AD=ADB3 965 BEN=GURION UNIV OF THE NEGEV SDE BOKER (ISRAEL) INST ==ETC F/6 8/2

mur CONVECTION CLOUDS. (V)
L BERKOFSKY
UNCLASSIFIED AFSL =TR=-80-0140

| oF |
ADB3GE

AFOGI-'"-SIH




1.0 b= ke

T

Ly L5

22 et nee

_— = =
L ]

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A




AFGL-TR-80-0140

ey

DESERT CONVECTIVE CLOUDS

Louis Berkofsky

Institute for Desert Research
Ben-Gurion University of the Negev
Sde Boker, Israel

February 1980

kg s

ADAO083965

et

Final Report
1 November 1976 - 31 October 1979

Approved for public release; distribution unlimited

EUROPEAN OFFICE OF AEROSPACE RESEARCH
AND DEVELOPMENT, London, England

AIR FORCE GEOPHYSICS LABORATORY
AIR FORCE SYSTEMS COMMAND
UNITED STATES AIR FORCE

HANSCOM AFB, MASSACHUSETTS 01733




\Ge8Ssion For
o :
[ ONTS GRAKL

DDC TAB ]

tnaznounced (J

Justifieation 3

8 ~ T
| R

e

”iztribntisn[

WSvallability Codes
| f PR ey
jAvalland/or

ist. | special

. o S s

Qualified requestors may obtain additional copies from the Défense
Documentation Center. All others should apply to the National

Technical Information Service.




i = READ INSTRUCTIONS
‘C, EPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

2. Govt Accession No.| 3. R?pms\'s Catalog Number
D-Ar &3 965 )

8 eport & Period Covered

? l Finaljs1 Nov 2876 — 31 Oct4&EB79,

|

——
: 6. Performing Org. Report Number

P o, 8

}\ Author ~ 18 nt Number
/62 Louis!Berkofsky ; (/lei) z’AFosa-77-3159Fkv
w

9. Performing Organization Name /and Addre¥% [ 10. Program Element, Project, Task
) |_—. Area & Work linit Numbers
Instibuwbe for Desert Research O

W g
Ben-Gurion Univewsiby of the Negeugg—-’* %2 G 11/ |
Sde Boker,(lsraeb )

11. Controlling Office Name and Address L+27 Report Date

Air Force Geophysics Laboratory 12 Febewamy 198
Hanscom AFB, Massachusetts 01731 // y :
Monitor/Chien-Hsiung Yang/LYD - Number of Pages

5

14. Monitoring Agency Name and Address 15.
I Unclassified

16. & 17. Distribution Statement
Approved for public release; distribution unlimited.

18. Supplementary Notes

19. Key Words
Desert, Conyectiyve, Clouds, Observations

20. Abstract

%Equipment is being set up to measure various properties of desert clouds.
The equipment includes a 3 cm. radar, a 0.86 cm vertically pointing radar, a
GMD-1 rawinsonde, 12 weighing bucket rain gauges, cameras for stereophotography
of clouds. The measurements will include cloud base, cloud height, growth rate
of clouds, cloud base radius, rainfall rates, 1iquid water content, ambient atmo-

sphere temperature, humidity, wind, ‘

‘ Along with the observational set-up, a one-dimensional time-denzndent plume
model has been developed for predicting growth of desert clouds. The program is
almost completely checked out. .

Information from the above-mentioned observational program will be used as
input data and as verification data for the model. :
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INTRODUCTION

The objectives of the research were to carry cut detailed observational
studies of the distribution, growth and decay of_NggeV'cloudineés; of Negev
rainfall and of the properties of the surrounding atmoéphere, in an effort to
improve our understanding of desert meteorclogy. At the same time we were 1o
develop a dynamical model to simulate the behavior of Negev clouds. The method-
ology for the observational part of the program was to include, in the initial
stages, detailed measurements of the growth characteristics of individual clouds
by photogrammetric means, measurement of rainfall by a mesonet of rain gauges,
and the measurement of the properties of the surrounding atmosphere by means of
radiosondes. The methodology for the theoretical part of the program was to
include the development, by physical and mathematical‘means, of a dynamical model
to simulate the behavior of individual clouds, the assessment of the validity of
the model by solving the pertinent equations by computer, and the comparison of -~

the results with data from the observational part of the program.

~Measurement Program

 The measurements -needed fdr‘de§e1oping and testing the simplest cumulus
models are e .
A. Complete thermodyphmic sounding,
1, “fekr tn spacé{",..'
2. near in time
'B; Cloud base'hefght{?updraft radius énd.updraft velocity.
€. Cloud top heigﬁflihdvibﬁer'radiUS as a function of time.

- D. Radar echo - kHr'phofiles as a‘funttion of time.
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A radiosonde receiver was built for us, and was only very recently com-

pleted. We are now, finally, in a position to cbrain thermodynamic soundings.
In the meantime, we are obtaining a loan of a GlMD-1 rawinsonde system, which is
enroute to us. With this equipment, we will also be able to obtain upper level
winds even in cloudy weather. The rawinsonde equipment will also enable us to
obtain an idea of cloud base height and cloud top height. These parameters
(cloud base and cloud top heights) can also be obtained by stereophotogrammetric
means. We obtained a pair of stereo cameras for this purpose. Due to mech-
anical difficulties and personnel problems, we never succeeded in obtaining this’
information, as well as tower radius and updraft velocity. However, our situation
has improved to the point where it is now possible to make such measurements. |
_We are in the process of, and have been doing so for 3 years, constructing
an X-band radar. We had to suspend the construction of this radar (to be assembled
from used parts) due to lack of funds. We recently received funds to continue
this work, and are now going ahead to develop the.radar with microprocessors and
display systems, which will enable us to analyze Negev clouds and rainfall quanti-
tatively.

In order to calibrate this radar, we will deploy the 12 weighing bucket rain
gauges received under the grant. We had to modify the gauges (5 of which were in
operating condition) so that they céuld be left unattended for 1 wzek rather than
1 day. In addition; we designed a different chart to accommodate the narrower
rainfall range usually encountered in a Negev stoﬁm, as compared with that at mid-
latitudes. The modifications produced very satisfactory results, when compared
with the standard gauge. We are now ready to deploy these as part of an already&
existing Negev net. We will have to place one alongside an éxisting gad;; for

comparison of measurements (the existing gauges are Lambrecht, ours are Belfort).



We have recently received the AN/TPQ-11 vertically pointing radar. This

+hn mis

equipment arrived without the receiving antenna. We are tracing the missing

part. However, we think we can modify the set to work without this part, if
necessary. We will be able to obtain information on inversic.. height, index

of refraction, cloud base height (only if a cloud passes directly overhead).

It will, however, be possible to modify this equipment to obtzin other types

i of measurements in the boundary layer.

Theofetica] Program

We have devised a one (space) dimensional plume model of a cloud, in which

ey B TORN growth‘1s:time-dep§gdeht. The equations we use are for:

1. Entrainment Eip it
ﬁ 2. Cloud temperature
i 3. Liquid water ¥
4. Hydrometeor water{
fA 5. Vertical velocity s
] 6. Fall velocity of drops '
'%’ 7. Radius of plume ; i

The microphysics are paramaterized. The freezing process is included, as

' well as the evaporation process. ' : :
{ :j This program is being checked out, and is almost debugged. However, most
‘i of the input data needed, such as temperature, humxdmty, vertical velocity, gam‘:
| cloud radlus at cloud base, and temperature and humidity of the ambient atmo- : ;
sphere, are ?nava11ab1e to us because of instrumental problems descr1bed in B

the previous section.
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Concluding Semarks and Suggestions for Future Research
lle plan to continue the work of the grant. It is only during the next
few months that all of the efforts made to set up the instrumentation will
finally begin to pay off. We will then be able to obtain the information we
had hoped to get during the period of the grant. We will use this in the num-
erical cloud model. ‘
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