in computing turbulent flows
with measurement errors stipulated in each specific case. The relative errors in de-
termining the universal constants of the model can be taken from Table 1. Incident-
ally, for making this type of computations it is necessary to take the absolute
values of the weighting coefficients.

In order to compare the relative cdnfribﬁtion of all three sources of errors it is
necessary to stipulate some typical values of the errors in measuring wind velocity,
temperature, humidity and the numbers M. As a point of departure we will assume that
the absolute error in measuring u, T and q on shipboard is usually nct less than
0.5 m/sec, 0.1°C and 0.2 g/kg respectively. Under some mean conditions, character—
istic, in particular, for the temperate latitudes, it can be assumed that uxz5-8 m/
sec, AT®r-1°C, Aq ¥ 2 g/kg; the following is the approximately correct:

tu | T g |
= ~|T7!z.A—q-|~O,l.

The relative error in measuring M is unambiguously related to the errors in measur—
ing temperature and humidity and also to the Bowen number. As follows from formulas
(10) and (16), for the adopted mean values § M/M&0.05.

The functions FY¥, FE and F computed with errors reckoned in this way are shown in
Fig. 2. An analysis of this figure shows that the contribution of the errors in
standard measurements of wind velocity, temperature and humidity in virtually all
cases prevails and averages about 20% for U, and 40-50% for Hg and E,. The error
in determining the m and aq constants makes approximately the same contribution to
the total error in computing turbulent flows. The dependence on the stability para-
meter is not clearly expressed although in the case of stable stratification the
contribution of the measurement errors increases somewhat. We note that the con~-
tribution of the errors in determining the universal constants of the model against
the general background is insignificant and for computations of U, is 5-10%, where—
as for Hy and Eg it is about 15%. It can be concluded from this that refinement of
the universal functions ¥y, $¥r and $q is not the primary task in the plan for
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increasing the accuracy in computations of turbulent flows on the basis of standard
hydrometeorological measurements. A great success in this direction can be achieved
by an improvement in the parameterization of processes of heat and moisture exchange
in the immediate neighborhood of the water surface.

The conclusions drawn in this article can also be used in evaluating the errors in
computation of turbulent flows on the basis of measurements at two levels within
the limits of the near-surface and near-water layers. Here the F_, values must be
assumed equal to zero since the altitudes of the measurement levéls are usually
known with an adequate degree of accuracy.

We note in conclusion that the developed approach in evaluation of the errors in
determining flows does not replace but supplements the direct comparison of the
computed values of these parameters with the measured values because it makes it

possible to clarify the reasons for the discrepancy between theory and experiment
and to define effective ways to improve the model.
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CHLORINATED HYDROCARBONS IN THE NEAR-WATER ATMOSPHERIC LAYER OVER THE
NORTH ATLANTIC

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 60-64
[Article by I. G. Orlova, candidate of chemical sciences, and L. P. Fetisov,
Odessa Division of the State Oceanographic Institute, manuscript received

29 Jul 80]

[Text] Abstract: The article gives the results of meas-
urements of chlorinated hydrocarbons in the near-
water atmospheric layer over the North Atlantic
and regions adjacent to it. Among the broad class
of chlorinated hydrocarbons it was possible to de-
tect only DDT, the level of whose content was pico-
gram quantities. An analysis of aerosol samples
was made aboard ship by the gas—fluid chromato-
graphy method.

The timeliness of investigation of contamination of the biosphere by chlorinated
hydrocarbons -- some of the most important contaminants in the environment -- is
tied in closely to their highly toxic effect on living organisms, the considerable
scale of their use and propagation. In this class of contaminating substances the
most dangerous, due to its toxicity, high accumulative properties and stability,
is DDT, which belongs to the group of organochlorine pesticides (0CP), and also
its metabolic products DDD and DDE.

The stability of individual OCP, such as DDT, is so great that its residues are
detected in the soil after 7-15 years [1], and in other media longer [7, 12] af-
ter its use.

The broad propagation of OCP, including the sea medium, is an established factor
{6, 7, 10, 11]. A considerable role in this process is played by atmospheric
transport, for the most part causing their dispersal and propagation over consid-
erable distances. This is evidently responsible for the finding of OCP in regions
of the world ocean remote from the contamination sources.

In the atmosphere pesticides are present in the vapor phase or are associated.
Usually both phases of pesticides exist simultaneously in the atmosphere. It is
without importance whether the pesticides enter the atmosphere in aerosol or vapor
form, since in the atmosphere a continuous exchange of molecules between these
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phases begins immediately and thus an equilibrium of the concentrations of pesti-
cides in the solid and vapor phases is established [2].

However, there is extremely little factual material confirming this concept. Data
on the distribution of chlorinated hydrocarbons in the atmosphere over the -sea
surface are fragmentary, at times contradictory and clearly inadequate for a study
of their migration and the processes of redistribution in the biosphere. In the
case of the Atlantic Ocean individual observations of the distribution of OCP in
the near-water layer of the atmosphere have been made for the most part primarily
in the equatorial, tropical and subtropical zones [5, 8, 10]. Factual data are
virtually absent for the higher latitudes. This is attributable to a whole series
of difficulties, for the most part of a methodological character, one of which is
the time required for analysis when determining ultrasmall concentrations of these
substances in the atmosphere over the ocean.

The use of modern gas-chromatographic apparatus aboard scientific research weather
ships of the State Oceanographic Institute, having an adequate sensitivity in the
determination of OCP, made it possible to attempt to evaluate the concentration
level of individual chlorlnated hydrocarbons in the near-water atmospheric layer
over the North Atlantic. i

The investigation was carried out during two expeditionary voyages of the scien-
tific research weather ship "Georgiy Ushakov" (1978-1979). The implementation of
this experiment at ocean station "C" (52°45'N, 35°30'W) was of special interest;
this was the region of the proposed "biospheric reserve." In addition, on both
voyages samples were taken in individual regions of the North Atlantic along the
ship's track.

In accordance with the adopted methodology, the extraction of DDT and compounds
related to it from the atmosphere is accomplished by blowing a definite volume

of air through a solution of an appropriate solvent or by means of use of differ~
ent filters [10]. We employed the latter method.

The sampling was carried out at the 26-m level from the sea surface at a volume
rate 220 m3/hour employing FPA filter material prepared on the basis of cellulose
acetate. The filter diameter was 150 mm.

The filtering material frequently contains impurities which in the subsequent an-
alysis give on the chromatogram peaks with close retention times for DDT and its
netabolites. The hindering effect of these impurities is eliminated by means of
preliminary washing of the filters with hexane in the following way. The filters
were placed in a separatory funnel and extraction was carried out three times us-
ing portions of hexane of 250-300 ml for a period of 15-20 minutes. The third ex-
tract was used as a 'free" experiment.

The filter processed in this way was used in the work. In the case of DDT the co-
efficient of extraction from the filter material was 81t27%, for DDE it was 84+37%.

After the sampling the filter was separated from its gauze base and it was subject-
ed to the extraction process for 15 minutes each time using portions of hexane of
100, 50 and 50 ml. The combined extract was evaporated to a dry state, purified
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of coextracting impurities by concentrated sulfuric acid and a gas chromatographic
determination was made [3].

Table 1

DDT Content in Aerosol of Near-Water Atmospheric Layer

Coordinate of J Volume
. Yo Sampling onset of sampl Exposure 0§ pump-| DUT con-
date norgh longi houTs ed alir, centgatlon
}ﬁgi tude o ng/m
1 127 Dec 1978r. 52°45" 35°30" W 9 1770 0,02

2 |28 > same | same 22 3380 0,005
3 |30 > > » 16 3340 0,006
4 |30 Juli97gr. > > 24 2940 0,002
o (31 > > » 24 4010 0,000
6 e 39°30° | 27°30" B 24 3930 0,004
v |15 > 3743 2417 24 . 4100 0,006
S |16 > 36 23 21 54 15 2580 0,018
2 N7 > 3627 16 07 24 4320 0,018
1 {18 > 3733 09 43 24 3980 0,023
1 120 > 36 34 01°21’ W 23 *3670 0,000
) 12124 > 36 46 08 40 25 4040 0,000
13 125 > 3923 12 31 24 3880 0,006

l-_l 26 > 42 14 16 59 24 3700 0,
1 oqe7 > 4444 21 00 26 4010 0,004
16 |28 > 4733 25 52 23 3260 0,012
17 129 > 49 57 3011 25 3580 0,017

18 106 Jan 44 15 59 10 11 2180 ,
19 |10 > 41 00 68 13 06 1500 0,007
20 |11 > 3800 7110 15 3150 0,020

Since the filters do not extract the vapor phase of the OCP, the described sampling
method assumes an extraction essentially of aerosol OCP. However, a study of the
processes of distribution of OCP in the atmosphere [8-10] indicated that most of
the OCP, due to their hydrophobicity and tendency to accumulation at phase discon-

tinuities, will be in a sorbed state.

Fig. 1. Chromatogram of standard
mixture of OCP (a) and aerosol
sample (b). 1) Y-BHC, 2) DDE; 3)
DDD; 4) DDT
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The conditions for the gas—chromatographic determination ("Tsvet-110" with DPR)

were: gas carrier -- nitrogen, high purity; temperature of column thermostat --
200°C; detector temperature —- 250°C; evaporator temperature —- 220°C; length of
column -- 1 m; gas flow through column -- 25 ml/min; electrometer response —— 5°¢

1011 A, The column was filled with ck.-omaton N-AW with a granulation 0.20-0.25 mm,
saturated with 5% SE-30. '

A chromatogram of a standard mixture and a sample of the near-water layer of the
atmosphere is shown in Fig. 1.

A gas-chromatographic analysis was made aboard ship over a period of 24-48 hours
after taking of the samples; extraction was carried out immediately after removal
of the filters.

In the selected samples of aerosol from the near-water layer of the atmosphere in
the North Atlantic only DDT was detected from the class of chlorinated hydrocar-
bons. Metabolites and polychlorinated biphenyls were not discovered. Nevertheless,
their presence in the near-water layer of the atmosphere is possible because DDT
under the influence of UV radiation is transformed into polychlorinated biphenyls,
forming an intermediate product of photolysis -- DDE [10]. It is realistic to as-
sume that the level of concentration of these substances is considerably lower
than the level of DDT content and was beyond the limits of method response.

The absolute DDT concentrations for the investi§ated region varied from analytical
zero (value less than 0.002 ng/m3) to 0.02 ng/m> (Table 1).

Some of the tabulated data (Nos 6-12) characterize the state of DDT contamination
of the near-water layer of the atmosphere over the Mediterranean Sea.

In the neighborhood of oceanic station "C" an analysis was made of five samples at
different times. The level of DDT content varied from O to 0.02 ng/m3. The mean DDT
concentration in this region was 0.007 ng/m3 with a standard deviation #7,03-10~
ng/m3. In all probability this concentration with a certain amount of caution, due
to the small number of observations, can be taken approximately as the background
concentration.

The same order of magnitude of DDT concentrations was also found in other regions
of the North Atlantic: 0,007-0.009 mg/m3 for the North American continent and 0.006
for the European continent. Individual high DDT concentrations in the range 0.01-
0,02 ng/m3 were observed both in the open part of the ocean and near the contin-
ents.

The level of atmospheric DDT content over the waters of the Mediterranean Sea was
higher than over the waters of the Atlantic, which was due primarily to the use

of DDT in individual countries of the Mediterranean basin. The mean DDT concentra-
tion in samples from this region was 0,012 ng/m3 (in the North Atlantic it was
0.008 ng/m3).

It 1s of interest to compare the collected data with the preceding years of invest-

igations carried out in the near-water layer of the atmosphere in the lower lati-
tudes of the North Atlantic (Table 2).

71
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400040041-8



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000400040041-8

FOR OFFICIAL USE ONLY

Table 2

Results of Determinations of Chlorinated Hydroccarbons (DDT) in Near-Water Layer of
Atmosphere in Low Latitudes of North America

Place of taking of samples Air volume DDT goncentration, Data source
- ng/m

Region of Bermuda Islands and 1070 0.014 [5]

Sargasso Sea 300 0.009 [5]

Northern part of tropical zone '

of Atlantic ' —_— 0.0007 [9]

Region of Barbados Islands -— 0.0006 {81

In the region of the Bermudas Islands, according to data published by Bidleman and
Olney [5], the DDT concentrations in the near-water layer of the atmosphere corres—
pond to those obtained in this study, whereas the data presented by Risebrough [9],
Prospero and Seba [8] for the lower latitudes are approximately an order of magni-
tude less. This can be attributed to the greater rate of photochemical decomposi-
tion of DDT postulated there than in the high latitudes and also the peculiarities

of the hydrometeorological conditions and atmospheric circulation during different
observation periods.

The low level of the DDT content in the near-water layer of the atmosphere does not
mean that it is safe from the ecological point of view. Entering into the water
medium, low concentrations of organochlorine pesticides are accumulated in marine
organisms, attaining considerable levels of concentration in different links of

the marine trophic chain.

Thus, the detected level of DDT content in individual regions, including the open
part of the North Atlantic, during different observation periods makes it possible
to postulate the constant persence of ultrasmall DDT concentrations in the near-
water layer over the North Atlantic and is still another argument in favor of the
opinion that atmospheric transport plays a considerable role in the global propa-
gation of DDT in the biosphere [10].

It is evident that for study of long-period changes in the content of organochlor-
ine pesticides in the atmosphere there must be constant observations at base sta-
tions, one of which can be the oceanic station "C." In this region continuous ob-
servations of the state of the water layer and the near-water layer of the atmo-
sphere have been organized aboard the scientific research weather ships of the
State Oceanographic Institute.
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METHODOLOGICAL PROBLEMS IN MEASURING TEMPERATURE AND SALINITY IN THE OCEAN
BOUNDARY LAYER

Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 65-70

[Article by A. I. Ginzburg, candidate of physical and mathematical sciences, Inst-
itute of Oceanology USSR Academy of Sciences, 5 Aug 80]

[Text] Abstract: The results of field measurements of
boundary changes in temperature.ATO and salin-
ity ASqQ in the ocean are compared with the cor-
responding conditions of heat and mass exchange
with the atmosphere on the basis of known semi-
empirical expressions [3, 5]. It is shown that
in a number of cases considerable discrepancies
(even including a change in sign) are a result
of the use of measurement methods not taking
into account the substantial variability of the
vertical thermohaline structure in the near-
surface layer with a thickness of 5-10 m, It is
noted that this variability can be a source of
substantial differences between the results of
remote and contact methods for measuring temperx-
ature and salinity of the ocean surface.

In order to make a correct interpretation of the results of remote measurements of
the physical characteristics of the ocean surface from space vehicles and air-
craft it i1s necessary to know how these characteristics are related, in particular,
temperature of the ocean surface (TOS or Tg) and salinity at this horizon (Sg)
with the thermodynamic state of the underlying water layers. As a rule numerous
comparisons of the results of remote and contact (for the most part shipboard)
mcasurements usually reveal substantial differences between the TOS values restor-
ed on the basis of remote data and the temperature usually measured in the limits
of the upper 1-3 m under the ocean ~urface (for example, see [12]). The same can
evidently also be said about salinity, although in this case such comparisons are
unique [15]. The observed differences are only partially related to the errors in
remote measurement methods. Even in a case when the restored Ty and Sp values seem—
ingly contain no errors, there are still discrepancies associated, on the one hand,
with sharp changes in temperature and salinity in the water near the ocean surface
as a result of heat and mass exchange with the atmosphere (changes ATy and ASg
[2-5]), and on the other hand, with the variability of the thermohaline structure
in the near-surface layer of the ocean with a thickness of several meters caused
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by a whole series of factors (solar heating, precipitation, convection, internal
waves, etc.). This variability nct only influences the local instantaneous condi-
tions of heat and mass exchange, and accordingly the AT and AS( values, but
also creates conditions under which the imperfection of the employed measurement
methods can lead to great errors in determining ATg and ASp under field condi-
tions. This article is devoted to an examination of the methodological sources
of such errors.

It has been established by laboratory investigations of recent years that in the
case of a negative heat balance of the surface the temperature change in the
boundary layer ('cold film") with a thickness of approximately 5 mm in water
with a temperature T,; = 20-30°C and ocean salinity is determined by an expression
of the type [3]

_\T" — Aq““ (g 2 C,,p‘/-;' 'v)—'l‘- (1)
The salinity change as a result of evaporation from the free surface is concen-
trated in a boundary layer with a thickness of approximately 0.5 mm, which is an

order of magnitude thinner than the thermal layer, and as a result of the predom-
inance of thermal instability [5] is always less than the value

85y= AP (gg* D* J1)=I1. @

In expressions (1) and (2) q and F = ESQO are the densities of the heat and salt
flows through the discontinuity respectively, g is the acceleration of free fall~-

ing,
198 1 dp
d=T T and ?=7 3§

are the contributions of temperature and salinity to density /O respectively, c
is specific heat capacity at constant pressure, X¥r is the molecular thermal
conductivity coefficient, V is kinematic viscosity, D is the salt diffusion coef-
ficient, E is the rate of water evaporation.

In accordance with our experimental data on the thermal boundary layer A =.2,82
[3, 4] for the range of wind velocities equivalent to the dynamic velocity in
the air 0€ ux€ 23 cm/sec. It decreases in a jump by a factor of approximately 2.8
with ug~ 23 cm/sec and with greater wind velocities remains virtually constant

[4].

Proceeding on the basis of (1) and (2) and having data on the heat flux q and the
evaporation rate £ it is possible to estimate the AT. and ZSSO values for any spe-
cific meteorological situation. For example, our A}TO estimate based on data on
effective backscattering, water temperature, air temperature and humidity, given
in an article by Malevskiy-Malevich [8], agreed well with the results of his meas-
urements in the North Atlantic.

As demonstrated in [3], dependence (1) also agrees well with data from in situ
measurements of Saunders and llass. At the same time, there are considerable dis-
crepaucies (even with a difference in sign) between the ZSTO and ASg values
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measured by a number of authors and the estimates of these parameters with the q
and E values taken from [1] for the corresponding seasons and measurement regions.
For example, the ATO and ASO estimates for summer in the Indian Ocean (q= -130
W/m? and E~0.33 cm/day) gives AT ~ -0.41°C and A So-"—’ 0.37°/00 respectively,
whereas the measured values (maxima) are equal to -2.9°C and 1°/oo [7]. With a
flux q=~ -100 W/m® characteristic for the summer months in the Black Sea [13] the
computed AT, value is only -0.4°C, whereas the measured [13] value ATg = -2 -
-3°C. In this same season and also in the Black Sea, according to a communication
of other authors [9], there was primarily a "warm film" with a maximum change Z}TO
= +1.5°C. [It must be remembered that in contrast to a "cold film," which is the
product of convective instability of the boundary layer and which has a thickness
of 5-7 mm or less, the thickness of the "warm film," characteristic for the posi-
tive heat balance of the ocean surface with a stable vertical density distribu-
tion, is limited only by the magnitude of the flux q and the heating time [2];

it can be more than 1 m and therefore it is undesirable to apply the term "film"
to a layer with a positive temperature drop.] In our opinion, such disagreements
between the observed temperature and salinity drops in the boundary layer and the
existing heat fluxes and evaporation rates are a result of the measurement methods
used by the authors of [7, 9, 13].

25 255 2% 29 Jo 25 245 25,5 26,5 T°C
i N + M 3 ; T ———-<

r

2l

Fig. 1. Temperature profiles registered on 1 October 1977 at 1447 hours (LT) (a),
25 August 1978 on the 27th voyage of the scientific research ship "Akademik Kur-
chatov" at approximately 1400 hours (LT) (b) and 28 May 1973 at 1840 hours (LT)
at a point with the coordinates 28°45'N and 68°25'W (c). The thin line represents
the water temperature profile after mixing of the upper seven-meter ocean layer.

First we will examine measurements related to the thermal boundary layer. In the
studies mentioned above the temperature drop ZlTo was determined as the difference
between the surface temperature Tgs measured by the contact method [7-13] or an
IR radiometer [9] and the temperature of the lower-lying layer Tyoy» for which we
used the temperature of the isothermic layer [13], the temperature at the depth
of taking of a sample with a bathometer [7] or the temperature of the upper ar-
tificial mixed water layer with a thickness from 1 to 7 m [9]. Naturally, with a
correct measurement of Ty the ATg value will be determined precisely by measure-
ment of the temperature Ty .. If at the measurement time the water layer below

the boundary layer is isothermic within the limits of several meters, it is evi-
dently of indifference at what depth zj,, the Tioy reading is made. Such a situa-
tion is possible either with intensive wind mixing or when there is well-developed
convection in the absence of solar heating (primarily in the evening and nighttime
hours [11, 16]). However, if in the upper several meters there are deviations from
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isothermy, as is especially characteristic for intensive solar heating with con-
ditions close to calm [6, 11, 16], the ATy value will be determined by the depth
Z{ oy Of measurement of Ty, or by the thickness of the artificially mixed layer.
Accordingly, the Z&TO value measured by different methods is essentially dependent
on the vertical T(z) distribution in the upper several meters of the ocean.

Not having information on the vertical distributions of temperature accompanying
measurements [7, 9, 13], we will demonstrate what has been said in the examples
of several T(z) profiles (Fig. 1) obtained by a number of researchers in approx-
imately one and the same region in the Atlantic Ocean during a calm or when there
was a weak wind. The profile a was obtained by A. V. Solov'yev in the region of
the POLYMODE experiment with its center at 29°N and 70°W using a freely floating
probe [11]; profile b was obtained by V. T. Paka and K. N. Fedorov in this same
region using a "Bumerang" freely falling probe and temperature sensors suspended
on floats (at the horizons 0.05 m, 0.30 m, 0.45 m, 0.95 m, etc.); profile c was
obtained by Bruce and Firing using a modified XBT probe [16]. Since the mentioned
instruments did not make it possible to make measurements of the fine structure
near the surface with a resolution of a fraction of a millimeter, information on
the drop ZSTO near the surface at the time of measurements is lacking. For an ap-~
proximate determination of Ty the profiles in Fig. 1 were supplemented (dashed
line) in their upper part by the boundary layer (at a distorted vertical scale)
with the drop ZSTO = -0.36°C, computed using (1) with the value q = -120 W/m?
corresponding to the & profile [11]. Although with such an arbitrary choice of

q there can be errors in determining Tp for profiles b and ¢, in this case this
is unimportant because these errors are considerably less than the methodolog-
ical errors which are being discussed.

J5,8 Jo,u 3686  5%.

¢l

Fig. 2. Salinity profiles obtained in August 1978 on the 27th voyage of the sci-
entific research ship "Akademik Kurchatov" using an AIST probe in a "holding" re-
gime at a number of horizons [6].

Figure 1 shows that with one and the same temperature drop in the boundary layer
ASTO = -0.36°C it is possible to obtain, in dependence on the type of the T(z)

distribution and using in situ measurement methods, both high negative ASTO val-
ues (~1.4°C for the b profile with measurement of the Tyow temperature at the
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0.30 m horizon) and high positivezl'l‘0 values (4+2.0°C for the profile c when meas-
uring T, o at the 1.7-m horizon or with the mixing of water in the 7-m layer).
Thus, tﬁe lack of information on the variability of temperature in the upper 10-m
(and especially in the meter) layer of the ocean at the measurement point can
lead to substantial errorq in field measurements of ATy which must be taken

into account especially in measurements in the tropical latitudes, since precise-
ly there the maximum varlabllity of temperature in the upper meter of the ocean
is observed.

- This same conclusion also applies completely to measurements of salinization of
the boundary layer AS,. Unfortunately, at the present time there are no instru-
ments making it p0551b9e to carry out detailed absolute measurements of the sal-
inity distributions (conductiv1ty) in the upper meter layer of the ocean. How-
ever, measurements using the AIST probe, carried out in a regime of holding of
the probe at a number of horizons with subsequent averaging [6] on the 27th voy-
age of the scientific research ship "Akademik Kurchatov" under the POLYMODE pro-
gram demonstrated a strong variability of salinity in the upper layer 0.7-10 m
as a result of showers [6].

Several S(z) profiles obtained in the region of the POLYMODE experiment are rep-
resented in Fig., 2, from which it follows that salinity in the limits of the
upper meter at closely spaced points can differ by 1°/oo. This variability of
salinity can be an important component of the overall methodological error in
determining ZSSO in measurements, where the reference value used is the salinity
value at the depth of taking of the sample with a bathometer {7, 10].

On the other hand, the very method for determining salinity at the ocean surface
So in situ, in contrast to temperature measurements, is a serious problem. Re-
mote radiometric methods do not make it possible to measure Sy with an accuracy
better than 1°/oo [14].

The optical interferometry method, which was used successfully in laboratory ueas-
urements [5], is not suitable for measurement of the fine vertical structure in
situ.

The screen method [7, 10] proposed by Garrett [17] for the collection of films of
different origin in an ideal case gives only the mean salinity value in the boun-
dary layer (on the assumption of linearity of the S(z) profile), since the thick-
ness of the layer of collection of the sample by this method (< 0.4 mm [10]) is
approximately equal to the thickness of the boundary layer of increased salinity
[5]. However, in a real case the S values determined by this method are exagger-
ated as a result of evaporation from the screen in the process of taking the
sample and the presence of suspensions and petroleum contaminations in it [10].
Thus, the problem of in situ salinity measurements in the thin surface layer of
the ocean and its surface with an accuracy better than the possible amplitude of
its spatial variability, as a result of the nonuniformity of evaporation from the
ocean surface (tenths promille), still requires its solution.

It follows from the above that the variability of the vertical thermohaline
structure of the surface layer of the ocean can be the reason for the significant
(greater than the AT, and [}So differences in the boundary layer) discrepancies
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between temperature and salinity measured in the upper meter layer of the ocean
(for example, while the ship is proceceding on course at a depth of 0.5-1 m) and
with the same parameters measured by remote methods. The greatest discrepancies
can be expected when making temperature measurements during the daytime hours,
especially under calm conditions with intensive solar heating and in measurements
of salinity ~- after the passage of heavy showers. This must be taken into account
when interpreting the results of in situ measurements of 13T0 and ZSSO and in for-
mulating investigations for comparing the results of remote and contact methods
for measuring temperature and salinity of the ocean surface.
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[Text] Abstract: On the basis of an analysis of the spa-

tial-temporal variability of temperature of the

- water surface layer in the North Atlantic it was
possible to determine the seasons in the annual
variation and a grid of points is proposed for
stipulating the water temperature field. The auth-
or demonstrates the possibility of representing the
fields of mean seasonal water temperature in the
form of series with expansion in natural components.
The article describes a method for predicting the
mean seasonal water temperature for a period of two
months in advance for the spring, summer and autumn
seasons and for a period of one year in advance for
winter. The results of predictions are presented.

The possibility of using maps of the mean water temperature values for the surface
layer of the ocean in the North Atlantic, averaged by five-degree squares, for com-
putations and predictions was demonstrated in [4]. Continuous series of such obser-
vations have been available for the period from 1957 through 1974. In order to an-
alyze th- spatial~temporal variability of water temperature in the surface layer
these series were used in computing the following characteristics: mean monthly
water temperature values for a long-term period for each square, standard devia-
tions of water temperature from the mean long-term value, amplitude of the annual
variation and the maximum water temperature amplitude for the particular period.

Figure 1 shows the distribution of the mean long-term and maximum (for an 18-year

period) water temperature amplitudes. The centers of the maximum amplitude values

in both figures coincide and are situated in the middle latitudes along the shores

of North America, to the south of Newfoundland. The maximum water temperature ampli-

tude is the difference between the highest mean monthly water temperature in the

entire series of observations and the lowest. The years of highly extremal values

in each square usually do not coincide, but the coincidence of regions with anomal-

ous amplitudes indicates a universality of the processes causing them. The very

- same maximum amplitudes indicate a variability of these processes. Such a distrib-
ution in the amplitudes of the annual variation of water temperature indicates
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that the processes of heating and cooling of the surface water layer transpire
differently both in space and in time, In the analysis of the annual variation

of water temperature we constructed and analyzed 12 maps of changes in water
temperature from month to month. The analysis made it possible to combine months
in which the water temperature changes were identical. In discriminating the hy-
drological seasons we used the V. N. Stepanov method [7], according to which "an
allowance is made not only for the absolute water temperature, but also the change
in the rate of its increase and decrease (temporal change of the water tempera-
ture gradient)."” We azssign to hydrological winter that segment of the curve of an-
nual variation of temperature where, having lower values, its temporal gradient

is close to zero.

Thus, during the period from January through March over the entire area of the
ocean there is a gradual decrease in water temperature. As an average for the
month the decrease in water temperature is 0.5-1.0°C and therefore these three
months were combined into the winter season.

It is easy to trace hydrological spring on the basis of the sharp increase in
water temperature. A gradual heating of the ocean surface begins in April-May.
However, this heating is not identical in different parts of the ocean. The ex~
treme western band of coastal water is heated most strongly; the water tempera-
ture changes from April to May here attain 3.0°C. The remaining part of the ocean
area is heated by 1.3-1.5°C. In the southern latitudes the temperature changes in
the surface layer of water are 0.5-0.7°C per month. The months of April and May
are combined into the spring season.

In the course of the hydrological year there are considerable changes in water
temperature. In June, July and August the increase in water temperature is most
intense. In the western regions the month-to-month changes are 3.0-4.0°C, in the

central regions —-- 2.0-3.0°C, in the southern regions -- about 1.0°C from month
to month. The months of June, July and August are also combined into the summer
season.

The hydrological autumn is characterized by a rapid cooling of the water and ends
with the attaining of low temperatures which vary little in the course of time, as
is characteristic for the next season. The four last months -- September, October,
November and December -- are combined into the autumn season. In the western regions
the water temperature decrease from month to month is 2.0-3.0°C, in the central re-
gions -- 1.0-2.0°C, in the southern regions -~ 1.0-1.6°C.

We note that such a representation of the annual variation of water temperature
by four seasons is not the purpose of this article but was done as a convenience.
The breakdown of the seasons with the water temperature gradient taken into ac-
count in time makes possible the reverse conversion —-- from mean seasonal to mean
monthly water temperature value.

Spatially the changes in water temperature in the course of the year transpire very
nonuniformly and therefore it is important to select such points which with allow-
ance for spatial variability would most completely characterize the water tempera-

ture field. For a solution of this problem we found the correlation between water
temperature in each square and the water temperature in the adjacent four squares.
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In those places where the correlation coefficients were high the position of

the points could be taken with a lesser frequency. In regions with a great water
temperature variability the points were situated closer to one another. The posi-
tion of the points is shown in Fig. la.

Thus, spatially the water temperature of the surface water layer in the North At~
lantic is stipulated at 28 points and in time four seasons are considered.

During recent years an analytical representation of fields in the form of series
with expansion into natural orthogonal functions has been popular. Such a repre-
sentation of the hydrometeorological information has been discussed in consider-
able detail in the literature [1-3] and therefore here there is no need for dis-
cussing the advantages of this method. In this article the fields of mean season-
al water temperature, stipulated at 28 points, were also expanded into series in
natural components. Table 1 gives the eigenvalues of the covariation matrices of
the mean seasonal water temperature and the indices of series convergence. The
table shows that the contribution of the first expansion term By describes the
maximum of the dispersion of the initial field; the additional contribution of
expansion coefficients of a higher order is insignificant. The sum of the five
expansion terms describes 99.7% of the dispersion of the initial field. Since the
first expansion term describes the maximum of the total dispersion, it therefore
follows that the proper prediction of the first expansion term Bj plays a decisive
role for the successful prediction of mean seasonal water temperature. The value
of a correct forecast B] is determined not only by the large contribution to the
total dispersion of the predicted field, but also by an entirely definite physical
sense. The elementary field corresponding to the first expansion term Bj character-
izes the latitudinal distribution of water temperature. The details in the dis-
tribution of water temperaturne already are reflected in higher-order expansion
terms.,

Table 1

Eigenvalues of Matrices of Mean Seasonal Water Temperature ().-102) and Index of
Convergence of A Series

e ! Hinter Spring Summer Autumn
Loaetos | oo | oam | aa0e | ae | rerer | am
} ' IT§49 95.7 187.61 ! 98,9 VIFSJS ! 98.9 . 171,38 98.4
; &95 3.3 073 : 03 | 059 ¢ 04 0,95 0.6
3 072 0.4 046 . 03 0,35 0.2 0.33 (1%
»_l 0,37 0.2 0,23 03 V032 0.2 040 0,2
o 0,21 0.1 0.20 0.1 0,13 0.1 0.26 0,2

In connection with the representation of the predictants in the form of series with
expansion in natural components the question arises as to how many expansion coef-
ficients must be predicted. For this purpose the actual fields of mean seasonal
water temperature were restored using 2, 3, 4, 5 and 6 expansion coefficients and
the guaranteed probability of restoration was computed. As the admissible error

we used O'-- the standard deviation of water temperature from the mean long-term
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value. The results of the computations indicated that although as an average
for the field the guaranteed probability of the restored fields even with re-
storation using two coefficients is rather high -- 83%, nevertheless, for indi-
vidual points of the restored field the use of only two coefficients is inade-
quate. This applies, in particular, to points with a great variability of water
temperature. Accordingly, in order to avoid large errors in the restoration of

water temperature it is recommended that four or five expansion coefficients
be used.

Fig. 1. Mean long~term (a) and maximum (b) amplitude of water temperature in North
Atlantic.

In predicting the mean seasonal water temperature in the North Atlantic we made
use of the concept of sequential development of processes in the ocean and the
atmosphere. In [5] it was demonstrated that it is possible to predict water tem-
perature in the warm part of the year on the basis of heat losses from the ocean
during winter and data on atmospheric conditions during the preceding time. In
this article an attempt is made to predict the mean seasonal water temperature
(spring, summer, autumn) on the basis of the thermal and dynamic state of the
atmosphere and the initial water temperature in the preceding season. The advance

time of the forecast was 2 months. The general form of the equation for spring,
summer and autumn is as follows:
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te t 3p fe ;
Bi; = z,aj Bf:-': + zk' e B"’n-': +a Bin—z + dn

t
where Biﬁ are the coefficients of expansion of the fields of mean seasonal water

t Ap B"w
ij'"—.: Bkn—f’ lgan

) temperature,

are the coefficients of expansion of the air temperature field, pressure anomaly
field and water temperature field with a shift of two months relative to the month
with which the season begins, aj, bk, cys di are the coefficients of the regression
equation.

For the winter the water temperature was predicted on the basis of the indices of
the thermal and dynamic state of the atmosphere and the water temperature for the
vinter of the preceding year, that is, for winter the advance time of the forecast
is equal to 1 year. The general form of the equation for predicting winter water
temperature is as follows:

b _ ¥y 4 gla b, B 4B 44

5 -gaj B-"XII-|11+Z,,' F ke ixn-m '
where BEW are the coefficients of expansion of the water temperature field in win-
ter

¢ Ap 3
B* B
; Jxu—m' T kxn—m’ T ixp—in

are the coefficients of expansion of the fields of air temperature, pressure anom—
alies and water temperature in the winter of the preceding year; the remaining no-
tations are as before,

When establishing the correlations between different hydrometeorological elements
it is sounder to analyze the fields of distribution of these elements, since in

. this case there is a more complete disclosure of the interrelationship and inter-

i dependence of the processes, a clearer manifestation of the influence of the de-
termining factors on the changes in the predicted parameters. Accordingly, the
decisive factors -- atmospheric pressure and air temperature in the preceding sea-
son -- were stipulated by the fields and were represented analytically by means .
of expansion into series in natural components.

The air temperature fields were stipulated at nine points (weather ships), expanded
into series in natural components and the expansion coefficients were computed.

Atmospheric circulation was examined over the northern part of the ocean (sector I
in the northern hemisphere). Pressure was stipulated at 19 points. In finding the
natural components we used maps of anomalies of mean monthly pressure over the
North Atlantic. The coefficients of expansion of the fields of anomalies of mean
monthly pressure into series of natural components were given in [6].

In finding the predictors for predicting the mean seasonal water temperature in the
» North Atlantic we computed the paired correlation coefficients between the coef-
; ficients of expansion of the air temperature field, the field of atmospheric
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pressure anomalies and the water temperature field in the next season. The result-
ing pattern was very mottled. In individual cases there was no correlation at all
between some coefficients; in other cases the corrclation coeflficlent attalned
values 0.50-0.60. We note that with a Limlted length of the series (n = 18) the
significant correlation coefficient R»0.50.

From among the great number of predictors it was necessary to select those which,
first of all, would be uncorrelated with one another, and second, would increase
the total multiple correlation coefficient in the regression equation. Such a
problem was solved by the multiple correlation method on an M-222 electronic com—
puter for each season of the year and each coefficient of the water temperature
field expansion.

Table 2 gives the guaranteed probability of the prediction of six expansion coef-
ficients of the water temperature fields for different seasons of the year. The
table shows that the guaranteed probability of the prediction of the first two
expansion coefficients By and By is rather high and greatly exceeds the natural
guaranteed probability. The coefficients of expansion of a higher order are pre-
dicted somewhat more poorly, but the guaranteed probability of their prediction
also exceeds the natural value.

Table 2

Guaranteed Probability of Prediction of Coefficients of Expansion of Fields of
Water Temperature

2§ g6
= on g | 85
B, 3 k=1 I A|B o H 5 A B
= (4 . ! = o
4] o ‘
| |
Winter Spring
By 1662 (0711 0,14 | 8 60 17,32 (0,78 | 0,24 | 100
B, | —3169 {08 1,65 | 93| 75 | —30,08 | 0.78 | 001 77' f’é’
By —~1,10 { 0,75 | 0,81 8§} 75 —060 [ 0,72 2,08 | 88| &n
B, 001 [0.93 2,00 {100 88 003 10,66 1,60 | 83| 35
B, —0.02 0.3,] 132 | 75| 88 025 {084 166 |100]| =7
B, 000 [0,7S] t.os |100] 88 0,6 10,68 1,20 | 72| 66
Summer Autumn
By ' 2046 1081 0,30 :100] 72 2035 [ 0,60 0.20 | $3! 7
. L3000 (057 120 ¢ 83| 77 [ 3083 lo'sit 13 | sai g2
By | —004 |071| 1182 . 88| 72 0,03 0,80 22 | $3i 33
B; | 000 1039 | 140 t 83| 66 001 (0.77: 1.75 | 100 83
By 1 0051069 1.35 | 88/ s8 001 1083 1.75 | 94| 77
B, 1 00010451 085 ! 771 65 001 1057, 1,62 | 94: 77
A) Guaranteed probability of equation, ¥%; B) Natural guaranteed prob-
ability, 7%

The computed expansion coefficients were used in restoring the fields of mean sea-
sonal water temperature. In this article there is no possibility of presenting a
detailed table of the guaranteed probability of predicting the mean seasonal water
temperature for each field point. We note only that the guaranteed probability of
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the prediction of the mean seasonal water temperature with an error of not more
than 0.670 for all field points exceeds the natural value. As an average for the
field the guaranteed probability of the prediction of the water temperature fields
for different seasons of the year in comparison with the natural value is as fol-
lows: for the winter the guaranteed probability of the prediction is 86%, the nat-
ural value is 67%; for the spring the guaranteed probability of the prediction is
80%, the natural value is 66%; for the summer -- 84 and 61% and for autumn -- 88
and 73% respectively.

Since these results were obtained for a limited length of the series it would be
of interest to check the application of the method on the basis of an independent
sample. We had at our disposal the water temperature fields from 1975 through 1980.
We computed the expansion coefficients of the air temperature, atmospheric pres-
sure anomalies and mean monthly water temperature fields and then used the regres-
sion equations for computing the expansion coefficients of the fields of mean sea-
sonal water temperature. The restoration was accomplished using the computed coef-
ficients. The checking indicated that as an average for the field the guaranteed
probability of the prediction in comparison with the natural value is as follows:

for spring the guaranteed probability of the prediction was 83%, natural -- 74%, for
summer the guaranteed probability of the prediction is 88%, natural -- 75%, for
autumn -- 86 and 75% and for winter -- 86 and 66%.
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DELAYING EFFECTS IN THE OCEAN-ATMOSPHERE SYSTEM AND THEIR MODELING
Moscow METEOROLOGIYA I GIDROLOGIYA in Russian No 4, Apr 81 pp 77-84

[Article by 0. A. Vladimirov, candidate of geographical sciences, Arctic and Ant-
arctic Scientific Research Institute, manuscript received 8 Aug 80]

[Text] Abstract: Observations show that climate is not
constant, There are a considerable number of
facts which show that it is characterized by
changes with different time scales. One of the

- reasons for such variability is the presence
of delaying effects in the ocean-atmosphere

_ system. Examples are presented. It is shown
that the delaying effects are described by dif-
ferential equations with a "delaying" argument.
Modeling regions are enumerated in which such
equations must be used. An example of their use
in the modeling of the interrelationship between
the low and high latitudes of the Atlantic Ocean
by a system of surface currents is cited.

As indicated by observations, many climatic components are not absolutely constant.
A sufficient volume of facts has now been accumulated which show that during the
course of the earth's entire history climate has repeatedly experienced changes
with different time scales. '

Climatic fluctuations at scales of 1-102 years are of the greatest practical inter-
est. This is attributable to the fact that fluctuations with such time scales are
of vital importance and fit within the framework of modern planning periods [12].

At the present time several factors have been mentioned which can cause such fluc-
tuations. In the author's opinion, among these there are delaying effects to which
particular attention will be devoted below.

The fact is that the temporal development of a number of dvnamic processes is de-
termined not only by the forces operative at a particular moment, but is also de-

pendent on effects which existed in the past, that is, is determined by delaying
effects. These effects are manifested in the form of consequences and delays.
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Aftereffect phenomena must frequently be dealt with when dynamic processes have a
singular "memory," in which the consequences of the effects are stored [71.

The appearance of a delay is attributable to the fact that a definite time is re-
quired for the movement of any kind of "impulse," for example, along a flow, since
the velocity of the latter is finite.

The presence of delaying effects in the investigated system is frequently the rea-
Son for the appearance in it of phenomena which exert a significant influence on

- the very course of the process of system development. For example, delaying ef-
fects can cause the appearance of self-exciting oscillations.

It is particularly important that the presence of delaying effects can frequently
lead to disruption of system stability if it had such in the absence of similar
effects. The reverse is also possible: the appearance of stability as a result of
the appearance of delaying effects in. the system [10, 16].

Dynamic systems with delaying effects and processes traﬁspiring in such systems in
most cases are described by differential equations with a deviating argument or
systems of such equations.

A differential equation with a deviating argument is an equation in which there is
not only the argument t, but also the sought-for function and its derivatives, taken
with different t values. Such an equation is of the delaying type (otherwise known
as an equation with a delaying urgument) if the value of the higher derivative with
any value t = t' is determined through the values of the lower derivatives with tg
t'.

An equation of the type ¢, X(m 4o Xtw—D)y Feu X +dy X (t—1) +
+d’t\"'—” (t—t)+ ¢ s . +d,,X(t—-‘!)=f(t),

in which the value is called the delaying parameter [6], can serve as an example
of differential equations with a delaying argument.

The theory of differential equations with a deviating argument is more complex than
the theory of ordinary differential equations without deviations of the argument.

In the study of real systems with delaying effects as the initial approximation it
is commonly assumed that the delay T is constant. Despite this, such an examination
is a step forward in comparison with a model of an "ideal" process, which is obtain-
ed 1f it is assumed that "triggering" of the system occurs instantaneously [16].

Differential equations with constant deviations of the argument are usually called
differential-difference equations [11].

A differential-difference equation, like an ordinary differential equation, has an
infinite set of solutions. The arbitrariness in solutions of the differential-dif-
ference equation is greater than for solutions of the ordinary differential equa-

tion. In order to eliminate the arbitrariness in the choice of solutions in the
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latter case, in addition to the principal equation, there is stipulation of some
additional conditions, with initial conditions at a single point most frequently
being used for this purpose.

For differential-difference equations the stipulation of initial conditions at a
single point with t = tg is inadequate: the initial conditions must be stipulated
in the initial set [tg - T, tyl, and a solution is sought only with t3 tg.

The principal methods for analysis and solution of differential equafions.with
a delaying argument are given in [1, 4, 10, 16].

Now we will examine those regions of modeling of the ocean-atmosphere system where
differential equations with a delaying argument can (or must) find a corresponding
application.

First of all we note that the modeling of processes of interaction between the ocean
and the atmosphere now meets with great difficulties. The latter also is attribut-

- able to the inadequate number of necessary observations and a poor knowledge of
the laws of interrelationship of individual phenomena.

For these reasons the use of the classical equations of,motion for describing the
ocean-atmosphere system is often difficult. Under these conditions the "phepomen-
ological" theory is assuming great importance. By this is meant such-a formulation
of the patterns in the region of the observed physical phenomena in which no attempt
is made to reduce the described correlations to the general laws of nature lying at
their basis, through which they could be understood [5].

For the reasons indicated above, in the practical investigation of different types
of interactions between the ocean and the atmosphere it is rather common to use
phenomenological models, unfortunately without an indication that they are phenom—
enological and without taking delaying effects into account.

Since, as was indicated above, the ocean-atmosphere system is characterized by the
presence of such effects, in the formulation of the corresponding phenomenological
models it is necessary to use equations with a delaying argument. Such is necessary
in all cases when the dependence of the sought-for characteristics at a particular
moment on their values (or the values of other variables) at one of the preceding
moments is well expressed.

The satisfaction