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INTRODUCTION

The formation of the nocturnal inversion was probably first examined
formally by Taylor [1]. His investigation was based upon the eddy
transfer of heat with the eddy conductivity KH independent of height,

which can be stated as

ol 32T

where T is temperature, t time, and z height above the surface. For the
case of a nocturnal inversion, where the rate of temperature change at
the surface can be considered to be fairly uniform, Taylor suggested
that the temperature diminishes n-degrees per unit time so that at time
t the temperature, T, is T° - nT where To is the temperature at to.
At time t, the temperature at z will be

z/lzfai

2 2
T=T -sz-nt|[1+Z= |1 -% e~H2 du -

? 2Kt ¥

,/4|Z<—t il
H

(2)
where & is a constant lapse rate, and p the kinematic viscosity. Taylor
found that the term multiplying nt was unity at the surface and 0.1 at
z(4KHt)'% = 0.8 and suggested that no effect existed beyond z(4KHt)'k =1,
so that surface changes of temperature over time t extend to a height
defined by

2§ = Akt (3)

where z is the top of the inversion.

Sutton [2], using a multilayer approach, but similar reasoning, verifies
the approximation of Eq. (3) for the growth of nocturnal inversions with

time where KH is a maximum at some height h above the surface.
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Estimates of the depth of nocturnal inversions are of some importance to
transport and dispersion of smoke/obscuration materials released into the
atmosphere during stable conditions. Crosswind integrated concentrations,
source strengths, and downwind diffusion of materials released into the
atmosphere are highly dependent upon stability and inversion depths. In

turn, these parameters determine munition expenditures and obscuration.

BASIC CONSIDERATIONS FOR THE SURFACE BOUNDARY LAYER
The lower portion of the atmosphere may be considered tc consist of two
layers, the surface boundary layer z,<z< h and the planetary layer
proper extending to the gradient wind level h < z < Z, where z, is the
roughness length, h the top of the surface layer, and z the gradient
wind level. It may also be assumed that the exchange coefficients for
heat and momentum reach a maximum at h, decreasing again to a residual

value at z.

In a thermally stratified stable regime, vertical fluxes of heat and
momentum can be considered to be functions of mechanical turbulence alone,
which suggests that KH = KM.Awhere K" is the eddy viscosity, with the
dimensionless parameters of the Obukhov [3] similarity theory given by

%

L = Rifys 8, = By; and Rg = Ri Ry

where L is the Obukhov scaling length, Ri and Rf the gradient and flux
Richardson numbers, respectively, with DM a dimensionless wind shear

and OH a dimensionless lapse rate. Hansen [4] has demonstrated that for -
stable flow the wind profile may be written as

vV -ﬁ [ln :—o+ (GM - 1)] (4)
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where V is the mean horizontal windspeed, u, a friction velocity, and k

Karman's constant. Furthermore, Hansen [4] also found that
L= Ri+ 15 Ri2 (5)
By=1+BL=1+15Ri (6)

where B is the average over a height interval of a variable given by

_zZ/L - Ri

B WL (7)
The mean reduces to
R LA ) (8)
If the wind profile in finite difference form is written for stable flow
as
AY U -1 ,-1
T O (9)
where z = h = L Ri 'N’ then
R AV
h=L u Ri n 2 (10)

If av A1n'lz. the critical gradient at the geometric mean height h, is

assumed to occur over the layer Aln z = In e = 1, then RiaV = E’l. and
(M)
where m 1s the profile slope k/u,. If h/L = Ri DM’ then from Eq. (11)

Ri(h) = {“g (12)




and from Fq. (5)
h =L (Ri(h) + 15 Ri(h)2). (13)

The height h is taken to be the depth of the surface boundary layer in a
stable flow regime and is the height where KH or KM maximum is evaluated
for inversion depth estimates using Eq. (3). The eddy viscosity at h is

given by
ku, z

KM(h) =m o (]4)

Lumley and Panofsky [5] suggest that the depth of the surface layer can

be estimated from

h =20 L (15)

where % is the surface stress and assumed to be the equivalent of the
Reynolds shearing stress, t = pu2, where p is density. Calculations
based upon stable regime data extracted from Lettau and Davidson [6] and
Barad [7], as summarized in Figure 1, indicate that Eq. (15) provides
estimates of h comparable with Eq. (13).

ESTIMATES OF INVERSION HEIGHTS

The scheme for estimating inversion heights was evaluated by using experi-

mental data extracted from Lettau and Davidson [6]; Barad [7]; Bowne,
Entrekin, and Smith [8]; and Stenmark and Drury [9]. Micrometeorological
profile data from Lettau and Davidson, Stenmark and Drury, and Barad were

utilized to calculate h, KM and z. for the thermally stratified stable

I
regime. Rawinsonde, aircraft soundings and wiresonde data summaries from

all four data samples were used to obtain indicated inversion heights.




According to Milly [10], inversion conditions can be assumed to exist
from approximately 60 minutes before sundown to about 60 minutes after
sunrise. For those data samplies where sunrise and sunset were not listed.

these times were estimated from information in The American Ephemeris

and Nautical Almanac, issued by the Nautical Almanac Office, US Navy

Observatory, Washington, DC.

The calculated and observed values for z; from the 217 micrometeorological
profiles and the 305 soundings used in this study were averaged by using
two methods: (1) hourly, and (2) by means of a geometric progression
where the overlapping time intervals serve to filter and smooth the data.
The hourly averages of z, (observed) and Z; (calculated) are shown in
Figure 2 and the overlapping time averaged analysis in Figure 3. Note
that the calculated values of 2, overpredict inversion heights soon after
sunset and underpredict in the early morning hours. No significant dif-

ference is apparent between the two averaging methods.

To simplify the prediction of inversion growth and height with time, a
semiempirical formula based upon Eq. (3) where the value of KM(h) is
estimated from GM and V was developed and takes the form

z; = 7.75&;11 (Vzt)* (16)

where z is 2 m, V is windspeed in m sec”’ and t = minutes. Figure 4

shows values of z; calculated by using Eq. (16) with respect to the

observed average inversion heights with respect to time.




CONCLUSIONS

The results shown in Figures 2 through 4 are in good agreement with a

study reported on by the US Weather Bureau [11] as summarized by Wanta [12].
It should be pointed out that the conditions indicated in Figures 2

through 4 are averages based upon four distinctly separate data samples
observed in widely separated geographical locations over dissimilar ter-
rain. The variations in observed or calculated inversion heights, as indi-
cated by the one standard deviation bars about the meaned values of the
figures, represent the variations that could occur in inversion heights,
even in a single nocturnal period. This can be verified by considering

the remotely sensed data of Hall [13] and the summary of thé-:LﬂtUS of
remote sensing prepared by Little [5]. The fluctuations in the inversion

height with time can be easily recognized in Little's Figures 10 and 11.

One difficulty encountered while operating upon the profile data using
Eqs. (3) and (16) was the low windspeed cases. Speeds less than 2 to 3
m sec”’ at 2 meters height tended to underestimate inversion heights
badly, especially 6 to 8 hours into the nocturnal regime. Thus, the use
of the prediction estimators is not recommended during periods of low
windspeeds. Generally though, Eqs. (3) and (16) do a reasonably accurate
job of estimating inversion heights as long as the atmosphere is stable
and the 2-meter windspeed is greater than 3 m sec” .

The results presented are applicable to US Army problems associated with
the dispersion and transport of smoke/aerosols utilized for screening and

obscuration.

s




B T i D G e b

0001

‘7 40 NOILONNG ¥ SV H1d3Q ¥3AV ANMVANNOS 30V4NNS  *13¥N9I4
sJajow ‘-
00l Ol |
| I 1 | 1
i
o = \ — ¢
202 :j\x\
- -8

“:mmI.;:._ =y

| I
S ™
sJajaw * y

1
®
-

- 2IS

ELSOIER—




"3NIL 40 NOILONNI VSV SH1d3a NOISH3ANI 3LVINJTVOI ANV IA¥ISE0 40 SIOVH3IAV ATHNOH °2 38N

SILNNIN %
008 009 00t 002 0 002-
T T T T i s | o1
|
|
— o]
i
“ L
a3Lvindivy X |
a3A¥3S80 O “ -

9

| |

(o]

o
su3laIniz

0001




S3LNNIN

*SH1d30 NOIS¥3ANI QILVINDIVYD ONY GIANISEO 40 SISATYNV O39VH3AV 3NIL ONIddVIN3IA0 '€ 38N9I4
8

¥201 2ls 962 -4 vo [

9l

v

4

| | | I 11 |

a3ivindavd «x
a3Ay3sao O

I

Ol

o

o
Sy¥313aN ‘Iz

10

000l




‘¥ INWYO04 NOILDIG3Md TVIINIdWIINIS NOdN G3SVE SH1d3G NOISY3IANI ‘& 38NOId
SILNNIN 4
00l 008 009 (00, 002 002~
T | | g T " (o]]
|
|
3 _ -
|
|
3 I E:
| N
I =
-
- - 00l
-
m
P
3 i »
Q001

1"




REFERENCES

Taylor, G.I., 1915, "Eddy Motion in the Atmosphere," Phil. Trans Roy.

Soc. London, A, 215, 1-26.

Sutton, 0. G., 1953, Micrometeorology, McGraw-Hill, New York, 333 pp.

Obukhov, A. M., 1946, "Turbulence in an Atmosphere of Nonhomogeneous

Temperature," Trans. Inst. Theoret. Geophys. USSR, 1, 95-115.

Hansen, F, V., 1977, "The Critical Richardson Number," R&D Report,
ECOM=-5829, Atmospheric Sciences Laboratory, US Army Electronics
Command, White Sands Missile Range, New Mexico.

Lumley, J. L. and H. A. Panofsky, 1964, The Structure of Atmospheric

Turbulence, J. Wiley and Sons, New York, 239 pp.

Lettau, H. H. and B. Davidson, 1957, Exploring the Atmosphere's First

Mile, Vol I and II, Pergamon Press, New York.

Barad, M. L., 1958, "Project Prairie Grass, A Field Program in
Diffusion," Vol II, Geophysical Research Paper No. 59, Air Force
Cambridge Research Center, Bedford, Massachusetts, 209 pp.

Bowne, N. E., ‘H. D. Entrekin, and K. W. Smith, 1969, "Aerosol
Diffusion over Woodlot Complexes," Vol II, Data Supplement Report
No. TRC 343, Contract No. DAAD09-67-C-0100 (R), The Travelers

Research Corporation, Hartford, Connecticut, 281 pp.

Stenmark, E. B. and L. D. Drury, 1970, "Micrometeorological Field
Data from Davis, California; 1967 Cooperative Field Experiment
Runs," ECOM-6053. Atmospheric Sciences Laboratory, Fort Huachuca,
Arizona, 576 pp.

12




b 4

10.

11.

12.

13.

14.

Milly, G. H., 1958, "Atmospheric Diffusion and Generalized Munitions
Expenditures," Operations Research Group Study No. 17, Army Chemical
Center, Maryland, 290 pp.

United States Weather Bureau, 1953, "Micrometeorological Survey of
the Oak Ridge Area," Report OR0-99, US Atomic Energy Commission,

Oak Ridge, Tennessee.

Wanta, R. C., 1962, "Diffusion and Stirring in the Lower Troposphere,"
Air Pollution, Vol I, A. C. Stern (Ed), Academic Press, New York,

117 pp.

Hall, F. F., 1972, "Temperature and Wind Structure Studies by
Acoustic Echo Sounding," Chap. 18, Remote Sensing of the

Troposphere, V. E. Derr (Ed), Government Printing Office.

Little, C. G., 1972, "Status of Remote Sensing of the Troposphere,"
Bull. Am. Meteor. Soc, 53:12, 936.

13

e it NSNS




P

DISTRIBUTION LIST

Commander

US Army Aviation Center
ATTN: ATZQ-D-MA

Fort Rucker, AL 36362

Chief, Atmospheric Sciences Div
Code ES-81

NASA

Marshall Space Flight Center,
AL 35812

Commander
US Army Missile Comma
ATTN: DRSMI-RRA, Bldg
Redstone Arsenal, AL 358Q9

Commander

US Army Missile Command
ATTN: DRDMI-TEM
Redstone Arsenal, AL 35809

Commander
US Army Missile Rsch & Dev Comma
ATTN: DRDMI-TR

Redstone Arsenal, AL 35809

Commander

US Army Missile Rsch & Dev Lommand

ATTN: DRDMI-CGA (B. W. Fgwler)
Redstone Arsenal, AL 35§09

Redstone Scientific Information Ctr

ATTN: DRDMI-TBD

US Army Missile Rsch
Redstone Arsenal, A 35809
Commander

HQ, Fort Huachuc
ATTN: Tech Ref
Fort Huachuca,

iv
Z 85613

Commander

US Army Intelligence Ctr & School
ATTN: ATSI-CD-MD

Fort Huachuca, AZ 85613

Commander

US Army Proving Ground
ATTN: Technical Library
Bldg 2100

Yuma, AZ 85364

Dev Command

Naval Weapons Ctr (Code 3173)
ATTN: Dr. A. Shlanta
China Lake, CA 93555

ATTN: Technical orts Library
PO Box 205
Mountain View,

Sylvania Elec Syipggétern Div
p

val Ocean Systems Center
TTN: Research Library
San Diego, CA 92152

Meteorologist in Charge
Kwajalein Missile Range

Library-R-51-Te
Environmental Re
NOAA

Boulder, CO 80302

Reports
rch Labs

National Center for Atmdbs Res
NCAR Library
PO Box 3000

Boulder, CO 80307

R. B. Girardo

Bureau of Reclamation

E&R Center, Code 1220
Denver Federal Ctr, Bldg 67
Denver, CO 80225




T p—

Head, Atmospheric Rsch Section
National Science Foundation
1800 G. Street, NW

Washington, DC 20550

Defense Communications Agency
Technical Library Center
Code 205

Washington, DC 20305

Director

Defense Nuclear Agency
ATTN: Tech Library
Washington, DC 20305

HQDA (DAEN-RDM/Dr. De Percin)
Forrestal Bldg.
Washington, DC “20314

CPT Hugh Albers, Exes Sec JF
Interdept Committee omMAtmos Sci
Fed Council for Sci & Tegh /

National Sci Foundation X
Washington, DC 20550 /

The Library of Congre 4
ATTN: Exchange & Gift Div
Washington, DC 20540

2 F 4

4

Mil Assistant fof
Environmental SCiences
DAD (E & LS), AD129
The Pentagon /
washington,/OC 20301

4
National Weéather Service
National Meteorological Center
World Wedther B1dg-5200 Auth Rd
ATTN: Mr. Quiroz
Washington, DC 20233

Dir, ﬁS Naval Research Lab
Code 5530
Washington, DC 20375

Commanding Officer

Naval Research Laboratory
Code 2627

Washington, DC 20375

Office, Asst Sec Army (R&D)
ATTN: Dep for Science & Tech
HQ, Department of the€ Army
Washington, DC 20310

s R&D Service
jon Administration

Director, Sy
Federal Avi
ATTN: ARP=54

2100 Segbnd Street, SW
Washington, DC 20590

Dr, John L. Walsh
%dg; 4109

Mavy Research Lab
7 Washington, DC 20375

Armament Dev & Test Center
ADTC (DLOSL)
Eglin AFB, FL 32542

Naval Training Equipment Center
ATTN: Technical Library
Orlando, FL 32813

Det 1, SAMTEC
TOEL - ATTN: Maj Orondorff
Patrick AFB, FL 32925

HQ, ESD/DRI/S-22
Hanscom AFB
edford, MA 01731

A1x Force Cambridge Rsch Labs
ATTN, LCB (A. S. Carten, Jr.)
Hans AFB

Bedford, MA 01731

Air ForceNgeophysics Laboratory
ATTN: LYD

Hanscom AFB

Bedford, MA O0W31

Meteorology Laboratory
AFGL/LY

Hanscom AFB

Bedford, MA 01731

US Army Liaison Office
MIT-Lincoln Lab, Library A-082
PO Box 73

Lexington, MA 02173




Director

US Army Armament Rsch & Dev Com
Chemical Systems Laboratory
ATTN: DRDAR-CLJ-I

APG, MD 21010

Commander

US Army Ballistic Rsch Labs
ATTN: DRXBR-IB

APG, MD 21005

Director

US Army Ballistic Rsch Labs

ATTN: DRDAR-BLB (Dr. G. E. Keller)
APG, MD 21005

Commanding General e
ERADCOM

ATTN: DRDEL-AP

2800 Powder Mill Road
Adelphi, MD 20783

2

Commanding General

ERADCOM

ATTN: DRDEL-CG/DRDEL-DC/DRDEL-CS
2800 Powder Mill Road

Adelphi, MD 20783 4

Commanding General
ERADCOM

ATTN: DRDEL-CT

2800 Powder Mill Road
Adelphi, MD 20783

s

Commanding General

ERADCOM

ATTN: DRDEL-LL/DRDEL-SB/DRDEL-EA
2800 Powder Mill Road

Adelphi, MD 20783

Commanding General

ERADCOM

ATTN: DRDEL-PA/DRDEL~ILS/DRDEL-E
2800 Powder Mill Road

Adelphi, MD 20783

Commanding General

ERADCOM

ATTN: DRDEL-PAO (S. Kimmel)
2800 Powder Mill Road
Adelphi, MD 20783

Commanding General
ERADCOM

ATTN: DRDEL-PR

2800 Powder Mill Road
Adelphi, MD 20783

Commander

Harry Diamond Laboratories
ATTN: DELHD-CO |

2800 Powder Mill Road
Adelphi, MD 20783

Dir of Dev &.Engr
Defense Systems Div
ATTN: SARﬁA-DE-DDR
(HS Tannenbaum)
Edgewood Arsenal, APG, MD 21010

Dir National Security Agency
ATTNg TDL (C513)
Fort George G. Meade, MD 20755

I

ELEW-WL-I

6009 Executive BI
Rockville, MD 208

Naval Surface Weapons
Technical Library & InfoMgation
Services Division
White Oak, Silver Spring, M
20910

The Environmental Rsch
Institute of MI

ATTN: IRIA Library

PO Box 618

Ann Arbor, MI 48107

Mr. William A. Main
USPA Forest Service
1407 S. Harrison Road
East Lansing, MI 48823

igence Materiel Dev & Support Ofc

-

Li




Dr. A. D. Belmont
Research Division

PO Box 1249

Control Data Corp
Minneapolis, MN 55440

Dir, Naval Oceanography & Meteorology
National Space Technology Labs
Bay St Louis, MS 39529

Director
USAE Waterways Experiment Station
ATTN: Library

PO Box 631"
Vicksburg, ﬂs\aglao
Director

ATTN: Library Branch
Vicksburg, MS 39180

Environmental Protection
Meteorology Laboratory
Research Triangle Park,

US Army Research O0ffj€e
ATTN: DRXRO-IP
PO Box 12211
Research Triangle/Park, NC 27709
Commander
Combat SurveiXlance & Target
Acquisitiof Laboratory
Fort Monmoufh, NJ 07703

Electronic Warfare Laboratory
ATTN: DELEW-D
Fort Monmouth, NJ 07703

Commander

Night Vision & Electro-Optics Labs
ATTN: DELNV-L (Dr. Rudolf Buser)
Fort Monmouth, NJ 07703

Commander

ERADCOM

Technical Support Activity
ATTN: DELSD-D

Fort Monmouth, NJ 07703

Commander
ERADCOM Tech  Support Directorate
Technical Library Division

Project Manager, FIREFINDER
ATTN: DRCPM-FF
Fort Monmouth, NJ 07703

Commander

Department of the Army
Project Manager, REMBASS
ATTN: DRCPM-RBS

Fort Monmouth, NJ 07703

Commander

US Army Satellite Comm Agc
ATTN: DRCPM-SC-3

Fort Monmouth, NJ 07703

US Army Electronics Command
ATTN: DRSEL-CT=S
Fort Monmouth, NJ 07703

Commander

US"Army Electronics Command
ATTN: DRSEL-CT-S (Dr. Swingle)
Fort Monmouth, NJ 07703

3




Commander Commandant 1

ATTN: DRSEL-VL-D US Army Field Artillery School 1
Fort Monmouth, NJ 07703 ATTN: ATSF-CF-R

Fort Sill, OK 73503
Commander
US Army Electronics Command Director CFD
ATTN: DRSEL-WL-D1 US Army Field Artillery School W
Fort Monmouth, NJ 07703 ATTN: Met Division

Fort Si11, OK 73503 1
Commanding Officer
US Army Armament Rsch & Dev Com Commandant
ATTN: DRDAR-TSS #59
Dover, NJ 07801 ATTN: Morpis Swett Tech Library

Commander &
Aviation Flight Test Activity
ATTN: DELAF-CO

Lakehurst NAEC, NJ 08733

6585 TG/WE

Holloman AFB, NM 88330 11iam Peterson
esearch Association 4
Commander ah State University, UNC 48
AFWL/WE

Kirtland AFB, NM 87117

Air Force Weapons Laboratory Utah Statd&University, UMC 48
ATTN: Technical Library (SUL)
Kirtland AFB, NM 87117

ATTN:
nd Cameron Station (B
Alexandria, VA 2231
88002 12

Commander
US Army Test & Evaluation Co
ATTN: Technical Library

White Sands Missile Range,

Commander

Department of the Army
PM, Concept Analysis Center

ATTN: DRCPM-CAC, Arlington Hall Sta

Rome Air Development Center
ATTN: Documents Library
TILD (Bette Smith)
Griffiss AFB, NY 13441

Arlington, VA 22312 i
Commander é
US Army Tropic Test Centdr Commander &
ATTN: STETC-MO (Tech Liprary) Signals Warfare Laboratory ‘

APO New York 09827 ATTN: DELSW-D

Arlington Hall Station

Commandant Arlington, VA 22312
USAFAS

ATTN: ATSF-CD-MT (Mr. Farmer) Commander

Fort Sill, OK 73503 US Army INSCOM

ATTN: IARDA-0S
Arlington Hall Station
Arlington, VA 22212




CO, USA Foreign Sci & Tech Center USAFETAC/CB (Stop 825)
ATTN: DRXST-ISI Scott AFB, IL 62225
220 7th Street, NE

Charlottesville, VA 22901

Naval Surface Weapons Center
Code DT-22 (Ms. Greeley)
Dahlgren, VA 22448

Commander

Night Vision & Electro-Optics Labs
ATTN: DELNV-D Vi
Fort Belvoir, VA 22060 V4

Commander.and Director y
US Army Engiqger Topographic Labif*

ETL-GS-AC

Fort Belvoir, VA 22060 /
US Army Nuclear Agen

ATTN: MONA-WE
Fort Belvoir, VA 22060

Commander
Eustis Directorate
US Army Air Mobility’R&D Lab
ATTN: Technical Ljbrary

Fort Eustis, VA

OL-C, 5WW
Fort Monroe,

Department
5 WW/DN
Langley A

USA Cold Regions Test Center
ATTN: STECR-0P-PM
APQ Seattle 98733

Dr. Frank D, Eaton
PO Box 3038

University Station
Laramie, WY 82071

e e e )

PUSEE— —

PR SNTS

Sl



@ sl B e ke N

[
e

[P
DN

13.

14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.

ATMOSPHERIC SCIENCES RESEARCH PAPERS

Lindberg, J4.D., “An Improvement to a Method for Measuring the Absorption Coef-
ficient of Atmospheric Dust and other Strongly Absorbing Powders, ”
ECOM-5565, July 1975.

Avara, Elton, P., “Mesoscale Wind Shears Derived from Thermal Winds,”” ECOM-5566,
July 1975.

Gomez, Richard B., and Joseph H. Pierluissi, “Incomplete Gamma Function Approxi-
mation for King’s Strong-Line Transmittance Model,” ECOM-5567, July 1975.

Blanco, A.J., and B.F. Engebos, ‘Ballistic Wind Weighting Functions for Tank
Projectiles,” ECOM-5568, August 1975.

Taylor, Fredrick J., Jack Smith, and Thomas H. Pries, “Crosswind Measurements
through Pattern Recognition Techniques,” ECOM-5569, July 1975.

Walters, D.L., “Crosswind Weighting Functions for Direct-Fire Projectiles,” ECOM-
5570, August 1975.

Duncan, Louis D., “An Improved Algorithm for the Iterated Minimal Information
Solution for Remote Sounding of Temperature,” ECOM-5571, August 1975.

Robbiani, Raymond L., “Tactical Field Demonstration of Mobile Weather Radar Set
AN/TPS-41 at Fort Rucker, Alabama,” ECOM-5572, August 1975.

Miers, B., G. Blackman, D. Langer, and N. Lorimier, “Analysis of SMS/GOES Film
Data,” ECOM-5573, September 1975.

Manquero, Carlos, Louis Duncan, and Rufus Bruce, ‘“An Indication from Satellite
Measurements of Atmospheric CO2 Variability,” ECOM-5574, September
1975.

Petracca, Carmine, and James D. Lindberg, “Installation and Operation of an Atmo-
spheric Particulate Collector,” ECOM-5575, September 1975.

Avara, Elton P., and George Alexander, ‘Empirical Investigation of Three Iterative
Methods for Inverting the Radiative Transfer Equation,” ECOM-5576,
October 1975.

Alexander, George D., “A Digital Data Acquisition Interface for the SMS Direct
Readout Ground Station — Concept and Preliminary Design,” ECOM-
5577, October 1975.

Cantor, Israel, “Enhancement of Point Source Thermal Radiation Under Clouds in
a Nonattenuating Medium,” ECOM-5578, October 1975.

Norton, Colburn, and Glenn Hoidale, “The Diurnal Variation of Mixing Height by
Month over White Sands Missile Range, N.M,” ECOM-5579, November 1975.

Avara, Elton P., “On the Spectrum Analysis of Binary Data,” ECOM-5580, November
1975.

Taylor, Fredrick J., Thomas H. Pries, and Chao-Huan Huang, “Optimal Wind Velocity
Estimation,” ECOM-5581, December 1975.

Avara, Elton P., “Some Effects of Autocorrelated and Cross-Correlated Noise on the
Analysis of Variance, > ECOM-5582, December 1975.

Gillespie, Patti S., R.L. Armstrong, and Kenneth O. White, “The Spectral Character-
istics and Atmospheric CO2 Absorption of the Ho**: YLF Laser at 2.05um,”
ECOM-5583, December 1975.

Novlan, David J. “An Empirical Method of Forecasting Thunderstorms for the White
Sands Missile Range,” ECOM-5584, February 1976.

Avara, Elton P., “Randomization Effects in Hypothesis Testing with Autocorrelated
Noise,” ECOM-5585, February 1976.

Watkins, Wendell R., “Improvements in Long Path Absorption Cell Measurement,”
ECOM-5586, March 1976.

Thomas, Joe, George D. Alexander, and Marvin Dubbin, “SATTEL — An Army
Dedicated Meteorological Telemetry System,” ECOM-5587. March 1976.

Kennedy, Bruce W., and Delbert Bynum, “Army User Test Program for the RDT&E-
XM-75 Meteorological Rocket,” ECOM-56588, April 1976.

et

\

abha




25.

26.
21.
28.

29.
30.
31.
32.
33.
34.
35.

36.
31.
38.
39.
40.
41.
42.

43.
44,
45.
46.
47.
48.
49.
50.

——. —— -

Barnett, Kenneth M., “A Description of the Artillery Meteorological Comparisons at
White Sands Missle Range, October 1974 - December 1974 (‘PASS’ -
Prototype Artillery [Meteorological] Subsystem),” ECOM-5589, April 1976.

Miller, Walter B., “Preliminary Analysis of Fall-of-Shot From Project ‘PASS’,” ECOM-
5590, April 1976.

Avara, Elton P., “Error Analysis of Minimum Information and Smith’s Direct Methods
for Inverting the Radiative Transfer Equation,” ECOM-5591, April 1976.

Yee, Young P., James D. Hormn, and George Alexander, ‘“Synoptic Thermal Wind Cal-
culations from Radiosonde Observations Over the Southwestern United
States,” ECOM-5592, May 1976.

Duncan, Louis D., and Mary Ann Seagraves, ‘“ Applications of Empirical Corrections to
NOAA-4 VTPR Observations,” ECOM-5593, May 1976.

Miers, Bruce T., and Steve Weaver, “Applications of Meterological Satellite Data to
Weather Sensitive Army Operations,”ECOM-5594, May 1976.

Sharenow, Moses, ‘“Redesign and Improvement of Balloon ML-566,” ECOM-5595,
June, 1976.

Hansen, Frank V., “The Depth of the Surface Boundary Layer,” ECOM-5596, June
1976.

Pinnick, R.G., and E.B. Stenmark, ‘“Response Calculations for a Commercial Light-
Scattering Aerosol Counter,” ECOM-5597, July 1976.

Mason, J., and G.B. Hoidale, ‘“Visibility as an Estimator of Infrared Transmittance,”
ECOM-5598, July 1976.

Bruce, Rufus E., Louis D. Duncan, and Joseph H. Pierluissi, “Experimental Study of
the Relationship Between Radiosonde Temperatures and Radiometric-Area
Temperatures,” ECOM-5599, August 1976.

Duncan, Louis D., ‘“Stratospheric Wind Shear Computed from Satellite Thermal
Sounder Measurements,”” ECOM-5800, September 1976.

Taylor, F., P. Mohan, P. Joseph and T. Pries, “An All Digital Automated Wind
Measurement System,” ECOM-5801, September 1976.

Bruce, Charles, ‘“Development of Spectrophones for CW and Pulsed Radiation Sources,”
ECOM-5802, September 1976.

Duncan, Louis D., and Mary Ann Seagraves,“Another Method for Estimating Clear
Column Radiances,”” ECOM-5803, October 1976.

Blanco, Abel J., and Larry E. Taylor, “Artillery Meteorological Analysis of Project Pass,”
ECOM-5804, October 1976.

Miller, Walter, and Bernard Engebos,‘ A Mathematical Structure for Refinement of
Sound Ranging Estimates,”” ECOM-5805, November, 1976.

Gillespie, James B., and James D. Lindberg, “A Method to Obtain Diffuse Reflectance
Measurements from 1.0 to 3.0 um Using a Cary 171 Spectrophotometer,”
ECOM-5806, November 1976.

Rubio, Roberto, and Robert O. Olsen,“A Study of the Effects of Temperature
Variations on Radio Wave Absorption,"ECOM-5807, November 1976.

Ballard, Harold N., “Temperature Measurements in the Stratosphere from Balloon-
Borne Instrument Platforms, 1968-1975,”” ECOM-5808, December 1976.

Monahan, H.H., “An Approach to the Short-Range Prediction of Early Morning
Radiation Fog,” ECOM-5809, January 1977.

Engebos, Bernard Francis, “Introduction to Multiple State Multiple Action Decision
Theory and Its Relation to Mixing Structures,” ECOM-5810, January 1977.

Low, Richard D.H., Effects of Cloud Particles on Remote Sensing from Space in the
10-Micrometer Infrared Region,” ECOM-5811, January 1977.

Bonner, Robert S., and R. Newton, “Application of the AN/GVS-5 Laser Rangefinder
to Cloud Base Height Measurements,”” ECOM-5812, February 1977.

Rubio, Roberto, “Lidar Detection of Subvisible Reentry Vehicle Erosive Atmospheric
Material,” ECOM-5813, March 1977.

Low, Richard ‘D.H., and J.D. Hom, “Mesoscale Determination of Cloud-Top Height:
Problems and Solutions,” ECOM-5814, March 1977.




51.
52.

53.
54.

55.
56.

57.
58.
59.
60.

61.

62.

63.

64.

65.
66.

67.
68.

69.

70.

71.

72.

73

Duncan, Louis D., and Mary Ann Seagraves,‘‘Evaluation of the NOAA-4 VTPR Thermal
Winds for Nuclear Fallout Predictions,”” ECOM-5815, March 1977.
Randhawa, Jagir S., M. Izquierdo, Carlos McDonald and Zvi Salpeter, ‘“‘Stratospheric
Ozone Density as Measured by a Chemiluminescent Sensor During the

Stratcom VI-A Flight,”” ECOM-5816, April 1977.

Rubio, Roberto, and Mike Izquierdo, ‘“Measurements of Net Atmospheric Irradiance
in the 0.7- to 2.8-Micrometer Infrared Region,”” ECOM-5817, May 1977.

Ballard, Harold N., Jose M. Serna, and Frank P. Hudson Consultant for Chemical
Kinetics, ‘“Calculation of Selected Atmospheric Composition Parameters
for the Mid-Latitude, September Stratosphere,” ECOM-5818, May 1977.

Mitchell, J.D., R.S. Sagar, and R.O. Olsen, “Positive Ions in the Middle Atmosphere
During Sunrise Conditions,” ECOM-5819, May 1977.

White, Kenneth O., Wendell R. Watkins, Stuart A. Schleusener, and Ronald L. Johnson,
“Solid-State Laser Wavelength Identification Using a Reference Absorber,”
ECOM-5820, June 1977.

Watkins, Wendell R., and Richard G. Dixon, ‘“Automation of Long-Path Absorption
Cell Measurements,”” ECOM-5821, June 1977.

Taylor, S.E., J.M. Davis, and J.B. Mason, ‘‘Analysis of Observed Soil Skin Moisture
Effects on Reflectance,” ECOM-5822, June 1977.

Duncan, Louis D. and Mary Ann Seagraves, “Fallout Predictions Computed from
Satellite Derived Winds,”” ECOM-5823. June 1977.

Snider, D.E., D.G. Murcray, F.H. Murcray, and W.J. Williams, ‘Investigation of
High-Altitude Enhanced Infrared Backround Emissions” (U), SECRET,
ECOM-5824, June 1977.

Dubbin, Marvin H. and Dennis Hall, “Synchronous Meteorlogical Satellite Direct
Readout Ground System Digital Video Electronics,” ECOM-5825, June
19717.

Miller, W., and B. Engebos, “A Preliminary Analysis of Two Sound Ranging
Algorithms,” ECOM-5826, July 1977.

Kennedy, Bruce W., and James K. Luers, ‘“Ballistic Sphere Techniques for Measuring
Atomspheric Parameters,” ECOM-5827, July 1977.

Duncan, Louis D., “Zenith Angle Variation of Satellite Thermal Sounder Measure-
ments,”” ECOM-5828, August 1977.

Hansen, Frank V., “The Critical Richardson Number,”” ECOM-5829, September 1977.

Ballard, Harold N., and Frank P. Hudson (Compilers), “Stratospheric Composition
Balloon-Borne Experiment,” ECOM-5830, October 1977.

Barr, William C., and Arnold C. Peterson, “Wind Measuring Accuracy Test of
Meteorological Systems,”” ECOM-5831, November 1977.

Ethridge, G.A. and F.V. Hansen, ‘“Atmospheric Diffusion: Similarity Theory and
Empirical Derivations for Use in Boundary Layer Diffusion Problems,”
ECOM-5832, November 1977.

Low, Richard D.H., “The Internal Cloud Radiation Field and a Technique for Deter-
mining Cloud Blackness,” ECOM-5833, December 1977.

Watkins, Wendell R., Kenneth O. White, Charles W. Bruce, Donald L. Walters, and
James D. Lindberg, “Measurements Required for Prediction of High
Energy Laser Transmission,”” ECOM-5834, December 1977.

Rubio, Robert, “Investigation of Abrupt Decreases in Atmospherically Backscattered
Laser Energy,” ECOM-5835. December 1977.

Monahan, H.H. and R.M. Cionco, “An Interpretative Review of Existing Capabilities
for Measuring and Forecasting Selected Weather Variables (Emphasizing
Remote Means),” ASL-TR-0001, January 1978.

. Heaps, Melvin G., “The 1979 Solar Eclipse and Validation of D-Region Models,” ASL-

TR-0002. March 1978.




74.

75.
76.

1.

78.
79.

Jennings, S.G., and J.B. Gillespie, “M.L.E. Theory Sensitivity Studies - The Effects
of Aerosol Complex Refractive Index and Size Distribution Variations
on Extinction and Absorption Coefficients Part II: Analysis of the
Computational Results,” ASL-TR-0003, March 1978.

White, Kenneth O. et al, “Water Vapor Continuum Absorption in the 3.5um to 4.0um
Region,” ASL-TR-0004, March 1978.

Olsen, Robert O., and Bruce W. Kennedy, “ABRES Pretest Atmospheric Measure-
ments,” ASL-TR-0005, April 1978.

Ballard, Harold N., Jose M. Serna, and Frank P. Hudson, ‘“Calculation of Atmospheric
Composition in the High Latitude September Stratosphere,”” ASL-TR-0006,
May 1978.

Watkins, Wendell R. et al, “Water Vapor Absorption Coefficients at HF Laser Wave-
lengths,” ASL-TR-0007, May 1978.

Hansen, Frank V., “The Growth and Prediction of Nocturnal Inversions,” ASL-TR-
0008, May 1978.

W U.S. GOVERNMENT PRINTING OFFICE: 1977 777-093/ 46

T e T BT T SN




