=

—rf

PL-TR-95-2060(I)
Special Reports, No. 274

PROCEEDINGS OF THE 17TH ANNUAL
CONFERENCE ON ATMOSPHERIC
TRANSMISSION MODELS,

8-9 JUNE 1994

Editors:

Gail P. Anderson

Richard H. Picard
James H. Chetwynd

24 May 1995

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

PHILLIPS LABORATORY
Directorate of Geophysics

S AIR FORCE MATERIEL COMMAND
HANSCOM AFB, MA 01731-3010

3
A

DTIC QUALTEY THATHLTRD &

19850626 009




-

-9

"This technical report has been reviewed and is approved for publication”

i
Lol
WILLIAM A.M. BLUMBERG, C
Simulation Branch
Optical Environment Division
/
% P A P
ROGER A. VAN TASSEL, Director
Optical Environment Division
This report has been reviewed by the ESC Public Affairs Office (PA) and is releasable to the
National Technical Information Service (NTIS).
Qualified requestors may obtain additional copies from the Defense Technical Information Center
(DTIC). All others should apply to the National Technical Information Service (NTIS).
If your address has changed, or if you wish to be removed from the mailing list, or if the
addressee is no longer employed by your organization, please notify PL/TSI, 29 Randolph Road,
Hanscom AFB, MA 01731-3010. This will assist us in maintaining a current mailing list. -
Do not return copies of this report unless contractual obligations or notices on a specific r

document require that it be returned.




Form Approved

REPORT DOCUMENTATION PAGE OMB No. 07040188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments re?arding this burden estimate or any other aspect of this
cotlection of information, inciuding suggestions for reducing this burden. to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

T. AGENCY USE ONLY (Leave blank) | 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
: 24 May 1995 Scientific
3. TITLE AND SUBTITLE 5. FUNDING NUMBERS
PROCEEDINGS OF THE 17th ANNUAL CONFERENCE ON ATMOSPHERIC PE: 62101F
TRANSMISSION MODELS, 8-9 JUNE 1994.° ' PR: 3054
TA: GD
} 6. AUTHOR(S) WU: 01
Editors: GAIL P. ANDERSON -

RICHARD H. PICARD
JAMES H. CHETWYND

M

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Phillips Laboratory/GPOS REPORT NUMBER
29 Rarndolph Road PL-TR-95-2060 (I)
Hanscom AFB, MA 01731-BOIQ SR, No. 274

M —

9. SPONSORING/ MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES
Volume I consists of pages 1 through 467 :

Volume II consists of pages 468 through 822, Including Al through A46

o
12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for public release; distribution unlimited -

13. ABSTRACT (Maximum 200 words)
CONTAINS THE VIEWGRAPHS AND OTHER MATERIALS FOR THE 45 PAPERS PRESENTED AT THE

17th ANNUAL REVIEW CONFERENCE ON ATMOSPHERIC TRANSMISSION MODELS HELD AT THE
GEOPHYSICS DIRECTORATE, PHILLIPS LABORATORY (AFMC), HANSCOM AFB, MA ON:
8-9 JUNE 1994. S :

'DTIC QUALITY INEPECTED 3

14. SUBJECT TERMS : 15. NUMBER OF PAGES
Atmospheric transmittance Clouds 441
Aerosols Radiative transfer 16. PRICE CODE
Atmospheric propagation Optical turbulence ,
17. SECURITY CLASSIFICATION ] 18. SECURITY CLASSIFICATION | 19. SECURﬁY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE ) OF ABSTRACT
Unclassified Unclassified Unclassified SAR

NSN 7540-01-280-5500 i Standard Form 298 (Rev. 2-89)
. ;;ess_c‘rg;ed by ANSI Std. Z39-18




TABLE OF CONTENTS
ATMOSPHERIC RADIATION CODES

FASCODE: Validations and Applications.
G.P.Anderson, J.H.Chetwynd, J.Wang;

PL/Geophysics Directorate: J.-M.Theriault; DREV:

L.W.Abreu; ONTAR: S.A.Clough, J.-L.Moncet: AER.

MODTRAN3 ,MODTRAN4 and beyond.

A.Berk, P.Acharya, L.Bernstein, D.Robertson:
SSI: G.P.Anderson, J.H.Chetwynd, F.X.Kneizys,
L.M.Kimball, J.J.Vail; PL/Geophysics Directorate:
E.P.Shettle; NRL: L.W.Abreu; ONTAR: J.Conant;
Aerodyne.

MOSART: An update on the Moderate Spectral Atmospheric
Radiance and Transmittance Code.

W.M.Cornette; Photon Research Associates:
P.K.Acharya, D.Robertson; SSI: G.P.Anderson,
J.H.Chetwynd:; PL/Geophysics Directorate.

PLEXUS;PL Code Driver.
F.Clarke; PL/Geophysics Directorate.

EOSAEL92 Update.

A.E.Wetmore, J.Williams; U.S.Army Research
Laboratory.

AEROSOLS, CLOUDS AND SCATTERING

The Navy Oceanic Vertical Aerosol Model in a Fortran
Subroutine Format.

S.G.Gathman; Naval Command, Control and Ocean
Surveillance Center.

The Nature of Desert Aerosols: Summary of China Lake
Studies to Date.

P.L.Walker; Naval Postgraduate School, Naval
Alr Warfare Center: L.A.Mathews; Retired.

Application of the MODTRAN2 Code to the Modeling of
Silicate Dust Clouds.

S.Muzak, D.K.Lynch; The Aerospace Corporation.

Airborne Measurements of Cloud Radiation and
Comparison with Theory.

C.Malherbe, P.Simoneau, P.Michon, A.Boishot,
G.Durand, -J.Deschamp, G.Gregoire; ONERA, France.

OSIC- An Ultraviolet Transmission and Multiple

Scattering Model.
M.Neer, K.Crow; SciTec,Inc.

iii

Al,

A2,

A3,

A4,

A5,

A6,

A7,

A8,

A9,

AlO,

26

46

71

83

101

118

143

162

187




Inclusion of Accurate Multiple Scattering in MODTRAN.
K.Stamnes, S.Tsay, N.Larsen,:; Univ. of Alaska:
M.Yeh; Caelum Research Corp.

UV-Visible Radiation Field Model: Monte Carlo,
DISTORT, and Integral Equation Methods.
D.E.Anderson, R.DeMajistre; APL.

An Application of Radiative Transfer Theory to
Understanding Aeroscl MTF.

D.H.Tofsted, A. E Wetmore, R.C.Shirkey:
U.s. Army Research Lab.: B.Davis: Physical Sciences
Lab.: A.Zardecki; Los Alamos National Lab.

Molecular and Aerosol Effects of Airborne Laser
Propagation. .

L.Harada, D.Leslie, D.Youmans, M.Savacool:;
W.J.Shafer Associates.

Ground to Space Atmospheric Transmittance Measurements
in the 3-5 and 8-12 um Spectral Regions: Comparisons
with LOWTRAN7.

A.D.Devir, N.Brandman, B.Barzilai, A. Ben
Shalom; Technion.

POSTERS

Weather and Atmospheric Visualisation Effects (WAVES)
for Simulation.

R.C.Shirkey, D.H.Tofsted; U.S.Army Research
Lab.: A.Zardecki; Los Alamos Consulting.

SPARTA’S Lidar Simulation Code, BACKSCAT Version 4.0.
D.R.Longtin, M.G.Cheifetz, J.R.Jones,
J.R.Hummel; SPARTA Inc.

The Solar Irradiance by Computation.
R.L.Kurucz; Harvard-Smithsonian Center for
Astrophysics.

New Visible and Near IR Ozone Absorption Cross-
Sections for MODTRAN.

E.P.Shettle; NRL: S.M.Anderson; Augsberg
College.

Absorption Cross Section Measurements of Carbon
Dioxide in the Wavelength Region 118.7 nm -175.5 nm
and the Temperature Dependence.

K.Yoshino, J.R.Esmond; Harvard-Smithsonian
Center for Astrophysics: K.Ito, T.Matsui; Photon
Factory: W.H.Parkinson; Harvard-Smithsonian Center.

FAScode for the Environment:FASE.
J.L.Moncet, W.O.Gallery; AER
Inc.:G.P.Anderson; PL/Geophysics Directorate.

SSGM: The Strategic Scene Generation Model
S.McKenzie, R. Armstrong; Mission Research.

iv

All,

Al2,

Al3,

Ald,

AlS

Al6,

Als,

Al9,

A20,

A21,

A22

202

230

247

276

304

320

332

335

346

351




Lidar Measurements of Atmospheric Optical Properties

C.R.Philbrick, T.D.Steven, S.Maruvada: Penn
State University.

Ground-based Measurements of HF and HCl.
H.E.Snell, P.B.Hays:; University of Michigan

An Atmospheric Model for Gravity Wave Induced
Turbulent Layers (Blini) Based on the Saturated
Cascade Model.

E.Dewan; PL/Geophysics Directorate: ‘
N.Grossbard; Boston College: T. vanZandt: NOAA.

Preliminary Results from a Recent ICRCCM Initiative
Using HARTCODE.

F.Miskolczi, M.Bonzagni, R.Guzzi; University
of Maryland.

STRUCTURE/TURBULENCE

Structure in Radiative Excitation as a Source of High
Altitude Radiance Structure: CO(v = 1) Radiance.

J.R.Winick, R.H.Picard; PL/Geophysics
Directorate: P.P.Wintersteiner: Arcon Corporation:
J.A.Dodd; Stewart Radiance Lab.

Infrared Radiance Fluctuations in the Upper
Atmosphere. J.H.Grunninger, R.L.Sundberg, P.De;

Spectral Sciences Inc.: J.H.Brown:; PL/Geophysics
Directorate.

Synthetic 3-D Atmospheric Temperature Structure: A
Model for Known Geophysical Power Spectra Using a
Hybrid Autoregression and Fourier Technique.

J.H.Brown; PL/Geophysics Directorate:
N.Grossbard; Boston College.

Plane Wave Scintillation in an Onion Skin Model.
R.R.Beland; PL/Geophysics Directorate.

Comparison of a Model Describing Propagation Through
Optical Turbulence (PROTERB) with Field Data.

R.W.Smith:; U.S.Army Test and Evaluation
Command: J.C.Ricklin; U.S.Army Research Lab.:
K.E.Cranston, J.P.Cruncleton; Physical Science Lab.
New Mexico State University.

The Role of Turbulence in Cloud Droplet Formation and
Outside the Cloud.

J.W.Telford; Atmospheric Sciences Center.

A23,

A24,

A25,

A26

A27,

A28,

A29,

A30,

A3l,

A3z,

357

373

394

431

448

468

507

536

546




HIGH ALTITUDE MODELS/MEASUREMENTS

SHARC-3: A Model for Infrared Atmospheric Radiance at
High Altitudes.

R.D.Sharma, J.H.Brown; PL/Geophysics
Directorate: J.H.Grunninger, R.L.Sundberg, J.W.Duff,
L.S.Bernstein, M.W.Matthew, S.M.Aldler-Golden,
D.C.Robertson; Spectral Sciences Inc.: R.J.Healy; Yap
Analytics.

Non-LTE in CO2 in the Middle Atmosphere.

A.A.Kutepov;Institute for Astronomy and
Astrophysics, University of Munich: V.P.Ogibalov,
G.M.Shved; Dept. of Atmospheric Physics, University of
St.Petersburg.

Comparison of Line-by-Line and Modified Curtis Matrix
Narrow-Band Model Approaches to Radiative Transfer in
the CO2 15 micron Bands.

P.P.Wintersteiner:; Arc¢on Corporation: M.Lopez-
Puertas; Astrophysical Institute, Granada: J.R.Winick,
R.H.Pickard:; PL/Geophysics Directorate.

Sub-Thermal NO XaI?jl Spin-Orbit Distributions in *he
Thermosphere.

S.J.Lipson; PL/Geophysics Directorate:
P.S.Armstrong, J.A.Dodd;Stewart Radiance Lab.:
J.R.Lowell, W.A.M.Blumberg, R.M.Nadile; PL/Geophysics
Directorate.

Comparison of Global Variations of the Radiance of the

Stratospheric 03,CH4 and HNO3 Spectra as Viewed by
CIRRIS 1A with UARS/CLAES Experiment.

B.K.Rezai;Center for Atm. and Space Sciences,
Utah State University: G.E.Bingham; Space Dynamics
Laboratory, Utah State University: L.R.Megill; Center
for Atm. and Space Sciences, Utah State University:
D.K.Zhou; Space Dynamics Laboratory, Utah State
University: J.L.Mergenthaler, A.E.Roche,
J.B.Kumer;Lockheed Palo Alto Research
Laboratory:G.P.Anderson, R.D.Nadile;PL/Geophysics
Directorate.

The POAM II Experiment and Early Measursment Results.

E.P.Shettle, R.M.Bevilacqua, J.S.Hornstein:;
NRL: W.J.Glaccum:; ARC: S.Krigman, J.Lumpe, M.Fromnm,
D.Debrestian; CPI.

Large Scale Retrieval Of Atmospheric Parameter
Profiles.

L.Sparks, J.L.Fanselow, J.McComb, S.Nandi,
J.Parker, J.E.Patterson; JPL.

A General Inversion Package for Advanced Retrieval of
Atmospheric Species from High Spectral Resolution
Measurements.

J.L.Moncet, W.0.Gallery; AER.

vi

A33, 557
A34, 580
A35, 601
A36, 620
A37, 629
A38, 649
A39, 673
A40, 690




|
i Simulation of Stellar Occultation Measurements.
|

L.Oikarinen, E.Kyrola, E.Sihvola, J.Tamminen;
Finnish Meteorological Institute.

ENVIRONMENTAL APPLICATIONS

Line by Line Calculation of Atmospheric Fluxes and
Cooling Rates: Application to Water Vapor, Carbon
Dioxide, Ozone, Methane, Nitrous Oxide and the
Halocarbons.

S.A.Clough, M.J.Iacono; AER

Very Narrow Band Model Calculations of Atmospheric
Fluxes and Cooling Rates Using the MODTRAN Code.
L.S.Bernstein, A.Berk, P.K.Acharya,
D.C.Robertson; SSI: G.P.Anderson, J.H.Chetwynd,
L.M.Kimball; PL/Geophysics Directorate.

Greenhouse Gas Concentration Profiles Retrieved from

CIRRIS-1A Measurements in the 11-~13 um Window during
STS-39.

D.K.Zhou, G.L.Bingham, Y.Yang, A.J.Steed; Utah
State University: G.P.Anderson, R.M.Nadile:;
PL/Geophysics Directorate.

Indirect Global Warming Effects of Tropospheric Ozone
Induced by Surface Methane Emission.
D.J.Wuebbles, A.S.Grossman, J.S.Tamaresis,

K.O.Patten, A.Jain, K.E.Grant; Lawrence Livermore
National Laboratory.

Accesion For

ATTENDEES NTIS CRA&I
DTIC TAB

’ Unannounced
AUTHORS Justification

Ooged+

By
Distribution/

ABSTRACTS

Availability Codes

‘ Avail and/|or
Dist Special

A

vii

A41, 705
A42, 726
A43, 739
Ad44, 764
A45, 776
814
819
822




PREFACE

The Seventeenth DoD Tri-Service Review
Conference on Atmospheric Transmission Models was held
at the Geophysics Directorate of the USAF Phillips
Laboratory at Hanscom AFB, Massachusetts on 7-8 June
1994.

More than 190 authors and participants
presented 45 papers in the field of the coupling and
interaction of optical and atmospheric phenomena.
Sessions were held on Atmospheric Radiation Codes:;
Aerosols,Clouds and Scattering; Structure and
Turbulence; High-Altitude Models and Measurements;
Environmental Applications: a Poster Session featuring
other topics was also held.

These volumes include the abstracts and hard-
copy and any other material provided by the authors
for their presentations. An Author Index and a partly
overlapping attendee’s list are also provided.

The abstracts are grouped at the back of the
second volume on pages Al-A45 for ease of reference
and perusal. The author list includes both abstract
(A#) and paper references. Because of the delay
between the submission of the abstract and the hard-
copy there is not always an exact correspondence

between the two.

ail P. Anderson
Simulation Branch
Optical Environment
Division

ix
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FASCODE: Validation and Applications

G.P. Anderson, J.H. Chetwynd, J. Wang*
Geophysics Directorate/PL
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FASCOD3: Its Future

Who are we?
Gail Anderson, Jim Chetwynd, Steve Miller, Jinxue Wang

PL/GPOS

What are we doing? (FY94/95)
VALIDATION
GEOMETRY
LASER/LIDAR Specificity
Inversion Algorithm Development
Collaboration with DOE’s LBLRTM

How are we doing it?

LBLRTM = Line-by-Line Radiative Transfer Model ’
Predicated on FASCODE; Funded for last 4 yrs by DOE
Responsible AER Authors: Clough, Worsham, Moncet

FASE: FAScode for the Environment; Moncet, Gallery (AER)

and Wang (GPOS/NRC)
Combination of best in both LBL Codes:
non-LTE, geometry, & lidar applications
from FASCODE ’
vectorization, radiance algortithm, optimization
from LBLRTM
Inversion: Miller (GPOS) and Moncet (AER);
also Theriault (DREV) and Wisc.
Nadir: Univ. of Wisc. HIS Bomem ER-2 Spectrometer
Up-Looking: Wisc. AERI & HIS; Miller
Limb: Nadile (CIRRIS-1A); O’Neil (MSX)
Validation:
IR: WMO ICRCCM (Ellingson) IR by Wang (GPOS)
mm: WMO ICRCCM (Westwater) mm by Chetwynd, Hoke
(GPOS) & Clough (AER)




FASCODE: Fast Atmospheric Signature Code

Version 3 - 8
—
AFGL:  F.X. Kneizys |
| - Primary
S.A. Clough! |
—J
G.P.Anderson - UV, Constituent Profiles
J.H. Chetwynd - Programming, Validation
L.W. Abreu - LOWTRAN?7 Compatibility
W.O. Gallery! - Geometry
L.S. Rothman - Line Atlas
M.L. Hoke - Line Coupling
E.P. Shettle? - Aerosols/Hydrometeors
R.D. Worsham® - X-sections, etc.

1 currently at Atmospheric and Environmental Research, Inc.
2 currently at Naval Research Laboratory
3 at Atmospheric and Environmental Research, Inc.




FASCODE: Fast Atmospheric Signature Code

Version 2 and Version 3-8

Visidyne: H.J.P. Smith - contributions to FASCOD1C (1978)
D.J. Dube
M.E. Gardner
T.C. Degges - NLTE theory (1977, 1985)
Sonicraft: W.L. Ridgway - contributions to FASCOD2 (1985)
R.A. Moose
A.C. Cogley
AER, Inc.: R.G. Isaacs - multiple scattering (1987)
R.D. Worsham - programming contributions to
. FASCOD3 & MS (1988-91)
S.A. Clough - radiance algorithm, etc. (1990-1991)




HISTORY

DoD Plan for Atmospheric
Transmission Research and Development

AIR FORCE

0

0
0
0

Maintain DoD Standard Atmospheric Optical/IR models:
(LOWTRAN), MODTRAN, FASCODE, HITRAN Database
Publish and Brief Model Updates
Conduct Annual Tri-Service Review
Measure and Model Propagation Effects of the
Free Atmsophere

Study Battlefield Conditions
Develop Models of Dust, Smoke, Chemicals, Propagation,
and Diffusion Effects

Develop Models for Marine Environment
Measure/Model Atmospheric Propagation
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The Problem: RADIATIVE TRANSFER

The Atmosphere as a contaminant for E/O Systems
The Atmosphere as a signature source for natural variability

Solutions: DEFINITIONS

State variables (T, p, w;, Cld, Aer) along line-of-sight
Spectral Characteristics of the Path Variables

Viewing Geometry
E/O System Characteristics (Spectral Range & Resolution,
Platform, Objective)

Solutions: OPTIMIZATION

Efficient Mathematical Algorithms (Line-by-Line)
Accurate Band Model Options

User Friendly
Validation/Documentation

Solutions: DATA ANALYSIS

Information Theory

Inversion Algorithm Development
Ground Truth

Validation and Error Estimation



DEFINITIONS

absorption cross section, related to molecular properties,
pressure (p), temperature (6)

X
I

7, = column amount of absorbing (i’th) species = | n.ds

ds = path increment; n, = volumn density

7; = optical depth = «; 7;

T, = transmittance = exp (-7;)

T, = total molecular transmittance = §{ T, = T,.T,. T;-T,-....
T, = total transmittance = Toor' Teontinua” Lscat L aerosol

B(f#) = Planck Function for temperature 6

7.7 = Solar (Lunar) Source Function

& = Non-LTE Source Term

W = Weighting Function = (dT,/ds)

OPERATIVE EQUATION:
R = Thermal Radiance = { B(f) dT; = [ B(6) (dT./ds) ds
AND FOR A SINGLE LAYER:

R = | B@) dT; = B() [1-T4]




PAGE 2

and, finally, combining thermal, solar, and non-LTE sources
with multiple scattering,

one can replace the Planck source function with a more general
source function:

B(6) = J(7,{)

J(r,§) = general source function dependent on optical depth (7) and
viewing geometry (¢ = zenith & azimuth cosines)

= (w/47) nF T({) ¢ [SOLAR]
+ [1-w,] B(6) [THERMAL]
+ & [N-LTE]

+ J,s [MUL.SCAT.]

where:
, = single scattering albedo = 7, /(1,+7,)
T(¢) = transmittance from top of atmosphere to layer
p = scattering phase function
J,;s = m.s. for both solar and thermal terms (complicated)

and other terms are as previously defined!!




* VALIDATION for Signatures

1. targets/pollutants against backgrounds-
estimate of variability
estimate of go/nogo
estimate of true/false; reduce false ID
incorporate "target signatures”

2. armospheric specification
local and/or global "weather"
atmospheric contaminants become signatures

3. higher resolution spectroscopy with high spectral
accuracy may minimize confusion, increasing
signal/noise for both contaminants and state
specification.

* REAL-TIME ANALYSIS with speed

1. Line-by-line (LBL) codes and their derivatives work -
"exact" physics must remain state-of-the-art;
Because physicists drive technology to higher resolution:
lidar/laser applications
interferometers at <.0lcm-1 resolution
remote sensing issues: line coupling, mm-wave
new/old/unsettled issues.
CFC x-sections, H20 continua, CO2 x factor
NLTE issues
However:
"LBL" is slow, slow, slow!!!

2. Band Models (pragmatic,expedient parameterizations) trail
"LBL" in "state-of-the-art",
but they are the codes of the NOW and FUTURE for
issues and analyses with compatible spectral resolution!
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ITRA: microwave
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FASCODE Introduction

FASCODE - FASCOD3P (1Q-1992)
Fast Atmospheric Signature CODE
Version 3 - Prelimary

POINTS OF CONTACT:

Gail P. Anderson/James H. Chetwynd
Simulation Branch
Optical Environment Division
Geophysics Directorate/PL

29 Randolph Road -
Hanscom AFB, MA 01731-3010
617-377-2335/2613; FAX xxx-8900.
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FASCODE

OBJECTIVE: To provide:
o "exact" spectroscopic calculations of:

molecular radiative transfer properties
Voigt line shape
LTE and non-local thermodynamic equilibrium (non-LTE)
line-by-line (LBL) code
heavy molecule x-sections (i.e. chloro-fluorocarbons, etc.)
laboratory and atmospheric simulations
provisions for:

Non-molecular (clouds, aerosols, geometry, etc.)

from LOWTRAN/MODTRAN

altitude range: open
lines-of-sight: open
spectroscopic constants from HITRAN92 and/or other sources
x-sections from HITRANO2 and/or other sources
non-LTE populations from SHARC
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FASCODE

TECHNICAL DESCRIPTION:

FASCODE calculates atmospheric radiance (%) and transmittance (T)
for the following conditions:

full Voigt spectral resolution from 0 to 50000 cm-1

"exact" line-by-line radiative transfer in UV/Vis/IR

optimized line shape and layering

scattering: Rayleigh, Mie, single, multiple

6 climatological descriptions: tropical, mid-lat sum/win,
subarctic sum/win, and US Std. for

6 atmospheric gases: H20, CO2, 03, N20, CO, CH4, plus

a "default" profile for each HITRAN gas (up to 35 species)

10 "greenhouse" (CFC) gas cross-sections and profiles

aerosol profiles:
tropospheric: rural, urban, desert, Navy, fogs,
stratospheric: background, volcanic (background,

aged, high, fresh, and extreme)

clouds/rain; cumulus, altostratus, stratus, strato cumulus,
nimbostratus, cirrus (standard, subvisual and NOAA)

geometric lines-of-sight: H1 (observer location) to H2
(end of path) with H1 or H2 = surface, space, or
anyplace within.

radiance sources: LTE, non-LTE, thermal and surface radiation

primitive target specification

laser applications

ground emittance and reflectance

user profile specifications

instrument specifications: plot, scan, filter options

weighting functions, primitive flux calculations

external data sources: HITRAN and SHARC

19




FASCODE

BACKGROUND:
o Requirement:

an exact spectral simulation code, containing the true
physical equations of radiative transfer.

DoD standard for judging the accuracy of
more pragmatic and/or efficient algorithms

** peed cannot be overstated **

provides a window upon the actual workings
of the atmosphere (and lab)

o Penalty:
FASCODE is ponderous and time-consuming
no solar capability
large storage requirements for some paths

o Code development/maintenance is mandated by:

DoD 1978/83 Atmospheric Transmission Plan
no single "sponsor” for the code.

20
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FASCODE
ASSUMPTIONS/CAVEATS:

o Accuracy:
FASCODE is spectroscopicly a 1-3% code, with caveats

line shape description is generally within 1%

end-to-end accuracy:

spectroscopic line parameters (1-3 %)

scattering algorithms (10%)

LTE field descriptors, p, T, N(),(all at 5-10%)

non-LTE field descriptors, excited state populations
from SHARC (approximately 10%)

governing physical equations, molecular (1-5%),
particulate (5-20%)

NOTE: Discrepancies with measurements can often be used to infer
the state of the atmosphere through inversion or to define the need
for improved spectroscopic identifications.

In summary: altitude limits 0-+120km (LTE, non-LTE)
spectral limits 0-50000cm-1 (A 500cm-1)
accuracy 1-3% for spectroscopy

field descriptors
LTE & NLTE 5-15%

applications thermal radiance
transmittance
contrast studies
surveillance
plumes
laser/lidar
high spectral resolution
microwave

[\
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FASCODE

CURRENT STATUS:
o FASCOD3P access:

- available in FORTRAN for mainframe or workstation
- implemented on Cyber, Cray, Apollo, VAX, and SUN
- NOS, VMS, and UNIX/ULTRIX operating systems

- transfer medium: 9-track magnetic tape

successful in-house PC version is under development

REMINDERS:

0 negatives:
- not particularly user-friendly
- computer time and storage intensive

- no solar capabilty

o balance between "first principles” scientific algorithms
versus more expedient and rapid codes (such as MODTRAN, LOWTRAN,

SHARC, and their derivatives)

o singular capabilities:
- 15 micron CO2 line coupling
02 mm line coupling
chloro-fluorocarbon (CFC) cross-sections
high altitude weighting functions
high spectral resolution (> 1cm-1) calculations at
low altitude
laser/lidar transmittances, etc.
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FASCODE

PLANNED UPGRADES:

0

maintain state-of-the-art physics and
state-of-the-art computational speed

new physics algorithms include:
improved line coupling (CO2 and O2)
line shape (CO2 and H20),
important for remote sensing applications

new radiance algorithm with:
compatible multiple scattering, |
solar insolation, and flux capability ;

more realistic/pratical weighting function formulations
AND with cooperation from DOE, a major effort to:
implement vectorized coding and efficient/accurate

flux divergence coding, ultimately intended for
parallel processors

23




FASCODE

USER COMMUNITY: There are over 100 new users of FASCOD3P, plus
over 200 users of FASCOD2. Users and uses include:

SSGM (Strategic Scene Generation Model) SDIO
TDA (Tactical Decision Aids) AF
EOSAEL (Army Atmos. Models) Army
SPIRITS (Target Surveillance Code) AF
CIRRIS data analysis AF
Climate studies DOE
Validation (SHARC, MODTRAN, MOSART) AF
etc. +200

o Suitable for:

- all non-solar LOWTRAN/MODTRAN studies

- recalculating entire systems designs and algorithms

- simulations relative to surveillance implications

- implement the CFC cross-sections for 8-10um window region

- evaluate/validate all systems codes

[any application that involves exact or any broader spectral resolution
under both equilibrium and non-LTE conditions may be suitable for FASCODE

simulation]
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FASCODE

AVAILABILITY:

FASCODE is available for:
mainframe computers, work stations, and, potentially PC’s.

The word size and FORTRAN 77 coding are appropriately formulated with
double precision declarations.

FASCODE is, in general, not being incorporated into assorted larger codes,
e.g. SSGM, EOSAEL, SPIRITS, TDA, etc., because of its required storage and

running times.

However, it is usually maintained "off line" for validation of
more pragmatic codes.
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THE NAVY OCEANIC VERTICAL AEROSOL MODEL
IN A FORTRAN SUBROUTINE FORMAT

Stuart G. Gathman

NCCOSC RDTE DIV 543
53170 Woodward Road
San Diego, CA 92152

A FORTRAN version of the Navy Oceanic Vertical Aerosol Model, NOVAM, has been
completed and is ready to be interfaced with other types of transmission models. The model is
available in the form of a NCCOSC RDT&E DIV technical report #1634 which contains: (a) a
written description of the model, (2) the printed code of the subroutine, (3) the printed code of
the associated subroutines and functions, and (4) a sample driver which can be used for batch
processing of data. The model requires meteorological data in the form of both surface and
amospheric sounding data files. NOVAM predicts the vertical distribution of aerosol in the first
6 km above the ocean. Outputs of the model include optical properties in the wavelength band
from 0.2 to 40 micrometers at any altitude. These properties include the volume extinction and
absorption coefficient, the relative humidity, as well as parameters describing the aerosol size
distribution in terms of dN/dr at that altitude. This paper will describe the model and some
sample applications.
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EXECUTIVE SUMMARY

OBJECTIVE

The object was the development of the FORTRAN version of the Navy oceanic vertical
model (NOVAM). The model predicts the vertical distribution of aerosol in the first 6000 meters

above the ocean.

RESULTS

The NOVAM was developed from extensive marine aerosol studies from different
laboratories. The climax was a multimenu-driven interactive program that allows mouse
selection of menu items needed for the calculation. It includes graphics and editing capabilities
useful to the researcher. When used with an appropriate method to determine the profile
parameters, it could be used in a fully automatic mode in which the program could access sets of
data and produce an analysis of the data sets in an unattended background mode. The final
NOVAM code is intended, however, to be used in conjunction with a LOWTRAN/MODTRAN
program and to supply the electro-optical (EO) propagation characteristics to the calling
program that are produced by the unique aerosol found in the marine atmosphere. It is written in
FORTRAN so it can be integrated into LOWTRAN/MODTRAN codes to improve model
performance in marine environment.

RECOMMENDATIONS

The model has several shortcomings that will be addressed in future modifications. The
region of applicability leaves two areas not covered well by the model. First, higher altitudes.
various models developed by the U. S. Air Force and included in the LOWTRAN/MODTRAN
code will be more accurate. Second, propagation paths that graze the sea surface or pass through
the region within a meter or so of the sea surface are not adequately covered by NOVAM. This
problem is being remedied by a large-scale experiment off the Dutch coast sponsored by NATO.
Another shortcoming is the limited types of weather situations in which it is applicable.
Advances in these areas await development of models from the basic research community in the
future. Another area of concern is the use of the model in close-in coastal areas. Compensation
was introduced, but experience has shown this is one of the weakest parts of the model. It is the
author’s opinion that a special coastal aerosol model needs to be developed that will adequately
take into account local sources of aerosol.
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CONCLUSIONS

We have presented a model for describing the EO propertics of the unique marine aerosol
found in the regions from shipboard height to above several Kilometers in altitude. The model
has been written as a self-contained FORTRAN subroutine so it could be incorporated into larger
scale models such as the LOWTRAN and MODTRAN codes. The model needs information on
the meteorological sounding at the site where the calculation is made as well as information on
certain meteorological parameters near the surface of the sea. The model has certain shortcom-
ings that need to be addressed in future modifications. First of all. the region of the applicability
is from shipboard level (about 5 to 10 meters) to regions above the lower troposphere where oth-
er aerosol models will be more appropriate. This leaves two arcas that are not covered well by
the model. At the higher altitudes, various models developed by the U. S. Air Force and included
in the LOWTRAN/MODTRAN codes will be more accurate. On the other extreme, an important
propagation path that grazes the sea surface or passes through the region within a meter or so of
the sea surface is not adequately covered by NOVAM. This is because NOVAM is in part an
empirical model and based on measurements in the real world. Current interest from shipboard
level on down currently lacks observation data because of the difficulty in obtaining them. This
region will be especially important to IR propagation during rough weather and high seas where
many marine-generated drops and droplets are suspended in these lower levels of the
atmosphere. This problem is currently being remedied by a large-scale experiment called the
Marine Aerosol Properties and Imager Performance (MAPTIP) tria] off the Dutch coast
sponsored by NATO. The results of this experiment will contribute to the development of an
advanced Navy aerosol model (ANAM) currently under development. These results can be
added into the modular format of NOVAM to increase its regions of application.

Another shortcoming in NOVAM is its somewhat limited types of weather situations in
which it is applicable. An earlier version of NOVAM included the region just below stratus
clouds, but because this model had a limited band of wavelength validity and required inputs that
are really incompatible with a self-contained model, this submodel was dropped from the current

model. Advances in these areas await the development of models from the basic research com-
munity sometime in the future.

An area of concern in the application of models such as NAM and NOVAM is the use of the
models in the close-in coastal areas. As these models were developed for the open ocean region
far away from the land influences, error would be expected when unusual sources of aerosol are
sent into the atmosphere by man-made sources. The amp concept was introduced into NAM and
NOVAM to compensate for these problems, but experience has shown that this is one of the
weakest parts of the models. It is the author’s opinion that a special coastal aerosol model needs
to be developed that will adequately take into account Jocal sources of aerosol.
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THE NATURE OF DESERT AEROSOLS: SUMMARY OF
CHINA LAKE STUDIES TO DATE

P.L. Walker
Physics Department, Code PH
Naval Postgraduate School
Monterey, CA 93943-5117
walker@physics.nps.navy.mil

L.A. Mathews, ret.
Research Department
Naval Air Warfare Center - Weapons Division
China Lake, CA 93555

ABSTRACT

The Naval Air Warfare Center has been conducting desert aerosol characterization measurements at
China Lake at ground level in 1987; at 15,000 feet in connection with Long Jump in 1988; at ground
level in the western Mojave including Edwards AFB and China Lake in 1990; and will be conducting
further measurements in the western Mojave in the summer of 1994. This presentation will present
an over view of the analysis of data to date. The properties of desert aerosol that are appearing are
some what different than those proposed by Longtin and Shettle in that the accumulation mode is
dominated by the presence of large numbers of organic carbon particles while dust is characterized
by the presence of clay particles in the dust size distribution mode with few quartz particles being
present and no quartz dominated blowing sand mode. . We will compare particle size and composition
at 15,000 feet and ground level, further micrographic studies of the composition of high altitude
aerosols and the effect of wind speed on aerosol characteristics at ground level.
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A Comparison of Ground Aerosol Sizes and Concentrations with Those Near 15,500 ft.

Dust Mode
@15,500 ft. No = (.6 particles/cc number density
Dn = 0.285 microns mode diameter
Log(o)=0.7 mode width
@Ground No = 5 particles/cc
Dn =().35 microns
Log(o)=0.9

Accumulation Mode

@15,500 ft. No ~ 5 x 10* /e
Do=.07p
Log(o) = (.28
@Ground No ~ 2 x 10% /cc
. Dn=20.1p

Log(o) = 0.47
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Altitude, ft

Accumulation Mode Particle Concentration vs Altitude for Flight 15.
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Particle Composition at 15,000 ft

Calcium and phosphorus particles having featureless surface
characteristics were found in all size ranges. One particle
was associated with chlorine, sulfur and possibly clay in the
0.1 to 0.4p size range during stagnant atmospheric
conditions.

Clay was found in all size ranges and always in association
with sulfur for stagnant conditions, but only for the 0.4 to
1.0p range during storm conditions.

Sulfur is not restricted to the accumulation mode. Sulfur
composes an increasing proportion of the alumino-
silicate/sulfur mass for decreasing particle size. This
phenomena is consistent with the concept of sulfuric acid
absorption into alumino-silicate surface layers.

Chlorine was also associated with alumino-silicates in all size
ranges for stagnant conditions but was not sought for storm
conditions. This association is consistent with accumulation
of chlorine from sea salt under stagnant atmospheric
conditions.

Chlorine and sulfur occurred in a fixed ratio except for one
instance.

Gypsum was found in size ranges greater than one micron for
stagnant conditions.

Sodium sulfate was found in the 0.4 to 1.0u range during
storm conditions.
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Smog and Dust in the Mojave Desert

- Ground level atmospheric extinction from 0.5 to 12 microns was determined
as a function of date and time of day by a combination of direct visibility
measurements and Mie calculations.

Simultaneous Measurements were made using

Nephelometer
Telephotometer
Aerosol

instruments in the Indian Wells Valley from April through July 1987.

Spectral Extinction was calculated using measured aerosol size distributions
and composition estimated from the RESOLVE Report.

Results

Unexpectedly high extinction in the 8 - 12 micron range agrees with
anecdotal information: In side by side operation at the Naval Weapons
Center detectors operating in the 8 - 12 do not perform as well as those
operating in the 3 - 5 micron range.

The situation may be worse than what we have calculated:

Mid-day (when most of our data were taken) accumulation mode aerosol
concentrations were only 60% of the twenty-four hour average and
sometimes only a quarter of the midnight concentrations.

Measured organic aerosol concentration may be too high by a factor of two

due to 2X4 filter contamination. That would imply that (NH,),SO, induced
extinction could be twice what we have calculated.
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dV/dlog(D)

REPRODUCED AT GOVERNMENT EXPENSE
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FIGURE 20. Daytime Accumulation Mode Particle Concentrations. The

middle points were averaged over four months starting in April. The
other points are the extreme concentrations observed for that time of

day in the four months of data taking.
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FIGURE 21. Daytime Dust Mode Concentrations. The middle points were

averaged over three months starting in May 1987.
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Material

Montmorillonite Clay
Kaolinite Clay

lllite Clay

Quartz

Sodium Nitrate
Calcite

Potassium Nitrate
Dolomite

Hematite

Halite

Average dust density = 2.61 gm/cc

Table 17. China Lake Dust Using Pye Model.

Material

% of Dust

% of Dust

Montmorillonite Clay
Kaolinite Clay

lllite Clay

Quartz

Sodium Nitrate
Calcite

Potassium Nitrate
Dolomite

Hematite

Halite

Average dust density = 2.55 gm/cc

20.3
10.1
10.6
15.5
21.1
3.6
5.6
4.2
5.4
3.8

Table 18. China Lake Dust Using Hoidale Model.
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Density

2.5
2.64
2.75
2.65
2.26
2.71
2.11
2.86
5.24
2.17




Dust Mass (mcgm/m*#*3)
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y =2.4157 * 10/(0.0441x) R = 0.63
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Figure . Dust Mass versus Windspeed.
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Dust Mode Diameter, microns
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. Dust Mode Diameter versus Windspeed.
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Figure . Width of the Dust Mode versus Windspeed.
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Future Work

Investigate organic aerosol problem by comparing mass captured on
filters to mass calculated from size distribution. Use a denuder
(pre-filter) to remove organic vapors.

Use LIDAR to get vertical aerosol profiles to 15,000 to 20,000 ft.

Make greater effort to get all the instruments working all the time in
order to obtain comparison and rare event data.

Use impactor and x-ray elemental mapping more extensively than
here-to-fore 1n order to deduce particle composition statistics.

Relate aerosol and meteorological data to meteorological codes that
will run on a work station. Codes that do not appear to be suitable
are NOGAPS, COAMPS and NORAPS since they take hours to run
on a Cray C-90.
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Application of the MODTRAN2 code to the modeling of
silicate dust clouds.

Abstract

The MODTRAN2 code has been used to model the thermal
infrared radiance from a dust cloud formed during an explosives test.
High signal-to-noise ratio infrared spectra (3 - 14 microns, MAA = 0.1
microns) of the dust cloud were measured and they showed the
presence of silicate particles. In an attempt to model the thermal
emission of the dust cloud and reproduce the silicate feature, a
silicate dust cloud was generated, and MODTRAN2 was used to
calculate radiance spectra between 6 and 16 microns. A description
of the analysis, comparison with experimental data, and the
problems encountered will be presented.

1. Observations

An explosives test in U.S. southwest desert lofted a large
amount of dust into the atmosphere to altitudes of several thousand
meters above ground level (AGL). High signal to noise spectra of the
resulting dust cloud were measured in the 3-14 micron range using a
nonscanning array spectrograph (Hackwell et al. 1990). Data were
taken during the initiation, growth and dispersion of the dust cloud
(Lynch et al. 1994). In addition, spectra of the clear sky and that of
a cumuloform water cloud were also collected. The spectra of the
dust cloud showed clear evidence of the silicate SixOvy vibrational
emission band near 10 microns (Figures 1, 2). Laboratory analysis of
soil samples collected from ground zero before and after the test
confirmed the identification.

Owing to the limited slant anglés, column densities, composition
and other atmospheric variables, we decided to model the dust cloud
radiance using a general purpose atmospheric radiance code. The
initial objective was to calculate the infrared spectra expected from a
model silicate cloud and compare this to the observed data. The
MODTRAN2 model was chosen based on available expertise in
running the code, adequate spectral resolution to match the
instrument used for the observations, and an existing dust model
built into the code.
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The very existence of the silicate emission feature gives some
indication of the particle size. Optically thick particles would not
show a silicate feature. For typical silicates for which the imaginary
parts of the indices of refraction around 10 microns are near unity
(highly absorbing), the maximum particle size that would show
silicate emission is of order 10 microns in radius. With this in mind,
we used the indices of refraction for various silicate minerals
(including MODTRAN2’s volcanic aerosols), computed the absorption
and extinction efficiencies Qaps and Qex using Mie theory, then
defined a dust cloud at a height and size consistent with the cloud
produced in the test. This cloud was approximately 500 meters thick,
approximately 3 km AGL and observed from the ground with a
zenith angle of about 60 degrees. The extinction coefficients were
computed and used as inputs to MODTRAN2.

3. Aerosols and MODTRAN?2

In operation, the MODTRAN2 model will define a model
atmosphere layering based on predefined altitudes for four different
aerosol regions. A first attempt at defining a model atmosphere was
made by allowing MODTRAN2 to generate its own layering. For this
observing geometry, and given our plans to change the defined
aerosol layer contents, the default layering was inadequate. While
MODTRAN?2 performs some scaling of the aerosol profiles based on
the actual starting altitude for the observation (through the GNDALT
~input), the boundaries of the four built-in aerosol layers are fixed at
0 to 2 km, 2 to 10 km, 10 to 30 km, and 30 to 100 km. For this
viewing site, the altitude for our test was close to the first aerosol
layer boundary at two kilometers. Because of this, the MODTRAN?2
atmosphere allowed only three layers for the boundary layer aerosol
before the second predefined aerosol layer boundary was reached.

Using the MODTRAN2 generated layering as a guide, a model
atmosphere was created using 100 meter laying through 4
kilometers, with the remaining layers spread upwards to 100
kilometers. This was the only way to redefine the aerosol layer
boundaries in the MODTRAN2 inputs. One of the difficulties in this
process occurred because MODTRAN?2 limits the model atmosphere to
only 34 layers. In this case the layer limitations required that the
stratospheric ozone layering be made coarser to allow for better
modelling of the boundry layer aerosols.
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The extinction and scattering coefficients of the dust were
calculated using the Mie theory code developed by Bohren and
Huffman (1983). This calculation assumes that the particles are
spherical in shape. While the assumption of sphericity is valid for
liquid aerosol particles, the variety of shapes in dust particles can
give rise to errors. Although this assumption may yield answers that
are not entirely correct, the uncertainties in the optical constants and
size distributions are certainly more significant. The values of Qext
and Qscat were calculated for each of the 47 wavelength values
required by the MODTRAN2 code. The optical constants for the
silicate material were obtained from Palik (1982), which compiles
the data from numerous sources.

In addition to using these calculated values, the extinction and
absorption coefficients for the volcanic aerosols available in
MODTRAN?2 were used to define the dust cloud. The structure in the
'‘aged volcanic' absorption suggests that this aerosol contains some
silicates (Volz 1973, Shettle and Volz, 1976).

The scattering coefficients were then included into the second
of the four aerosol regions in the model atmosphere described above.
Only the aerosol species of interest was changed when the dust cloud
was loaded into the model atmosphere; the other aerosol species and
the atmospheric layering remained unchanged.

4. Comparison with Observations.

Figure 3 shows a comparison between the observed spectrum
and that calculated by the default layering generated by MODTRAN.
The tropical atmosphere profile was required to match the observed
radiance, indicating a large amount of water vapor was present in
the atmosphere even though the observing site was in a desert. The
deficit between the calculated and observed radiances is probably
due to a hygroscopic aerosol haze in the atmosphere, and could be
modelled by using a rural aerosol model. Further investigation of
this will be done using the sonde data in a follow-on study.

Figure 4 shows a comparison between the observed radiance
and a MODTRAN2 calculated spectra using the 'aged volcanic' aerosol
absorption and extinction coefficients that are built into the
MODTRAN2 code. The observed spectrum used for this comparison
was taken thirty minutes after the initial cloud was formed, so the
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dust particles should be in thermal equilibrium with the surrounding
atmosphere. The agreement between the two is reasonable, showing
the expected silicate emission in the 8.5 to 9.5 micron band.
Unfortunately, since the actual composition and particle sizes of the
‘aged volcanic' material were not known to us at the time of this
study, a further comparison could not be made.

In Figure 5 the radiance from a cloud composed only of
amorphous SiO, particles of 5 micron radius is compared with the
observed cloud data. The differences in these spectra between 8.5
and 9.5 microns clearly indicate that the structure of the amorphous
silicate emission is not adequate to model this cloud. This
comparison, combined with laboratory analysis of dust from the site,
suggested the use of a crystalline silicate material to better model
the spectral structure.

5. The 47 wavelength problem.

When we began to include a crystalline silicate material,
quartz, into a dust cloud model, a significant problem was
encountered. Figures 6 and 7 show the scattering coefficients
calculated for input into MODTRAN2 for a 5 micron radius cloud
composed of quartz, using the optical constants from Palik (1985).
The full resolution values are drawn in the solid lines, while the
values which MODTRAN?2 uses are shown as the dashed line. Note
that significant spectral structure is lost,  particularly near the 9.5
micron absorption, as well as near the 12.5 micron absorption bands.

Apart from selecting which optical constants to use for the dust
cloud model, the fixing of the wavelengths at which the optical
constants can be input to the MODTRAN2 code poses a serious
limitation to accurately modelling the emission from the dust cloud.
While the model does allow for an input wavelength’ from card 2D2,
these values are discarded since they must conform to the required
47 input wavelengths. While the choice of these 47 wavelengths
does perhaps make some sense in the context of an overall
atmosphere (e.g. interference from the ozone band near 9.5 microns),
this imposes a limitation on the types of materials that can be
modelled. This limitation does not render the model useless, since
these wavelengths do work well for some materials. For example
figures 8 and 9 show a comparison of the amorphous SiO; optical

constants that can be input to MODTRAN2 with the actual values. For
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this material, the fixed wavelengths are a reasonable approximation
to the real values.

6. Discussion

In attempting to define our own aerosol cloud, a number of
difficulties were encountered in using MODTRAN2 code. While the
LOWTRAN manuals provided some guidance for constructing a model
atmosphere, the process of introducing a user defined aerosol
brought out several questions. Among these, there is a question as to
why there are four regions allowed for the user defined aerosols, yet
there are five total aerosol regions which are defined in the code.

The use of this fifth aerosol region, and therefore its effect on the
data, is still unclear.

A second issue is the composition and particle size distributions
of the built-in dust aerosols.  Volz (1972) and Shettle and Volz
(1976) discuss the absorption and transmission of field gathered dust
particles without a discussion of the composition of dust itself.

As discussed above, the restriction of wavelengths at which the
scattering parameters can be input limits the aerosol materials that
can be modelled. To explore this further, we have modified the
MODTRAN2 code to remove this wavelength restriction. However the
restriction to 47 wavelength values has not yet been removed, and
makes the selection of the appropriate wavelengths for each aerosol
material very important. The results of this investigation will be
discussed in a future study. It is interesting to note that other
investigators have also encountered this difficulty, Hammer has
made similar modifications to the LOWTRAN code in connection with
his work on cirrus clouds (Hammer et al. 1994).

7. Conclusions and directions for further work

The MODTRAN2 model works reasonably well for modelling
the infrared spectra from a silicate cloud in a model atmosphere.

The user defined aerosol layer capability of the MODTRAN2
model works well for materials whose spectral structure is smooth so
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that the scattering parameters are well sampled by the available
input values.

. We recommend the following modifications of MODTRAN2 be
made. The existing restriction of 47 fixed wavelengths at which the
scattering parameters can be input should be removed. This

restriction limits the aerosol materials that can be modelled using the
MODTRAN2 code.
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ONERA Planche: 1 ONERA

&

Airborne measurements of cloud radiation
and
comparison with theory

C.Malherbe, P.Simoneau, P.Michon
A.Boischot, G.Durand, J.Deschamp, G.Gregoire

1/ Introduction
2/ Airborne measurements

3/ Comparisons with LOWTRAN7

4/ Improvement of the model  —» NUALUM

5/ Results

6/ Conclusion
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ONERA : Planche: 2 ONERA

VY

INTRODUCTION

Requirements at ONERA

Modelisation of the infrared atmospheric and terrestrial backgrounds

in presence of clouds:
- fluctuations of the atmospheric background

- fluctuations of satellites terrestrial pictures

Tools

- airborne measurements
- computer models
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Planche: 4

ONERA

- Airborne measurements

Spectrometre Infrarouge Cryogénique AéroPorté (SICAP)

(airborne cryogenic IR spectrometer)

—>

—» Cryogenic > low thermal noise

—p» Airborne

IR Spectrometer: - circular variable filter
- band: 1.5 -5.5um
- resolution: AAMA =2%

C.E.V.'s caravelle 116
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ONERA Planche:  SICAP

ONERA

Spectrometre Infrarouge

Cryogénique AéroPorté

SICAP

Fuselage ZnS Window
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ONERA

Comparisons measurements with LOWTRAN7

Improvements

—>

Discussion

—3 microphysical parameters

NUALUM
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approximative method for the computation
of the multiple scattering ( two stream method )

—p more accurate method ( Discrete Ordinate Method )




QNEM Planche: 8 , ONERA

Wy

Cloud radiation pattern

e

II%Fo Lm(A, Q) /
Lat(A,0,¢m)

Icloud(?\«, e(p)

Liows(A,6)

|tot(?\.,&,(p)) = 'JD IT Fo R(?\.,a,(ﬂ),&,q}s) Tco(?\.)-i- |cloud(7\«,e,(p)) Tco(?\,)'l' Iatm(?\.,a,(p))

+ Tco(}\,) RO\e&’,(P’,e:(D |atm(7\,,6,¢d9d(p
6.0

Lo =COS6
leoud(A,0,@) = EA) * B(A,T)

(?

R(L,0,0,8¢0), €A.0, ITFo, BAAT), lam(1,0,9, Teo(d) £
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Planche: 9

ONERA

Organigram (1)

1/ Mie scattering code (J.V.Dave)

kext(i, 7\,) =

o

kabs(i ’ 7L) =

dn(i,r)/dr G«(A) dr

dn(i,r)/dr Ges(A) dr

1

ad,A) =1/2 JP(i,cosG)cosedcose

—1

TG,?L) = kext(i,?\«) AZ

for each layer "

and n(r) given by Diem's distribution with: - r =5 um

i " in the cloud ( inhomogeneous cloud)

- eqlwc = 0.6 g/cm3

2/ DISORT ( K.Stamnes and Collaborators)

( discrete ordinate radiative transfert )

Ken(i, )
Kaos(i, 1)
g@,A)
i,\)

D|SORT/7 R(?n,G,(p,(-),(p’)
32 stream \A 8(7\,,9)
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ONERA Planche: 10 ONERA

%

Organigram (2

3/ LOWTRAN?7 (PL/GL)

A , ITFo.
tmospheric data
( radiosoundings) /V
—» |LOWTRAN7| <P T=(A)
P(2), T(2), [H20] A
Ztop, Zbottom Iatm(?\., a’(p))

4/ NUALUM (ONERA)

( nuage luminance )

Te(A)
T1Fo
lam(X,8,)  — | NUALUM | — P> (A,0,@)

R(2,0,0,8¢)
e(A,0)

with J R(1,0,0,8¢ ) lan(A,0,@) d8d@ << ITF*R(A,0,0,5¢)
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ONERA , Planche: 1 1 QNEM

V)
\‘\\

CONCLUSION

Fair agreement between measurements and models ( LOWTRAN?Z,
and NUALUM)

Improvement of the multiple scattering model by DOM

PERSPECTIVES

Constitution of a data bank from DISORT for different ty'pes of clouds

186




268¢-126 (609)
0¥S80 PN ‘uojadulid

19941S lIeM 001
"ou| ‘091199

MoJ9 "I dulayiey "ia
199N "3 |SeYdI “1d

T3AOIN H311VIS FA1dILTNIA
ANV NOISSINSNVHL LITOIAVHLIN NV -- JISO

uojs|AIg mEE.m>w esuejeq MHL Jo Kieipisans psumo Ajloym e

2 L ‘ou| ‘091198

187




NOLLYOINNWINOD FDI0A
LHDIS-40-3INIT-NON ANV HDNINHVYM J1USSIN LHOddNS O1 :3S0dHNd

XITIAVYN “IM3I ANHY
‘dV71 SOINOIAV FOHOL HIV ‘“OSON ‘OLINd ‘VdHY  :Ad d3HOSNOdS

¢861-G261 -AOIH3d LNIINAOTIA3A
NVOHOW "8 ‘4dNTHOS ' ‘H33AN "W :SHOHLNY TVNIDIHO

T13dON H311VOS
F1dILTININ ANV NOISSINSNVHL L3TOIAVHLIN NV :NOILdIHOS3a

1dAdOIN JISO 40 MAIAHIAO

uoIsiAig mEE.w>w esuejeq MH.L Jo Aiejpisqns peumo Ajjoym e

Amars | | '0u| ‘09108

188



19)3eas ybiy
auozQ ybiH

oallg R

layeog o|bulg %

lepeog a|diyinin

19pe0g a|diiny

la))esg mo-
auozQ ybiH

- aug

Lwnﬁmow 8|bulg

Jajjeog a|dninin

ADOTONIINONTHd NOILYOVdOdd AN

19)3e9g UBIH
auozQ Mo

pouq M
Jayeog sjbulg

\
Jayeag ajdnin|y %

19))edg Mo
auozQ Mo

joeuQ

lepeog a|bulg

wo+mcé

lapeog sidiniy
yjbuajanepn
082 . m*u : o¢~ : nWN _ omu : mmN : omw : P'ig
S8
9
(14
ST
]
(qdd) uoyjennuasuosn auozp
S19)9\ 000} = obuey 1

3 zo+30')

3 g0+30°4

asueipe.]

3 po+30's

7 §0+30°1

189




(+) 3SNOdS3Y

- H3AI303Y4 ONINYYM

A

: ()N
CAAL
:yo.lmx :_.KVI .wm<x
:vOAv.:vav ) :._.de .mmdx
(0% *(nsg | 1300w y3LLVOS (4'X) N ‘LVOSy
(19 ‘(N Sy 8 NOILVOVdONd | (' )V 'Lvosy
AY13INO039 $31143d0Nd
(Q) ¥3A)1303Y IVOILdO

Ol (S) ATISSIN

OlY43HdSON.LY

(w'x'1
SOILSIN3LOVHVHD

NOlLLVIavY
3WNd 3ISSIN

)L ;ém&.f
(0'X) AO4

SOILSIYILOVHVHO

MIAIZ03H ONINYYM

130N UHMIN

190



W'sav,,
b |

(')

(y'v‘d)g
Ar_ ..& vs_..r<owv_

(Y‘vd)'d
Ar_ .&v(.mm<v_
Ar_ .& v<.._.<owv_

uoising mEo.“m>w esusjeq]
AA m Y 4

—_—

-

awm

ﬁ s|qeL

Aoay |

SIN

Xapu]
anoeRlaY

ﬁ dnyoon 8uozo
\
£ oay | ainssald
_.._m_m_>mm_ ainjesadwa |
NS
ﬁ m_hm_u_uo:_\_,_ Apiuny aAejey
ﬁ SAlIoelioY adA] |osoiay

uonnqulsiq 9zIs |0soiay

SUILINVIVd LNdNI ORIFHdSOWLY

MU Jo Aieipisqns peumo Ajjoym e

"0u] ‘091108

191




(AO2“Y)S ALINISNOdSaH

:SOLLSIHILOVHVHO H3AIZO3H

(Y0)] ALISN3LNI LNVIQvd -

-SOLLSIHALOVHVYHO 304HNOS

(°6 °d) NOILVLNIIHO
(°z °A °X) NOLLVDO1
(H3AIZO3H DNINHVM *6°8) HOSNIS

Mo "d) NOILVLNIIHO
Mz YA YY) NOILYDO1
(3ssin '6'9) 32HNOS -

"AdLINOZD
‘SINANI T3AON

uojs|AIg swelsAg esuejeq . MH. Jo Aiejpisqns peumo Ajjoym e
h-m ) 4
[ 4

fwn "0u| 091108

192



130N TVIIHIdIN-IINTS DNISN d3LNdINOD -- HIL1VIS I1dILTNIN

H3LLVYIOS HYT1NO3TON
H3LLVYDS 70S0HaY

:S31VHOdHOINI
A110VX3 d31NdINOD -~ H311VOS 1SHid

H31L1VOS ANV NOILdHOSEVY HVYINJO3TON
H311VOS ANV NOILdHOSEY T0S0oH3aV

:S31VHOdHOOINI
A1LOVXE d3LNdNOD -- A3LLINSNVHL A11034Id

‘ONIMTTIAOI IONVIAVvHdi

uoising mEE.w>w esusjeq . MHL Jo Aleipisqns psumo Ajjoum e

Anus QU ‘08108

193




OTHVO ILNOI N33O 3 IM3ld -

VINWHOL NOISHNO3H HOHOVZ -
(S3LVIOOSSY HOHVISIH NOILYIAVH) OTHYD JLNOW 1HVdL -

S3A02 H311VIS I1dILTINN OL d3HVYdINOD

(NOZIHOH H3AO0) LHOIS-40-3INIT-NON
ANV ‘HIV OL ANNOYD ‘ANNOYD OL ANNOYH :SIAOW  *

WMO00L OL SO04 :S3LLITIFISIN
8dd 00L OL O :INOZO -
ONIHdS “17Vd ‘HILNIM ‘HIWNNS SNOSVYIS

(Nvadn) Hoaiyg4o? 1 31noy
‘(lvdny) HLNOWNOW L4 ‘(LY3S3a) VIONYS
‘(IWILIYVYIN) ANVISI SYT02IN NVS ‘(LH3S3A) I)MV1 VNIHD :SNOLLYDOT  *

WYHOOHd LNINFHNSVYIIN FJAISNILXT WOHL d3d013A3A 13A0N

- T3AOIW TVIOIHIdINI-IWIS 40 NOILVOIEHIH3IA

uolsing swelsAs esuejeq

. >>m._Lobm_u_mn:mvmcsoz_o;;m
. £
ARy ou| ‘091108

194



79-1045-A

wy ‘epniny o
g 0

! \\\/.‘,q\.. B :o.wo;oovmmf_
T - e ]
|_/ (4D]n08joWw) ¥o8y T 27"
Amco.Novmm;// -
(105049D) L¥o8y _
—2
00. bl wy Gg92=x
ON ‘HLNOWNOW L¥04 -
8L4/92/L
8261 ‘92 ATNr NO S31LH3IdOHd

[ -WY “Sjulldlyye0d |Dljusuodx3

1VOIl1ldO JIHIHdSONLY 40 NOILLVIHVA 3AaNLiL1v

uoisiAlg sweisAs esuss(

F o L

3

MHL. Jo Ale|pjsans paumo Ajjoym e

‘0U| ‘991199

195




wu U1 Yyibusiarem :
00€ 062 08¢ 0.2 09¢ 0S¢ ove (0]4 0ce (0] X4 00¢

NENE
(1-)yuny(L-)vudd sjusioya0d auozo

w
N

Qo
(8]

Ge
uonoUNXe Y| 10} SJUBIOIIe0D BU0ZO

uolsiAlQ) swelsAs esusjeq MHL Jo Aiejp|sqns psumo Ajjoym e
AA)T

e "0u| 081108

196



(wil) SNIAVY 10S0¥dV

587 81 ! 1-81 2.81
IR R R LRI —:-4.- UL —:--. LI _d:a_ | L L ml&ﬁ
X W -
! 2
X
Xxx - Nl@ﬁ m
x 2
X - =)
53]
- 4
5
X SR
2.3 v ™~
% O -
"y 1 G

X
1
wrl
€

G-

woﬁ
NOLLNGIY.1SIa 3ZIS 10S0H3V TVOIIdAL
uo|siAlg swieisAs esuejeq : MU Jo Atejpisans peumo Ajjoum e

Lt il 0U| ‘091108

L}




(s®2a89p) ATONV HDNIMALLVOS

882 8S1 881 8s 8
' Nl@ﬂ

>

A

=

e

=

3-8

: >

&

i

| a

zZ

5 Q
\ H 3
4 o t

4 Z

H o

~ m...@« J.._..

5,

p-81

NOILLONNS 3SVHd H311VOS J19DNIS ILNTOSTY TVIIdAL

uojsjaq swielsAg esuejeq MHLL jo Asejpisqns peumo Ajjoym e
Yy P‘ . ¢
o L ou| 081108




uoising mEB.m>w esusjeq
AA m ' |

—

I 4

ct't 62800 68L'0 1020 61¢
LE'L Ge80’'0 G61'0 90¢0 LLC
cl’t ¢c80'0 020 8610 v.¢é
vl'¢ Ly80°0 810 9120 0L¢
G'¢ GG980°0 €€2¢'0 Lcco 99¢
€8¢ ¥¥80°0 6¥2'0 912’0 c9¢
86°¢ ¥280°0 99¢'0 80¢0 8G¢
10°€ Ge80°0 4820 8120 14°T4
> 65980°0 90€'0 ¢€20 0S¢
c9°¢ €980°'0 62€0 8€c0 ov¢e

_OE.mDmv‘_ ‘_mm.mnmx _OEJmomx ._mm.wmomv_ AE Cv )m

-S.IN310144300
40 3ON3dAN3d3d HLIONITIAVM

NOILdHOSaV ® ODNHALLY

MH.L Jo Areipisqns peumo Ajjoym e

"*0u| ‘091108

199




371ONY DNIJ311838 y .

l;mu 1.1

Illllll 1.1

5 81

¥S) FONVIAVYE TIZITVINYON

-
- _81
I
LS 29:3T ANIL ol
WY 16°% AONVY - _
6L6T ‘L aaquade( HLVA - <
. -
230 NOY" - a
AONVY LSAL VIANVS -
= g8l

¢c0# LNINIHIdX3 HO4d SNOLLIOId3Hd ANV SINJINIHNSVIN
dONVIAVH A34311VOS d3ZITVINHON 40 SNOSIHVdINOD
co_mwzc wEmH@»w esusjeq

_ MULL Jo Lepisgns peumo Ajjoym e
Ihm ' 4
Ay

frr- "ou| ‘081105

200



UOISIAIC SWeISAS esuejeq
AA m y 4
—
€

»

~ (NOISHIA Od) AVMHIANN NOISIAH

1S31 3HI4 AT SMVIN AAVN

SWvir -

MHU.LL Jo Aleipisqns peumo Ajjoym e

"Ou| ‘091108

(&

o™




10602 AW ‘bulads Jaajis
anig poomxi01 6221 1
uolje.od.10] yaieasay wnjae)

Uas ‘'

0080-G1266 MU ‘s>ueq.ie
suegq.Jie | eysejy jo hyisaaaiun
alnliisuj jeaishydoag
hes] *J-"s pue ‘uasJeq "N ‘sauwe)}s ")

NU41A0OW
ui buia)leas ajdin a1e.anaay Jo uoisnjauj

202



(2deds wo.y 10 paseq-punoab) sajuelpes paanseaw Jo uone)alddiajur ay) uo
fija4 yeyy sanaadoad aaydsoune pasuas-fjajowau Jo sjenau}ad jo fiseandae

uol}oipaid pue uoissiwsueld) daydsouw)e jo suoljejnyjes *

ano.dun 0) pajiadya si awayss buiiayyeas ajdiynw 1a))aq e ‘aloya4ay)

igleujwop fRew ajueipes ay) o) uonnquuod Buwa)yeass
a|dilInw ay) sjosodae pue spnojd jo ajuasadd ay) uj

‘4an3mMo} *suoi}ipuod s aeajd 10 ases ay) aq Rjjuanbaay iew
Se sajeulwop uonnqiuod bulayjeas ajbuis ayy J1 ajqeynsnf sjyseosdde siyy;

"$}23}J3 U0I}IeJ}3J PUB 34N}EAINI

Buipnjour Nyd1aoWw ut fjayeanase payndwo? Apeadje s1 Bulaayjeas ajbuis %

v fiq 1 Buipiip fig xnyy ayy woay paurerqo si fiyisuaju
edliaydsiway ay) jey) os asaydsimay ysea ui wJaojiun s) fiyisuajul ayy eyl
butwnsse fiq sanisuajui jesraydsiway O}ul pajJdanuod uay) aJe saxny) asayl *

| "pauie)}qo aJe saxnyy
piemumop pue piemdn ysym wody uoljewixosdde tafie] jewaayjosi ue yum
(XN7i4W8) 3p0d wead)s-zZ B uo paseq SI NYHILQOW ul buiia)jess ajdninp *

UOTIBATIOI

203




‘Sun{elepun urtnsuod

-oWI} B ST SIYJ, "Paindaxa A[njaied aq jsnwi pue patmbair st Sunsol SAISUIIXD %

:A[InJaIed A19A 3UOP 3q ISNW NVYIAOW WIM INOSI] JO Supejmur

2J0JaJ3Y ], "SOpP0d
Xo1dwod AI9A 2re L¥OSIA PUe NVILAOW WO :LNV.IYOJNI

‘uonoduny
92In0s JOo jusuodwod SN andwod 01 1YOSIA PIPUSIXD ALY
oM NVILAOW Ul S93Ueyd aZIWIUIW O], :IOMSUE 213[dWOod IO

910Ja.I9 ], "UOROUNJ 224Nn0s 9Y3 Jo jusuodwod Surrsleds oaidnmnmp
ATUoO spaau NYY.LAON Ing ‘@duerpes a39[dwod soyndwod LIOSIA

"‘surraneds o[dnmuw syndwod o) (LYOSIA) ydeoadde
WESLS-NMNW € U0 PIseq 2UO0 J)BINIIE 2I0W B NIM (XN TINY

UO poaseq) swoyds 3unsixs 20e[day :IoOMSUP ordurig

jluoumeal]
(SIW) durraneds ardnny aaoxdwy am op MOH

204



iyaeouadde siy) fig apew 410443 3y) 1234402 am ued MOY

¢ wia) buia)leas ajdiinw ay) jo ajuapuadap
-yinwize ay) burtoubi fiq axjew am op Jo44a ue ab.ae] moy
:asue suonsanb Buimojjoy ay) ‘adojaaay] *aajuapuadap-yynwize Buipnjou Ajj2asi02
payndwo3l si uonnquuod bumajieas ajbuis ayy ybnoyyje ‘pasoubs s) uonauny
392.1n0S SW 3y} jo asuapuadap-yinwize buiysixa ay) ‘danamoy ‘dejos ay) uj

"Juapuadapui-yjnwize
Sl uoljduny 3lInos ay) alJaym padedjul ay} ul uolje}iwi| ou syuasasdad siyj

"aaueiped ay) jo yusuodwod pabesane-fjjeyynunze ay) yym Rjamsnjaxa
sieap (HN1iwWg uo paseq auo ay) se) Buiiajyjeas ajdiinw Jo uoiIsSnjaul yuasadd

Rilawoag aueld ul bulia)yeas aydnyInW 'y

SNOISN3I1H1 3719441530 aNU 114918S0d

205




‘pPIien si )1 SUOI}IPUO3 Jeym Japun }no puty
0) )}saJajul }eaub jo aq pinom )1 aJdojaaay] “juaidiyya Aaan
aq 0) pa)Jadxa si )1 asneaaq anijaedjie si yseosdde paiy) ayg

‘ucli}auny aseyd a)ajdwod ay) uo paseq uoinjos buiia)yeas
ajbuis ,1oexa, ay) yym uonnjos bBuiaalless ajdijnw a)ewxoidde siy)} Buiuiqwoa (1)

:sa1nguuod yuauodwod pabedane-fjjeyinwize ay) fijuo ysym Joj wajqodd (buwayjeas
Ajleaidoayosy) pajeas, ay) uo paseq juauodwod Buiia)jeas ajdiinw ayy 4o0) Buinjos ()

:(uonjewojsued) Ayepius) bulayjeas
didoajosi yiim auo o} paiInpad si wajqodd ay) eyl os Buliayjeas ajdeajosiue ayy Buieas (1)

J0 }sisuod fiew yaeouadde praghy
ajewxoadde ue ‘ssojalayl "juaizyins si yseoadde juasaad pue sajnquijuol juauodwold

pabeisane-fijeyinunze ay) fijuo uay) ‘ardonyosi si buiayjess J| :yseoadde (puafiy) payy

‘3Jjuejped 3y} Jo Juauodwod Buliayjeas ajbuis ay)
Jo uoneindwod ,}3exa, pue bula)ieas ajdininw Jo uoijeindwod )sej aney j|Im (UOOS paseajad

9q 0]) 14HOSIa JO uoisian mau 3y} ‘yoej uj -uoljeindwol Jaajsued) aaljeiped 3jajdwod
ayl ajpuey 1HOSIA 19| pue sanJdadoad jeando ayndwiod o) NYH100W asn :yseoadde puoalas

‘L140S1d Yy)im 3de}431Ul 3y} 9lepowodde o) Japdo ui NHHLAOW Jo Burin}ondysad
lenpuelsqgns alinbad fiew pue 1NJ1y31p SI NUYLAOW J0 uoistaa juasald ul uoijejuawajdu ng
"140s1a buisn fig ‘Ayisuajyul ay) jo ajuapuadap-yjnwize |n} ajedodaodu| yseoadde )saiy

$1H3JU0HddH 3181SS0d

206



‘ased sy} uj jJuapuadapul-yjhwize
aq im uoiinjos ay} os ‘ajuapuadap-yinwjze Huinp, Bulyjou sy aaayy Buidayjeas aidodyosi 104 'g

‘uoijnjos ajajdwol
ayy anib |im ainpasoad siy) adojaJday) ‘aauapuadap-yjnuwize ou sj 843y} suoiJIadip yjiuaz pue Jipeu Jo4 'y

:3)ON

‘sasodund
huew 40y ybnoua ajeanaae aq fiew pue yuaidiyya ayinb aq o) pajradya S| yaeouadde siyj

"anoge (1) ul pauljino se pauie}qo uoljaunj aseyd a)ajdwod ay} uo paseq uoinjos
Buriayyeas ajbuis )oexa, ayy yum uonnjos Bulialieas ajdinw ajeunxoadde sy} auiquio) (1)

‘sajnguuod yuauodwod pabeane-Ajjeyinwize ay) Ajuo yaiym Joy wajqoad (Burialieas
fijleaidoayosi) pajeds, ay) uo paseq jyuauodwod buldayjeas ajdiynw ay) 4oy an|os (n
"uoljewixoldde buiaayjeas ajbuis ayy ur uonnjos ,)aexa, ue pjaih

pinoys siyj "ybnoua jjews a.te fisjawoab jeatayds o) anp swaa) aajealdap [eusi}ippe ayj Ji
abuanuod pinoys yaym ‘aunpasodd siy) yeaday "aa4nos [euo}ippe ay) yym uiebe (1) wajqoud
aMjos pue w.Ja) 324nos 3y} 0} suoiInNqlI}uod 3say) ppy "swda) Buissiw ay) ayndwol o)
uonnjos siy} asn pue (bunajjeas ajdiyinw buriouby) anoge (1) wajqoad Buinjos fig yaeys ‘snyg
‘uoljewiroadde Buiiayleas ajbuis ayy u) fia)awoab aue|d o) anp swaa) aaneaap buissiw
ay) ajetod.aolul 0} uolje.ayl asn :smojloy se uonnjos bulaayyeas ajbuis )oesa, ayndwo) ()

‘Aayawoab |eaiayds Buisn Ajyaaa40
uondunj uewdey) ajndwod }ng ‘w.ia) anmjeniiap ajeunkoadde o) Rayawoab auejd asq (1)

:yaeoaddy ajqissod

h.yowoag jeaiayds ui buwa)yeas ajdiin g

207




"uoljejndwiod ajuejpe.d

maw_nEcu 9y} op 0] 1HOSIA J0 uoisdan mMau ay) asn (1)
Rijeul} pue ‘wJa) alinos

buia)yyeas ajbuis ay) ayndwos o) s)aayya uoieajadl pue
aJnjeaand buipnjoul abexoed fayawoab s NYHLOOW ash 1)

‘sal}Jadoud _mu:ao 91ndwod 0) NYHLAOW 8sn (1)

:0) JU3I121})3 )Ssouwl
aq pihom )1 paJisap aJde suondadp buimain ajdiyinw 1 ‘snyj

"}S0J |euolle)ndwod jeuol}ippe yuediyubisul ye suorpaadp
1ndjno pa.Jisap jo 1aqunu AJed)igie ue uin}aJd ued [H4osia

}SEJ}U0D U| "paJisap SI uol}aadip

M3au e uaym ,yaje.adas, waoy syie)s pue uonaaap buimain
albuis e 1oy Ayisuajul ay) sayndwod fijpuasald NHHIAOW

suon}3aJ4ig buimaiq ajdiyn ")

208



PAGES 209-229 NOT USED




230

)
e
sl
@0
‘T
=
@
o
whd
S
O
Q
o
o
ye
c
©
c
o
2
S
o
T
c
<
L
L=
©
c
O
o

iversity

301-953-6174

Laurel, MD 20723

phone
donald anderson

The Johns Hopkins Un
Applied Physics Laboratory

@jhuapl.edu

emal




-7

R

T

2

(v/09s/gwo/suojoyd) ajes Buiria)eoas sawinjoa =3
aJaydsouwe jo doj je Juapioul Xn|j 1ej0S=S4
[(V)sd:(z )u x(\)0]/(Z “¢)3 = (z°¢)4

w19} opaqje 1aneas ajbuis + (12 -)dxa = (zr“y)o4
uoile|nojeo aouelped 10} ||3ys |ediayds
uollisodap ABiaua Jejos 10} ataydsouwe [eoliaydg
Burianeos 10y asaydsouwie |ajjesed aueld

[S ¥ € 2 L] wu 008 0S€ 02E SIE OLE =Y

g'0=b 2'L=12 pnoj|o + |0Soldy

L'0=6 GL'0=2 |osoJay

uns peaytanQ €'0 = opaq|y yiieg

231




J (s

J (s7h)

PHOTODISSOCIATION RATES

[llllllll ]Illll[}l lllllml 1o

200 250 300 350 400 450
WAVELENGTH (nm)

PHOTODISSOCIATION RATES

10
CLONO,

200 250 300 350 400
WAVELENGTH (nm)

Figure 5

232




ALTITUDE

30

I T

20

I T T T

10

AEROSOL

llll"llllllllllllll‘_lIl!lllll

0.010
EXTINCTION (1/km)

Figure 1

233




3

2a ]

Figure

. rlgln.ll.rl —— - — B

(ws) spnyyy (ursy) spnyyy

234



Altitude (km)

Altitude (km)

30

[AN)
o

oy
o

30

D
(@

—
(@)




gure 4b

5 4 Fi

(wy) spninyy

e — — = -

_
=

(wy) epnyyy

236




J(s™)

10

10

1078

10

10~

1074

10~

10 Llll]ll'lllllllll[lll’ll]llllllll]l‘lllll]ll'l‘""’

0

-6

Figure 5

Illllllll[llilllllllllllIllllll

11111][1!'1[lJlllllJllJllJllll

LA L A S Y Ot St S A At S S

ll[ltllllJlll!ﬂl'

50

Solar Zenith Angle (deg) '

lllllll]llllIllllll]lilllllll‘ll

LA L R N Y N SR S S S S

N

50

60 70 80 80
Solar Zenith Angle (deg)

237




Altitude (km)

50

40

w
o

(A}
(@]

10

= O

IIIII] T T IIIYII[ T T T 1 1T U717

N ™
- A = 292 296 300 ]
- 305 310 315 .
— 320 350 800 nm -
AN 3
: L 1 L | . | |I 1 \ 1 1, L 1 Ill \ \ l\ L \ I\l 1 |l\ L L 1.1 ]:
04 10° 108 107

Volume Emission Rate (photons/cm™7s/A)

238

108




Altitude (km)

50

40

w
(@]

Ay}
o

IIIIIllll‘lTlIlIlllllllllll

10

LANRR N S S B

lllI|IlllllllllllllllllIIJIllllllllllllllllllllll

0.0001

0.0100
Extinction (km™!)

239




Tangent Altitude (km)

Clear: Single & Multiple Scattering
60 lT‘llll] \\l |xTr‘£I] T T IIIIIII T 1 1 I
N
- AN N -
AN A
X N
N NS N i
N \\\
N \\\
N N 4
- A \ \\ A -
X \\ AN
40 A N oy N\3 —
N I \ \
L \\ ! [ ZAN \\ -
\’I\ I \ ~
i N ] AN _
| RN ) N
| |
L ] | S 4
' | Lo
| X \
20— [ | N —
| i \ X
L ! | | h B
I' 1 |
i | | | | i
| | |
|
| | |
n | _
| | |
' 1 \
i 1 11 | I 1 i1 L 1 Lt 1 1 L1 11 l[ I L ] [
104 10° 108 107 10

Radiance (Rayleighs)

240




Tangent Altitude (km)

Aerosol

60 Il]]]l' T ]l]l]l 1 T T l|l||l T T T 1T T 177
AN
- N -
N
AN
i N5 i
N
40 —
N\

20 \ -

|
- ' -

~ |
- | -

N
i I i

|

\

O 1 llllll i 1 } R N O I 1 If—rllll
104 102 108 107 10

Radiance (Rayleighs)




Aerosol + Cloud

60 T I\ T llTr‘[ T T T T T l||| T T T 1 T 17T
X 1
55, 40 -
9] L .
go)
2 |
s | .
< [
"E L I \ 4
&0 ! A
\
£ 20 | \ _
[ | |
|
| : N
I N
1 i \l =
[ $
I | i 1
[ l \
O 1 i ! 1 1 llll 1 L 1 1 1 L1l lf—’lllt
10% 10° 108 107 10

Radiance (Rayleighs)

242

o




.
“\\Nw
7
7
-
m
i
7
“\”w
7
7
7
g3
.
g \“
7
e
7
b
7
7
7
7
7
7

NN

aduelpel quil| a|qiSIA-AN Buiuiwasiap jo
sueaw pideu e siayo poyjaw uoljenbg jeiboyy -

9}ed Bulia)eass awnjoA pjaly

uoijeiped s|qisiA-AN 3yl JO uoljeuiwulalap ay}

10} poylaw ajeinooe ‘ise} e sapinoad poylaw

uolnjenb3 jeibaju| ‘eseq ejep J9)aweled
leonndo NVHL1AOW yim pajdnod uayp -

pajebilsanul siajaweled jo abuel 10y
|ednuap! Ajjenuassa 1HOSIA <=> oj4e) ajuoy

%G~ ulylim
0} @a.be ‘b3 jeibayu| ‘1HOSIA ‘olae ajuopy -

243



245 - 246 Not Used




— S|apoyy uoissiwsues | dUaYdsowly U0 IIUIIIJUOT) MIIARY |BNUUY HEET —

AJOLYHOEIY] HOdVISI Y AW/

Alojeioqe] jeuolle sowe|y so7
IYOopPIE/ MalpUy/ .

Aiojeioqge] seousldg jedishyd
SINE(] Uelg

f1ojeloqe] yoiessay Awly SN

ASYIIYS piaeydly pue 'sioWlsp) uely ‘pai1sjo] plae(]

41N |0osoJay Suipueilsiapun ol
Kioay | 19jsueus] annjeipey jo uonediddy uy

247




¥6 NNT L — S[9pPOoN Co_mm_Em:mhl_.u:wLQwOEux\ uo wucw._m.*:OU MBIN3Y |enuuy 66T —

SuoISNOuUo”) e
SOlIeUadG a|dweg e

41 |\ |0SOJ3Y JO UOIIBALIS(] J9jSUBI| DAIRIpEY e

uo11Isodwod3(] UBISSNEL) UOIDUN 3SBYd [0SOIRY e

uollewixoiddy ulis11edg piemio] e
3uiBew| juasayodu| Jo uolejaidioluf 43I Jeaul] e

]
MJINIINO

2181012311 mﬂcw;_cohscm Pilryiieg

248



¥6 NN L — s|apoyy uoissiwsuel | dLaydsowly UC IDUBIBJUOT) MIIAIY [enuuy F66T —

‘sio01esado
Jeaul| Jo 13s papeosed e Aq paoe|dai aq ued sondQ —
"Pa11Wil] UOIDBAJJIp pawnsse walsAs [eonndp —
‘pPaJoull 9q ued S193J49 uolledsage pue JullBudIp —

249

suondwnssy e

ONIDVINT LNJYIHODNI
40 NOILVLIddIILNI 431714 4VINIT

|81el1012311(] SjuswuonAauy ﬁ_w_*w_uymm




¥6 NNT 2 — S|9pOJ\ uolssiwsuel | dLaYdsOW Yy U0 3DUIIBJUOT) MBINRY [BNUUY $66T —

'S9SSO| Wa1sAs 01 anp s8ew

3uilnsal ay3 Jo sssulysqg syl sojeds eyl eidiynpy v —
'98ewW! 3yl JSA0 uoIIdUN)

peasds juiod wa1sAs syl SOA|OAUOD 1BYF WRISAS |G Uy —
"PIMBIIA

3uiaq 193(qo ay3 Jo 9zIs ay3 sayiuSew eyl Jsjedg v —

14O 1SISUOD WIBISAG J31|14 JesulT] 2yl JO SjusW|g e

'
IONIDVINI LNIJUYIHODNI
40 NOILVLIIdYTLNI 431714 YV3IANIT

21€101331i( sjuswiuolinug ﬁ_w_mv:umm

250



6 NNT 2 — s[apo|y UoIssiwsuel | JUaYdSOW ]y UO 3DUIIBJUOT) MIIAIY |enuuy vEeT —

(b )M

A
A

M
« \VA/; LOAJOALION) ABTERIS :
(i) Cbb R (,fi “,x)o (A ‘x)o
A“\M ﬁ\&v@\ / \@..S\N
SU= Xy

SN
I

:DIJBWRYDG

ONIODOVINTI LNJHIHOINI
40 NOILVL3dddddiNI 431114 4VINI

91€10}12JI(] SJuUsWuoHiAug pialy3|ileyg

251




6 NNT 2 — S[3pOJ\ uoissiwisuel | SLaYdsowly Uo 3dUIIBJU0Y) MBIARY [BNUUY HE6T —

(T ') = (1 “"m ““m) = 15 ‘uonnewixosdde siyy u| o

(0 =0)d — (U D)d A9
pooe|das g Aew (uoipuny Ayjigeqosd Suiisileds _m:cmbt;uv

uonuny eseyd syl pue [ = “g5 sey (g5 iy U) = o
9|qelIEA uOI1Da41p uoilededold syl uOILIPUOD SIYY Jopu e

9406 UBYl J21E343 SI UOIFIBAIP
uoiresedoid |euiBuio ay3 Jo seauSep QT UIYIIM J911EDS
Jo Avjiqeqouad sy ssioads Suueiieds uies pue mous 104 e

!
NOILVINIXOYddV ONIYILIVDS QYVMIO04

w~m\_0uuw\:o m:_orccoh;:m_ —u_wiu_uumm_

252



¥6 NNT 2 — S[apoy\ uolssiwsuel | diaydsowly uo .wu:wh&:ou M3IAY |enuuy $66T —

e, e
0=[|d"2—"0+—+
A e e

:30npoid e 031 uoIINjOAUOD 3yl
SISAUOD (M «— . ‘a1 «— ) uoirenbs siy3 Fuiwiojsuesy joLNo] e
™M

‘0N = ™MD .3ﬁN£v (m—m) o "Sp 20 Q20
0= ,0p (0% 2)(,0 Tmoo — 1 +%+%.T .

Sawi023q siyl uoljewixoidde 3j3ue ||ews syl Jopun e

.MM\..I

53

.Kuv |
0P (U @)1 (0 V)d \Q =70+ [A U

SI J9JSUEBJ} DAIRIPEA 404 UOIIENDD |BJSUSS By | e

NOILVINDI1VD d434SNVYL JAILVIAVY

918101031} sjustuuolinug pialyajileg




wnnoep

90In0g asny}ig

‘uoljouny pealds |0solae Buisn suel|d 824N0S IBA0 UOI}N|OAUOD
B 0] jusleAlnbs sI awnjoA josolae ybnouayy uoljebedoid

L

90IN0g 1Ulod

AWN|OA |0S04BY
aue|d 18Al908Y

NOILONN4d dv3HdS LNIOd T0S043aV

254



¥6 NNT L — S|9pOJ\ uolssiwsuel) dUaYdsowly UO 9DUIIBJUOT) MIINSY |enuUY 6T —
0=1
. 1 1 1
3.@&!%&8 ‘0 — ABV
(™ 2010 w d
N

'sjusuodwod uelIssner) Jo wns e se uoiyuny
aseyd syl Buljspow Aq yoeoudde siyj} papualxe sAEY AN ®

255

_G_ H3 Am3 Y klvmx@. S0 = A3vm~

‘uoijewixosdde uoizouny
9seyd UBISSNEL) 2y} Pazijiin SABY SISYDIE3S3I [BIBASS ‘'™ Juis) e

NOILVINIXOJdddV
NOILONN4d ISVHd NVISSNVD

918101091 (] sjuswuoliaug plsispnieg




¥6 NNT 2 — S|9poyy uolssiwsuel | d1aYdsowly U0 3DUIIBJU0T) MBINIY [enUlY p6ET —

T=" on>wmw usy3 si uoiouny aseyd
UeIssnec) 911sodwod 9y 10} UOI}IPUOD UOIIEZI[EWIOU S| e

0 0 |
T=0mpm(,m, 0 r—)dxo e \km ~ P (0)ws (9)d \km

1L«
S9|3ue ||e J9A0 W0y siy} SuijesSojul e &

(0 g r—)dxo = {(,m or—)dxe w0} 1

"WiIoJsuel] J31no4 syl Joj wioj duRwwAs syl Suis) e

!

NOILVINYO4SNVY L 4314NO04d
ddANN NOILONNA ISVHd NVISSNVYD

21B1032311(J SJUBWIUOIIAUT playa[iieg




6 NNTf L — S|I9pPOoIN Co_mm_c_w:mhl_uu_hvp_amog_wxx U0 32U3JI3JU0T) MIINBY |enuuy 66T —

'SJUB]SUOD dJe ¢yf
pue I3y asoym ‘Y ¢y &~ 0 pue _m/\\GN ~ U] 1eyl aAISSqO S\\ e

"Y13us|anem uoljeIpes 3yl aq Y 197 e

Yead 049z a9yl 1e anjea su Jo (G g—)dxe o3 paddoip
sey uoijounj aseyd ayl yoiym je anjea Jejn3ue ayi aq 0 197 e

'049Z JO 9j3ue
3ulielieds e 1e anjea yead uoiouny aseyd syi 9q 07 197 e

YOIAVHIG NOILDONNA ISVHJ

- 91e1012311(] w«:&ﬁ_coh;:m _u_w_*w_uumm




604
%86
%S 6
%06
%08
%0.
%08

%0

(60} uoljo8ApyY ‘azey swijiiep)

(bap«Bap) Paienbg ajbuy Bupiajjeog
0¢ Gl Ot g o
| | R
= — —
'¢.l e e St m...u” If P - =
|
V. - . /f
——
¥
——

(od/d)u|

S)eod pIemio-
uoiouny aseyd pazijew.op

¥0-3000°t

| £0-3000°1

00

258



(soaabap) a1buy

$€°0 £ 0 5¢°0 ¢ 0 ST°0

] 1 | I LIS

SUOIDTW G¢ - =yibusiasaem e HOJ UOTIDDAPY

000T

000¢

000¢€

0007%

0004

0009

I eseyd

UOT20UNZ

259




(seai1bap) soTbuy

L 8°0 9°0 70 ¢ 0 0

1 L ! 1
SUOCIDTW GG =yjbusiasey e HOJ UOTIDBAPY

0

006

000T 5
4]
6]
[0
Fh
o
3

. a

0061 5
O
o)

0007

0062

260




(se=i1bap) a1buy

jed

1 1 1

SUOIDTW 90 [=ylbusarsAaeM e HOJ UOTIDDAPY

00T

00¢

00¢

007

005

009

00L

uoT3doUNI 3seyd

261




Ammmpomﬁv 21buy

SUOIDTW G¢ - =ylrbusiaaem e HOJ UOTIJIBAPY

000T

0002
R}
19
Q
n

000€ ®
t—h
-
o]
(@]
t
m.

000¥ 9

0004

0009

262



(seoabsp) o71buy

5€°0 €0 G¢°0 ¢'0 ST°0 °0 S0°0

I I I I 1 i |

SUOCIDTW G¢ - =yjbusiasseM e HOJ UOTIJOBAPY

0001

000c¢

000¢

000¥

000§

0009

aseyd

UCTIDUNJ

263




(sesabap)

5¢€°0 €0 5C°0

a1buy

¢'0

5T°0

$50°0

| | ¥

i

SUOCIDTW G¢ " =ylbusTanepm

Je HO,J UOTIDOBAPY

0

000T

0002
U
9
[8))
n

000¢€ ®
Hh
o
3
@]
ct
m.

000F 9

0006

0009

264



(sesabsp) soT1buy

€0 §Z°0 ¢ 0 ST°0

T | 1 |

1 1 I |

SUOIDTW

S

¢ =yibuaioaem e HBOJ UOTIDBAPY

000T

000¢

000¢

0007,

000%

0009

UOTADUNT 2Seyd

265




(sesabop) o1buy

€0 Sz 0 Z2°0 ST°0

T T J J

SUOID T

GE =yabuaissem e DHOJ UOTIDBADY

0

000T

0007
av]
iny
33}
n

000¢ ®
Hh
o
3
@]
t
m.

000¥ 9

000§

0009

266



¥6 NN 2 — S|9pOJ\ uoIssiwsuel] d11aydsouly U0 BIUIIBJUOT) MIIARY [enuuy pEET —

S =2yt
:juspuadsp aie ¥ pue g s|eanad 39S 1sdiy ay3 SuInjOG e
T (0 - meL iy ay ﬁ
p— = 2P = — = — ~
v 7 :

:suollenbs d13siialoRIRYD JO 19S B Ul S}NsaJ anbiuyosy siy| e

.?@2 ‘AOUIIWIG ..w.mv anbiuysay uoilnjos porduwil
ue Juisn J 4o} paAjOS 9q ued uollenbs pawJojsuely ay| e

i
(1) NOILVYNOD3 0L NOILN10S

31€1012311(] SIUSWUONIAUT plala|Iieg




¥6 NNT 2 | — S|PPOJN uoIssiwsuel | dL3YdSOW Y UO 92UIIBJUOT) MIIARY |BNUUY $66T —

- =g e— 0=

—

Ajaedoud Suiyyis ejjep uf ﬁmm uoIIn|os siyj wol{ e

(3)901 = (22 + )90 =01
;07 SUIWIR1SP 03 UOIIN|OS SIYl WIOJSUBI] M ‘SUBDW

45410 YSNOoIY1 UMOUY SI UOIIN|OS SuLIR}1EIS-UOU 93Ul AUIG e

"uolles3alul JO jueIsuod e sl 07 e
0 0 ’
{zp o —}dxo = Jorouym ‘{ zp g0 dxo 101 =7
zJ v 7 v v

'] pue z usamiaq diysuoliejas sy 4oj SuinjoG e

\4

!
(11) NOILYND3 0L NOILNTOS

9}e1010311(] sjusawiuolinug ﬁ_wco_wwmm

268



6 NNT 2 — S[PpOojy uoIssiwisuel ] dSLaYdsowly U0 92UIIJUOT) MIIAIY [BnULY pEET —

"wins a|qnop e Jo jeriruauodxa syl se passatdxs aq Aew
|ea891ul Y3 ss1puadoud wiuojiun yiim suolldas Jo sisisuod yied
2yl Bulwnssy -uoiyisod yied uo puadsp o pue ¥ sanjen
JUSI21JJ90D 3yl ‘ A/ Jaquinu ayl ‘“o 1ul121y4900 3uUlI9]1eds ay |

0=? 0
AP (g0/] .7 4 L—)dxa 1) N 50 \ dxo = (¥)JJ. LIV
N Z

Se 7z | YA\ Poiesdaiul 9q Ued 31 ‘1 JO UoIUNY B SI J 9DUIG

v

"4 LI\ |0S0Jak 2y]l g isnw 3 ‘uollnjos 3ulivljeds-uou
2y Jo Jaijdiynw e se sueadde {zp J°0 No\vax@ asnedaq

(1) 41 10S0¥3V

9181012311(] SIUBWIUOIIAUT p|aijajlieg

269



6 ZD—, . — S|9ponN :O_mm_;_m:m:’u_hw—_amosu< uo wu:w\_w*:OU MIIAIY jenuuy 661 —

Al A\
Y VR4 70 7

P HLNW\/ J1o — M/fﬂle\/ JI9| X

=1 . 1=I )

Mae .
ol ~ ol 2@ NN= bw VQNQ — AQCRNKUE

se cmﬁ:>> 9q cmﬁ cmun:._\/_ |0SOJoE By | e

| "yadua| yied |eondo ay3 st 7 pue 10alqo
9yl SuIMaIA ainjsade Josuss syl ul paseq ajqenen Aousnbauy

Je|ngue ue st f aJoym ‘7 / ;i = ¥ ‘ss|qenien SuiSuey) e

(1) 414N 10S0¥3aV

93181012311 (] sjuswiuoiiaug pIeyspieg

270



€6203A 1

0t

(PY-w/542) A Aouan Wv.mu\

— 32uaIajuor) souydsouny ppRysjlieg €661 —

™

LW

\

T

A LIN P3}!

dunis pajeos Apiendoisdde jsulede

ased Ausuap 8oj Suisessdap Ajjerrusuodxs jo uostiedwo)) e

41N JLVINIXOHddY DNISN

21£1032311(] SIHAWNIIAUT p|3y3|iieg

271




#@ ZD_. \l ——— m_v_uo_\/_ :O_mm_Emcmh._ru_u_wr_&mOEu/\ uo wucwuw.*:OU >>w_>wN_ _mzc.._< .v@@._” —_
‘pedw /240 T
MO[2q saiouanbauy 1e siesdde ASisus paieounsjun Jo Ajuolely o

"UIB140 92UNOS W04} SIXe-JJ0
s99439p |elanss Jano Fuuesadde ABisus 204nos ‘st jey |

'9SeD 304 JO Julpuelsispun sAIINIUL Ydlew pajoipaid s3109)4] e

'S109JJo Aduanbaiy pantwi) moys uoiewixosdde
uoljouny aseyd ueissned jusuodwod G 3uisn paulelqo s}nsay e

"yied ay1 Jo 90T 315414 9yl AJUO UI Pa1EIIUIIUOD
si2491182s /m yied yidap |eanndo ¢ 4oy jopow 30) uoDIAPY e

e .

OIdVN3DS IT1dINVS

91€101233.11( Sjusuwiuoiiaug pielyeinieg

272



0
- X
C
O
al
ke,
e
S
=
-
O
LL
e,
N
O
| -
O
<
<
©
. L

Wwidth of Peak

Percent in Peak

.

N

100 / |

8ol

60

273

40

20|

956% 98% Fog

90%

80%

0% 60% 70%




£€6023AQ 1 — 32U313ju07) soudydsouny ppRYaNey €661 —
& (peawi/esgade) Lovenbesy (sy1vdg g-3 .
Y T Sl
o.o VTV rrr | AAAJL AL Y rrryre—r 0'0
- . , - 50
IOV ) @ WOIG VIV —ems
SISjomEINm 00l = WM W e 4
- - rve
m . = e o = e e e e o, -1 ..ou
f/l.// M I ., BN B
..l. Iol. /’t ) A ee

P~ mesnammiy 0°}
| WE/08 = ‘1) 113 ‘W opg =sduey (s) 1
N'.ﬁ Al A 4 4 & L r3 - P

'JLIN uorouny aseyd
ueissned Jo syinsal pajeds Ajp1eridoidde jsuieSe a33auuossig
JO S9Sed { ] |\ |osodse ww T pue wr/ QQT 40 uosuedwo’) e

//| AN [ /./w ~C

274

14d0OW
dLLINNOSSIE HLIM NOSIHYVdNOD

9181019341 SIUIMIUQIAUT plPYy3fiieg




6 NNOT L — S|ISpPOoN :O_wm_:..m:m\_._uutw.._amogux\ UO 3DU819jU0T) MIINSY |enuuy {661 —

‘uoilelussaidad uolouny sseyd aieandoe
9Jow JoJ uonewixoidde ueissnes 5|FuUlS SPUIIXD UOIIBALID(] e

‘e)jlodoy| pue 10peg Jo sSulpul) 1Us23J S9INASIP UOIIBAIID(]

‘yoeoidde soua4ayod
leninw 3uisn syuswdojaASp snoinaid SWIIJUOD UOIIBALID(] e

"UOIIBALIBP 3yl ul A30341p pasn AJ0sY3 J2jSuedl aAIjeIpEY e

‘PaALIBP | | |osoJae 1uapuadap Adusnbaly senSuy e

SNOISNTONOD

wuthwuw:Q Siuswiuolinuy piglyajiieg

275




006.-85S(€02)
60222 YA ‘uoibuijy
11 19AN Wo4 "N 1061
‘0U| ‘s8]eI00SSY 195eyds MM

vSIM

|00oeARS Mayne
suewnoA Bno(
sl|se7 |slue
epeleH aualleT

€661 saunr g-L
qe sdijjiyd 2104 Jiy
doysyiopn uoissiwsuel ] ousydsowy

uonebedo.id 1ase] sauloqliy uo

Rz/ 104

S]09443 |0S0.I9Y pue Je|ndajo

276



vSIM ;

sn.LD

Buijeas yibusjanep

oqnieuld JUNOW

elep lepi pue 3HVS VYSVN

S|apouw pJepuels Buisn s|0S0.Iay JIUBI|OA

S|9poW NVYHLMOT
piepuels Buisn suoije|nojes asueiwisued |

79V 10} Anawoar) uonebedoiyd

asuaja( 9[IsSIN
a1eay] 10} Jepey Jase pue siaseq suloquy

uooNpPoU|

¢-100-v6/01/90

277




. »
m § €-100-¥6/01/90

Job.e) papuajul sl o 1oys 10 A10)119)
S 3)0eye uo |[ej [im suqap Ajayi| alopy —

eaJle
lab.ie| e puajep 0} sjasse Jamay 10} SMO||Y —

wajqo.id suoiuNwWIqns SaA|0S —

SJa12wWoly Jo spaipuny jo sabue.
1e 1ybi| Jjo paads ayy je sajissiw a)ebau ued
yorym widysAs 1deasayul aseyd-1sooq e si gy -

278

asuajaq 3|ISSIN
19]eay] 10} siose] auloqily




127,/ )

uone|iuIos - jeubis Guibuel u uonenpow Aysusjui xajdwoo .
. Buipeaids weaq .
(wyogz>) sepninje 1961e) }samo) Je Joedwi asusinquny jueoyiubls —~
JSalsjul Jo sisjeay) Joj pepasu Aljowosb Siuj 10} sainisiiels SO140d —
| 30U3|Nqginy] g spnojn .

apnyjje
WX 0l > e sjebie) 0} sjqejiene si wy gog < sebuel Jono uoissiwsuel; s|qejdasoe —

syibuajenem Jose| ajes-aks sjepipued |eionas
10} dueRIWsuel) ajqe)desoe ajedipul Suonejnojes buusyess pue uondiosqe —

(2uUs|nqun} 3 spnojo JO 93J}) sanss| uoissiwsue, 1 dusydsowyy .
lojdaoiayu 9seyd-}sooq 0} Janopuey sapinoid yoeu) aseyd-}jsooq —
uonoipaid juiod Joedw pue jutod youne sapinoid yoey ajeindoe -~

i
| eale papusjap i
Pasealdul pue ‘siojdaousyul o buino >__mmmov_>oa2m9ﬁ umoon-umoa,,ov_ombl o

Slosuss Yoel) Jealy) aApoe
pue anissed ‘Aoesnooe ybiy ‘Peseq-yeiolie Jo asn oy UONEBAIIOIN

279

asus)o(]
SlISSIN Iojeay | 1o} Jepey JoseT suIoqly



S

unize

unos

unLe

(@ - 8se)) .p+ 0} (V - 8se)) .8°0-

£6/£0/90-10 - 1000

woyj Area sejbue uoyessie ‘sebues wnwixew Jy

/

_Exn.mr

wneee - v

a ‘0 ‘a ‘v sesed 1gv

i

280



G6
€0’
G6
66°
L6
L6

86
€6
G6
V6
v6
16

d

16
L0’
16
L6
€6’
€6’

G6'
pg’
68’
88’
88"
28’

0

c6’
c0’
06
L6
€6’
€6

G6
€8
88
88
88’
c8’

g

c6
90’
88’
96
68’
88’

18
€G
€8
¢8’
¢8’
v,

v
uoissiwsuel] ouaydsowly

606968
v6l vv6
G96°G601
Iv2C0LLY
€'e8v9
¥'GOE9

0€2'G8¢€¢E
655 68V¢E
L1G'89G/
L9Y'819.
GEL'€09L

9¢'/6€6

(;-wo)
Aouanba. 4

6vL L1
16G°01
vZlL'6
9602
rA4°N"
LLS°)

¢6¢
¢6'¢C
AN
ce'l
Gie'L
¥90'1L

()

yibusjanepn

siepey JoseT mh_mw.-m\ﬁm_
R siase] Abisu3 ybiH ajepipuen

(02)d °0¢10
(02)d °0D
(81)4%,09
OVAOH

"HO / OVAPN
d1M / OVAPN

SIepey Jase

(6)°d 4H
(o1)'d aH
(¥)°d 10-4H
(€)°d LO-3H
1102
OVAPN

S19se| Abiaug UDIH

281




€60011 O

WM

-

~ sondo g waysAs | S¥HI yim uonesbajul si ease ysu 1sabbig—
(g0 | abues poys Apsow) fiojuanur gn ut Bulky ase s1abuel 19se| SNOIBWNN-
walsAs QL abues-unjgQS< ajes-aka ue 10} Mou djgejieAe ase suonjdo |e1anNaS—

vi9°01 Je owap ZHOZ/rE
2014 6ig "doid ‘owap AMOOL

Asiou uoNod3)ap Joap vig
pajesnsuowdp zHG/M

OdO 10} [e1sA1D mau
ZHOL/rSY 0 pajensuowap
1139 w1 Buwooilq jeunayy

Y dwnd gGo')L

1122 u1 6uiwoojq jeunay)

jusauiuio)

(1oH) 81p2BH
(1oH) 81pD6H

ad svedu|

ad sveou|
adyv sveou|
adyv sveou|
adyv sveou|
adyv sveou|
adv sveou|

1010919Q)

JUBWISSIOSSY

euoj-asind ¥YILVHIMOT1 1D  SH'bL
W4-MD epinbarep O 216
. SWaIsAg Jabuey 19se| ‘00

OVAOH 60C
OVAOH'WL  90¢C

VLY U1 OdO POYIUS OVAPN  19'1
diM Ul OdO PayIus OVAIPN  LS°L
Zq u payiys uewey OVAPN 951
dIX W OdO Payys 4TAPN - GG’}
YO ul payiys uewey OVAPN  ¥S'1
jase] M)y

SW9)SAg J1abuey Jase ajels-pios padwnd-apoiq

welboid J0suag auloqlly 104 a|gqe|leny
suondQ Jebuey lose] ajeg-2A]

282



12

(uny/L) usrde09 UonounX3

=1 Zz-a1 e-3a1 p-a1 ¢-31
_ 0
ol
0z
SRR [ 0g
b2SL R LISL| -
| ov

|9PO duBaydsowly

SPNIHY SA uoloullX3 ouaydsowyy Jase

(uny) spninty

WwXge-ledny "0JoA poN/eas 639 ‘SN ‘26NVH.LIH/JEAODSYH

283



12

6vL'LL
165°01

960°¢
LLS}
crs'i

721’6 ——e

_ (uny) spmnyy 106ie )
09 0S oy o€ 0z oL 0
_ | | | .
10
T N.O (@)
g0
. S
-0 2
‘ -
- G0 o
@
- 90 3
en =+
(403
FYR
- 60
!

|9PO JuBydsowly wygg-feiny ‘0joA pow/ens Bxg ‘s
Jeldliy 1 g€ wody 1ebiey 0y abues wy 0OS

uoissiisuel | ollaydsowy Jase] Aepp- mco

284



vSIM

CL
LL
86°
86°
96
L6
66’

wn 641711
0¢1D

139
LS
1)
S6°
C6
96°
66°

wil 76
*x:dH

8-100-¥6/0}/90

(6)%d 30 %0L Pue (01)'d J0 %0€ Sutsn pare[noes sem uorssrwsue} JH YL 4

ov’
e
8L
08
06
16°
86

wn 167

6%

(44
69’
(45
€8
c8

96’

8¢
(474
19°

co

oL
8L’

S6°

wrl gre 1 wr gy
dLY/OVAPN  TIOD ODVAPN

arjoId y3i/adA I, orued[0A YSal]
910l 91RISPOJA/2dL I, OTUBI[OA YSOL]
d1yo1d YSrH/odA L otuedjoA pesdy
9[JoId NeIPOJA/AdA L, Srued[oA pasy
Jyoid y3iy/ adA 1, punoidyoeg

[1Jo1d 91e1pojN/ 2d£ I, punoiSyoeg
punoidyoeq osudydsoreng

[SPOJA [0SOIdY
ousydsorens IOV

S|opo\ |0s0IayY dvydsojens NYHLMOT
piepuels Buisn asuejiwsues |

285




vSIM ..

10lAeYaq ognjeuld -1S0d pue -aid
Aupgejieae Jeak-iinw

sisAjeue Jaisea 10} SJUIOIR0D UONOUNXD Sapiroid

1-W 5-01X8
JO S[9A3] UOHOUIIXd O} UMOP SNUIID [BNSIAQNS 0} UIY) S19919P

sdo} pnojo s1o919p

749V auyi o} Jejiwis syjed jeondo jejuoziioy sey
uoljew.ojul jeuoseas

19S [ealisnels abuaej

uolneuliojul jeqoib

(luasald o} ¥861 41990100) || IOVS

11 39VS Aym

(luswiadx3 sen pue josolay dLIdydsole.;s)

6-100-¥6/01/90

286



ﬁnh‘-g €661 SUOHEIIUNWWOI 3jeAud ‘uIoqso "N “Joi 21-100-¥6/01/90
] '
OQVIAVO Hq ¢l WI9ISAS uonisinboy eleq

abueu o1weuAp
asealoul o} pajeb ‘ssardinwoloyd ¢
peiw - |

| youi gy
adoosaja) painbiyuod uejuielhassen

peiw |
anopr |
o9s g Alana asind |
wu 69

Bujuado joou yum Buipias Aiojeloqe]
.61 9oUls Yoam Jad |

w oSt

wice-0

layeasyoeg jualiayoau]

So9. ‘Nol€

S.101991eQ
:AOd
19218
:adA L

19A1909Y
:99uafiiaAlp weagqg
:ABJaug
:Aouanbauy} pasind
:yibusjonep\

ELR
:wiojield
:(JeaidAy) Aouanbauig
:UOoIIN|OS3l [BJIMSA
:abuey
:anbiuyosa
1UO0I11e207]

[EZEDNED)

sJajaweled Jepii (oye) uoydweH

'3 ¥

. .

287




m§ €1-100-¥6/01/90

, "Sapuosisnp
Ulim uaye} suonnquisip azis ajonJed 19jyosaq pue swyiiobje uoisiaul
Pleutay buisn sjualonje02 uonoulxa 0} pajejsue.) sones buianeos Jepr -

‘9lqejieaeun s| ejep 3HVYS alaym spouiad je )ooj 0} pasn ejep Jepi
€6/LL 01 ¥.61 ‘ejep Jepiq oyel -

288

"sapniije ybiy 1e payoea.
awnasut jo yuwij Ayianisuas -ajejdwosus ase sajiyoid oqnjeuid-1sod 1SONl
€6/G 01 ¥8/LL -elep 39vs -

‘sisAjeue Alanooas ognieuld-1sod ayj uj pasn Buiaq ate ejep yyai pue 3Hys -

‘oqnieuld-aid o} 861 WoJj elep JHYS asn sajew|isa souewiopad abuey -

L6/C1/9 ognjeuld junopy




; mm§ ¥1-100-¥6/01/90

"26 go4 ul yead

S} [1I}UN 3SEBaJdul 0} PanUIlU0d UOI}dUIIXd pajesbajul 3yl -
a1aydsolens
3yl Olul Uay}l pue sapniljje J9Moj 1e 1Si1) ‘UoIjouIXa

ui aseasoul snojdidsaid e sem aiay) oqnieuld Buimojjo4 -

‘alaydsouwne auaydsolens
puno.if)oeq ueajd e smoys oqnjeuid ol dn gg6lL -
"Wl Ylm
UOI}oUIIXd Ul asealdap jenpelb smoys uoissalboid Ajieap -

"2861 111dy ul uondnia uoyaiyo 13 a9yl
AQ uoneuiweIUO0D WO paJayns ||iis alaydsoiens G-y861L -

3]110.1d d1elapo /ouaydsolens
punoibxoeg NvH1MO1 Buisn jnejap 110D si aul| payseq -

289

2661 01 7861
sajijoid J9VYS 1se3] a|ppIN




A.-Exv §)Ua10)}J30) UO}}OUIIX] |0SOIY

201 ¢-0l 50l c-0! g0t ;01 g-Ol
H_‘-_— T —_—____ 1 _______ ¥ 1 __—HA__ ¥ ] —-.-.«_ 1 | ___-—__._ o
SN,

N
— S ol
L [
| \
L \ >
| _ \ —~
B \ &
[ 0z &
— =
B 3
| \
| N\
— N
- A
| o¢
- AN
\
[~ \
— \
- \
- \
\
- \
- \
- \
- \
T I lias oo _:____. i ___:__v 1 _.___.__ ______.. ov.

1S03 SIPPIN +861 39VS

290




SAGE 1985 Middle East

107°
ol Extinction Coefficients (km

(wy) spmiy

291

10”6
Aeros




U D N I R B BN A

SAGE 1986 Middle East

S S N |

/
,'. 7
1',-///

191l
/Z/:://./

A\ g 4
w7

{ %5
/. /////
4

lllll]llll—llli1llll

A1/ \\\\ ~7
(J

N\ ""
Q‘a:o_-é
. e\

llllJllJllllllIllll

S T O O T |

o
N

(wn) apmuy

292

Aerosol Extinction Coefficients (km™')




ot

nlo—

(,-w) sjuaiReE] UoKOUNX] |0SOIdY
50} g-0! g-0!

L

_0l

T T 3 T 7
'/

——

—___—_ )

___-_—- ] ¥ —-___-. 1 T —---_

____--

——_b—_ 1

—.x——-r. i | _b__n-v 1 —- 1 1

1SD3 SIPPIN L8611 3JOVS

o]
0
(0]
>
g
0 o
=
3
(0]%
ov.

293




(0]

0

ot
>

0C o
=
3

o¢

ov.

» . ' ’
(,-un) sjua1dYy800 UONDUNXT |osOlaY

“«-- T ——_-__ LI ] w-___# J T ﬁqﬁ__. LI T _____-_ T ___-.-_ ¥ |
”|/ -
. N i
| { _
- \ —
- \ —
- \ -
- \

\ -
f— \ p—
- \ -
- \ -
= / —
- N -—
_ N i
p— / -

N
- — \ —
_ N\ -
N\
- \ -
| \ —
= \ -]
— \ —
\
— \ —
- \ —
- \
\
b0 S T T T I | _—-»__ L1 __~__—- 1 i _»—____ Y | S _—__ 4111 ¢
_ 1SD3] SIPPIN 8861 39VS

294



SAGE 1989 Middle East

llillllll1lllllllilIITII1III

(wy) spnuyy

295

- 4
I ‘ -
L ,5‘3 -
— \ =
- -
- -
l | I | S NS DO N Y O I | l S S S O T O S I | |5 N T 1 I S Y I |
(@] o o o . o
< Lp] N -

o
7
o
¢
]
OA
b |
£
X
N’
4]
2
C
2
O
&
©
) "o
1 O
©c
0
4
(8}
c
£
x
ul
©
(2]
o
|-
0 o
| <
o
~
{
o
©
|
o




SAGE 1990 Middle East

LI LA

¥ T

]

.-TI(IIIIII]TIIIIIIII

llllllll

T Tlllll'

lll~llllllllllllJIllllJlIIIlll

ot e

I

S

/
/

)

A/
WA

I N A S O T

e —

i%w,

-’ .n‘." ‘!' =/ M
’ 5
W

i

-~

l

).',
_- A
. 7 / 3'{/1",/
rd !
.7 /’l {
S i«: ’
> =AY NN,

‘/
l
I

W"l

1

|

’/
N

7
/

1

) lllllll 1 | Illllll 1 1 lLlllll i 1 llll|l} 1 1 lllllll I L1 0 el

‘40

o
o

(wx) spnyyy

296

o

10°

107

10”4

1079

6
Aerosol Extinction Cc')_effigients (km™")

107

10~




SAGE 1991 Middle East
T TTT T T 771




SAGE 1992 Middle East

:l r T 11T & 1 r1Tt U T 1T 17T 11 L l//lT] l:
- , .
- / -
- ’ .
- / -
/
- / -
/
/

- / -
C / 3
b - -_— - -
= P .
- / -
- -
- —
v -
L 7
I72” -
: =
N ]
S S N I I N O I I | | S O O N O N I | I T O A O I | [ H N I N OO N |
O (@] o o o
?’ M oN -

(w) spmiyy

298

10~

10™3

-

1072
Aerosol Extinction Coefficients (km™')

107

10°

107




HY vo/LY

wh

£661 suonesunwwod ajeardd ‘uloqso "IN ‘94

. oney Junenedg
0z 0c 0 0t 0T 0T 0T 0T 0T 0T 0T 0T O

g
2 >
R N T ) TN N (Rt R g1 B
] ] ] ] ] ] ] ] 1 ] m
[} i [} i I ] t ] | ]
n 02 Q.
_ \ “ " " " AN " " g
| ] { I \ 1 \l 1 [}
- | | mN =
| | _ U ] w
| 0¢
61/2 91/11,61/01 _91/6_11/8 S1/L €T/9_Te/S, vl/v 1¢/€ 11/€ 0C/Zge
|
_ g
- - -
- 3 S |v 01 .
~ " [ = - |WA Gl o
=
s B {o¢ £
\ u " \ VA “ ®
] ] i [] ]
- 462 w
\ “ “ | | . w
— - 0¢€
€/t 11/1.1€/81_¥/T1 08/11 €1/11 1€/01_L/01, 1T/6_L1/6 8T/8, €/8|ge

L6 aunp ui pajdnig ognjeuld

€6/61/2 0} 1L6/€/8
solney bunieneoasg Jepi] oye

259




YT ve/uy

‘Aep ay) om} 1se| ay) pue ‘yuow ay) om} puoses ay) “4eah
oy} Aj0ads siaquinu omy i1sa1y ay "ajep ay} saAlb aunby yoes anoqe Jaquinu ay |

-3 9-3'1

/

oz 0z
b b b B R of . . / ....4 \
1£Z1z6 0zZolze £060Z6 *Z9026 *190Z6 gicoze 1zzoze . £020Z6 111026 \CZIL6 ClZLig YZI116 611116 0£0116 ox
-3 -3
[+]} — T lans
oz
. / 3 LN\ B . : o . ) ] 3 .
G001 16 100116 Zi6016 L06016 vZL01l6 £2L01L6 ZTLO0L6 12L0L6 02.016 10£016 0£9016 829016 L29016 016016

C6/LE/CL 01 1L6/01L/S WOy
‘uoldweH JaA0 s9|1joid UoROUNXT JHVS




SE L1-100-v6/01/90

‘Anawioalb paxiy 10} paiinbar jomod
10 ‘Jamod paxi} e 10} ddUBUIIONad abuel aje|nojes
0] 9p092 J1g9V - VSrM ul pasn aJe sajijoid uonounxy .

"INO UMo.y)} ale spnojo Budpdlul Yyum sajijoid -

"slo}oey} Buijeoss j0so4ae NYHIMOT Buisn wir gLg*L 0}

palaAu0d ade wn go° L 1e sajijoid uoiouIlxa painseayy -
"}saajul Jo uoibai olydeisboab ay) ul SUOIBAISISHO
]OSUNS/as1IuNS ||e 10} pauueds s| aseqelep JHVYS -

3C1

ABojopoylap sisAjeuy
|0S0J43Y JIURD|OA TJOVS




VSIM o

"Suonedo| Yioq 10} ejep 39ys ayy us sdeb ayy ui 11y 0} elep sepi] Hye] a2Yp ash ued
am saldwy sjyy ‘)se3 o_u_u_s_ 3y} Jo jey) 0} Jejiwis s| adueunopad abues goHys uoydwey

STy

v661 c661 0661 8861 9861 v861 2861

_ P D S ', — . ...i.,...ll!r’)u._ T et SIRIEE S S DY S N D .......Ir;y:*.; R 1 1. O
eouajnqiny :wao_es&n '
TAY WG 21 PRIUOSZAZ/MNE'S
oa:.mc. a wiesinl & - (sbuipea: onue)y ejeuusnie o} paonpes yipm uot)] . izm " 001
_  — ;!l!_ o0'GL--0 €8~ :SHWI Uo7 _vo: O _w Nma:._
oG EP-.S 0t ‘siu .a._

....... N T . OON

.F\\&/ ......... S rj. 7. \.u oo

1)
LT S -’-;Hzl\-- )
..v‘./'ﬁ.;///. . . e o oov ._”
-f . 2
Fu___ _ Smis- S g wm smme-d-m-abues Senepse™l 3
-f ................................................ 005
MEE -80S -ooia o It RN -..“-..‘
L 009
F Y S
fl-ll lll. - ommms R ! l-- lll -l.l.l‘ ......... 004
008

aduewouad abuey 1gv
J9VvS uojdweH

302



e ¢

(wy) abuevy jBIUOZIOH
00°008 00°00Z 00°009 00°00S 0000 O0O0'00E€E 00002 00001 00'0

_ S : 0002
— 00'0

R e mUuNgZL @ 18V
ejelapo |y T
mewdsoyens o ” 7 e
,_o,,,h:o._mxuwm S T =4 oo0'0¥ w

abuey Eaap

T 00°09

¢6/0¢/20 :avy
me\mw\wo -Hvali - 00°08

— 00'0014

uosriedwon JoHyS - Jepi

&
[aa}




AN ‘SOAVIV SOT
ONILTNSNOD SONVIV SO
IXO3AYVZ MIHANV

ANV

AN ‘SANVS IJLIHM
m_._.<m_O._.Om_m_n_ LNIWNNOHIANT a3id4311.1vd
AHOLVHOGVYT HOHVASIH ANWHY

VavdS3 N3HOT
JHOWLIM NVIV
d31S401 diavd
AIMHIHS AdVHOIY

Amm><>>vZO_._.<.5_>__wm_On_,w._.Ow.._n_m_
NOILVZITVNSIA JOIHIHASONLY ANV HIHL1VAM Mr‘

304



'SIOSUBG paleljul pue mﬁ_w_> buisn
uolenuwig [eniiA pue aAlonsuo?) Joj uonisinboy
Joble ] uo sssydsowy ay) Jo s108)5 8y} 101pald

305

9IN1o1d

buiepo s1084] u:@;gweéz
[euwisy ] ® [ensip




K N AN
L ‘:réﬁm s ‘5"';*
AR e

AR
LRy

e
N ATy
MoeisEan




S9|e00 pue ‘Ae( Jo

SoWwl] ‘Jayleap) ‘SUOSEag ||e Japuf SJUSWUOIIAUT]
Pleljellied dlsljeay JO UOHEZIENSI/ pue uoliejnwis
SAIJOBIBIU| 10} S|9POIN Joindwon buluuny-jse
Wuspuads(-swil | ‘@1elnddy dojens(]

307

BLVHOL PIW ENGINNOUIARKY 1]




|oxid-Ag-jexid ‘sabeuw] jo uonesyipoly - OWTIXId

suliojsues | pue Alswoss) Juiodmasip - AMAIIA

2Jnjonag sousinaun | susydsowly - SONLY -

a0ueleg uoljeipey pue uoljeulwn|j| Jake Arepunog - gx119

sjusuodwon) SAAVM o

308

UOIIBINWIS 10} $1084)]
uoljezijensiA oU3Ydsowy B Jaylap
SONBAN




| UOLEPITEA

pue UONEIJLIOA [OPOJA 10) SJuatUINSLIA/sanbrutoa].
dAIRAOUU] dOJOAS(T ‘SUOLIBNWIS dALORIONU]

pue ‘soures Jep ‘SJOPOIN uonIsmboy 1981e] ‘S[OPOIN
UoneaL) 9Ud0S 0JUI UOIMISU] J0J UOLIRPRISa(] Paonpuj
pioyoneg pue ouaydsowyy 101patd 18y} SOPOIA OPLAOL]

VE L OS/REETR E YK R G E 4 BICEEAIAGEY,
EYRRE 8 L M N

309




2JNjon.a}g pnojD snosusbowoyu| (1-§
Jodsuel | aAljeIpey [ JUOZIIOH -

uolnjeuiwnj] bulAiep e

yoeouadde Bulisneos sjdiynw

wealjs-g e Buisn JusWIUOJIAUS Yles Jeau ay) Jjo Led -+
e Jnoybnoly) uonelipel paseul pue a|qIsIA Jo Sexn|y
leuooalip ayj sejejnojed [spow (gyi1g) eouejeg
uolneipey pue uoneuiwnijj JeAe| Atepunog ay |

AT LMK O AN O

$109}J3 ousydsow)y




e
. . . M . - - - //
x.:‘x(“.““.(,’r . ~

—

sj0s0JaB snoauabowoyu

oeg WoJ}
1911808 piem.iod

311

Bulia}jeog

\ esnyig
\, pue j0811Q Gullin|g pue

@M }SBe1}U0D paonpay




1189 yoes

ur Abssus jo sessoj jeuoiippe sy Buijeibaiul ‘sjje0 soeds gy|1g
JO seles e ybnouy) yied e Buioesy Aq pauiwiiolep SoUBIHWISURI|

sybis Jo sul passap 10} sis)oweled o
Jooye bulyjoows abps pue ‘eouelpel yjed ‘eoueliwisues) pajengel
Juspuadap-abuel jo jos e 9onpoud o} eseqeiep gy|1g S e

ALY UL LN AN LA M 4




yed |[eonjdo 1eno sjoe)e
uoljouny) aseyd jo uoljelbaul Buisn pandwod Bulia]}eos PIEMIO-

1192 yoea ul yjed |eorjdo ol Buiiajeoss uoijeipes 10alip
pue asnyip Jo sjosye bunjeibajul Ag psulwialap aosuelipel yled e

313

EVHOLYAMIG LAAAROWIAND LA LRV
(panunuood)
»
MHIA




2In}onJig Jo uoiboy

|..|\i(l,
\\.\_
= 4/

o
P e /7 I
7 4 |
- Ry _

~

/
P / i

~ e
P ’ !
-7 ’ |

-~
/ t
-
~ / |
. , !
- i
- Z /
— \ |
-
-~ / t
- e / |
-
/ \4
e /

314

BAVUOLOEHIG INYANGY

aulInoy Alldwosn)
MBI/




‘siojoweled BuLn|g Jaiess premio]
|0S0JaY puUe JuUs|NgIN] ‘@oueipey Yled ‘eouepiwisuel |

:890NP0Id

‘BP0 MIIA 84l Buisn soedg gying

UIUHAA IYBIS JO seur sjdniny Joj sonsiels sindwo)
'sleg ere( plei4

soue|pey ousydsowly gyig uny Ajisnoinaid azijinn
'SUOIHPUOY) duaydsouuly 1usiayiq epun abew| ue

JO 8ouUeeaddy oy} slejnwig 01 P07 uoneaIyIPo abew|

315

Q,
SE




‘OLeUS0S
JBYIEapN JO Uonosies Jesn >>o=< pue soisusloReyn
aAll0adsIad JenesqQ [041U0N) 0] 8oeLBIU| JOS(

‘perebedold aq ued reyl seouelpey [enoadg ojul
sjEXid 949 SUeAUO) enbjuyds] uolewisy enoadg

316

(panunuo)

NVHOOHd AOWT3aXId

AENHOLDREH LRAWRNOUTANT (¢




oueos
pajasu|

317

SREYHCELO Y INU N OWE

UOIJEDIJIPOJ\ BUSDSQ
AOIN13Xld




» N

(Bupranyq ou) siA by €7

wd1send

drdydsownyy Iwd|)

el ==

1a

W NOLLYOVJOUd STAVAM

318



(sewes) Jep)) uoneinwis

SAI}ONJISUOY) JOJ Uolelussalday olsweled

pue ‘(dIINV. L) ueld uawanoidwy buljapow
uonisinboy 1bie] sAuly ayj o} pue (S1az3)
uolle|nwig aAloeIBIU| palnqglisi(] o) paljdde
buiaq aJe sjppol\ d1Bydsowy onsijesl AjjeosisAud

319




£€600-16-0-8296 | 4 10B1U0D Jepun pawloLad YIOA .
€2120 YIN ‘uojbuixaq
SNUBAY ||[oMlleH 2

0U] 'V14VdS
v661 |unr g-/

VIN 'g4V woosueH |
8jelojoalq soisAydosg/Aiojesoqe sdijiyd
S|9pPOJN uoissiwsuel ] dlsydsouwny
UO 80U8BI3JU0D MBIASY |enuuy

[BWWnH Y
pue ‘ssuor "Y' ‘z19yisyd o'\ ‘unbuo "y Qg
Aq

0¥ NOISY3A LYOSMOvE
"3A0J NOLLVININIS ¥VaI1 S.V1dVdS

320



Ajjeolydelr) synsey sAeidsiq —
SUONIPUOY UOB|NWIS SNOIABId S||E08Y pue SeAeS —
sindu| uonenwig syjdeody —

welsAg eoepeiul nuspy Ajpusli4-lesn
$10}09}8(q psauleqg-iesn 1o uj-jjing —

Aoeinooy Ajoojep pue
obuey Jo sejewilsg pue souewIopad 8sIoN-0}-[eubls —

swe)sAg Jepi Jejddo( Jualeyon
pue ‘uewey ‘18]1eoS)oeyg |0S0I8Y S|SPOIN ®
Spuosolpey 10 aseqele wolj buuepeos Jejnods|op —
SPNO|)/S|0S0I8Y JO aseqele SAISUBIXT —

Od ® uo (4] ‘e|qisIA ‘AN) suoneolddy
olleydsouwly 1oy Jepeosyoeg Jepiq sejejnwig o

¢1lVIOSXIOVE SI LVHM

321




S1S8 | p|eld Jepi Jo suonolpaid

suollipuo) ouaydsowly pue swelsAg JeseT
U8l Yim suoloipald eouewlopad Jepl ®

SHO 8pel] pue ubise woeisAg e
sisAjeuy Buisuag sjowey

SNOILVYIINddV 1LvOSMOve

322



a|qejieAy uoidiosqy Jejnds|op JO Sejewss -
papn|ouj SpPNojD JS1eM -
paje|nwig Jepi Jsjddoq juaiayo) -
pepnjou] s10j083eQ jo Areiqry -
Peppy 8sjoN-0}-[eubig -
0°'v UO|SiaA v661

pejejnwis siepy] uewey -

pailepisuo) Aousjoy3 wejsAg -

sjosolsy psuysq-ies -

PePPY suojosyey eoeung -

0°€ UOJSIBA 2661

P8pPPY sjosolay

uesaQ pue spnojD snuy -

welsAs nusy peseg-0O Map -
0°¢ UO|SIBA 1661

synejsq uring

Se S|epo |0s0lsY DY

UM weisAg paseg Nvd 14O
0’| UOISIBA 0661

1LVIOSXIOVE 40 HLMOHY

323




(syneje 1daday 10)
wr GG°o 1e ¥°g pue ‘sseuyoly] ‘eseq ‘edA] pnojn induj —

NVYHLMOT wodj siojoe Buijeog yibusjanepp —
odA1 pnojD uj-)ing se uondQ pnoj) Jerep) °

$10}0819( paulaq-1esn 10 uj-ying —

Aoeinooy peadg puip pue abuey jo sejewlisy —

swalsAg Jepi Jejddo( jualeyo) pue
(uonosleQ 10811Q “8°1) Jeljeosyorg |0S0I8Y 40} SUoleleY —

S|epoj\ eouewIoUad 8SION-01-[eubig

0 LVOSMOVE
NI S3dNL1Vv3d M3IN

324



. sisAjeuy Jajddo(
Emhmcooho_cozomh_accmnmmamncémmv:_oc_l

welbolid slesln/p3 epuosoipey apesbdn
Od sdesn
Uo 1vOSXOv4 buljieisuj Joy Annn perewoiny e
LVOSMOV4 ul asn o4 8|14 Indu| sejeal) Ajjeonewony —

(ereq pauyeqg-iasn
10) alaydsowyy |[epo|y pue yibusjaaepy Jepi induj —

(1-Wwo 0g) uonnjosey NvH.LMOT -
$9|1J014 uolldiosqy Jejnos|op
sejewnsd ey sbexoed Arelixny uy ‘sgyin ®

("U02) 0"y 1VISHOVE
NI S3HNLY34 MaN

325




a.1nbi4

BSION S$S89X3 9 d3JN 10}03)a(Je
Adusidiy3 winjuenp Joyo8)a(]s
salouaioy)g [eandO alempleHs.
uoissaiddng

8SION |esodwa | /lenoadg/jeneds.
3SION Jaylidweald.

jualind ieq Joja8)a(g.

9SION (uosuyor) jeway |«
9SION JOyS uojoyd punolibyoege.
9SION joys uojoyd |eubig.

fAlenp weag Jase.

lamod ndjnQ 1eseT.
uoljeinosqQ/azis ainpuady.
Aousiolyg wnyuenp J10jos)a(.
lajjeoasyoeg |0solay.
uofjenua)y ouaydsow)y.
saloualog |eondO alempies

3SION

TVNOIS

-WO¥4 S103443 mmo:._.oz_ 1dd0OW IONVINHO4H3d

1ddOIN JONVINHO4H3d NS

326



| (Alup swejsAg Jajddoq welisyon ,)
«UINIaY yiim 10je||1osQ [e007 jo Aousioiyg Buixiy Ayun e

ABAI908Y 8y} JO uoljeiad palwiIT-8SION-10US
apinoid 0} ybnouz abie] s| 1emod 10)e|jlosQO |eo0]

PalapISuU0) JON SSION 1801
MBIA-JO-PlBI4 Je)iwisuel | pue J1aAIBd8Y payodle|N ©
swelsAg Buiuueog pA\D ON —
walsAg lase] pasind ©
papn[ou| JON S109)j3 aoua|ngin|
wa)sAg uonosla( ul 1ayji4 payole|n
awibay Huipunon uojoyd ul 1oN —
A L <"UNS -
obue Ajoanejay asioN-01-leubis e

SNOILJINNSSY T3dOIN HNS

327




S:O swalsAg Jepi Joiddoq weieyo) ,)
+101B|[19SQ |00 ul Jajip Aouanbal4 oN —

«21NONIS piai4 PUIpA
JO Juspuadapu| Aoeinooy peads puipp Jo sejewlisg —

1eplq Aleuonels —
2 Yibuen Jo es|nd Jejnbuejosy —
sio413 Bunuiod wis] -Buo Jo we ] -uoyg oN —
suoljdwnssy e
Swilj uolleAlesqQ elul{ pue oljey asIoN-O)-jeubls
ellul4 e BbuineH [eubig penisoay ayj jo Aousnbaei
I8jua) 8y} ajewi}s3 o} lossadold J9|ddoq ayy Jo
ANjIgy 8y) o1 Jsjey Aay] ‘swelsAg Jsjddo( Jusiayon 104 —
Aligqedes yuswainsesyy Jusiayuj
S,Wa1sAS e 0] pauluon) sejew sy Aoeinooy e

AJVHNIOIV ALIDOT3A
ANV 3ODNVH 40 S31VINILS3

. 328




uajshig Jepry afue ..u

S3[nsay mal
suorjeinoje; u
suorjrpuc)y uorjeandi juoy ua%
suof3ypuo) afdaydsouyT aufjag
suof3rpuay Buynarn augjag _
- SJajauedey uayshg .B_:m Ay jag |
¢ pasf) aq 03 safj4 afuvy)

ON :PappY Jafiw] [0s0d0y pau] Jag—saen

asydsowyy TyIIdoUl :uo paseg Bujdajywog yBiapfiey

STIAON "CSOHTY WI-1TIN :w04 aryjoud uojyebedoyy
:SHOTZIANOD OTEZHISORIY

181NN 1033233
1108033y PaU] Jog—Iesy
LW :311J0ag uofyeliedoag yndyng
18Jajaweav] [Ipoy afsydsowry
(3N0N) :wvq uoydeosqy Jepnoaoy

1TWaad ;9114 wyeq 3ndyng
1WA :3114 Bo7 yndyng
:8U0}3ypucy Buyman
:sd0jaueIey wnsfig Jupp
18UOT3}puc) uojyeanby juoy
‘@SN 39 0L SAINA

‘UGN SNOTAIIY 03 367 '2IRIAXD 03 INNLTN ‘A'Y _

uaishg Jajjeasyoeg [osoday — LyasHug

Jg|ddoq juaiayo) -
Buueneog uewey -
lajeosyoeg |osoley — |

walsAg Jepi abueyn e

9|Nos|Op\ uewRY —

selpuadoid pnojny -

S9|1Jold PUIA 1B|nNd8|O|\ ‘josoley —
slajaweled olleydsowyy e

synsey 10} puo INdinQ -

se|buy yinwizy pue uoneas|g bumelp -

WbleH Jeply —
SUOIJIPUO) Buimelp

adA )| Jojosl0q -

SolouB|oYg pue azig jeondQ weisAg -

uoneing ‘ABisug ‘Yyibusjenepp esind —
siajoweled WoalsAg Jepi] e

NN3IIN NIVIN LVOSHOVE




_H;_

[ U R N S RO P O | I R A

CWCIECIE T TS 0

Ly abuny

e

ol

S

B A

L L A A S B Sy S S R s w8

Bl e

{—} =300 ~0)—oufls

'S107d ANV 1Nd1NO LYOSHOVe

apnli)y "SA oSION-0}-jeubig —
obuey "sA esioN-0}-jeubig —
opNlI)|Y "SA Jejedsyoeg —
ebuey ‘sA Jeyeosyoeg —

S10|d |qe|leny e
(Ajuo 181ddo jusiayon ,)
SO buojy peads puim felpey -
+OJOld PUIM paAIBsqQO —
AoeInooy peadg puipy —
Aoeinooy abuey —
@duew.lopad asloN-0}-leubig —
1amod palapeosyoeg —
yideQ eondp —

(SO1) wbis-jo-aur
Buo)y Sjuslols0) uonenuany —

sjonpold indinp e

330




@ous|ngJin] JO uoisnjou|

djoH auIT-uQ pue aoeuolu| SMOPUIA SIN ®
swejsAg Buiuueog e

welsAs vIq °

S3AvHOdN 34N1LN

331




810€-22€-(£219)

000S-+€£10 VN ‘gd4V woosuey

AioreloqeT sdijjiyd

vOdD/M8Ino|D e 1ded
1vOSHMOovd bulureiqo

0901-£98-(219)

€120 VN ‘uojbuixe

ONUBAY ||oMUeH t2 o

- "ou| ‘V1HVdS

unbuoT pineq
suolisenp) [eoluyos|

LOV.LINOD 40 S1INIOd.




THE SOLAR IRRADIANCE BY COMPUTATION
Robert L. Kurucz

Harvard-Smithsonian Center for Astrophysics

60 Garden St, Cambridge, MA 02138

I am now able to compute a purely theoretical model photo-
sphere (Kurucz 1992a;b;c) that reproduces the irradiance measure-
ments of Neckel and Labs (1984) in the visible for bandpasses of
approximately 2 nm. That model, and Avrett’s empirical quiet
sun model (Fontenla, Avrett, and Loeser 1993) that includes the
chromosphere, are used to predict the irradiance out to 200

microns at low resolution.

To get a feel for the scope of the monochromatic irradiance
problem I have computed the spectrum from 150 nm to 200 microns
at a resolution of 500000 using 58 million lines, both predicted
and observed. If this spectrum is degraded to the resolution of
the model it looks like the model. At any given wavelength the
spectrum is not reliable. But at a resolution of 10000, say, it
approaches measurement accuracy. In regions of low transmission
it is more reliable than existing measurements. I will publish

tables of these irradiance spectra.

I am producing atlases of the solar flux, central intensity,
and limb spectra taken by James Brault at Kitt Peak. One atlas
"Solar Flux Atlas from 294 to 1300 nm" by Kurucz, Furenlid, Brault
and Testerman (1984), has been published thus far. I have have the
Photometric Atlas of the Solar Spectrum from 1,850 to 10,100 cm-1"
by Delbouille, Roland, Brault, and Testerman (1981) also taken at
Kitt peak. In addition I have the ATMOS central intensity atlas from
650 to 4800 cm~1 taken by Farmer and Norton (1989) from Spacelab 3.
The replacement for the flux atlas will be printed on demand in 4
parts of about 500 pages each. Each page will show the observed
spectrum normalized to a continuum, the state-of-the art computed
transmitted spectrum on the day the atlas is printed, and line
identifications. Each part will cost $100, plus shipping if sent
overseas. If I can obtain a color laser printer, I will make a
$200 version with color coded solar spectrum, transmission spectrum,
transmitted spectrum, and the line indentifications. I will produce
CD-ROMS with the spectrum and line data. I have spectra that will
continue the atlas out to 5 microns. I am reducing SMM spectra at
shorter wavelengths. Similar atlases will be made for the solar
center and limb in collaboration with my colleague Barbara Bell.
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Parts of the flux atlases directly give the residual irradiance
spectrum but much is confused or obscured by terrestrial lines. I
can compute them away except where the transmission is too low.

Then I will £ill in with the purely theoretical solar spectrum. In

this way I will finally produce an atlas showing the solar spectrum

above the atmosphere.

I use these atlases to test the pure calculations of solar
spectra and transmission spectra. I identify problems with the -
line data and I try to make generic corrections that improve
hundreds or thousands of lines at a time. If the spectrum
calculations look good in the regions of high transmission, I
can héﬁe some confidence that the regions of low transmission
are computed accurately. The main problem has been continuum
placement. Ozone and 02 "dimer" features are difficult to
determine because the atlases are each made up of a number of
'sharply peaked FTS scans. The continuum placement affects the

appearance of line wings and the apparent depth of weak features.
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Highlights of Laboratory
Measurements

Ozone-friendly single-pass aluminum absorption
cell, 0.46m optical path

Fractional absorption detection limits below
0.05% (1 sec), optical depths of 0-10%

Visible region

Precision capacitance manometer calibrated
against primary pressure standard on-site

Impurity gas pressures measured and corrected
for in real-time

Five HeNe laser transitions span Chappuis band,
eliminate wavelength uncertainty

Ozone concentrations cover nearly a factor of 20
(1.8t0o35x 1016 cm-3 as well as Z€ero)

Near-IR region

Ozone densities determined in real-time by
absorption at 632.8nm HeNe laser transition

Ozone concentrations cover nearly a factor of 10
(08to7x 1018 cm3 as well as Zero)
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Ground-Based Measurements of HF and HCI

Hilary E. Snell* and Paul B. Hays

Space Physics Research Laboratory
Department of Atmospheric, Oceanic, and Space Sciences
- The University of Michigan
2455 Hayward
Ann Arbor, Ml 48109-2143

*Currently with AER, Inc., Cambridge, MA

Abstract
This poster describes remote sensing observations of HF and HCI column densities
'over Ann Arbor, Michigan. Spectra were collected between October 1992 and
July 1993 using a ground-based Michelson interferometer and the technique of solar
absorption spectroscopy. While the column densities computed from these spectra
agree with other groups' measurements of these species, we have noticed that the
HCI spectral line at 2925.897 cm-1 appears strongly asymmetric. It is our belief that
this is due to spectral contamination by another chemical species and not instrumental

phase errors as previously reported by other groups.




. Introduction

~ Hydrogen chloride (HCI) and hydrogen fluoride (HF) are important gases in
~ stratospheric chemistry. Hydrogen chloride is both a reservoir and a sink for chiorine
atoms, which play an integral role in the chemistry of ozone. Hydrogen fluoride is
chemically inert in the stratosphere and serves as a sink for fluorine atoms through
diffusion to the tropopause and subsequent rainout. The concentration of HF is
determined by the destruction of anthropogenically-emitted fluorine-containing
compounds while the HCI concentration has both anthropogenic and natural
components. The relative abundance of HF and HCI provides an indication of the
relative importance of CFC's to other sources of chlorine in the total amount of chlorine
present in the stratosphere.

Remote sensing of HCI and HF has been routinely accomplished by analysis of
the near-infrared spectrum of each species' fundamental (1-0) rotation-vibration band.
Numerous lines from these bands have been used for atmospheric density
measurements and the FASCODE atmospheric model was used to determine the
suitability of each of the lines for ground-based measurements. Only some of the HF
and HCI lines can be used in ground-based measurements due to absorption by

methane and water vapor. It is for this reason that much of the remote sensing of HCI

and HF has been done from balloons. For both HF and HCI the R{ transition was

selected as the most suitable line for this study, 2925.897 cm-1 for HCI and

4038.962 cm-1 for HF.




Instrumentation
The measurements described in this poster were accomplished using a Bomem
" DA-8 Michelson interferometer with a calcium fluoridé (CaF2) beamsplitter and
indium-antimonide (InSb) detector. A potassium-bromide (KBr) window at the
instrument entrance aperture enabled instrument evacuation during data collection.
An optical filter was placed at the limiting aperture to reduce the spectral region
incident on the detector and allow for an increase in the amplifier gain settings. Solar
tracking was accomplished with a roof-mounted heliostat system and the light was
collimated before entering the instrument.
The interferograms were acquired through a maximum optical path difference of
200 cm to yield an unapodized spectral resolution of 0.0025 cm-1. This optical path
difference is much larger than the interferogram-halfwidth of the HF and HCI features
and the spectral lines are completely resolved. Each set of data consists of two co-
added interferograms and required a total of about 10 minutes of data collection.
Due to the Bomem software and computer memory limitations only data from a
10 cm-1 wide spectral region was saved.
Spectra representative of measurements from Ann Arbor are shown in Figure 1.
The spectrum in Figure 1a was measured on 1 October 1992 at a solaf zenith angle of
67.04° while the spectrum in Figure 1b was collected on 20 January 1993 at a solar
zenith angle of 78.26°. As indicated the HF and HCI absorption features lie on the

edge of very strong absorption due to methane.
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Figure 1a Spectrum computed from the interferogram collected at 8:44 est on
1 October 1992. This is the result of two scans with a maximum optical path
difference of 200 cm, which yields an unapodized spectral resolution of

0.0025 cm—1.
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Figure 1b Spectrum computed from the interferogram collected at 9:17 est on
20 January 1993. This is the result of two scans with a maximum optical
path difference of 200 cm, which yields an unapodized spectral resolution of

0.0025 cm-1,




Determination of Column Density
The column density was retrieved from the spectra by removing the background
~ absorption and fitting the spectral line of interest. Removing the background simplifies
data analysis because it is difficult to quantify parameters such as the exact field of
view of the instrument, detector gain and spectral response, and optical losses to the
signal from light-collecting optics and within the instrument itself.

The spectral lines were fit by assuming a Voigt lineshape and U.S. Standard
Atmosphere temperature and pressure profiles. The Air Force extension to the U.S.
Standard Atmosphere provides the HF and HCI mixing ratios to be used as a starting
point for the fit to the spectral data. These profiles represent a mean value for the

desired constituents. The fit was accomplished by allowing variation in mixing ratio

magnitude and altitude. Thus
&measured[z] = Méaf[z*(l + 8)] [1 ]

where Eaf(z) is the Air Force standard profile, M accounts for a magnitude shift in this
profile, and the quantity (1+8) allows for vertical transport of the species of interest.
Depending on the value of & the mixing ratio profile will expand or contract in altitude;
a positive value of & indicates subsidence and the mixing ratio profile will be
compressed. This method of varying the mixing ratio profile is more realistic than

simply shifting the profile in altitude. Once a mixing ratio profile has been determined

it is used to compute the column density.
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Figure 3 The measured HF absorption after the removal of the background

absorption and airmass correction factor p.
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Method of Removing the Background Absorption

The measured spectrum may be written as the product of background
" transmission and the transmission of the species of interest. For the case of the
spectral regions chosen for HF and HCI, the background spectrum consists of
absorption due to methane and water vapor. Because the expression for the Voigt
lineshape must be evaluated numerically, it is computationally more convenient to
implement a fitting routine using the analytic solutions for the Lorentz and Doppler
shapes. In these spectral regions the water and methane lines are strongly absorbing
and, for the purpose of fitting the background, we have treated them only as Lorentzian
lines. The wings of these features will still have a Doppler component due to
stratospheric absorption but exclusion of this term introduces little error to the final fit.
The initial values for computation of the Lorentz shape of these lines are tabulated in
the HITRAN database. In order to eliminate the HF or HCI line from the criteria for a
good fit to the background, only the spectrum greater than three halfwidths away from
the HCI or HF absorption was included in the background fit.

While we attempted to use realistic parameters to fit the background we soon
found that doing so is extremely difficult. In particular, we found that (1) the methane
linewidth information in the HITRAN database is not always reliable; (2) line mixing
strongly affects the wings of methane lines, particularly in the region around the HCI
line we have chosen; and (3) line mixing is most severe in the low-wavenumber wings
of the methane P-branch which, again, is where the HCI line is located. To overcome
these problems we decided to allow the half-widths, magnitudes, and center
wavenumbers to vary while computing the background fit. This does not produce a

geophysically-meaningful result but it did allow us to remove the shape of

the background.
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Asymmetric HCI Line

The first thing one notices when examining Figure 5 is that the HCI Iihe is not
~ symmetric. This shape has been noticed by other groups and has been attributed to
instrumental effects, such as a problem with the phase correction. We argue that if the
problem were instrumental one would expect the other lines in this spectral region to
be distorted as well. Unfortunately this spectral region does not contain isolated lines
with the same magnitude of absorption as the HCI feature. Close examination of
isolated, but stronger, spectral lines indicates that the other features in this spectrum
are not asymmetric. Examination of the region used to measure HF also does not
show any obvious asymmetries. Furthermore, this shape is observed in all of our
measurements taken over several months, changes magnitude with solar zenith angle
in the manner expected for a spectral feature, and appears to be similar to spectra
measured by other groups at Mauna Loa, Hawaii, and Antarctica (Rinsland et al.,
1988; Liu et al., 1992).

As a means of eliminating instrumentation errors as a source of the asymmetry,
data was collected using different mirror scan velocities (0.5 cm s™1 and 1 cm 3“1),
different beamsplitters (CaF2 and KBr), different widths of the saved spectral region
(2920-2930 cm-1, 2922-2932 c¢cm-1, and 2923-2929 cm'1), and different spectral
resolutions (0.0025 cm-1 and 0.005 cm-1). In all cases the line shape is asymmetric.
Figure 6 illustrates spectra measured with the KBr and CaF2 beamsplitters at the two
different spectral resolutions. The change in the slope of the lines connecting points
clearly indicates that the spectral line is asymmetric. If the line shape was symmetric
these connecting lines would be parallel; the lines would be parallel with zero slope if
one of the resolution elements fell exactly on the peak of the feature. If the asymmetric
shape was caused by a problem in mirror alignment through thé scan one might

expect the asymmetry to be reduced if the measurement is made at a lower spectral
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resolution. As can be seen in Figure 6 this is not the case. Thus we believe that the
asymmetric shape of the line is real and is not an artifact of the instrument.

In order to support the hypothesis of the presence of another species, the
absorption by HCI was computed and removed from the spectrum shown in Figure 6.
The residual, shown in Figure 7, reveals what appears to be another spectral line.
Though there is a solar CO line in the vicinity of the HCI absorption, its line intensity is
several orders of magnitude weaker than that of HCl. The width of the residual
feature is approximately 0.047 cm-1 indicating a pressure width corresponding to
about 500 mb. This in turn indicates that the gas causing the absorption is uniformly
distributed with altitude. Furthermore, because it is present in spectra obtained at
Antarctica and Mauna Loa it is not a chemical species endemic to Ann Arbor.

Unfortunately we have been unable to determine exactly what species accounts for

this absorption feature.
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Figure 5 The measured HCI absorption after removal of the background
absorption and airmass correction factor.
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385




Retrieved Densities
Utilizing the above analysis techniques we have measured the column content
" for HF and HCI. The column density computed from each of the spectra collected on a
given day was averaged and the (1) standard deviation computed. Information about
the measurements is summarized in Table 1, while Table 2 summarizes the results for
HCI and Table 3 summarizes the HF data.

A potential source of error in determining the column density is related to the
calculation of the solar zenith angle. A single spectrufn is derived from two
interferograms which were added to increase the SNR and requires about 10 minutes
to record. As such there is some ambiguity as to the time which should be used to
compute the SZA. To estimate the magnitude of this error the column density
computed using the time attached to the data file was compared to the density
computed with a time 5 minutes from the recorded time. Examination of this error
shows that for most cases it is insignificant compared to the overall scatter in the data.

The number of spectra collected was limited by several factors. As one might
expect, thick clouds make it difficult to collect solar-absorption spectra, though even
near-sub-visual cirrus clouds caused problems in the instrument phase correction
routine. Consequently most of the spectra were obtained before local noon.
Data collection was further limited because the instrument is shared by several
research groups. Furthermore, measurement of HF and HCI required the use of
different optical filters. Changing filters requires time to re-evacuate the instrument
(a sure sign that it would soon become cloudy!). Thus on any given day data was
usually obtained only for a single spectral region.

Measurements of atmospheric HCI for this study were conducted between
October 1992 and July 1993. The derived column densities are shown in Figure 10 as

a function of the airmass correction factor. Averaging all of the data yields a column

density of 4.14+1.08 x 1015 molecules cm=2. The large standard deviation can be
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attributed to errors in the fit due to the asymmetric shape of the HCI feature. Errors in

tracking due to the variation in the solar zenith angle over the course of the

"~ measurement were found to be negligible compared to other sources of error.

Because the HF line is symmetric and yields a much better fit than HCI,
measurements of the HF column density were made to a higher precision than the HCI
measurements. The data from Table 3 is shown in Figure 11 as a function of the
airmass correction factor. Averaging all of the data yields a column density of
1.6240.24 x 1015 molecules cm=2. The standard deviation for the HF data is much
less than for the HCI measurements because the HF line is symmetric and a much
better fit is obtained. As with the HCl measurements the errors due to the calculation

of the solar zenith angle are insignificant.
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Date Day Number HCI Spectra HF Spectra
1-OCT-1992 92-275 43 -
27-DEC-1992 92-362 4 7
18-JAN-1993 93-018 - . 4
19-JAN-1993 93-019 . 9 20
20-JAN-1993 93-020 - 6
1-MAR-1993 93-060 22 -
7-MAR-1993 93-066 - 30
18-MAR-1993 93-077 15 -
10-JUL-1993 93-191 26 -
13-JUL-1993 93-194 17 -

Table 1 Summary of HF and HCI spectra.




— Day Number | Column Density|  Estimated "Error due to
’ (molecg)les cm- Accuracy SZA Calculation
92-275 3.4412 x 1015 19.42% 1.75%
92-362 3.7538 x 1015 25.58% 0.38%
93-019 3.9644 x 1015 15.81% 3.55%
93-060 3.8136 x 1015 11.94% 3.65%
93-077 5.1441 x1015 9.05% 3.52%
93-191 4.5841 x 1015 36.23% 2.51%
93-194 5.9122 x 1015 1.90% 2.81%
Avefggﬁaof all | 4.1395x1015 26.06% 2.74%

Table 2 Summary of HCI column density measurements.

— Day Number | Column Density|  Estimated Error due to
(molecg)les cm- Accuracy SZA Calculation
92-362 1.2715 x 1015 7.45% 1.26%
93-018 1.3741 x 1015 4.69% 5.87%
93-019 1.5748 x 1015 13.12% 0.78%
93-020 1.6597 x 1015 11.56% 5.26%
93-066 1.7651 x 1015 9.90% 1.59%
Average of all | 1621241015 15.10% 1.84%
data

389

Table 3 Summary of HF column density measurements.




Comparison with Other Measurements

As a means of validating the ground-based HF and HCI measurements made
“from Ann Arbor, Michigan we have examined other column density measurements of
HF and HCI. These comparisons are shown in Figure 12 for HF and Figure 13 for HCI.

One source of recent data for comparison is the Halogen Occultation
Experiment (HALOE). One of several instruments aboard the Upper Atmosphere
Research Satellite (UARS), HALOE uses solar occultation techniques to measure the
atmospheric mixing ratio profiles of several gas species, including HF and HCI. The
instrumental requirements, experimental objectives, and geographical coverage are
described by Russell et al. (1993). We have examined HALOE mixing ratio profiles
measured close to the location of Ann Arbor (42.28° N, 83.71° W). The lower altitude
limit for the HALOE data is about 14 km and the mixing ratio profile can be integrated
to yield a column density from this point to the top of the atmosphere. From this data
the column density for HF is 1.76x1015 cm-2 while the HCI column density is
2.23x1015 cm-2. These values are accurate to 10-15% (Russell et al., 1993).
Hydrogen fluoride does not have a significant tropospheric source and the HALOE
value falls well within the error bars of our measurement (1.62+0.24 x 1015 cm-2).
Hydrogen chloride does have a tropospheric component. If the density decreases at
the rate projected by the AFGL atmospheric profile the HCI column density we have
measured (4.14+1.08 x 1015 cm-2) is actually too low when compared to HALOE
data (see the Air Force column density profile shape in Figure 13).

The other comparisons shown in Figures 12 and 13 illustrate that the column
densities we have measured are comparable to previous measurements. However,

due to differences in latitude, season, and year we would not expect these values to

be in exact agreement.
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Because the HF line is symmetric and yields a much better fit than HCI, measurements
of the HF column density were made to a higher precision than the HCI measurements. The
data is shown as a function of the airmass correction factor. Averaging all of the data yields a
column density of 1.62+0.24 x 1015 molecules cm-2. The standard deviation for the HF data is
much less than for the HC| measurements because the HF line is symmetric and a much
better fit is obtained. As with the HCI measurements the errors due to the calculation of the

solar zenith angle are insignificant.
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Measurements of atmospheric HCI for this study were conducted between October
1992 and July 1993. The derived column densities are shown as a function of the airmass
correction factor. Averaging all of the data yields a column density of
4.14+1.08 x 1015 molecules cm-2. The large standard deviation can be attributed to errors
in the fit due to the asymmetric shape of the HCI feature. Errors in tracking due to the
variation in the solar zenith angle over the course of the measurement were found to be

negligible compared to other sources of error.
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Summary

Using the technique of solar absorption spectroscopy we have measured the
" atmospheric absorption due to HF and HCI. From this information we are able to
calculate the column density. Comparison of our data with that of other groups
indicates that the values are in good agreement with other measurements at
this latitude.

Examination of the HCI absorption feature at 2925.897 cm-1 under various
experimental conditions indicates that the observed asymmetry in the shape of the line
is not introduced by the interferometer. Determination of the species causing this

absorption is necessary if this spectral line is to be used to measure the density of HCI.
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AN ATMOSPHERIC MODEL FOR
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PROBLEM TO BE SOLVED

AF SYSTEMS USING HIGH POWERED LASER
BEAMS ARE LIMITED BY ATMOSPHERIC
TURBULENCE

TURBULENCE OCCURS IN THIN LAYERS CALLED
"BLINI" (RUSSIAN FOR "PANCAKES")
DIMENSIONS: 100 M VERTICAL

100 KM HORIZONTAL

CAUSE OF TURBULENCE LAYERS = GRAVITY
WAVES [BY HYPOTHESIS]

PROBLEM: HOW TO SIMULATE "BLINI" BEHAVIOR?

EDE6194GPO
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SOLUTION TO PROBLEM

LINEAR INSTABILITY DUE TO WAVE SHEARS

N2

0.5
82

i

Ri

USE SATURATED CASCADE THEORY TO SIMULATE
WAVE FIELD

REALIZATIONS MUST BE BASED ON THE
THEORETICAL SPECTRA

THE SHEAR REGION WHERE S? > 2N* WILL DEFINE
THE BLINI LOCATION IN X-Z (DISTANCE-ALTITUDE)
SPACE [N = CONST ]

EDES184GPO
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SATURATED CASCADE SPECTRA AND
RELATIONS

THEORETICAL SPECTRUM

Py (k)= N2k 2n=(5x10*) k?

- V,=HORIZONTAL VEL. FLUCT.

2nea,
3
a,N

k=i T8 )= 250K

e=2x10"m’s® (STRATOSPHERE), g2=15.9

N=2x10%s’  (STRATOSPHERE),

EDE6184GPO




REALIZATIONS OF v, FROM ¥, (k)

M

=2 Vv (k. (D)

Ve (ko) = A (k) - sin (k¢ X + k; Z)

%k ) +k, (1+1)]

A (k. () = f ¥, (de] | =T army
() O+ -1

(NOT FOR ENDPOINTS)

L=TOTAL LENGTH =N’AZ (AZ = SPACING)
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BLINI OCCUR IF:

dvg _ P
1z =S5 (X,2) >2.8x10%s

ALTERNATIVE APPROACH

S(X,2)= % B(k, () sin (k,X +k,Z)

%k () +k, (1+1)]

B* (k, (1)) = f k, ¥, (k) dk,
() [k, () +k, (- 1))

TO PROVIDE RANDOM PHASES AND AMPLITUDES,
MULTIPLICATION OF A (k,) OR B (k) BY FOURIER

TRANSFORMED WHITE GAUSSIAN NOISE IS USED.
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< —“Am - (Sug O._mvv uej O@Na = AE\UQ‘_va_

I

(/%) uerole = g
() + 9 =

(INV1d-3SVHd IAVM) INITE 40 (S)3d0o1S

A

Xy

Sugjole=o
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THE FOLLOWING SIMULATIONS USE THE
SATURATED-CASCADE SPECTRAL MODEL

a— X-Y PICTURE OF BLINI
b- SHEAR SPECTRUM

VERTICAL SPACING = —=600m ,A, =100m

1!

HORIZONTAL SPACING = =285km, A, =100m

EDE6184GPO
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CONCLUSIONS

WE HAVE EXPLORED THE BEHAVIOR OF TURBULENT
BLINI THAT ARE DUE TO GRAVITY WAVES.

THE SATURATED CASCADE THEORY WAS USED TO
PRODUCE SIMULATIONS.

BLINI APPEAR TO BE PERIODIC AND BLINK ON AND OFF
WITH RESPECT TO X (OR t) AS WELL AS WITH ALTITUDE:

SPACING IS AT A/5 AND 2./, DISTANCES
RESPECTIVELY.

THEY SLOPED FROM UPPER LEFT TO LOWER RIGHT
WITH OUR MODEL.

THESE SLOPES WERE CONSISTENT WITH THE MOST
DOMINANT FREQUENCIES IN THE SHEAR SPECTRA.

I'T WAS FOUND THAT BLINI OCCURRED WITH AND
WITHOUT THE USE OF RANDOM AMPLITUDES IN THE
PSD'S USED TO PRODUCE THE REALIZATIONS. THIS
WAS NOT EXPECTED. IT DID NOT OCCUR IN THIS
MANNER WITH A LESS SOPHISTICATED MODEL USED
EARLIER (THE "SEPARABLE MODEL").

MULTIPLE PERIODS WERE FOUND IN BLINI WITH LOW
NUMBER OF WAVE NUMBER SIMULATIONS AND THEY
WERE CONSISTENT WITH DOMINANT FREQUENCIES IN
THE SHEAR SPECTRA.

EVIDENCE FOR THE SATURATED-CASCADE THEORY.,

EDE6194GPO
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, ARECIBO 430 MHz RADAR
» 22 JAN 1980

IR
AT LT D

i v
S

T TeaEy

Pos——
CTTOITY

ALTITUDE ( km)

LOCAL TIME (AST) \
WOOD MAN TRASTOG I, AND SATO (1981

Figure 1. Radar echo-power of backscatter signals from
turbulent fluctuations of clear air in the stratosphere
and upper troposphere. Shade levels are every 4 dB. A
piecewise linear trend has been subtracted with 0, 2, 5,
and 12 dB of attenuation at 9, 14, 19, and 24 km, respec-
tively. Results obtained with the 430 Miz Arecibo radar
at J30 meter resolution. Unpublished material courtesy
f Woodman, Rastogi and Sato.
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Fig. 3. Integrated radiance from the 1-O fundamental bands
of 12C'6Q, 3C'%Q. and '*C"0, as determined from spectral
fits to numerous scans from the CIRRIS 1A database, under
nighttime (top) and daytime (bottom) conditions. The lines
superimposed on the data points are predictions made by the
Atmospheric Radiance Code (ARC) model [Wintersteiner et
al.. 1992).
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VIBRATIONAL TEMPERATURE (K)

Fig. 4. Nighttime (top) and daytime (bottom) vibrational
temperature profiles for '*C'°0, '*C'°0, and '*C"0, as
predicted by the ARC model. Also shown for reference is
the kinetic temperature input to the ARC calculation.
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