


AMERICAN METEOROLOGICAL SOCIETY 
45 BEACON STREET 

BOSTON, MASSACHUSETTS 
02108 

VERTICAL THICKNESS AND STRUCTURE OF CLOUD COVER 
IN FRONTAL ZONES OVER THE UKRAINE DURING VARIOUS 

SYNOPTIC PROCESSES 

Translation of 

Vertikal'naia moshchnost' i struktura oblachnosti v zonakh frontov 
nad Ukrainoi pri razlichnykh sinopticheskikh protsessakh 

by 

I. N. Ponomarenko, A. M. Koshenko, and T. N. Zabolotskaia 

Kiev. Ukrainskii Nauchno-Issledovatel'skii Gidrometeorologicheskii 
Institut, Trudy, No. 48: 67-78, 1965. 

This translation was produced by the 
American Meteorological Society under 

Contract A F 19(628)-3880, through 
the support and sponsorship of the 

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 

OFFICE OF AEROSPACE RESEARCH 

L. G. HANSCOM FIELD 

BEDFORD, MASSACHUSETTS 

01731 



BLANK PAGE 



VERTICAL THICKNESS AND STRUCTURE Of' CLOUD COVER 
IN FRONTAL ZONES OVER THE UKRAINE DURING VARIOUS 

SYNOPTIC PROCESSES 

by 

I. N. Ponomarenko, A. M. Koshcnko, and T. N. Zabolotskaia 

Data on the vertical thickness and detail of the 
spatial structure of frontal cloud systems during vari¬ 
ous processes were obtained by analyzing 650 aircraft 
flights in atmospheric frontal zones. 

Frontal clouds have been treated in a great many papers [ 1, 2-12, 

14, 16-22, et al. ), but many questions still remain unanswered. Most 

of the papers have not related the spatial structure of cloud cover to 

synoptic processes, and their conclusions have been based on very lim¬ 

ited data of aircraft soundings; consequently, many of the well-known 

general schemes of cloud-cover distribution in fronts [ 2,4,17,18, etc. ] 

are unrealistic. 

The present paper gives some results of a study of the spatial 

structure and fundamental characteristics of cloud systems in frontal 

zones over the Ukraine during various synoptic processes. The work 

is based mainly on data obtained by the authors jointly with their col¬ 

leagues from the Department of Experimental Research of the Ukrain¬ 

ian Hydrometeorological Research Institute in i ol-62, during experi¬ 

mental flights with IL-U flying laboratories in frontal zones over the 

steppe region of the Ukraine. A series of closely-spaced vertical 

soundings was made at three-hour intervals, or else vertical-horizontal 

soundings were made in flight around the cloud systems. The former 

were coordinated with temperature-wind radar soundings in the Dnepro- 

petrovsk-Krivoy Rog region, while the latter were made mainly over 

the southern, western, and eastern parts of the Ukraine. In addition, 

data from a network of aircraft sounding points (Kiev, Khar'kov, L'vov, 

and Odessa) for the same time interval were combined with these data 

to obtain a number of characteristics. 



A total of 650 aircraft flights were studied; 560 for 1961-62 and 

100 for previous years (1956 through 60). The survey covered 208 

tronts in the cold half of the year and 255 in the warm half. 

Most investigators studying frontal cloud cover [ 1, 2,4. 6, 7,8, 

13,19] were seeking general schemes to relate the spatial distribution 

of the cloud cover to the type of front. This was of considerable in¬ 

terest to us as well; but we also wanted to obtain detailed characteris¬ 

tic data on the following: stratification of cloud systems, frequency of 

various cloud types and their characteristic associations in various 

processes, the height of the tops and bases of clouds, and the total 

thickness of the cloud systems and individual types most suitable for 
modification by coolants. 

To obtain such data for various sections of a front, one must have 

considerably more material than we had at our disposal. Hence, we lim 

ited ourselves in the initial stage of the investigation to an analysis of 

data relating to the frontal zone ±(10<M50)km from the frontal line at 

ground level. Therefore, all the characteristics are presented for the 

Ukraine as a whole, without division into separate areas. 

The properties of frontal cloud systems during various synoptic 

processes are definitely related to differences in moisture content and 

its distribution in large-scale airflows, as well as to the redistribution 

of moisture as a result of cyclojenesis and anticyclogenesis, and frop- 

togenesis and fronte lysis. Hence, a classification of synoptic situations 

with respect to a given problem muat foresee the selection of synoptic 

situations that correspond to the basic types of circulation and take into 

account the properties of atmospheric fronts for characteristic types of 

pressure topography. Proceeding from this, we have defined six char¬ 
acteristic synoptic situations: 

U—Polar outbreaks. These processes are associated with the 

movement of cold fronts over the Ukraine from northeast or east along 

the southwestern or western edges of anticyclones. 
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Z. Northwestern cold outbreaks are associated with several syn¬ 

optic situations. They are characterized by the movement, from the 

northwest, of sections of cold fronts that are distant from cyclone cen¬ 

ters and disposed along the southeastern edge of large anticyclones. 

3. Northwestern cyclones. In the overwhelming majority of 

cases, these involve the passage over the Ukraine of sections of occlu- 
*) 

ded, warm, and cold fronts along the eastern edge of stationary anti¬ 

cyclones over Western Europe. More rarely, portions of occluded 

fronts were observed close to a cyclone center. 

4. Western cyclones. Sections of cold, warm, and occluded 

fronts, associated with cyclones moving across the northern Ukraine 

from west to east, pass over the Ukraine. During the cold half of the 

year, as a rule, they move along the northernedge of a high pressure 

zone above southern Europe. 

5. Southwestern cyclones. Sections of warm. cold, and occluded 

fronts, located close to the centers of cyclones, pass over the Ukraine, 

moving from the central Mediterranean across the Carpathians to the 

northwestern Ukraine and on to the northeast. 

6. Southern cyclones. Sections of warm and occluded fronts lo¬ 

cated close to the centers of cyclones, move across the Ukraine from 

the Black Sea toward the north or northeast. The small number of cases 

precluded the examination of the cloud cover of cold fronts in this process. 

Tables 1, 2, and 3 give data on the structural details of frontal cloud 

systems by the individual processes. 

The data in table 1 show that in both halves of the year, the most de¬ 

veloped cloud systems are observed in the fronts of southern cyclones with 

tops at an average height of 4. 5 to 4. 7 km and bases at 1. 3 to 1. 6 km. The 

frequency of cloud tops at the 4 to 6 km level and more is 73 to 74%. Fronts 

of polar processes have very weakly developed cloud cover: on the average, 

*7 
The small number of cold fronts precluded their consideration. 
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their cloud systems do not extend above 2. 5 to 3. 1 km, while the layer 

they occupy is approximately 1 km thick. 

The fronts of western and southwestern cyclones have weakly de¬ 

veloped cloud cover, associated maKly with their passage over the Car¬ 

pathians [ 15,16]. The considerable mean height of the cloud bases 

(without Frnb, Fr Cu, or Fr St) during these processes is striking: 1.81 

to 1. 94 km in the cold half of the year and 2. 13 to 2. 59 km in the warm 
half. 

Inasmuch as frontal cloud cover is quite rarely continuous with 

height, it is interesting to treat the actual thickness of the cloud cover 

as the sum of the thicknesses of the cloud layers. This characteristic 

must be taken into account in calculating the water storage of frontal 

cloud systems and in determining their suitability for artificial modifi¬ 
cation. 

The data in table 2 show the total cloud layer thickness in fronts 

in both halves of the year to be s 1. 5 km on the average; the latter figure 

increases somewhat (to 2.24 to 2.92 km) in the fronts of southern and 

southwestern cyclones. Thicknesses of 2 to 4 and 4 to 6 km are not en¬ 

countered in more than 25% of the cases during the cold half of the year, 

increasing to 45% only in the fronts of southern cyclones. The frequency 

of these thickness gradations is somewhat greater in the warm half of 

the year, but rarely exceeds 50%. Polar outbreaks and western cyclones 

have the srmdlest total cloud thicknesses (0. 49 to 1.13 and 0. 74 to 1. 52 km, 

respectively). Thicknesses of 2 to 4 km were not recorde' in polar out¬ 

breaks during the cold half of the year. 

Frontal cloud cover above the Ukraine is generall> stratified during 

all processes (table 2). Insufficient data from instrument measure 'ents 

of cloud boundaries have precluded much investigation of this feature of 

frontal cloud systems, and the stratification of the clouds of cold and oc¬ 

cluded fronts have been particularly neglected. The stratification of 

warm frontal clouds has been investigated to a somewhat greater extent: 

already in 1934, Bergeron indicated that conditions for cloud-cover 



stratification exist in a warm front, basing his conclusions on the 

nature of the upgliding of warm air. Several authors later proposed 

schemes for the stratification of warm frontal clouds, generally sep¬ 

arating high Ns-As clouds from the main frontal cloud system. 

The studies by L. T. Matveev and P. I. Smirnov [ 11,18] occupy 

a rather special position. Proceeding from a qualitative-theoretical 

analysis of the distribution of vertical velocities, these authors pre¬ 

sented diagrams of the spatial structure of frontal clouds, anticipating 
several cloud layers. 

Baranov [ 2] obtained the basic characteristics of the stratification 

of frontal clouds for the entire European USSR and for several individual 

points, based on a synoptic-statistical analysis of aircr aft sounding data. 

The synoptic situation was not taken into account in analyzing the data, 

so that the characteristics obtained differed very little for the different 

types of fronts. Non-stratified cloud cover was observed in 40 to 44% 

of the cases in warm and occluded fronts, and in 52 to 53% of the cases 
in cold fronts. 

The data in table 3 indicate a less developed stratification of cloud 

cover. Nonstratified cloud cover predominates in all types of processes; 

it is relatively thin and occupies part of the 1 to 6 km layer. The obvious 

discrepancies of the data are probably due to more than our failure to 

consider the high clouds. The cloud cover is most stratified on the peri¬ 

phery of frontal cloud systems; several investigators f 4-6, 17] attribute 

this to unequal distribution of advection and vertical motions with height. 

Stratification is not as frequent directly on the frontal line or strictly 

within the frontal zone. Hence, analysis of the data with aidwithout al¬ 

lowance for the distance from the frontal line can produce completely 

different results. It is clear from the data of table 3 that the spatial 

structure of the cloud cover differs markedly in sections of the frontal 

zones at different distances from the frontal line. In the overwhelming 

majority of cases, a two-layer cloud system is observed directly above 

a frontal line: the lower ’ayer may consist of Ns-As, Ns, or Sc, the up¬ 
per layer of Ci, Cs, or Ac. 
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Unlike the characteristics already considered, cloud cover 

stratification is less dependent on synoptic conditions (table 3), in¬ 

creasing slightly (33 to 34%) only in fronts crossing the Carpathians 

in western processes [ cyclones] and in. the movement of southwestern 

cyclones; the differences are less marked in other processes. 

The characteristics of the basic cloud system of Ns and Ns-As 

fronts are of the greatest interest for solving problems connected with 

the meteorological safeguarding of aircraft flights and with artificial 

modification. In the cold half of the year, the spatial distribution of 

Ns and Ns-As in polar outbreaks and northwestern cold outbreaks is 

analogous to the distribution presented in the general characteristics 

(table 1). The thickness of the layer containing the cloud system in¬ 

creases by an average of 1. 5 km with motion of southern cyclones when 

Ns-As are present. On the other hand, the thickness decreases and the 

Ns-As layer rises in fronts crossing the Carpathians. During the warm 

half of the year, the position of the top nearly agrees with the data given 

in table 1, but the bottom rises sharply (1. 0 to 1. 5 km). In this regard, 

the thickness of the layer where Ns-As occur is noticeably less in the 

warm half of the year. This is most noticeable in polar outbreaks, 

northwestern cold outbreaks, and the motion of southern cyclones. 

The total thickness of Ns and Ns-As compared with the data in 

table 2 is considerably more in the cold half of the year and less in the 

warm. Thicknesses of 1 to 2 km prevail in all synoptic situations, while 

thicknesses of 2 to 4 km are more frequent (67%) only in the fronts of 

southern cyclones during the cold half of the year. Thicknesses of 4 to 6 km 

are not observed in all synoptic situations during the cold half of the year 

and are completely absent in the warm half of the year. 

According to table 4, which presents data on the frequency of con¬ 

tinuous (vertical) and stratified Ns and Ns-As cloud cover, two-layer and 

three-layer structures occur noticeably more often in the presence of Ns 

and Ns-As, In the cold half of the year, depending on the synoptic situa¬ 

tion, cloud cover can be observed in 12 to 63% of the cases; three-layer 
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cloud cover, however, occurs only in the movement of fronts from the 

south and west (7 to 17%). Ns-As cloud cover is most characteristic 

of warm fronts in western cyclones (63%) and the movement of cyclones 

from the south (50%) and southwest (39%). 

Stratified Ns and Ns-As are much more frequent in the warm half 

of the year, especially during western, southwestern, and southern cy¬ 

clones, and are more frequent (75%) than single-layer Ns-As in occluded 

fronts moving from the southwest. Three-layer Ns-As also character¬ 

istically outnumber two-layer in western and southwestern cyclones dur 

ing the warm half of the year. 

The data in table 4 apparently lead to an unexpected conclusion: 

fronts with Ns-As have a thicker and more stratified cloua system, or, 

in other words, stratified cloud cover is more characteristic of active 

fronts. However, the general limitation of stratification to fronts cross¬ 

ing the Carpathians is indicative of the regional nature of this feature of 

the spatial structure of clouds over the Ukraine [ 15,16], 

Cloud formation and other details of the spatial structure of cloud 

systems are definitely associated with stratification of the air, the dis¬ 

tribution of vertical motions, turbulence, the distribution of advection 

with height, etc. Since the predominance of a particular cloud type or 

cloud complex in frontal zones is indicative of certain conditions for 

cloud formation, it is interesting to examine their frequency in various 

synoptic processes. 

The basic cloud system of Ns-As fronts does not predominate even 

in the cold half of the year (table 5), but is characteristic only of warm 

and occluded fronts associated with northwestern (52 to 67%) and southern 

(50 to 57%) cyclones, Ns-As and Sc-Ac are nearly équiprobable in other 

synoptic situations, while St and Cu-Cb cloud types are rarely encoun¬ 

tered. The cold fronts of southwestern cyclones, in which Cu-Cb are 

quite frequent (21%), constitute an exception. Ns-As never predominate 

in the warm half of the year, except for occluded fronts of southwestern 
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cyclones, warm fronts, and the occluded fronts of southern cyclone. 

In which ti e frequency of this cloud system reaches 83. 55, and 50%.’ 
respectively. 

Hence, it appears that cloud systems of atmospheric fronts dif¬ 

fer considerably from general systems. The presence of a particular 

cloud complex is only slightly dependent on the type of front, being de¬ 

termined mainly by the macrosynoptic situation. Regardless of the type 

of front, the Ns-As cloud system is mainly characteristic only of sec¬ 

tions of fronts located close to cyclone centers. Ns-As and Sc-Ac cloud 

systems are équiprobable in fronts passing along the southeastern and 

eastern edges of anticyclones or merely remote from the cyclone cen¬ 

ters. Subfrontal Sc clouds and the Sc-Ac system are characteristic of 

the cold fronts of polar outbreaks moving from the northeast or east. 

The Cu-Cb convective cloud system of the warm half of the year is more 

definitely associated with cold fronts, but is also mainly characteristic 

of sections of fronts close to cyclone centers. Sc-Ac and Sc are équi¬ 

probable in sections of fronts remote from cyclone centers. 

Conclusions 

The spatial structure of frontal cloud systems and the predomi¬ 

nance of a particular complex of cloud types is slightly dependent on the 

type of front, but mainly dependent on the macrosynoptic situation, thus 

explaining the sharp differences in vertical extent and spatial structure 

of cloud systems in frontal zones with different synoptic situations. 

1. The most developed cloud systems in both halves of the year 

are observed in the fronts of southern cyclones, with their tops at an 

average height of 4. 5 to 4. 7 km and their bases at 1. 3 to 1. 6 km. Fronts 

of polar outbreaks have very weakly developed cloud cover: their cloud 

systems do not extend above 2. 5 to 3.1 km, and the average thickness of 

the cloud cover layer is approximately 1 km. Passage across the Car¬ 

pathians weakens the cloud systems of western and southwestern cyclone 
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fronts, but the average height of their cloud ba.e is characteristically 

high; 1. 81 to 1. 94 km in the cold half of the year and 2.13 to 2. 59 km in 
the warm. 

2. The total thickness of the cloud layers in frontal zones above 

the Ukraine is relatively small: in neither half of the year does it ex¬ 

ceed 1. 5 km on the average, increasing to 2. 24 to 2. 92 km only in the 

fronts of southern and southwestern cyclones. The average total thick¬ 

ness of the basic frontal cloud system (Ns or Ns-As) is markedly higher 

than the total thickness of the cloud system in the cold half of the year 

and lower in the warm half of the year. In the cold half of the year, 

thicknesses of 2 to 4 km occur in 67% of southern cyclone fronts, while 

thicknesses of 4 to 6 km are not observed in the warm half of the year. 

3. Frontal cloud systems are stratified primarily in the peri¬ 

pheral portions of frontal zones. In most cases, a two-layer cloud 

appears directly above the frontal line; its lower layer may be Ns-As, 

Ns, or Sc, while the upper may be Cs, Ci, or Ac. The stratification' 

of the cloud cover is less dependent on the synoptic situation. Slightly 

increased stratification (33 to 55%) is observed only in frontal zones 

passing over the Carpathians in western processes and in the motion 

of cyclones from the southwest and west. 
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