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I INTRODUCTION

This report describes the results of a study comparing refractivity
gradients derived from rawinsonde data with the type and distribution
of satellite-viewed cloud cover. The objective of the study was to
determine the extent to which the type and variability of satellite-
viewed cloud cover may be used to indicate the occurrence and
variability of anomalous propagation conditions over areas of various

sizes,

The use of cloud cover to describe the vertical distribution of
temperature and moisture was investigated by Blackmer et al. (1968).%
They compared cloud cover, classified in nine categories acrording to
the type, height, and band location, with departures of vertical
temperature and moisture profiles from seasonal normals. Their results
showed that given classes of cloud cover were superior to climatological
means in describing temperature and moisture profiles. Although the
results of this study were not applied to the problem of estimating
propagation conditions from cloud cover, other studies have related cloud
cover to propagation conditions. Serebreny and Blackmer (1974) and
Blackmer (1974) compared received signal levels on tropospheric scatter
communication links with the type and appearance of cloud cover (as
photographed from meteorological‘satellites) over the links, Data from

two areas were studied.

* References are listed at the end of the report.
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The first area was off the coast of China where, during the winter,

outbreaks of very cold air from the Asian mainland move over the much
warmer water of the western Pacific Ocean producing substantial
instability. Invariably, daily median received signal levels decreased
when these cold outbreaks occurred. The cloud cover over the links had
a distinctive cellular appearance during these cold outbreaks and thus
could serve as an indicator of poor propagation conditions. However,
the only data available were daily medians and since these were not felt
to be optimum for comparison with cloud photographs, it was arranged to

collect more detailed data on European tropospheric scatter links.

The second area that was studied was in Europe, where radio propa-
gation data were in the form of continuous strip chart recordings of
received signal levels. Various analyses were made of these data with
the results that the type of cloud cover appeared to supply useful
information on signal levels to be expected over the links. 1In this
present study many of the data collected for the second study mentioned
above (Blackmer, 1974) are being used. The basic difference between the
two studies is that in the previous study emphasis was on the comparison
of cloud cover with signal levels over tropospheric scatter links on an
overall basis. In the current study emphasis is on comparison of cloud
cover and refractivity gradients in situations where anomalous
propagation was occurring on the tropospheric scatter links. The
refractivity gradients were computed from rawinsonde observations both
in the immediate vicinity of the links at the time of occurrence of
anomalous propagation and at various distances from the links before and

after the period of anomalous propagation.

Section II of this report describes the available data and analysis
techniques, Section III contains 'a series of case studies, Section IV

discusses the results of the case studies, and Section V presents the

conclusions.
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IT DATA AND ANALYSIS TECHNIQUES

A, Data

b b el s e

1. Satellite Photographs

The cloud cover photographs used in this study were from

; satellites 5528 and 7529 of the U.S. Air Force Weather Service's Data

E Acquisition and Processing Program (DAPP). As described by Meyer (1973)
4 and Blankenship and Savage (1974), the DAPP satellites operate from an

| ~ altitute of 450 miles* in sun synchronomous orbits. Two satellites are

normally maintained in orbit, one in a noon-midnight orbit, and the

other in an early morning-evening orbit. The imagery data cc'lected, by

a four-channel linescan radiometer, consist of visual (0.4 to 1.14 um)

and infrared (8 to 13 um) spectral types. Each spectral type is divided
' into two resolution categories. These are two-mile or 1/3 mile

resolution at the subpoint.

A capability exists to threshold the data at three selected
temperatures to give four shades of grey corresponding to temperature
intervals bracketed by the selected temperatures. The resulting four
grey shade photographs supply information on relative heights of various
areas of cloud cover. Examples of the various photographs will be shown

in Section III.

* Nautical miles are used throughout this report.




2 Rawinsonde Data

The primary rawinsonde data used in this study were computer
printouts of data for selected stations in western Europe. Values of
pressure, temperature, and dew-point depression at mandatory and
significant levels from the surface to the 700-mb level were placed on

punched cards for computation of refractivity gradients.

A second source of rawinsonde data was plotted soundings
transmitted via facsimile to European weather stations. A sheet of
facsimile paper approximately 19 x 24 inches contained four panels, each
with three soundings. Three such sheets were transmitted twice daily,
giving a total of 36 soundings at each observation time. Some cf these
soundings were outside the area of interest and a number of them were
duplications of the data contained in the computer listings. They were,
however, a useful source of information for examining the shape of the

sounding.

Figure 1 shows the distribution of stations from which these
two types of rawinsonde data were available and also shows the location
of the Berlin to Bocksberg and Bocksberg to Breitsol tropospheric

scatter links.
3. Supporting Data

In addition to the rawinsonde data on facsimile charts
described above, a number of other products transmitted over the
facsimile circuit were available. These included three-hourly surface
charts, six-hourly surface charts, six-hourly upper air data at selected
levels, and 12-hourly upper air charts. These products were useful for
examining the synoptic situation and the three-hourly surface charts
were especially useful since they contained detailed observations of
cloud cover and present weather. These observations aided in the

interpretation of cloud types and in determining the presence of low
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clouds or fog in situations where the satellite photographs showed

extensive upper clouds.

B. Analysis Techniques

Refractivity gradients (expressed in N~units/km) were computed by

computer processing the data that had been extracted from computer

listings of rawinsonde data. The maximum negative gradient and the
height of the base of the layer through which this gradient existed were
plotted on maps such as that shown in Figure 1. Where more than one
gradient < -79 N-units/km was present the magnitude of all such
gradients together with the base and thickness of the layer within which

the gradient existed, was plotted. By this method a series of maps were

compiled showing the horizontal and vertical distribution and the

thickness of layers with superrefractive and trapping gradients (< -79
and < 157 N-units/km, respectively), as well as the maximum negative
gradient at stations at which no superrefractive or trapping gradients

were found.

In those instances where the pattern appeared inconsistent, i.e., a
layer with superrefractive gradients was at a different altitude at one
station than at surrounding stations, or absent when surrounding :
stations all show layers with superrefractive or trapping gradients, the
data, both computer listings and facsimile raobs, were rechecked. It
was found in a number of instances that the two sets of data were not
identical. Data points were oftén present at a specific level in one
set of data but not in the other. The most consistent difference was
the omission of the surface level on a number of occasions in the ;{
computer listings. As will be shown in the discussion of the case ‘

studies this cross checking of the data did not eliminate all the

differences between stations a short distance apart. .

i Lt e i
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After rechecking the data, the height of the base and thickness of

layers with superrefractive and trapping gradients were summarized on

one map for each case study. In addition, the data on maps for specific
times were plotted on overlays superimposed on the satellite photographs
closest to the time of the rawinsonde observations, for comparison of

refractivity gradients with the type and distribution of cloud cover.

In the evaluation of the type and distribution of cloud cover, four
grey shade IR photographs were used whenever possible to obtain

information on the probable vertical extent of the cloud cover.

Additional analysis consisted of an examination of six-hourly
surface charts to obtain a brief description of the general synoptic
situation and a quick look at both the satellite photographs and the

three-hourly surface charts for a brief description of the major

features of the cloud cover.
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III CASE STUDIES

A. Selection of Cases

In a previous study (Blackmer, 1974), a series of plots of signal
level at hourly intervals over the tropospheric scatter links between
Breitsol (BTL) and Bocksberg (BBG), and Berlin (BLN) and Bocksberg were
made for two-week periods in October, November, and December 1974,
Portions of these plots, shown in Figure 2, were examined and several
dates and times selected for analysis. The basis of the selection was
(1) the occurrence of high signal levels, indicative of superrefraction
or trapping, on either the BLN to BBG or BTL to BBG tropospheric-scatter
communication links, and (2) the availability of rawinsonde data. Using
these criteria, the periods initially selected for study were:

1200 GMT 1 October to 1200 GMT 2 October 1973
1200 GMT 5 October to 1200 GMT 7 October 1973
0000 GMT 18 November to 1200 GMT 20 November 1973
0000 GMT 9 December to 1200 GMT 12 December 1973
0000 GMT 20 January to 1200 GMT 22 January 1974
0000 GMT 12 February to 1200 GMT 17 February 1974

The detailed treatment of these various cases is discussed in the

following sections of this report.
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B. 1200 GMT 1 October to 1200 GMT 2 October 1973

K, Synoptic Situation

During this period, there was a large anticyclone in the
eastern Atlantic that moved northeastward to Ireland from an initial
position 300 miles southwest of Ireland. A ridge of high pressure

extending eastward from this anticyclone covered much of western Europe.
2. Cloud Cover

Cloud cover over the area of interest was generally scattered
cumulus and stratocumulus at 1200 GMT on the lst., At 0000 GMT on the
2nd these small cumulus, caused by solar heating, had dissipated and
skies were generally clear. By 1200 GMT 2 October, middle and upper
clouds in advance of a warm front in the Western Mediterranean were

moving into southwestern Europe.
3. Refractivity gradients

During the period, refractivity gradients of superrefractive
or trapping magnitude were rather randomly distributed. Figure 3 shows
the height (in km above sea level) and thickness (in meters) of layers
with refractivity gradients of superrefractive (S) or trapping (T)
magnitude. The figure contains data for three different times and
inspection of the figure shows that at any given time some stations had
surface-based superrefractive lafers, some had elevated superrefractive
layers, while others had no such layers. There were no gradients of
trapping magnitude during the three times examined; the maximum gradient
was -121 N-units/km at station 338 at 0000 GMT on the 2nd.

Figure 3 shows some persistence of a given condition at various
stations. For example, stations 496 and 410 had layers with

superrefractive gradients above 1 km at all three times, stations 447,

11 Ff
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548, and 393 consistently had no layers with superrefractive gradients,
and the only two layers with superrefractive gradients at station 338
were based at the surface. Station 260, about halfway between stations
496 and 410 which both have layers with superrefractive gradients aloft
all three times, had a superrefractive gradient based at the surface, no

superrefractive gradient, and a superrefractive gradient aloft.

Figure 4 contains cloud photographs at 0127 GMT 2 October, with an
overlay showing the maximum negative refractivity gradients at the
stations from which computer listings of rawinsonde data were available
at 0000 GMT 2 October. Comparisons of the cloud cover and these
gradients shows that although the area appears mostly clear there is
considerable variability in the height and magnitudes of the maximum
negative refractivity gradients. This variability in refractivity
gradients was also evident in the comparison of refractivity gradients
and cloud cover at 1200 GMT 1 October and 1200 GMT 2 October.

€ 1200 GMT 5 October to 1200 GMT 7 October 1973

Ee Synoptic Situation

At the start of this period there was a filling low pressure
center 200 miles south of Ireland and a high pressure area over southern
Poland. This resulted in a very weak southerly flow over eastern
Europe. During the period, the two pressure systems mowed slowly
eastward. The low pressure center filled and a second small high

pressure area moved into western France,

Ze Cloud Cover

During most of the period there was no cloud cover in the

vicinity of stations for which refractivity gradients were available.

13
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It was only toward the end of the period that cloudiness associated with

a weak front moved into the western portion of the area.

e Refractivity Gradients

Many of the rawinsonde ascents during the period contained
multiple layers with superrefractive or trapping gradients between the
surface and the 700-mb level. These layers varied in thickness from 10
meters to 560 meters. Temperature inversions were generally small and

most of them were close to the surface.

Figure 5 shows the distribution of layers with superrefractive
and trapping gradients during the period studied. Only two stations
(496 and 338) had layers with superrefractive and trapping gradients at
all five times examined. As the figure shows, at any given time there

was a general lack of continuity between adjacent stationms.

Figure 6 shows cloud cover at 0028 GMT 6 October and
refractivity gradients computed from rawinsonde data taken about 28
minutes earlier. Data on the overlay show that the majority of the
stations have layers with superrefractive and trapping gradients based
at the surface and many stations have additional layers aloft. Only one
station (260) does not show a layer with superrefractive or trapping
gradients. The cloud cover at this latter station is not significantly
different from that at the others. (The two bright circular clouds at
the left of the photographs are developing thunderstorms.)

Figure 7 shows cloud cover at 0014 GMT and refractivity
gradients at 0000 GMT on 7 October., At this time there are multiple
layers with superrefractive gradients at the surface and aloft both in
the cloudy and clear areas. Two stations (447 and 548), however, do not

have gradients of superrefractive magnitude. Station 548 appears to be

in the same clear area as station 338 while the cloud cover over
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stations 447 and 410 appears similar. The whitest cloud on the right
photograph in Figure 7 is colder than -19C which would locate it above
the 500-mb level.

The comparisons of cloud cover and refractivity gradients at
the other three times showed a similar mixture of stations with layers
of superrefractive and trapping gradients at the surface and aloft
surrounding stations without such layers. There appeared to be no
significant differences in the cloud cover (or its absence) over the
stations with or without layers with superrefractive and trapping

gradients.

D. 0000 GMT 18 November to 1200 GMT 20 November 1973
e Synoptic Situation

During the period a high pressure area moved eastward from an
initial location over central Germany. A deepening low pressure
center moved eastward just north of Scotland and its cold front moved
southeastward through the area of interest during the 19th. A high
pressure area moving southeastward behind the low pressure center

extended into the area of interest on the 20th.
24 Cloud Cover

At the start of the period much of the area was clear although
there was some cirrus and middle cloud in the northwest portion of the
area of interest., The most extensive cloud cover was with the frontal
band which passed through the area on the 19th. Cloud cover behind the
front consisted of towering cumulus, with some showery precipitation,

and stratocumulus,

19




3. Refractivity Gradients

Figure 8 shows the distribution of layers with superrefractive
and trapping gradients during the period. The figure shows that the
distribution is rather random. Station 260 had layers with super-
refractive and trapping gradients at all six times examined while
station 447, fairly close to 260, had no layers with superrefractive or
trapping gradients. Station 393 also had no layers with superrefractive
or trapping gradients during the period while station 384, just to the
northwest, had superrefractive gradients at two of the three times with
data. The majority of the layers with superrefractive and trapping
gradients had bases above the 1 km level but the layers do not appear to

have spatial continuity.

Figure 9 shows cloud cover at 0139 GMT 19 November and
refractivity gradients at 0000 GMT 19 November. The largest negative
refractivity gradient on this figure is at station 260 in the frontal
band. Two stations ahead of the band have layers with superrefractive
gradients: at the surface at station 476, and at 1.53 km at station 548.
A third station (739), well ahead of the band, has a surface based
gradient of -76 N-units/km which is close to superrefractive magnitude.
At other times during the period covered by this case study, the
occurrence of layers with superrefractive and trapping gradients did not
appear to correspond to the type and distribution of cloud cover or the

distribution of cloud free areas.
E. 0000 GMT 9 December to 1200 GMT 12 December 1973
1, Synoptic Situation
At the start of the period there was a low pressure center

located over eastern Poland and a high pressure area centered 600 miles

west of the northwest tip of Spain. The high pressure area moved

20
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rapidly eastward and at 1200 GMT on the l1lth was centered over Rumania.
At this time a northeast-southwest cold front was located in the English
Channel. This cold front moved through the area of interest on the 1llth
and 12th,

2, Cloud Cover

At the start of the period, there were scattered low clouds
over the area of interest. At 0000 GMT on the 10th the area was clear.
Subsequently, a well defined frontal band with multiple layers of
clouds moved through the area. Behind the frontal band there was a

broken to overcast layer of stratus and stratocumulus,
3. Refractivity Gradients

Rawinsonde soundings taken at eight different times were
examined for this case study. Figure 10 shows the distribution of
layers with superrefractive gradients (and one layer with a trapping
gradient) during the period studied. None of the stations had layers
with superrefractive gradients throughout the entire period. Two
stations, 447 and 548, had no layers with superrefractive or trapping
gradients during the period studied. The largest number of stations
simultaneously having layers with superrefractive gradients was five (at
1200 GMT on the 11th), and these stations were widely scattered, with
stations in between them having no superrefractive gradients. Only one
of the layers with gradients of sgperrefractive magnitude in this case
was surface based (station 496). The remainder were at various

altitudes up to 2.55 km (station 410).

Figures 11 and 12 show cloud cover and refractivity gradients for
two selected times during the period. Figure 11 (at 0010 GMT on the 7th)
shows a diffuse frontal band extending northeast-southwest across
northern Italy. There are some cellular clouds just east of the British

Isles, and between these cells and the band there are scattered low and
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middle clouds. Refractivity gradients on the overlay (measured at 0000
GMT on the 9th) decrease in magnitude from southeast to northwest with a
surface based layer with superrefractive gradients at station 496 (where
the cellular clouds are located). The largest negative refractivity
gradients at the other stations are located at various altitudes between
the surface and 1.4 km. The cloud cover over the three stations to the
east appears (in the four grey shade IR photograph) to consist of low
and middle clouds. At stations 260 and 447 where the refractivity

gradients are more negative, it appears to be clear.

Figure 12 shows the cloud cover at 2037 GMT on the llth and
refractivity gradients at 0000 GMT on the 12th. To compensate for this
time difference, the plotted locations of the gradients have been placed
so that they are in the proper position with respect to the bard and
thus are not in the correct geographical location. Only one
refractivity gradient (-80 N-units/km at station 338) is close to
superrefractive magnitude. This is consistent with the results of
Blackmer (1974) who found that lower received signal levels (indicative
of the absence of superrefraction) on a tropospheric scatter link were

more frequent behind a frontal band.

Comparison of cloud photographs and refractivity gradients at
other times during this case study showed considerable variability in
the height and magnitude of refractivity gradients. The largest
negative refractivity gradients were in clear areas or areas of low
cloud ahead of the frontal band. One gradient of -98 N-units/km was,

however, found near the center of the band.
F. 0000 GMT 20 January to 1200 GMT 22 January 1974
1. Synoptic Situation

Early in the period, a high pressure area with a central

pressure of 1040 mb was centered over northwestern France. This high
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Pressure area gradually moved eastward and the pressure at the center

decreased. By the 22nd, there was an elongated ridge of high pressure
with several minor centers extending east-northeastward across western
Europe. This condition prevailed on the 23rd while on the 24th a cold

front moved into western Europe from the northwest.,
2. Cloud Cover

An extensive blanket of fog and low stratiform clouds covered
the majority of the area throughout the period. This fog reduced
horizontal visibility at the surface to less than a kilometer at a

number of stations.
3. Refractivity Gradients

A number of large negative refractivity gradients were
computed from rawinsonde data for this case study. These large
gradients were the result of a strong (typically 10 to 15°C) temperature
inversion and a large (25 to 30°C) decrease in dew point depression. The
height of the base of the inversion fluctuated but was generally within
Plus or minus 50 mb of the 900 mb level.

Figure 13 shows the base and thickness of layers with
superrefractive and trapping gradients at the various stations during
the period studied. The figure shows that four stations (496, 260, 410,
and 338) had layers with superrefractive or trapping gradients at all
six times examined. Even stations 447 and 548 had superrefractive
gradients at three of the six times examined. At two times (1200 GMT 20
and 21 January) the layer with superrefractive or trapping gradients was
simultaneously observed by all but one or two stations at the eastern
edge of the station network. With two exceptions, the layer (two layers
at station 338) was not based at the surface but at altitudes ranging
from less than 0.5 to greater than 2 km,

28




vL6L AHVNNVIE 22 OL OZ SIN3IIQVYHO-N (1) ONIddVHL HO

(S) IAILOVHAIHHIANS HLIM SHIAVT 40 (SHILIW) SSINIOIHL ANV (WM) 3Sv8 40 LHOIIH €1 3HNOIY
EL-8VEV-VS
/é Y
*./ |\\|— ver zz MJ [}
N/ \ ver Zz LW} 3
ﬁo ...\J\ v ) ver 1z L a
———— ver 0z LWO DQZL 8§
~ A~
o W v—"" odosis 4 k\ = ke e L
NfosL)s60S 3__ 7/ w3
ﬁV\ o Y, Wﬂr.pb gl (0£€) 060 S G q
- - 2 W 2
/ M ooor1a | (ovt) ¥Z'L S 8
- ) L4 - v / WV
J / 6. (® / (OL
[ ] \ f
/ ‘I\’/ 3 4
/ S W 3 P
/J ( o ovy) 890 S O
W = E] ogg) s S 2
w3 =g /\cﬁo el W e
° - a) (0sz) 080 S O v
W 83 () (082) 61t S D /d -
a ] (092) 8L'L S @
/Iln\/.\ \\s. v £ v N ~
LY @ ov @® \
i 3 f08L) Ov'L S_J
loey) 150 § 3 (061) z6'C1” 3
5 /M £6¢ (05S) 89
i (092) BE”
ne® O] (088) .
o @) o) 1p1 s 4 1620} § -
\, v8¢ {0€2) v80 L 3 wo k5 4
. (064) ¥¥0 L Q 0B1) (80 1g toz) evi L 3
@8t} 801 1 (ovl) £60 M\ Q
"\ (oz1) 6v0
®
m m\fl
— e e e s ot i O s S e N e T NI AA T M S e M Y e




P‘A
€

!

|

|

|

e AN

Since the layer was nearly continuous over the area, selected
time and space sections were plotted. Figure 14 shows time sections of
}f? the vertical distribution of refractivity gradients for two stations.

] Figure l4a contains gradients computed from data taken at station 410
( (Essen). This figure shows that the layer with largest negative

1:3 refractivity gradient decreased in altitude during the first half of the :
period, then increased in altitude and was no longer evident at 0000 GMT

on the 23rd. The values in parentheses at 1200 GMT on the 2lst are

_ based on a data point that was contained on the facsimile rawinsonde

;ii plot but was not included in the computer listing. The addition of this

E | point results in better agreement of the layer configuration and

| intensity shown by data from station 548 (Meiningen) in Figure 14b. At

station 548, the maximum gradient was very close to superrefractive

magnitude at 0000 GMT on the 20th. After 1200 GMT on the 21st when the

layer reached its lowest altitude and maximum intensity, it was no

by

longer evident in the data.

In addition to the time sections in Figure 14, space cross
sections (from Blackmer, 1974) are shown in Figure 15, 1In this figure
cross sections of refractivity gradients computed from data at stations
in close proximity to the Berlin-Bocksberg-Breitsol tropospheric scatter
links are shown for five different times. The cross bars at the tops of
the short vertical lines at the points labeled BTL, BBG, and BLN E
indicate the heights of the antennae at those stations. The :
superrefractive or trapping gradients are evident at all four stations A
only at 1200 GMT 21 January 1974. They are present at three of the four i
stations (all except 548) at the hext two times but absent at all
stations at 0000 GMT 23 January 1974.

From Figures 13, 14, and 15, it appears that the layer with »
superrefractive and trapping gradients was nearly continuous in space
and time over the northern stations in the network at least from 0000 .
GMT 20 Janaury to 1200 GMT 22 January. At stations to the south, the

layer was not continuous. All stations on Figure 13 show the decrease in
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height of the layer during the middle of the period, as was shown by the
time sections for stations 410 and 548 in Figure 14,

Figures 16 and 17 show cloud cover and refractivity gradients for
two times during the period. Temperatures at the base of the inversion
are entered on the right half of the overlay., The cloud cover in Figuie
16 was photographed at 2037 GMT on the 19th while the refractivity
gradient: are from data taken at 0000 GMT on the 20th. Because of the
general continuity in space and time of the layer of superrefractive or
trapping gradients the 3 1/2 hour time difference is not considered
significant. The left photograph in Figure 16 shows a featureless grey
background in the area of the rawinsonde stations. This is typical of
fog and low stratus. The photograph on the right shows that the
stations are in an area of warmest temperatures (blackest grey shades).
In this case the temperature of the blackest grey shade is greater than
0°C. The temperatures at the base of the inversion (on the right of the
overlay) are 0°C or warmer at the three northerly stations and slightly
colder than 0°C at the three southerly stations. Examination of
refractivity gradients on the left of the overlay show that all stations
except 548 have superrefractive or trapping gradients., The height of
the base of the layer (except at station 496) is above 1 km.

The cloud cover on the left of Figure 17 (photographed at 2142 GMT
on the 21st again shows a rather uniform grey background in the area of
the rawinsonde stations. The right hand photograph, however, shows that
most of the stations are in an area of light grey which corresponds to a
temperature range of 0 to -10°C. The temperatures (shown on the right
of the overlay) at the base on the inversion are all colder than 0°C.
The warmest temperature is at station 548 which is in the darkest area
on the cloud photograph. The maximum negative 1 ~fractivity gradients
(shown on the left of the overlay) generally have bases below 1 km.

Many of the gradients at this time are of trapping magnitude while on
the Figure 16 overlay, only one gradient greatly exceeded the S -157 N-

units/km trapping criteria. There were not enough of the four grey
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shade IR photographs at times close to rawinsonde observation time to
determine whether there was any significance in the apparent height of
the fog and cloud layer top and the height and magnitude of the

refractive gradients.

G. 0000 GMT 12 February to 1200 GMT 17 February 1974

i il

1. Synoptic Situation

At the start of this period, a large deep low pressure area
was located between Scotland and Ireland. This low pressure area
expanded and had three centers at 0000 GMT on the 13th., At that time, a

migratory cyclone was developing in the western Atlantic. This

migratory cyclone moved eastward and by 1200 GMT on the 15th was located
over Ireland with two 970 mb centers. It remained in this vicinity for
the next 24 hours and the central pressure increased to 1000 mb.

Several frontal systems associated with the low pressure areas moved

throﬁgh western Europe during this period.
2, Cloud Cover

Extensive cloud cover was associated with the low pressure
area at the start of the period. Much of the area was only partly
covered by low and middle clouds following the passage of the frontal
system. The next frontal system brought extensive cloud cover into the

area on the 15th. Behind this front, there were scattered small areas

of fog and low stratiform clouds.
3. Refractivity Gradients

Large negative refractivity gradients were evident only in
‘ data from one station on the 12th and one station on the 13th. The -
{ largest negative gradient at 0000 GMT on the l4th was only =-54N-

units/km. Subsequently, gradients of superrefractive magnitude were more "
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numerous. Figure 18 shows the distribution of gradients of
superrefractive magnitude from 1200 GMT 14 February to 1200 GMT 17
February 1974. The figure shows that the occurrence of superrefraction
was most frequent at stations 338 and 384 and no superrefractive
gradients were computed from data taken at stations 260, 548, and 393.
Superrefractive gradients were computed from data from four stations
both at 0000 GMT on the 15th and at 1200 GMT on the 16th. At both
times, both surface based layers with superrefractive gradients and
layers with superrefractive gradients aloft were noted. Figures 19 and
20 are cloud photographs with overlays showing the distribution of
refractivity gradients at the two times mentioned above. The cloud
photographs at 0035 GMT on the 15th (Figure 19) show that a number of
the stations are in a clear area ahead of a frontal band. Two of the
stations (338 and 739) have a surface based layer with superrefractive
gradients, and stations (410 and 476) (closer to the band) have a layer
with superrefractive gradients near the 1.5 km level, Station 496
beneath the band (from which heavy precipitation is falling) has a
maximum gradient of -46 N-units/km based at the surface. Station 548 in
the clear area has a gradient only 1 N-unit/km less, also based at the

surface.

Figure 20 shows cloud cover at 1122 GMT 16 February and the
overlay on the figure shows refractivity gradients computed from data at
1200 GMT on the 16th. A major feature of the cloud cover shown by the
photographs is the remnants of the frontal band. There are patches of
cloud at various altitudes and an area of fog (to the southeast of
station 739). Refractivity gradients of superrefractive magnitude
appear at four of the stations. At station 496 furthest to the
northwest, where the cloud cover is a mixture of very low (warm on the
four grey shade IR photographs) stratus and stratocumulus, the layer
with superrefractive gradients is based at the surface. At the other
three stations, where the cloud cover is mostly middle and high clouds,

(as shown by the colder temperatures on the four grey shade IR
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photograph) the base of the layer with superrefractive gradients is
above 1 km. In this example (and from comparisons of cloud layers and
refractivity gradients at other times in this case study) there was
considerable variability between adjacent stations in the distribution
(height and magnitude) of refractivity gradients even though the cloud
cover or its absence appeared to be the same over adjacent stations.
The largest negative refractivity gradients, however, appeared to occur

in clear areas or in areas of broken clouds.
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IV DISCUSSION OF RESULTS

In the cases studied .there was considerable variability in
magnitude and height of the largest negative refractivity gradients.
All cases, however, had some refractivity gradients of superrefractive
or trapping magnitude and these were generally located in clear areas or
areas of scattered or broken clouds. This is in agreement with the
results of Blackmer (1974) who found generally higher signal levels on
the Berlin-Bocksberg-Bristol tropospheric scatter communication links

associated with either clear conditions or low clouds.

In the case study with the best agreement between the cloud cover
and distribution of refractivity gradients of superrefractive or
trapping magnitude, there was a strong low level inversion and the top
of the low cloud and fog layer coincided with the inversion layer.
Nearly all the stations within this area of fog and low clouds
simultaneously had refractivity gradients of superrefractive or

trapping magnitudes at comparable heights at a given time.

Cloud cover was not as uniform over the rawinsonde network during
the other five cases studied but even in those situations where cloud
cover (or its absence) appeared similar over adjacent stations
refractivity gradients computed from data at adjacent stations were
often quite dissimilar. In situaﬁions where there is no cloud cover
over a large area, one would expect that local terrain features would
give rise to differences in rawinsonde soundings in the lowest layers of
the atmosphere. At higher altitudes, where the effects of the surface
should be less one would expect considerable similarity between
rawinsonde soundings at stations in close proximity to one another.
This expected similarity was not found in many instances in this study.

There are two possibilities for the differences between adjacent
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stations. First, there is the possibility that in a large clear area
the temperature and moisture structure of the atmosphere varies con-
siderably over short distances. If this were true, it would be expected
that these variations would be observed at one station at one time and
at another station at another time. This was not the case, and hence, a
second possibility must be considered. This second possibility is that
there were differences in the analysis of the original rawinsonde data
by the personnel at different stations. This possibility can be
investigated by a comparison of the frequency of superrefractive and
trapping gradients at the various stations. Table 1 lists the number of
rawinsonde ascents (raobs) examined from the various stations, the
number of superrefractive or trapping gradients computed from the data
(some stations had more than one large negative gradient) at a given
time, and the number and percent of the rawinsonde ascents that
contained no superrefractive or trapping gradients. The table shows
that three of the stations (548, 447, and 393) have a very large percent
of rawinsondes with no superrefractive or trapping gradients. The
number of surface based layers with superrefractive or trapping gradients
at these three stations is roughly comparable to that at the others; the

major difference is in the frequency of layers aloft.

A possible reason for the absence of large negative refractivity
gradients at some stations can be found by comparing the number of data
points (between the surface and the 700-mb level) in rawinsonde ascents
from a station with many superrefractive and trapping gradients with the
number of data points from a station with few such gradients, Table 2
makes such a comparison using dafa from stations 410 and 548, The table
shows that station 410 consistently reported more levels than station
548; the averages for the two stations are about nine and six points per
sounding. A difference of about one data point per sounding may be
accounted for by the fact that station 548 is at an elevation (1/2 km)
where the surface pressure is less than 1000 mb so that this mandatory
level cannot be included. During the February period, low surface

pressure in the area resulted in the absence of this level in the data
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Table 1 -g
FREQUENCY OF SUPERREFRACTIVE OR TRAPPING GRADIENTS AT VARIOUS STATIONS

No. of Superrefractive or Trapping Gradients

Station No. Raobs Surface Aloft None (7%0f Raobs)
1 260 35 3 17 15 (42.9)
i 410 35 4 21 14 (40.0)
548 35 3 4 29 (82.9) ‘
496 34 7 15 13 (38.2) ]
739 34 4 15 17 (50.0) i
338 33 6 22 10 (30.3) ;
3 447 33 2 3 28 (84.8) ]
. 393 32 1 3 28 (87.5)
476 27 4 8 16 (59.3) ?
384 20 1 18 4 (20.0)
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’ Table 2
COMPARISON OF NUMBER OF DATA POINTS IN RAWINSONDE
ASCENTS AT TWO STATIONS DURING PERIODS STUDIED
Stations Number of
Period 410 548 Raobs
1, 2 October 33 d 19 3
5-7 October 48 36 5
18-20 November 50 33 6
9-12 December 75 52 8
] 20-22 January 50 35 6
! 14-17 February 56 41 7
] Total 312 216 35
E Average 8.91 6.17
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from station 410. The least number of data points in a rawinsonde from
station 548 was three. There were the surface, 850, and 700-mb levels,
There were four soundings with four data points and only one with nine
data points. The maximum and minimum number of points in a sounding
from station 548 were 13 and 6, respectively. This maximum was observed
on two occasions, and on these occasions the largest negative
refractivity gradients were -75 and -80 N-units/km. These gradients
illustrate the fact that a large number of data points do not always
result in large refractivity gradients and vice versa. For example, in
a sounding with seven data points (station 338 at 1200 GMT 6 October),
three superrefractive gradients and one trapping gradient were
computed. It is obvious, however, that the probability of detecting a
superrefractive or trapping gradient increases as the number of data
points in the sounding increases. For this reason, it is concluded that
the fewer data points in the soundings from station 548 result in fewer
computed superrefractive and trapping gradients at that station. The
opposite viewpoint is rejected--that is, that the atmospheric structure
is consistently less complicated at station 548 than at station 410 and

therefore can be described by fewer data points.

In many instances, the layers with superrefractive or trapping
gradients resulted from very small discontinuities in the temperature
and moisture while the larger scale discontinuities, with which the
clouds are more likely to be associated, were not large enough to give

refractivity gradients of superrefractive or trapping magnitudes.
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V CONCLUSIONS

This brief study of how well the type and variability of satellite-
viewed cloud cover may be used to describe the occurrence and variability
of anomalous propagation conditions over areas of various sizes showed
that except in one of the six cases studied, refractivity gradients
varied markedly between adjacent stations that appeared to have similar
cloud cover. The reason for this variability appears to stem from the
fact that some of the stations did not describe the atmospheric structure
in sufficient detail for large negative refractivity gradients to be
detected. That is, three of the stacions in the rawinsonde network had
no superrefractive or trapping gradients in over 80 percent of the
rawinsondes, while the other stations had such gradients in 50 to 80
percent of the rawinsondes. It does not seem likely that the atmospheric
structure would consistently be less complicated at three of the stationms.
Therefore, the absence of superrefractive or trapping gradients at these
three stations is believed to be due to the manner in which the original

rawinsonde data were analyzed at the station.

Because of these inconsistencies in the rawinsonde data it was not
possible to make an adequate assessment of the use of satellite-viewed
cloud cover for indicating the occurrence of anomalous propagation condi-

tions.

The postulate that satellite-viewed cloud cover may be a valuable
aid in indicating potential areas of anomalous propagation is, however,
not precluded by the results of the study. For example, cloud cover in
the six cases studied varied from extensive clear areas to a very exten-

sive area of fog and low stratus. There were no cases where there was
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widespread multilevel cloud cover with associated refractivity gradients

of superrefractive or trapping magnitudes. This correspondence of large

negative refractivity gradients with either clear conditions or predomi-

nantly low clouds is in agreement with the results of Blackmer (1974)

who found generally higher received signal levels or the Berlin-Bocksberg

Breitsol tropospheric scatter communication links with these classes of

cloud cover.

The unique case in which the data from all reliable rawinsonde
stations showed refractivity gradients of superrefractive or trapping
magnitudes was one where the satellite photographs showed a very exten-
sive area of fog and low clouds. In this case the satellite-observed
cloud cover could be used to infer the presence of similar large negative
refractivity gradients and anomalous propagation, throughout the entire

area where the satellite photographs showed this clearly characteristic

cloud cover.

In view of the importance of the concept of using satellite data for
inferring propagation conditions and the limited supporting evidence
revealed by the current study, it is recommended that further investiga-
tion should be carried out. In such further studies data from a reliable
rawinsonde station and visible and IR data from a satellite should be
used to construct time sections of cloud cover and refractivity gradients.
In the study, disfinction should be made between large negative refractivity
gradients due to very thin discontinuities in temperature and moisture
(which may not be associated with cloud cover) and the less negative
gradients occurring with thicker layers of temperature and moisture
discontinuities with which the cloud cover is more likely to be associated.
These analyses should show the extent to which the height and thickness
of layers with various refractivity gradients are associated with major
cloud features, or are not correlated with the cloud cover. A study of

this type might prove most successful in an area where terrain influence

is minimal, such as over the oceans.
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