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A FOREWORD ON LAUNCH AND EXPERIMENT DATES

When this Plan was written, the launch of SAGE was scheduled for January 25, 1979
However, because of weather and spacecraft difficulties, the launch was delayed until February
18, 1979 (1118 Eastern Standard Time) At that time the text of this Plan was already typeset,
and therefore only minor changes have been made to the launch and correlative experiment
dates stated in the body of this Plan

At this time (February 20, 1979) the following guidelines on experiment dates can be
given Correlative Experiment 2, originally scheduled for February 12-16 at White Sands, 1s
now planned for March 11-12, with April 5-6 as backup dates Correlative Experiment 1, origi-
nally scheduled for February 9 at Wallops Island, will also be rescheduled Although exact
dates have not been set, Experiment 1 1s now expected to occur after Experiment 2 (1 e, after
March 12)

The dates of Correlative Experiments 3-6 are also subject to change, but specific plans
have not yet been made

iii
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1. INTRODUCTION

1.1 SAGE Measurements and Ground Truth Requirements

The Stratospheric Aerosol and Gas Experiment (SAGE) 1s scheduled for launch in mid-
February 1979 aboard the Applications Explorer Mission B (AEM-B) sateliite of the National
Aeronautics and Space Administration SAGE’s mission 1s to map vertical profiles of ozone,
aerosol, nitrogen dioxide, and Rayleigh molecular extinction around the globe The ozone data
are expected to extend from about 10-45 km, the aerosol data from cloud tops to about 35 km
(plus occasional strong layers 1n the mesosphere), the nmitrogen dioxide data from about 25-40
km, and the Rayleigh molecular extinction data from about 15-40 km

The SAGE nstrument 1s a four-channel photometer that measures the intensity of sun-
light (centered at wavelengths 0 385, 045, 060 and 1 0 um) traversing the earth’s imb during
spacecraft sunrise and sunset (See Appendix A for a description of the instrument ) In this
manner 1t will measure vertical profiles of four-wavelength extinction, at the rate of about 30
profiles per day Spatial coverage will extend from about 79° N to 79° S latitude (with some
seasonal variation) and thus will complement the coverage (64° - 80° N and S) of the SAM-II
stratospheric aerosol sensor on the Nimbus 7 satellite Figure 1 shows an example of latitude
coverage versus time for a probable set of launch parameters

SAGE’s four-channel extinction measurements will be numerically inverted to yield verti-
cal profiles of ozone concentration, aerosol extinction (and inferred number density), nitrogen
dioxtde concentration, and total molecular density (When available, molecular density may be
derived from the rawinsonde network and other sources, and then used as an input to the
four-channel inversion process--if doing this improves the accuracy of the other derived param-
eters ) The dernived data will be archived and made available to the scientific community for use
in a variety of studies However, before being released the data must be validated by compari-
sons with correlative measurements made by other sensors of appropriate accuracy, resolution,
and reliability To avoid confusion and the compromising of SAGE data integrity, the accuracy
and resolution of correlative sensors should be well understood, 1f possible, they should be
equal to or better than those expected from SAGE

The anticipated performance of SAGE 1s indicated by Figure 2, which shows results of
inversions using a typical SAGE inversion algorithm with simulated radiance data and simulated
errors of the magnitude expected for a typical measurement cycle (Chu and McCormick, 1979)
Although the accuracy and resolution achieved by SAGE are to a certain extent affected by lati-
tude and by constituent concentrations, the models shown 1n Figure 2 give results that are
representative of a broad range of conditions to be encountered by SAGE

Note that the vertical resolution of each inverted profile 1s about 1 km This resolution 1s
achieved by virtue of two factors (1) the radiometer’s narrow field of view, and (2) the
sharply-peaked weighting functions for the limb-viewing geometry The limb weighting func-
tions do 1n fact depend on constituent profiles, which can produce significantly poorer vertical
resolution for certain conditions and heights Nevertheless, a vertical resolution of 1 km 1s a
useful target specification for ground truth measurements

Note also the error bars in Figure 2 These bars were derived by performing the inversion
for ten different cases of simulated random errors and taking the standard deviation of the
resulting set of solutions (The simulated random errors are based on SAGE expected
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performance, see Appendix A ) Hence, the error bars and the differences between model and
inverted profiles denote the expected accuracy of SAGE-inferred constituent profiles and, there-
fore, the desired accuracy for correlative measurements These desired accuracies are summar-
1zed n Table 1

Table 1

DESIRED ACCURACIES OF CORRELATIVE MEASUREMENTS
(Based on SAGE Simulations)

Ozone NO, Aerosol Molecular Density

5%, 25—40 km
10%, 10—25 km
30%, 40—50 km

30%, 25—40 km
factor 3, 40—50 km

10%, tropopause—25 km
30%, 25—35 km
Plus noctilucent

5%, tropopause—35 km
10%, 35—45 km

cloud occurrences

1.2 Overview of Ground Truth Plan

A SAGE ground truth program has been developed on the basis of the above prere-
quisites The program 1s designed to take advantage of established measurement capabilities
and expertise at a number of worldwide locations At the same time 1t includes the develop-
ment and use of sensors with needed measurement capabilities that cannot be provided by
existing sensors

A schedule of SAGE ground truth experiments to be supported by U S organizations 1s
shown 1n Table 2 The sites for these experiments were selected because they permit a number
of sensors for the SAGE constituents to be operated simultaneously from a single location or a
ught cluster of sites Table 3 gives more information on the clustered sites that were con-
sidered in developing the schedule of Table 2 Figure 3 shows the locations of the various clus-

ters
The intent of the schedule in Table 2 1s to provide

L A reasonably complete check of SAGE performance early in the misston
(via the February-March 1979 experiments)

] A check of any possible differences in SAGE sunrise and sunset perfor-
mance (via the White Sands-Hollman experiment)

] Ground truth support for a SAM-II/SAGE comparison (by means of the
late spring or early summer 1979 Sondrestrom experiment)




Table 2

SAGE GROUND TRUTH EXPERIMENTS SUPPORTED BY US ORGANIZATIONS
(To be supplemented by non-U S ground truth groups and others, as appropriate)

na

Experiment 1 2* 3 5 6
Schedule March 11
(approximate) (sunset)
March 12 Spring or
April (sunrise) April Summer Fall Winter
1979 1979 1979 1979 1979 1979

Cluster Cl C2 C4 C3 Cl1 Cl
Sites Boulder

Wallops | White Sands Fortaleza Sondrestrom Wallops 1 Wallops 1

Hampton Holloman AFB Natal or Poker Flat Hampton Hampton
Latitude 37-38N 33-40N 3-58 65-68 N 37-38N 37-38N
Longitude 75-76 W 105 -107 W 35-38W 51 or 148 W 75-76 W 75-76 W
P-3 Lidar X X X X X X
P-3 Spectrometer X X X X X X
Langley 48" Lidar X X X
NCAR Lidar X
Dustsonde X X X X X
O3 Balloon X X X X X X
O3 Rocket K K(2),H(Q2) K K K K
Datasonde XXXX X X X X
Murcray Balloon
Interferometer X
Pepin Balloon
(photometer and
spectrometer) X X
LIPt
Noxon Spectrometer X
Dobson/Canterbury X X X X X X
NCAR Sabreliner$§ X
Ames U-2" X

*Includes correlative measurements for both a sunrise and a sunset SAGE scan
TCombmed SAM-II/SAGE correlative experiment

*LlP (LIMS Instrument Package) 1s not formally a part of the SAGE Ground Truth Plan

sor

However, when LIP and SAGE
measurements are sufficiently close in space and time, comparisons will be made A possible overlap may occur 1n Cold
Lake, Alberta (55 N, 110 W) 1n February 1979

§Includes polar nephelometer, quartz crystal microbalance, Knollenberg optical particle counter, and possibly Dasibi O3 sen-

%
Includes Ames aerosol impactor, Ames O3 and NO sensors, Langley quartz crystal microbalance (planned), and possibly a
Lazrus multfilter sampler

K= Kruger optical rocket-borne O3 sensor

H= Hilsenrath chemiluminescent rocket-borne O3 sensor
NOTE  Experiment dates are as scheduled on February 20, 1979 See also the Foreword on Launch and Experiment Dates

5




Table 3

PRIME CANDIDATES FOR CLUSTERED SAGE GROUND TRUTH OBSERVATIONS

Cluster Agency or
Number Instrument Investigator Institution Location Lat Long Parameter
1 Dobson (Umkehr) Bruton, Perry NASA WFC 'Wallops 1 38N {(715W 0,
1 Ozone Balloon iPerry, Bruton INASA WFC Wallops 1 38N |75W  |0;,TW
1 0zone Rocket Perry, Bruton INASA WFC (Wallops 1 38 N |75SW 03
| I[Datasonde Perry, Bruton NASA WFC Wallops 1 38N |75W T,P,W
I Airborne Lidar Fuller,
McCormick INASA LaRC Wallops 1 * 38 N* |75 W* |A
1 IGround Lidar Fuller,
McCormick INASA LaRC Hampton' 37Nt |76 W1 |A
2 Dobson (Umkehr) Albuquerque 35N [107W [0,
2 Balloon Interferometer Murcray Denver U Hofloman AFB |33 N (106 W |03,NO,
2 Balloon Photometer IPepin U Wyoming Holloman AFB 33 N (106 W |A,0;,NO,,.D
2 Dustsonde Rosen,
+ Oj; Sensor Hofmann U Wyoming Holloman AFB |33 N {106 W |03, AT
Hofmann iU Wyoming Holloman AFB 33 N {106 W [03,A,T
2 Balloon Spectrometer Pepin iU Wyoming Holloman AFB 33 N [106 W [0;,A,T
2 Ground-Based Lidar IFernald, Frush [NCAR Boulder MON [1I05W |A
2 Balloon Noxon INOAA-ERL Boulder 4ON 1105W |NO,
2 ILIP Balloon ILIMS Team (NCAR) IPalestine 32N P6W 03,NO,, T
2 IAirborne Lidar Fuller,
McCormick INASA LaRC Holloman AFB  [33 N* |106 W* |A
2 Rocket Ozonesonde Perry, Bruton INASA WFC [White Sands B3N [106 W 10,
2 IDatasonde IPerry, Bruton INASA WFC White Sands BIN |I06 W |[T,PW
2 Balloon Ozonesonde Perry, Bruton INASA WFC IWhite Sands BIN [I06 W |0,
2 U-2 Quartz Woods,
Microbalance McCormick INASA LaRC/ARC IWhite Sands 133 N* |[106 W* |A
2 iU-2 Impactor Farlow INASA Ames IWhite Sands 133 N* |106 W* (A
2 U-2 Multifilter
Sampler Lazrus INCAR White Sands BIN |I06 W (A
2 U-20;NO, T,
Sensor Starr INASA Ames White Sands B3N (106 W (0
3 [Dustsonde Rosen,
Hofmann U Wyoming Sondrestrom 7N [S1W A T,0,.7
3 IAirborne Lidar Fuller,
McCormick INASA LaRC Sondrestrom* 67 N* 51 W* |A
3 Balloon Photometer Pepin U Wyoming Sondrestrom 7N I W IA,04,NO,,D
3 Dzone Balloon Perry, Bruton INASA WFC Sondrestrom TN BPIW 0,.T
3 Datasonde Perry, Bruton INASA WFC Sondrestrom TN 1 W L1",P,N
3 Dzone Rocket INASA WFC Bondrestrom BTN BIW P3,T

Ferry, Bruton




Table 3 (Continued)

Cluster Agency or
Number Instrument Investigator Institution Location Lat | Long | Parameter
3 b’olar Nephelomeler§ rams beorgla Tech Sondrestrom®* |67 N* |51 W* (A
3 Optical Particle
Counter Grams IGeorgia Tech Sondrestrom 67 N* (51 W* (A
3 Quartz Mlcrobalance§ IWoods,
McCormick INASA LaRC Sondrestrom® 67 N* |51 W* |A
4 Ozone Balloon Perry, Bruton NASA WFC Natal 58 3I5W |05,T
4 lOzone Rocket IPerry, Bruton NASA WFC Natal 5S 3I5W {05,T
4 Datasonde Perry, Bruton NASA WFC Natal 5S 35W |TPW
4 Airborne Lidar* Fuller,
McCormick NASA LaRC Natal* 558 [35W* |A
4 Dustsonde Rosen,
+ Oj Sensor Hofmann U Wyoming Fortaleza 38 38 W (A,0;T
5 Dobson (Umkehr) Dutsch Arosa 47N |1I0E |O;
5 Ozone Balloon Atmanspacher Hohenpeissen
berg 48 N 111 E (O3
5 Ground Lidar Reiter IAUFG Garmisch-
Partenkirchen 47N |I1E (A
5 Ozone Balloon Reiter kAUFG \Garmisch-
Partenkirchen K47 N |I1E |03
5 Mathews (Umkehr) Reiter &AUFG armisch-
Partenkirchen W47 N [I1E |0,
5 Balloon Spectrometer ILaurent, Girard bNERA Alre sur
I’ Adour H4N |0W |03NO,H)O
S Ground Lidar Chanin kerwce
d’Aeronomie St Michel 44N |6 E (o
6  [Dobson (Umkehr) Kagoshima BIN [I130E {0;
6  [0zone Balloon agoshima BIN 30E |0,
6 |IAerosol Lidar Hirono Kyushu U [Fukuoka 4N [I131E (A
7 Dobson (Umkehr) Tateno B4N [140E 105
7 bzone Balloon Tateno P4 N |140E P;
7 rerosol Lidar Iwasaka Nagoya U INagoya FS N ([I37E |A
7 Aerosol Lidar Igarashi Radio Research
1.ab Tokyo 36 N [140E |A
7 lAerosol Lidar IKamiyama [Tohoku U Zao B8N [I41E |A
8 IAirborne Lidar Fuller, L
McCormick NASA LaRC k’almer‘ 65 S* 64 W* A
8 Quartz Microbalance Woods, Lﬂ
McCormick INASA LaRC almer* 65 S* 64 W* A




Table 3 (Concluded)

Cluster Agency or
Number Instrument Investigator Institution Location Lat Long Parameter
8 Ozone Rocket
8 Ozone Balloon
8 Spectrometer Murcray Denver U Palmer* 658* |64 W* | O3,NO,
8 Dustsondes Rosen,
Hofmann U Wyoming McMurdo 778 165 E A, O;
9 Ozone Balloon Kulkarni CSIRO Aspendale 385 145E |05
9 Dobson (Umehr) Kulkarm CSIRO
9 Aerosol Lidar Dilley CSIRO Aspendale 38S 145 E A
9 Dustsonde Rosen,
Hofmann U Wyoming Mildura 348 142 E AT
9 Chemiluminescent
Balloonsonde Galbally CSIRO Mildura 348 142 E NO, NO, 03
9 Infrared
Spectrometer Galbally CSIRO Mildura 348 142E | NO, NO, O,
*Air-mobile

1’Ground-moblle
TTS/78, 10/78, 12/78, 2/79 Scheduled for LIMS verification (Dates listed 1in order of priority )

§On NCAR Sabreliner
NOTE A = Aerosol, D = Density, NO, = Nitrogen dioxide, O3 = Ozone, P = Pressure, T = Temperature, W =

Winds
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LOCATIONS OF SOME POSSIBLE SAGE GROUND TRUTH CLUSTERS
Sites 3a and 8a are also SAM Il ground-truth sites (See, e g, Russell et al, 1978)



L Midlatitude, high-latitude, and low-latitude correlative measurements
] Continuing checks of SAGE performance 1n different seasons

Section 2 describes the sensors to be used in the United States-supported ground truth expert-
ments Section 3 provides additional detail on scheduling and logistics, and Section 4 describes
data-handling procedures

Besides the U S -sponsored activities, both Japanese and European ad hoc ground truth
groups have been formed, and efforts are being made to coordinate with Australian and Russian
measurement teams These ad hoc groups include many estabhished teams with a wide range of
expertise in stratospheric constituent measurements The teams and their capabilities are
described in Section 2 1
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2. GROUND TRUTH SENSORS AND PROGRAMS

2.1. SAGE Ad Hoc Ground Truth Groups

A Japanese and a European SAGE ad hoc ground truth group have been formed The
Japanese group 1s being coordinated by Professor Motokazu Hirono of Kyushu University in
Fukuoka, the European group is being coordinated by Dr Robert Fantechi of the Commuission
of European Communities 1in Brussels Tables 4 and 5 show teams and sensors for each group
There 1s also the possibility of establishing an Australian ground truth group, centered around
the capabilities of CSIRO described in Table B-1 of Appendix B, and possibly also a Soviet
group under Professor K Ya Kondratyev of the Main Geophysical Observatory, Leningrad

Each ad hoc group 1s now developing its own experiment schedule The role of the
SAGE Experiment Team (SET)' in coordinating these activities will be Iimited, specifically,
the SET will provide mission analysis data (1e SAGE measurement times and locations),
specify desired data formats (see Section 4 2), and disseminate U S ground truth experiment
schedules In addition to this coordination activity, however, the SET will participate fully in
making use of Japanese, European, Australian, and Russian correlative data to vahdate the
SAGE data

2.2. Ozone Sensors
2.2.1. Dobson Spectrophotometer

A Dobson spectrophotometer2 will be used to make ozone measurements at several
ground truth sites (see Tables 2, 4, and 5) This instrument (Figure 4), by measuring selected
ultraviolet wavelengths radiated by the sun, moon, or the zenith sky can be used to infer the
quantity of ozone within the total air column above the instrument The result 1s expressed as
a thickness of a layer of pure ozone at standard temperature and pressure

Normally a Dobson station performs observations three times a day--in the midmorning,
near local noon, and i1n the midafternoon At high-latitude stattons fewer observations are
called for during certain times of the year This will also be the case during any of the planned
in situ ozone soundings from the various participating sites Because the accuracy of Dobson
data deteriorates rapidly as the sun elevation angle decreases, twilight measurements are not
practical

Umkehr data (low-resolution vertical ozone profiles) will be obtained from certain Dob-
son sites Efforts will be made to extrapolate data obtained at reasonable sun elevation angles
to twilight points of tangency

ISI~T members are Dr M P McCormick (leader) NASA Langley Research Center, Dr R A Craig Flonda State University
(deceased) Dr Derek M Cunnold Massachusetts Institute of Technology, Dr Gerald W Grams Georgia Institute of Technology Dr
Benjamin M Herman University of Anizona Dr D E Miller British Meteorological Office Dr ) G Murcray University of Denver
Dr T J Pepin Universtty of Wyoming Dr Walter G Planet National Environmental Satellite Service and Dr Phtlip B Russell SRI
International

zU S Department of Commerce National Weather Service Observer s Manual Dobson Ozone Spectrophotometer  Revised November |
1972
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Table 4

SAGE JAPANESE AD HOC GROUND TRUTH GROUP

A Lidar Observation

Team Objective Laser Site
-

Department of Physics, Aerosol Scattering Ruby, Nd YAG Fukuoka
Kyushu University 10 - 40 km (33°37°N,130°26’E)
(M Hirono)
Water Research Institute, Aerosol Scattering Ruby, Nd YAG NagoyaT
Nagoya University 10 - 40 km (35°10°N,136°50°E)
(Y Iwasaka)
Department of Geophysics,  |Aerosol Scattering Ruby Zeot
Tohoku University 10 - 40 km 38°8°N,140°32’E)
(H Kamiyama)
B Balloon and Spectrometer Observation {on Aircraft or Ground)

Team Objective Instrument Site

Upper Atmosphere Division
Meteorological Research
Institute

(M Misaki)

IAtmospheric Research
[nstitute

Nagoya University

(H Ishikawa)

Aerological Division
Department of Observation
Japanese Meteorological
lAgency

(K Nyui)

Nugato University

1 NOz, NO, N,O, HNO;
CFCl;, CF,Cl,, CCl4

R Aitken Particles,
HCI, CH,

I Aerosol Profile

R Ozone Profile

1 Ozone Profile

R Ozone Column Content

NO,

1 Interference
Spectrometer on
Aircraft

D Balloon Sampling

1 Balloon Solar
Occultation,
Balloon Optical
Particle Counter

L")

Balloon Solar
Occultation

—

Ozone Balloon

2 Dobson
Spectrophotometer

Ground-Based
Spectrometer

[Tateno
(36°3'N,140°8’E)

Sanriku
39°8°N,141°49°E)

I Kagoshima
(31°38°N,130°36°E)
Tateno
(36°3°N,140°8’E)

2 Tateno
(36°3°’N,140°8’E)

Nugata
37°55°N,139°2°E)

‘Ruby observations made since October 1974, Nd-Y AG observations expected to start in February 1979

TObservauons suspended at present, to be restored in 1979

tObse:rvamons suspended at present, probably to be restored in 1979
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Table 5

SAGE EUROPEAN AD HOC GROUND TRUTH GROUP

Team Objective Instrument Site
ETH-Zurich 1 O; profiles, 1 O; sondes* 1 Hohenpeissenberg
(H Dutsch) 0-35 km (47°48°N,11°00°E)

Payerne
(46°49°N,6°57’E)
Brussels

(50°50°N ,4°21’E)
Elnas, Caglari
(39°13°N,9°08°E)

2 Oj; profiles 2 Dobson-Umkehr 2 Arosa
(higher but coarser) (46°47°N, 9°41’F)
3 Total O3 3 Dobson 3 Arosa
) (46°47°N, 9°41'E)
Service d’Aeronomie, CNRS 1 0;,H,0 profiles 1 Dye hidars I St Michel
(M L Chanin, ] Blamont, 0-40 km, (44°N, 6° E)
G Megie, P Aimedieu) noctilucent clouds Verrieres-le-Buisson

(48°45°N,21°T’E)
Heyss Island

(80°S°’N, E)
2 0;, neutral density, 2 Long-lfe (~9 mos) 2 Launch Praetoria
aerosol profiles variable-heght balloon (25°45°N,28°12’E)
15-20 km (night) with chemiluminescent or Chrnistchurch
15-28 km (day) 0; sensor, T,P sensors, (43°33°S,172°40°E)
plus U Wyo dustsonde drifts over wide area
or LRC aerosol sampler
(possibly)
3 0;,0H profiles 3 Rocket 3 Russia, India
(Franco-Russian Program)
4 O; profiles, 4 Chemiluminescent 4 Aure sur [’Adour
0-48 km balloonsonde (43°42°N,0°15°'W)
and others
Inst d’Aeronomie Spatiale 1 O; profiles 1 Dropsonde solar 1 UK Met Office rocket
Brussels 25-60 km integrating radiometer Possible rocket
(P Simon) (Balloon [25-40 km] or South Uist
rocket [>40 km] (57°N, 7°W)
launch)
ONERA 1 O;NO,H,0,HNO;,CFM |1 Solar IR grating spectrometer 1 Aire sur I’Adour
(J Laurent, A Girard) profiles (balloon-borne) (43°42°N, 0°15°W)
Palestine

(32°N,96°W)

Inst Atmos Environ Res, 1 Aerosol profiles 1 Ruby ldar, 1 Garmisch-Partenkirchen
Garmisch-Partenkirchen 5-35 km Conductivity sonde (47°30°N,11°05’E)
(H Jaeger, W Carnuth, 2 Total O3 and 2 Matthews radiometer, 2 Garmisch-Partenkirchen
R Reter) profiles 0; sondes (47°30°'N,11°05°E)
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Table 5 (Concluded)

Team

Objective

Instrument

Site

AERE Harwell
(A Eggleton)

03 horizontal
variations near

—

Dasibt UV absorption
sensor on

—

London-Washington DC

(51°30°N, 0°10°W-

17 5 km max Concorde aircraft 38°55°N,77°00°W)
2 O; profiles 2 As above 2 Points of ascent
5-175 km and descent
CEC, Joint Research Center, 1 Aerosol profiles 1 Ruby hdar 1 Ispra

Ispra
(F Geiss)

(45°48°N, 8°36’E)

Meteorological Office, UK

(D Miller, J Gibbs, L Simmons,

John Harries, NPL)

03, H,0 profiles

NO,, HNO; profiles

Aeroso! profiles
10-30 km

O3

O; profiles

Neutral density

—

IR emission sonde
(J Harries, NPL)

SIBEX balloon package
(J Harrnies, NPL)

Dye hidar
605 nm, posstbly 750 nm

Dobson spectrophotometer

Dropsonde solar radiometer
(P Simon, IAS, Brussels)
(UK Met Office rocket
launch, see IAS, above)

Mark 11l rawinsonde,
Stratospheric Sounder

on Tiros N for gridded
analysis (with Finger, NOAA)

Bracknell
(51°26°N, 0°46’W)
or USA

USA Sicly

Bracknell
(51°26°N, 0°46’W)
Bracknell
(51°26°N, 0°46°W)
Seychelles
(4°36°S,55°30°'W)
St Helena
(16°0°S,5°42°W)
Lerwick, Scotland
(60°09°N, 1°09°W)
South Uist
(57°N,7"'W)

Bracknell
(51°26°N,0°46°W)

Appleton Lab, SRC,
Slough
(L Thomas, T Gibson)

—

Aerosol profiles
5-35 km plus
noctilucent clouds

—

Dye lidar

—_—

Winkfield
(51°27°N, 0°43°W)

Univ Koeln, FRG
(A Ghazi, H Paetzold)

0O3H ,0 profiles

Total O3

Optical balloonsonde

Dobson spectrophotometer

Koeln
850°56°N, 6°56’E)
Koeln
850°56’N, 6°56’E)

*
Comparison of 5 different sondes at Hohenpeissenberg scheduled for April 1978 Dobson spectrophotometers will also be com-

pared
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FIGURE 4

DOBSON SPECTROPHOTOMETER
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2.2.2. Canterbury Photometer

The University of Canterbury (New Zealand) narrow-bandpass filter spectrometer, as the
name mplies, uses six narrow-bandpass interference filters to isolate wavelengths of interest
These filters are sequentially rotated in front of the entrance aperture, thus allowing the pho-
tomultiplier tube detector to measure intensities at each wavelength twice a second All six
wavelengths are tn the ultraviolet region of the spectrum and were chosen to match the stan-
dard Dobson A, C and D wavelength pairs The radiation source can be the sun or the zenith
sky The instrument design allows allowing the field of view to be changed from 2 3° , for use
with the sun, to 4 6° for use with the zemith sky

The Canterbury photometer, an extremely portable instrument, 1s being considered for
acceptance as a standard method to measure total ozone concentrations A comparison of the
Wallops Fhight Center Dobson and Canterbury instruments has been 1n progress since October
1977 The results thus far indicate that differences related to air mass and ambient temperature
changes are not negligible, but that empirical corrections can potentially reduce the discrepan-
cies to = 2% of the Dobson values Note An extensive ozone photometer intercomparison,
involving the Dobson, Canterbury, Russian M-83, and the Canadian Brewer instruments, 1s
being conducted An early effort to secure correlative support for SAGE from all these will be
made

2.2.3. Balloonborne ECC Ozonesonde

The Electrochemical Concentration Cell (ECC) balloon-borne ozonesonde 1s a light-
weight, compact, and relatively inexpensive instrument developed for measuring the vertical
distribution of atmospheric ozone * An interior view of the sonde 1s shown in Figure § “It s
electronically coupled to a standard NOAA Radiosonde (Section 2 5) and thus also provides
atmospheric pressure, temperature, and humdity in addition to ozone measurements The
ECC ozonesonde 1s suspended approximately 22 meters below a 1200-gram balloon with the
radiosonde suspended about one meter below the ozonesonde Figures 6 and 7 depict the flight
configuration This combination, using the transmitter of the radiosonde, transmits data to the
ground-based AN/GMD system

The precision of the ECC ozonesonde 1s currently esttmated to be within 10 to 12% (lo)

2.2.4. Super Loki Optical Ozonesonde

The Super Loki Optical Ozonesonde’ 1s a rocket-launched payload, ejected at rocket apo-
gee, that provides ozone profiles between 70 and 15 kilometers The ozone measurements are
made during descent of the sensor, which 1s attached to a parachute The sensor provides an
absolute measurement based on known values of the ozone absorption coefficients during day-
hght hours only Figure 8 shows the payload in the launch configuration with the standard
Super Loki rocket used for the normal meteorological sounding systems The telemetry system
operates on 1680 MHz, transmutting the data to a standard AN/GMD system equipped with a
PCM adapter kit

3Vchl(.|eS and Sensors of the UPN 607 Applications Sounding Rocket Program, October 1977, Pretiminary
4ln&xlruumn Manual, Electrochemical Concentration Cell Ozonesonde Model ECC-3A, January 1 1977

SVchlcles and Sensors of the UPN 607 Apphcations Sounding Rocket Program October 1977 Preliminary Instruction Manual Flec-
trochemical Concentration Cell Ozonesonde Cell Ozonesonde Model FCC-3a January | 1977
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FIGURE 7 OZONESONDE BALLOON AND TRAIN
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The sensor of the Super Loki Optical Ozonesonde 1s a four-channel filter-wheel UV pho-
tometer A planar diffuser plate, located at the optical entrance of the sensor, intercepts incom-
ing sunlight, while the varying solar angle of incidence 1s compensated for electronically The
UV filters consist of interference filter elements to define the spectral bands and a common
broadband UV filter that blocks unwanted radiation 1n the visible spectrum

The precision of the optical ozonesonde 1s estimated at 5% or better between 25 and 50
km This estimate 1s based on the properties of signal-to-noise ratios of the raw data for the
ozone algorithm * The system accuracy 1s dependent on two factors (1) the error of the ozone
absorption coefficient, and (2) the changes 1n the UV filter characteristics after calibration The
accuracy 1s believed to be better than 10% The system can provide good data for solar zenith
angles of about 80° or less, for angles exceeding 84°, the data become unusable

2.2.5. Super Arcas Chemiluminescent Ozonesonde

The Super Arcas chemiluminescent ozonesonde i1s a rocket-launched payload ejected at
apogee, that measures the ozone distribution between 70 and 15 km as the sonde descends
through the atmosphere on a parachute The ambient air 1s sampled by self-pumping, that 1s, a
ballast tank, connected to the atmosphere by means of an 1nlet pipe, remains 1n pressure equili-
brium with the increasing external pressure as the sonde descends The chemiluminescent
detector and a photometer are oriented along the axis of the inlet pipe and enable continuous
measurement of the ozone

The chemiluminescent detector 1s an improved version of the one carried on balloon ozo-
nesondes several years ago Its luminescence 1s proportional to ozone flux, which 1s the ozone
concentration times the flow rate It can be shown that the flow rate 1s proportional to the pres-
sure rise 1n the ballast tank, which 1s measured 1n flight Before flight a calibration 1s performed
for each sonde This calibration stmulates actual pressures, flow rates, and ozone concentra-
tions expected during fight The measurement principle and early flight results have been
described by Hilsenrath (1969, 1971) The present system flies on a Super Arcas meteorologi-
cal rocket, as shown 1n Figure 9, and utilizes the standard 1680-MHz AN/GMD telemetry sys-
tem The sensor signals are pulse-code-modulated (PCM) and, therefore, require decommuta-
tion for data processing

An error analysis indicates precision of about 8% This 1s calculated from expected ran-
dom errors due to "notse" and systematic errors or flight-to-flight errors Most of this error 1s
related to the uncertainty entailed in establishing the sensor’s sensitivity from the calibration
procedures Two flights conducted 13 munutes apart showed a repeatability of 6% This was
derived from the average difference separating the two ozone profiles from a mean profile at
one-kilometer intervals This result compares favorably with the computed 8% precision

The absolute error in the experiment depends on the uncertainty of the ozone concentra-
tion 1n the sonde calibration, undetected ozone losses, and nonlinearities 1n the measurement
The uncertainty of the ozone concentration depends on the ozone monitor used n the calibra-
tion This ozone monitor 1s calibrated at the National Bureau of Standards by measuring
absorption at wavelength 253 7 nm The absolute measurement error 1s computed to be 12%
(independent of the precision described above), which includes a 4% error associated with the
ozone monitor used in the cahbration Comparison of chemiluminescent rocketsonde

6l)es|gn of Optical Ozonesonde for the Super Lok) Dart Rocket Draft Report NASA Goddard Space Flight Center Greenbelt Mary-
land
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FIGURE 9 SUPER ARCAS CHEMILUMINESCENT OZONESONDE

measurements with balloon-borne and optical rocketsonde measurements shows differences no
greater than 20%, usually on the order of 10%. Altitude resolution between 60 and 20 km is
finer than 1/2 km. A comparison of the chemiluminescent and optical sondes with a sounding
from LRIR on the Nimbus 6 satellite is shown in Figure 10.

2.2,6. Ozone Lidar

Recent work on the differential absorption lidar (DIAL) technique has-led to the develop-
ment of ozone lidar systems (e.g., Megie, et al., 1977). This technique uses a tunable laser to
vary the output wavelength of the lidar so that it coincides with the wavelength of an ozone
absorption line. The absorption of the laser radiation by ozone molecules thereby provides a
method for determining the vertical profile of ozone molecules. Lidar echoes are recorded as a
function of range for a wavelength corresponding to the center of an ozone absorption line, as
well as for a nearby wavelength that is not absorbed by ozone or other atmospheric molecules.
The system described by Megie et al. obtained ozone profiles from the 18- to 28-km altitude
interval with approximately 1.2-km altitude resolution--using ultraviolet wavelengths of 308 nm
and 303.7 nm generated by a frequency-doubled rhodamine-6G dye laser.
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2.27. PAM1I

The PAM II (Preliminary Aerosol Experiment) experiment constructed by Dr Pepin 1s
planned for launch on the Air Force P78-1 satellite on February 19, 1979 PAM II s a solar
photometer that operates like the SAGE and SAM II experiments in that 1t measures solar
extinction at spacecraft sunrise and sunset events However, instead of scanning the solar disk,
the PAM II instrument points to the radiometric center of the disk and measures the total sig-
nal from the full disk--in a manner simlar to the measurement that was made using SAM on
the ASTP flight (Pepin 1977)

PAM II has three optical channels at wavelengths of 043, 060, and 1 0 um Its mission
1s to map vertical profiles of aerosols and ozone by scanning the atmosphere during spacecraft
sunrise and sunset events Because P78-1 will fly in a polar, sun-synchronous high-noon orbut,
the latitude bands covered by the PAM II experiment will be restricted to 63 to 82 ° N and S
latitude

Because SAGE’s latitude coverage 1s expected to extend from the equator to 79° N and S,
the coverage of the PAM Il and SAGE sensors will overlap partially At the times overlap
occurs there will be opportunities to compare measurements made by the two independent
remote-sounding systems The PAM 1l ozone measurements will be available for extending the
study of the SAGE vertical ozone profiles to higher latitudes

2.2.8. Other Ozone Sensors

A variety of sensors 1s available for 1n situ ozone observations on aircraft platforms It 1s
likely that most measurements of this type will be made with the Dasib1 ultraviolet absorption
instrument, which monitors ozone on a continuous basis by means of a long-pass UV absorp-
tion cell The light source 1n this system 1s a 253 7-nm Hg lamp To obtain corrections for
lamp or electronic dnft, the instrument continuously compares the signal from the sample cell
with that of an identical reference chamber The gas stream flowing through the reference cell
1s first scrubbed of all ozone The difference between the signal from the sample chamber and
1its counterpart from the reference cell then constitutes a measure of the absolute ozone con-
centration

2.3. Aerosol Sensors
2.3.1. Dustsonde

Figure 11 shows a schematic drawing of the University of Wyoming balloon-borne dust-
sonde that 1s planned for ground truth 1n the SAGE program Its mode of operation 1s as fol-
lows Air sampled during balloon ascent and parachute descent 1s pumped at approximately
0 75 I/min 1n a well-defined stream through the focal point of the condenser lens in the 2 5-liter
scattering chamber, where the individual stratospheric aerosol particles scatter light into the
microscopes The light pulses that can be observed with the microscope are detected and
amplified by the photomultipliers By means of pulse height discrimination and careful labora-
tory calibration with aerosols of known size and index of refraction, the integral concentration
of aerosol particles with radu greater than 0 15 and 0 25 um can be determined We will refer
to these integral concentrations as N 5 and N ,5, respectively
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Two photomultipliers are used to enhance the signal-to-noise ratio by counting only coin-
cident events from the two detectors The background noise for the system 1s mainly due to
Rayleigh scattering from air molecules in the chamber at low altitude and from cosmic ray scin-
tillation 1n the photomultiplier glass at high altitude The requirement for coincidence of events
from the two detectors removes the contribution due to the cosmic ray scintillation The back-
ground 1s measured approximately every fifteen minutes during the flight by having filtered air
pass through the chamber The background produced by the Rayleigh scattering 1s negligible
above a 10-km altitude Below this altitude the measured corrections for the background are
employed The dustsonde 1s also equipped with rawinsonde temperature elements for recording
the vertical temperature profile

Resolution and Accuracy

Figure 12 shows a typical dustsonde-measured profile of particle number density Note
that below about 28 km the vertical resolution 1s better than 1 km in both particle size chan-
nels Professor Rosen has performed an analysis of the accuracy of dustsonde measurements
(e g Hofmann et al, 1975) The major sources of error are counting statistics and possible
variations in the refractive index of particles The counting method and sensor channels are
designed to mimimize these errors, for stratospheric heights below 25 km they result in typical
uncertainties of about 8% for both Channels I and II (r = 015 and 0 25 um, respectively)
Above 25 km these errors tend to increase significantly because of poorer counting statistics
and less accurate measurement of the sampled atr volume

Dustsonde measurements can be converted to an estimated particulate 1 0-gem extinction
coefficient by using an assumed refractive index and a two-parameter size distribution fitted to
the two-channel dustsonde data on N s and N ,s Figure 13 shows the dependence of the
conversion ratio on optical model properties

[The size distribution functions and refractive indices shown have been derived from
measurements by various investigators--e g Hofmann et at  (1975), Toon and Pollack (1976),
Harnis and Rosen (1976), Swissler and Harris (1976) However, to generate the complete range
of values shown for each curve, parameters were varied, sometimes beyond the range of obser-
vations Note that observations of N lS/N )5 less than 2 are very rare, and average values for
stratospheric layers several km thick are typically between 3 and 5 ]

In a given dustsonde measurement the channel ratio, N 15/N )50 18 known, but the particle
size model and refractive index can in general only be estimated on the basis of previous meas-
urements Thus, the conversion ratio uncertainty 1s given by the vertical spread in the curves
above the measured value of N |s/N ,; Figure 14 shows the one-standard-deviation spread for
the different aerosol compositions As can be seen, the uncertainty in converting a two-channel
dustsonde measurement to 1 0-um extinction 1s thus about *+25% if particle composition 1s
unknown, and about £15% if the refractive index 1s known to be one of the two values shown
in Figure 13 (e, either silicate or aqueous sulfuric- acid composition) A similar conclusion
was obtamned by Pepin and Cerni (1977)

2.3.2. Airborne Lidar
An airborne lidar for SAGE and SAM-II ground truth measurements has been developed

under the direction of Wilham Fuller at NASA Langley Research Center (LRC) The hdar
design s based on a study by Evans (1977), with appropriate modifications by LRC personnel
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Table 6 shows the design parameters, Figure 15 a photo of the hdar itself (Although 1t
currently uses only a ruby laser, plans call for the Nd-YAG laser and associated detector to be
added 1n time for at least some of the SAGE correlative measurements ) Figure 16 illustrates
the organization of the airborne hidar project

The platform for the airborne hdar 1s the P-3 aircraft of the NASA Wallops Flight Center
Resolution and Accuracy
Measurements with the NASA Langley 48" ruby lidar, the SRI 16" ruby-dye lidar, and the

NCAR ruby hdar, among others, have shown that stratospheric aerosol measurements can be
made with a vertical resolution of 1 km or better (up to about 30 km) by accumulating photons

Table 6

DESIGN PARAMETERS OF AIRBORNE LIDAR

Transmutter Ruby Nd YAG
Wavelength (um) 06943 106
Energy per Pulse (J) 10 05
Repetition Rate (pps) 10 20
Pulse Width (n sec) 30 20
Beam Divergence (mr) 10 10
Beam Diameter (cm) 8 76

Recerver

Diameter (cm) 36 36
Field of View (mr) 2 2
Filter Bandwidth (A) 10 10
Optical Eff to PMT 035 035
PMT Quant Eff 010 003
Skyhght Background* [w/(m? srA)] 2x1074 13x107°

Data Acquisition
Bandwidth 1-2 5 mHz
ADC Rate 10 mHz (max)
ADC Resolution 10 Bit
ADC Memory 2048 Words
Computer Memory 32 K 16-Bit Words
Magnetic Tape 45 IPS, 800 CPI, 9 Track

*For zenith-viewing hidar flying above 6 km, with sun near horizon
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for reasonable amounts of time The accuracy of the particulate backscattering coefficients
derived from such measurements 1s a strong and complicated function of the laser wavelength,
other hhdar parameters, skylight background, aerosol concentration, the proximity of the nearest
radiosonde sounding, the validity of normalization procedures, and even the uncertainty in the
ozone vertical profile To evaluate this accuracy for realistic situations we have developed a
computer program that simulates the measurement and data analysis process, as shown in Fig-
ure 17 (A parameter shown n Figure 17 1s the scattering ratio, R, a central quantity derived
in the analysis of stratospheric hidar data It s definedasR = (B_ + B )/Bg, where Bp and Bg
are respectively the particulate and gaseous backscattering coefficients )

At each appropriate step of the simulation the program computes the relative uncertainty
in each derived quantity by using an analytical expression The sources of error include (1)
signal measurement error, (2) molecular density uncertainty, (3) aerosol and ozone transmuis-
ston uncertainty, and (4) normalization uncertainty As a check on the analytical expressions
for error propagation, random number generators (symbolized by circles in Figure 17) are used
to inject random errors from sources (1)-(3) at appropriate points of the simulation [Error
(4), normalization, affects the entire derived profile in a systematic way and should not be
simulated by different random errors at each data point] Table 7 lists the sizes of the error
sources used 1n the stmulations (Justification for the chosen error sizes 1s given by Russell et
al, 1976a,b)

Figures 18-20 show the results of using the program to simulate airborne lidar measure-
ments for different latitudes and aerosol conditions

2.3.3. Ground-Based Lidar
2.3.3.1. NASA Langley 48" Ruby Lidar System

Shown 1n Figure 21 1s the Langley Research Center’s 48" laser radar (hidar) rystem It
comprises two temperature-controlled lasers (ruby and neodymium-doped glass) mounted on
erther side of an f/10 Cassegrain telescope consisting of a 48-inch-diameter /2 all-metal pri-
mary and a 10-inch diameter secondary mirror A schematic of the system 1s displayed in Fig-
ure 22 The detector package output 1s recorded by a high-speed data acquisition system Ana-
log signals are amplfied and bandwidth-limited, digitized at a 10-MHz rate with 8-bit accuracy,
and then recorded on magnetic tape Pulse count data are amplified, discriminated, counted at
a 200-MHz rate, and also stored on magnetic tape Altitude resolution is obtained by using the
vaniable (1-, 5-, or 10-microsecond) bin widths that are availlable A 16K-word-storage com-
puter 1s used to control the data acquisition system and provide data processing An X-band
microwave radar, boresighted with the laser system axis, 1s used to ensure safe operation 1n the
atmosphere A rotating shutter reduces laser fluorescence after Q-switching The entire system
1s mobile and can scan 1n elevation and azimuth at a slew rate of 1° per second

Presently the 48" system 1s being updated for simultaneous two-channel measurements

and the addition of new ten-bit accuracy analog-to-digital converters In addition, a real-time
graphics display system 1s being added
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Table 7

ASSUMED SIZES OF ERROR SOURCES IN LIDAR DATA ANALYSIS

Source Relative Uncertainty

os _ JS+BFI

S S
Detector Signal, S S

1% below 30 km

gD _
Molecular Density, D D = 3% above 30 km
2 In ) 3t
Two-Way Transmission, T I = /(047" + 1,
a
Normalization Constant, K ?K = Min [0 05(R,,—1), 0025(x /0 69p.m)4°8_b]t
Notes
B, I = Detector output resulting from background light and internal noise, respectively

73,7, = One way optical thickness of ozone and aerosol particles, respectively, between nor-
malization altitude and altitude of analysis

Rmax = Maximum scattering ratio in hdar profile being analyzed

AL = Lidar wavelength

b = Exponent of power-law approximation to wavelength dependence of particulate back-
scattering between 0 69 um and A For most practical purposes b = | 8

*
Assumes radiosonde density profile available within about 100 km and 6 hours of lidar
measurement, and no intervening frontal activity

TAssumes +20% uncertainty 1n 73 and *50% uncertainty 1n 7,

tBased on typical aerosol concentration present at height of minimum muxing ratio 1n a long
series of nonvolcanic and postvolcanic dustsonde measurements at Laramie, Wyoming, and
on several ruby hdar/dustsonde comparison experiments The error stzes shown apply to
the case 1n which the scattering ratio profile 1s normalized to force 1ts mmmimum to equal
the value expected from previous dustsonde measurements, rather than the value 1 00
commonly used If instead R,,,, = 1 00 1s forced, the expected errors become asymmetric
(always negative) and roughly twice as large
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{a) Model scattering ratios, simulated measurements (dots), and expected error

bars

(b) Model backscattering coefficients, simulated measurements (dots), and

expected error bars (c),(d) Relative uncertainty in particulate backscattering,
showing contributions by source
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FIGURE 21

THE 48-INCH (1.22-METER) NASA LANGLEY RESEARCH CENTER LIDAR SYSTEM
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FIGURE 22

SCHEMATIC DIAGRAM OF THE 48-INCH (1.22-METER) NASA LANGLEY

RESEARCH CENTER LIDAR SYSTEM
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2.3.3.2, NCAR 60" Ruby Lidar System

The National Center for Atmospheric Research (NCAR) in Boulder, Colorado has a
ground-based ruby lidar that has been used for stratospheric aerosol measurements at various
times since about 1969 The system 1s built around a 60-inch-diameter searchlight mirror It
has a pulse energy of 1-2 J and a pulse duration of 60 ns The system’s field of view 1s fixed at
the vertical

This system will be operated by Dr Frederick G Fernald of Denver University and Mr
Charles Frush of NCAR as part of the SAGE ground truth program Specifically, 1t was used in
the Laramie-Boulder practice comparative experiment in September 1978 and will be used 1n
the White Sands-Boulder correlative experiment in February or March 1979 (See also Table 2
and Sections 31 and 3 2 4)

2.3.3.3. CNRS Heyss Island Lidar System

Dr M L Chanin of France’s Centre National de la Recherche Scientifique (CNRS) will
conduct a program of noctilucent cloud observations by dye lidar techniques from Heyss Island
(80 5°N), where a hdar station has been established since 1975 for sodium measurements The
observations, part of a joint Franco-Soviet program, are planned to start prior to the SAGE
launch Dr Chanin has agreed to make available to the SAGE and SAM 1l ground truth pro-
grams any NLC observations that are near SAM-II or SAGE scans in both space and time

2.3.3.4, NOAA Point Barrow Dye Lidar System

Dr Ronald Fegley of the NOAA Wave Propagation Laboratory (Boulder, Colorado) 1s
developing a dye hdar for installation at Point Barrow, Alaska (71° 20° N, 156° 38> W) as part
of NOAA’s Geophysical Monitoring for Chimatic Change program Starting in spring 1978,
observations extending into the stratosphere are planned on a weekly basis, cloud cover permit-
ting We intend to include such data as are made available in the SAM-1I and SAGE ground
truth data sets when this 1s appropriate However, the high probability of cloud cover at Point
Barrow makes the probability of data capture within the time window of a SAM-II or SAGE
overflight smaller than 1s acceptable for a primary ground truth sensor Moreover, the short
wavelength (585 nm) of the lidar yields expected errors 1n measured particulate backscattering
of greater than *£30% throughout the stratosphere under nonvolcanic background conditions
(These errors result primarily from molecular density uncertainties, see also Sectton 22 1) {t s
for these reasons that an airborne hdar of longer wavelength (694 or 1060 nm) has been
developed specifically for SAM-II and SAGE ground truth measurements

2.3.4. Polar Nephelometer

The Georgia Tech laser polar nephelometer (Grams, et al, 1975) measures the angular
scattering pattern (often called the scattering phase function) of the light scattered out of a col-
limated beam by aerosol particles This parameter 1s important for use in calculating the effect
of airborne particles on the transfer of radiation 1n the atmosphere It can also be used to infer
other physical properties of the aerosol particles, such as their size distribution or refractive
index (e g, Grams, et al , 1974)
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The nephelometer has been designed to operate 1n a pressurized aircraft cabin, using out-
side air ducted through an airflow tube The sample volume 1s the intersection of a collimated
source beam and the detector field of view within the airflow tube The source 1s a linearly
polarized laser beam The optical system defines a collimated field of view (0 5° half-angle), a
photomultiplier tube 1s located immediately behind an aperture in the focal plane of the objec-
tive lens to measure the amount of light scattered from the laser beam A two-channel pulse
counter, synchronized to the laser output, measures the photomultipher pulse rate with the
light beam both on and off The difference 1n these measured pulse rates 1s directly propor-
tional to the intensity of the scattered hight from the volume in which the laser beam and the
detector field of view intersect

The nephelometer 1s operated under the control of a microprocessor system The light-
scattering measurements can be made at angles of 15°-165° from the direction of propagation of
the laser beam Intermediate angles between these extremes are obtained by selecting the
angular increments desired, pulses provided by digital circuits control a stepping motor that
rotates the detector sequentially by preselected angular increments (usually 5°) The synchro-
nous photon-counting system automatically begins to measure the scattered-light intensity
immediately after rotation to the new angle has been completed

2.3.5. In Situ Particle Sizing Devices
2.3.5.1. Quartz Crystal Microbalance Cascade Impactor

The quartz crystal microbalance cascade impactor (QCM) 1s a multistage impactor that
senses the mass of suspended particles as a function of particle size The particles are drawn
into the sensor and separated aecrodynamically into ten size intervals ranging from 0 05 um to
25 um 1n diameter (assuming spherical particles of mass density 2 gm cm™3)  Figure 23 illus-
trates the flow through the sensor The air velocity increases as it flows from one stage of the
cascade to the next because of the decreasing diameters of the entrance jets Thus, the larger
particles impact on the upper stages and the smaller ones are carried with the flow to the lower
stages Table 8 lists the 50-percent cut points (diameter at which the particles have 50-percent
impaction efficiency) for each of the ten stages Each impactor stage contains a piezoelectric
crystal microbalance that senses the mass of the particles collected by a change in oscillator fre-
quency between a reference crystal and the sensing crystal The time response ts on the order
of two seconds, so that temporal or spatial variations are resolved Laboratory analysis (scan-
ning electron microscopy) can be performed on the samples for elemental composition and
morphology

This technique can provide data that are free of some of the ambiguities present 1n hght-
scattering and other remotely sensed data Information needed to expand the usefulness of
satelhte data for radiative transfer and associated modeling studies can be obtained

NASA Langley owns two of these QCM instruments One of them, with an improved
design for high-altitude sampling, was flown aboard the NCAR Sabreliner up to an altitude of
13 km, 1t performed successfully in measuring the stratospheric aerosol size distribution over
the Fairbanks, Alaska area in May 1977 and over the Sondrestrom, Greenland area in
November 1978 as part of the SAM-II ground truth program It was also flown aboard the
NCAR Queen Air over Guatemala, where, 1in February 1978, 1t successfully measured the size
distribution of volcanic aerosols In addition, the instrumention was flown with the airborne
lidar on the WFC P-3 during the Laramie practice comparative experiment in September 1978
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These experiments demonstrate the impactor’s suitability for airborne measurements and its
ability to provide useful data on atmospheric aerosols Figure 24 shows the aircraft mounting
for the microbalance Listed below are the specifications relevant to aircraft operation

Cascade and Aerodynamic Housing

External dimensions S-inch-diameter cylinder
22 1n long with hemuspherical end caps
Weight 15 Ibs
Control Units
External dimensions 19-inch rack mount
7 1n high
12 1n deep
Weight 8 lbs
Power Requirements
Pump Motor 28 Vdc, 2 amps
Electronics 115 Vac, 50-60 Hz, 1 amp
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Table 8

50%-EFFICIENCY POINTS FOR THE CELESCO MODEL C-1000
QCM CASCADE IMPACTOR

50%-Cut-Point Diarpeter
Stage No (Micrometers)
250
125

63

32

16

08

04

02

01

005

S O 00 O\ B W —

—

*
Assuming spherical particles of mass density 2 g cm’3

Major Equipment Subsystems
Ten-stage cascade-sensing stack assembly with remote-controlled
motor-driven inlet valve
Sample-air pump
Isokinetic air inlet
Aerodynamic housing

Control unit for 19-inch rack mounting (includes power supply,
signal conditioning electronics, and printer)

Interfacing cable

The current plan 1s to transfer this high-alitude QCM to the NASA Ames U-2 and fly 1t
as a SAGE correlative sensor at White Sands 1n February or March 1979 (See Experiment 2 1n
Table 2)

2.3.5.2. Other In Situ Particle-Sizing Devices

It 1s possible that other particle-sizing devices may be employed on aircraft platforms dur-
ing the SAGE ground truth program For example, a Climet single-particle optical counter was
installed on the NCAR Sabreliner aircraft along with the Georgia Tech polar nephelometer and
the NASA Langley quartz crystal microbalance during the November 1978 SAM II ground
truth program 1n Sondrestrom, Greenland The principle of operation of this type of instru-
ment’ 1s similar to that of the University of Wyoming dustsonde (Section 23 1), 1e, aerosol

7Counlers of this type are manufactured by such companies as Bausch and Lomb, 820 Linden Avenue Rochester New York 14625
Chimet Instruments Company 1240 Birchwood Drive Sunnyvale, California 94086 Particle Measuring Systems 1855 S 57th Court
Boulder Colorado Royco Instruments Inc 141 Jefferson Drive, Menlo Park California 94025
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particles flow through an 1lluminated volume, light scattered by an individual particle into a par-
ticular solid angle 1s sensed photoelectrically, and the response pulses are classified according to
thetrr magnitude

Other possible techniques that could be employed for in situ measurements include the
use of devices for collecting particles by impaction and then analyzing the sample in the labora-
tory to establish the particle size, shape, and composition by electron microscopy (e g , Ferry
and Lem, 1974) In a similar fashion, Nuclepore filters with very small pore diameters might
be used to collect particles to obtain samples for analysis by scanning electron microscopy (e g ,
Patterson and Gullette, 1977) Other techniques for sampling aerosol particles have been
described by Grams and Rosen (1978) However, many of these techniques have not been
employed 1n stratospheric sampling programs, and thus modifications of the sampling equtp-
ment would probably be required

2.3.6. Noctilucent Cloud Sightings

The International Noctilucent Cloud (NLC) Program, in cooperation with the World
Meteorological Organization, records and collates observations of noctilucent clouds (particulate
layers 1n the 73-95 km altitude region) Mr E J Truhlar of the Canadian Atmospheric
Environment Service (AES) collects observations from 60 Canadian and 16 U S stations, and
Dr D H Mclntosh of the University of Edinburgh (UE) collects them for Western Europe
We have made arrangements to receive tabulations of sightings (with about one month’s delay)
from the AES and UE and will attempt to make similar arrangements with others Sample
tabulations, relevant correspondence, and a description of the observation characteristics are
given in Appendix C

Resolution and Accuracy

Bronshten and Grishiken (1975) estimate that the height accuracy of the "best” NLC
measurements s better than 1 km (see also Appendix C) Presumably the "best" measure-
ments are those made with aligned cameras or visually with theodolites Many sightings are
made with the unaided eye, and their height accuracy 1s probably considerably worse than | km
Uncertainties 1n the size distribution and shape of NLC particles, together with the uncalibrated
brightness scale of observations, make conversion of sightings to 1 0-um extinction coefficients
extremely approximate at best The purpose of the NLC sightings will be to provide time and
location data for comparison with any layers detected by SAGE in the 73-95 km region
Because of the paucity of other particulate data in this height region, the NLC data are con-
sidered an important source of ground truth information

2.3.7. SAM 11

The Stratospheric Aerosol Measurement 11 (SAM II) was launched on the Nimbus 7 satel-
lite 1n October 1978 SAM Il 1s a scanning solar photometer that operates similarly to SAGE,
however, 1t has only one optical channel--at wavelength 10 um (the longest SAGE
wavelength) SAM II's mussion 1s to map vertical profiles of aerosol extinction by scanning
through the atmosphere during spacecraft sunrise and sunset events Because of the Nimbus 7
orbit these vertical profiles will be restricted to two latitude bands 64°-80° N and S (See, eg,
Russell et al , 1978 )

44



Since SAGE’s coverage 1s expected to extend from the equator to 75° N and S, there 1s
some overlap 1n the coverage of the SAM II and SAGE sensors Moreover, the seasonal
dependence of coverage indicates that there will be occurrences of near-coincidence in space
and time between SAM II and SAGE scans When this occurs comparisons will be made--as a
means of evaluating the mutual consistency of the two measurements In particular, near-
coincidences are expected to occur in late spring and early fall of 1979 near Sondrestrom,
Greenland SAGE Correlative Experiment 4 (see Table 2 and Section 3 24) aims to provide
correlative ozone, aerosol, and other measurements at the time of one or more of these coin-
cidences

2,4. NO, and Multiconstituent Sensors
2.4.1. Pepin Balloon-Borne Sunphotometer and Spectrometer

The University of Wyoming has developed a balloon-borne sunphotometer and spectrom-
eter system The photometer contains a seven-channel instrument, four channels of which are
spectrally equivalent to the SAGE instrument The spectral wavelengths for the instrument are

Channel # Wavelength (um)

039
043
045
060
082
093
100

NNV AW -

The spectrometer scans the spectral interval between 0 37 and 1 1 um with wavelength resolu-
tion on the order of 0 05 um During flight both instruments on the balloon gondola lock onto
the sun and view 1t during the sunrise or sunset event

Resolution and Accuracy

The photometer and spectrometer have the capability to measure the intensity of the sun
as viewed through the atmosphere with a precision of +0 1% of that intensity Both instru-
ments are calibrated during the extinction balloon flight by observing the sun at high elevation
angles from the balloon platform and then extrapolating the observed signal to conditions out-
side the atmosphere Observations are made to less than 0 01 airmass

Both the photometer and spectrometer measuring systems make use of the total solar
disk, rather than the partial disk observed by the SAGE scan system Since these systems are
used at balloon altitude, not at spacecraft altitude, they achieve vertical resolution of the same
order as SAGE, but do not require high pointing accuracy and are less sensitive to refraction
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Conversion to Paruculate and Ozone Extinction Profiles

The measurements from the photometer and spectrometer systems will be converted to
extinction profiles using the method outlined by Pepin (1970, 1977) The spectral intervals
around the SAGE bands can be studied by using the spectrometer measurements made at spec-
tral intervals near the SAGE observations

2.4.2. Murcray Interferometer and Spectrometer

NO, was first detected 1n the lower stratosphere by means of absorption features observed
in infrared solar spectra, these features are associated with the v3 band 1n the 1618 cm™' region
(Murcray et al, 1968, Goldman et al, 1970) The few altitude profiles currently available for
NO, 1n this wavelength region have been derived from infrared solar spectra obtained by bal-
loons, although some recent results have been reported for the same spectral region used by
SAGE (Kerr et al , 1977, Goldman et al , 1978)

In view of the small amount of data available concerning the altitude distribution of NO,,
there 1s no accepted measuring technique that can be applied to obtain "ground truth" data for
SAGE It s rather proposed that a balloon flight be performed to obtain a vertical profile of
NO, using the infrared solar spectral technique for comparison with the profile obtained by
SAGE The spectral data required for this comparison will be obtained by means of the
University of Denver balloon-borne interferometer system, which consists of an interferometer
capable of obtaining solar spectra with a resolution of 0 01 cm™! covering the 1600 cm™' region
Previous experiments have shown that this resolution i1s more than adequate to determine an
NO, profile from sunset solar spectra The system includes a biaxial pointing control, a PCM
telemetry system, an on-board digital magnetic tape-recording system, and power supplies for
operating the various components The balloon flight will be performed as part of a series of
flights for NASA and will obtain comparative data Many constituents 1n addition to NO, will
also be measured

NO, total column data have aiso been obtained from ground-based visible spectra with a
techmque mmtially proposed by Brewer (1973) and used extensively by Noxon By obtaining
data on the ground from the scattered sunlight after sunset (solar zenith angles > 90° ) one
can use an Umkehr technique to obtain some profile data The spectral resolution needed 1n
this type of measurement 1s not high, the main fequirement for the measurement is wide
dynamic range

A balloon-borne UV-visible grating spectrometer system suitable for collecting data of this
sort will be incorporated into the P3 aircraft instrumentation The advantages of operating the
system from the arrcraft are twofold the increased latitude range over which comparison data
can be obtained and the ability to obtain data when the weather precludes doing so from the
ground The spectrometer system 1s a 0 S-meter Czerny-Turner system that 1s double-passed
The radiation 1s interrupted by a tuning-fork chopper after the first pass and the radiation 1s
synchronously detected, which results 1n a significant reduction 1n stray light The system 1s
capable of a 0 3A resolution, but for this application 1t will be degraded to -5A Data will be
recorded by means of a digital magnetic-tape recording system
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2.4.3. LIMS Instrument Package

The LIMS Instrument Package (LIP) consists of a number of instruments that will pro-
vide measurements for validating the data obtained from the Limb Infrared Monitor of the
Stratosphere (LIMS) experiments on Nimbus 7 This balloon-borne package 1s scheduled for
two or three flights in support of the LIMS experiment The sensors on the LIP will measure
ozone, water vapor, nitric acid, temperature, and pressure The instruments are (1) a Dasib:
ozone sensor (Johnson Space Center), (2) an infrared emussion radiometer (Belgium), (3) an
absorbing filter sensor (NCAR), (4) a water vapor infrared radiometer (United Kingdom) and
(5) an electrochemical concentration cell sonde and radiosonde (Wallops Flight Center) Max-
imum altitude of the LIP 1s approximately 35 km All LIP data, as well as other ground truth
data for LIMS, are expected to be stored at NOAA/NESS 1n Suitland, Maryland The sensor
scientists are (1) Dr Don Robbins (JSC), (2) Dr Carlos Lippens (Belgtum), (3) Dr Bruce
Gandrud (NCAR), (4) Dr John Harries (UK ) and (5) Mr Lawrence Rosst (WFC) Mr Ed
Szajna and Mr Fred Witten (GSFC) are the LIP manager and engineer, respectively

The possibility of making a LIP flight from Palestine, Texas 1n coincidence with a SAGE
tangent scan 1s being explored with members of the European ad hoc ground truth group (see
Table 3) In addition, a LIP flight scheduled for LIMS support 1n Cold Lake, Alberta, in Febru-
ary 1979 may be sufficiently close 1n space and time to a SAGE tangent scan to provide useful
correlative data

2.4.4. Noxon Spectrometer

As indicated above (Section 2 4 3) NO, was tnitially detected tn the stratosphere by means
of absorption features observed 1n infrared solar spectra obtained from a balloon NO, also has
a strong absorption band 1n the visible region, Noxon has used this band to obtain total column
data on stratospheric NO, with a ground-based spectrometer system The visible region has the
advantage that spectral scans of the zenith sky made at solar zenith angles > 90° contain
absorption features resulting from the path of solar radiation in the stratosphere Noxon’s sys-
tem, designed to be portable, has been used by him to obtain data over a wide range of lati-
tudes A description of his mstrumentation, data reduction procedures, and the results he has
achieved 1s contained 1n a recent series of articles (Noxon et al , 1978, Noxon, 1978) It 1s pro-
posed that this system be utilized as part of the ground truth obervation program scheduled for
late February 1979 at White Sands Proving Ground

2.4.5. Schmeltekopf Chemiluminescent Sensor

As 1ndicated above, the amount of data currently available on the altitude distribution of
NO,; 1s lmited All data obtained so far are based on spectroscopic techniques and have been
secured by remote sensing Schmeltekopf has developed an instrument for obtaining in situ
NO, data that makes use of a chemiluminescent NO sensor constructed for balloon-borne
operation The unit first measures NO with the chemiluminescent technique and then, using a
mercury lamp, converts the NO, present in the atmosphere to NO by photodissociation The
NO concentration 1s then remeasured, the increase over the preceding measurement denotes
the NO, concentration The system has not been flown yet, but will be flown as part of the
SAGE ground truth plan 1f 1t 1s operational by then
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2.4.6. LIMS

The Limb Infrared Monitor of the Stratosphere (LIMS) experiment on the Nimbus 7
satellite 1s being conducted to determine global-scale vertical distributions of temperature, as
well as of several gases involved 1n the chemistry of the ozone 1n the stratosphere Profiles of
ozone (03), mtrogen dioxide (NO,), mtric acid (HNOj), water vapor (H,0), and temperature
are determined with fine vertical resolution from the lower stratosphere (=10 km) to the lower
mesophere (=65 km) These data are derived by inverting measured limb radiance profiles
obtained by LIMS, an infrared multispectral scanning radiometer Measurements are made 1n
each of six spectral regions one each tn the 9 6 um O; band, the 6 3 um NO, band, the 6 2
pum H,0 band, and the 11 3 um HNO; band, and two 1n the 15 um band of CO,

This experiment 1s a follow-on to the successful Limb Radiance Inversion Radiometer
(LRIR) experiment flown on Nimbus 6 to measure O;, H,0O, and temperature The LIMS
instrument 1s 1dentical to the LRIR in many respects, but with the essential difference that two
detectors were added to the focal plane array and five parameters are being measured rather
than three The horizon scan rate was also decreased from one degree per second to a quarter
degree per second to provide improved signal-to-noise performance These changes facilitate
the measurement of constituents with small signals (e g NO,, HNO;) and allow extension of
these measurements to lower and higher altitudes

A programmed scanning mirror in the radiometer causes the field of view of the six Jetec-
tors to make coincident vertical scans across the earth’s horizon The data from these scans are
stored on tape for later transmission to the ground During data reduction the measured limb
radiance profiles from the carbon dioxide channels are operated on by inversion algorithms to
determine the vertical temperature distribution This inferred temperature profile, together
with the radiance profiles in the other channels, 1s then used to infer the vertical distribution of
the trace constituents

Comparisons of the ozone and NO, profiles measured by SAGE with those measured by
LIMS will be made for cases in which the two measurements are in sufficient proximity In
addition, the LIMS Experiment Team plans to use SAGE and SAM-II data on aerosols and thin
clouds to identify any possible effects on the LIMS data (Russell and Gille, 1978)

2.4.7. SBUV/TOMS

The Solar and Backscattered Ultraviolet (SBUV) instrument on the Nimbus 7 satellite
should provide ozone profiles between 30 and 45 km with a vertical resolution of 3-5 km and a
precision of 5-10% In this height region the time scale for ozone changes i1s expected to be
several days or longer Therefore, the differing local measurement times of SAGE (sunrise and
sunset) and SBUV (approximately local noon) are not expected to invalidate comparisons of
observed ozone profiles It 1s planned that comparisons will be restricted to spatial separations
of £500 km Concurrent SAGE data on aerosols and on neutral denstty will be used to elim-
inate some of the uncertainties inherent in the inversion procedures for the two experiments

SAGE ozone profiles can also be compared against total ozone observations determined
both by SBUV, which views an area approximately 200 km x 200 km, and by the Nimbus-7
Total Ozone Monitoring System (TOMS), which views an area approximately 50 km x 50 km
Total ozone observations will be compared during SAGE and SBUV/TOMS coincidences (as
defined above) Moreover, the TOMS instrument will scan across the satellite track, thus
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providing almost full global coverage for total ozone during a 24-hour period TOMS observa-
tions may therefore also be used to indicate spatial variability at the time of the major ground
truth experiments depicted in Table 2

2.5. Temperature, Pressure, or Density Sensors
2.5.1. Balloon-Borne Radiosonde

The radiosonde® 1s a balloon-borne, battery-powered, meteorological instrument that
automatically transmuts to a ground receiving station radio signals relating to the pressure, tem-
perature, and humdity of the air from the surface to a height of approximately 30 km Wind
direction and speed data are calculated from the rise and horizontal drift of the radiosonde,
which are measured by the ground receiving station (RAWIN Set AN/GMD)

The radiosonde system 1s enclosed 1n a plastic and paper container and 1s approximately
40 cm high, 17 cm wide, and 12 c¢cm thick It weighs 392 grams without batteries Figure 25
shows the flight configuration of this instrument when attached to a standard 1200-gram
Weather Service balloon

The precision of the radiosonde instrument 1s specified below

Atmospheric Pressure 1060 mbto S0 mb S0 mbto20 mb 20 mbto 2 mb

+2 mb 05 mb 025 mb
Temperature +0 5°C
Relative Humidity Within +5% at temperatures +40°C to 0°C

Section 4 2 4 1 describes the radiosonde data, their management, distribution, and so forth

2.5.2. Super Loki Datasonde

The Super Loki datasonde 1s the standard rocket-launched meteorological payload used by
the US meteorological community It 1s used to measure vertical profiles of atmospheric tem-
perature and wind between 70 and 20 km Figure 26 depicts this system in descent
configuration suspended below 1ts decelerator after launch by the Super Lok: rocket This sys-
tem 1s used 1n conyunction with a GMD set at 1680- MHz

The precision of the Super Loki datasonde system 1s from 1 5 to 3 5 C for temperature
data, +3msec”! for the wind data, 1 5-3% for pressure and 3-5% for density

Section 4 2 4 2 describes the data handling aspects of this instrument system

8Vchncle«) and Sensors of the UPN 607 Applications Sounding Rocket Program October 1977 Preliminary
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2.5.3. NMC Global Data Net

The National Meteorological Center (NMC) will supply SAGE with profiles of tempera-
ture, pressure-surface heights, and density inferred from the NMC upper-air data network
(principally balloonsondes, rocketsondes, and satellite sensors) Procedures for derving these
profiles and the data format are described in Section 4 24 4
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3. MEASUREMENT SITES, SCHEDULES, AND LOGISTICS

3.1. Aerosol Practice Comparative Experiment

An aerosol Practice Comparative Experiment was held on September 27, 1978 in Laramue,
Wyoming It included flights by the arrborne hidar and a dustsonde, as well as ground-based
lidar measurements at NCAR 1n Boulder, Colorado (see Section 23 3 2) Its purpose was to
develop muitisensor and multiplatform coordination procedures, and also to test data reduction
and comparison techniques, as mentioned previously in Section 1 2

Laramie, Wyoming, was chosen as the preferred site for the Practice Comparative Experi-
ment because of 1ts proximity to the University of Wyoming This was a cost-reducing factor
that also simplified the logistics of the dustsonde balloon flight and maximized chances of
instrument recovery Although the balloon-borne sunphotometer was unable to participate in
the Practice Experiment, 1t 1s expected that both the sunphotometer and spectrometer will be
available for the February 1979 ground truth experiments at White Sands

3.2. Postlaunch Measurements
3.2.1. Predicting SAGE Tangent Times and Locations

The SAGE tangent times and locations are determined by the AEM-B orbit parameters
(inclination, height, and shape) and the launch time and date (which determine the relative
positions of SAGE, the sun and earth surface sites) Since none of these factors can be known
precisely before launch, exact predictions of tangent times and locations can be made only after
launch, when orbit parameters have been accurately determined Possible variations in orbit
parameters are considerable because the Scout launch rocket is less controllable than some
other vehicles, and AEM-B cannot make postinsertion orbit corrections Nevertheless, as a
means of preparing for postlaunch contingenctes, 1t 1s useful to predict tangent occurrences for
nominal orbit parameters and launch times, as well as for probable variations in these factors

Edwin F Harrison of NASA Langley Research Center has prepared such a set of
parametric predictions Figure 27 shows examples of these results, as latitude-vs-longitude plots
of all tangent locations for each of 12 months after launch, assuming a launch time of 1030
EST, January 25, 1979, a circular orbit with a height of 600 km, and an inchnation of 55° Also
shown on each plot are circles of 500-km radius each, centered on Sondrestrom, Greenland,
Wallops Island, Virginia, White Sands, New Mexico, and Natal, Brazil (The circles appear as
ellipses because of the map projection ) These circles show at a glance the number of times that
SAGE sunrise and sunset tangent scans will occur within 500 km of each site 1n a given month

A more detailed look at this question of tangent opportunities 1s given by Table 9, which
focuses on the first 60 days of the mission (a time of intense ground truth activity, see Table 2)
and the sites of Wallops Island, White Sands, and Natal Table 9 considers a range of launch
times, two launch dates, and two orbit shapes A list of prioritized requirements for SAGE
tangent locations and times 1s given 1n Table 10 In view of Table 9, 1t appears that a launch
time of about 1030 EST would yield the greatest probabilty of satisfying the requirements of
Table 10
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Calculations assume 1 = 55°, k = 800 km, launch time = 1030 EST, 25 January 1979 Elipses
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Calculations assume 1 = 55°, k = 600 km, launch time = 1030 EST, 25 January 1979 Elipses
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Calculations assume t = 55°, k = 800 km, launch time = 1030 EST, 25 January 1979 Eliipses
have 500-km radius and are centered at Sondrestrom, Wallops Island, White Sands, and Natal
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Table 9

SAGE GROUND TRUTH OPPORTUNITIES AS A FUNCTION OF LAUNCH TIME

OPPORTUNITIES WITHIN 500 km RADIUS
S Wallops Island White Sands Natal, Brazil
uageh (37 85N, 75 48 W) (3238 N, 106 48 W) (5878,3532W)
(Eusn;) Mission Distance, Mission Distance, Mission Distance,
Days km Days km Days km
0900f 403 1388 139 3734 102 * 2250
174 * 2535 472 * 2236
414 * 198 4 557 3805
09307 128 4640 174 * 4439 122* 4609
193 * 3369 434 * 4470 217 489 5
1000% 148 3887 129 4392 - -
213 * 4820 194 * 4175
454 * 4953
1030% 16 8 2789 179 466 4 — —
222* 4119 214 * 3691
1100" 188 158 6 199 3796 - -
452 * 4321
46 3 * 4600
1130t 208 361 218 3405 286 4193
242 * 4355 483 * 3701
472 * 3830
482 * 4711
0900% 173 * 3763 579 2699 102 * 96 0
183 * 424 8 589 3294 187 4115
373* 3707
383 * 1677
598 448 1
0930f 109 4323 599 364 1 112* 3403
118 3710 197 3936
183 * 3023 207 3581
193 * 2805
393 % 46 6
1000f 128 366 5 194* 294 8 217 3916
138 936 227 4349
148 424 4 482 * 3422
203 * 2155 572% 489 4
213 % 3636
413 * 2490
1030f 148 3216 203 * 190 3 237 483 6
158 158 8 213 % 407 5 492 * 3642
223 % 3771 433 * 456 0 567 1937
433 * 456 9

tnc = 55°, launch date = February 1, 1979

*Sunset

Th = (600 X 750) km
h = (450 X 700) km
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Table 9 (Concluded)

OPPORTUNITIES WITHIN 500 km RADIUS
S Wallops Island Whate Sands Natal, Brazil
ageh (3785N, 7548 W) (3238 N, 106 48 W) (5878,3532W)
L&ugl;) Mission Distance, Mission Distance, Mission Distance,
Days km Days km Days km
0900" 1732 * 3311 394* 4132 - -
608 463 4 404 * 4052
09307 128 3374 149 368 3 112+* 3670
139 4265 174 * 104 7 202 3053
472 % 3411
1000t 203 * 88 1 424 3742 - -
413 * 4029 434 * 202 1
10307 158 4273 179 200 8 142 * 466 1
16 8 1430 203 * 1670 152* 4247
242 % 256 3
587 3242
1100t 2372 % 1753 453 % 462 8 - .
443 * 2400 463 * 1278
453 * 3953
0900% 99 3708 174%* 3188 - -
394 % 4583
0930t 128 499 4 174* 3884 112* 426 6
184 * 483 3 207 216 4
472 % 3038
557 4939
1000t 128 374 1 149 4236 - -
203 * 3673 424 % 3437
434 * 3102
1030t 158 4370 179 4202 152* 3750
16 8 4507 203 * 4340 237 446 3
214 3945 247 3633
502 * 3503
587 2722
1100t 158 4500 179 4147 _ _
16 8 404 4 453 * 3655
232 % 188 8 46 3 * 164 6
242 % 429 8
443 * 3138
100 km=1 11°]at 100 km=1 07°lat 100 km=0 91°lat
=0 87°long =0 86°long =0 86°long

me = 55°,h = 600 km

*Sunset

1 Launch date = February 1, 1979
Launch date = January 25, 1979
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Table 10

PRIORITY OF SAGE SATELLITE COINCIDENCE SITES
FOR GROUND TRUTH MEASUREMENTS

1st No unocculted period during first two months to avoid interference with initial ground
truth experiments (listed below)

2nd Sunrise and sunset satelhte profiles occurring within a 5-day period at White Sands, NM
(32°23° N, 106°29° W) during mid-February to early March 1979

— or —
Sunrise profile at White Sands

— or —
Sunset profile at White Sands

3rd Sunrise and/or sunset satellite profile at Wallops Island, Virginia (37°51° N, 75°29° W)
during mid-February to early March 1979

4th Sunrise or sunset satellite profile at Natal, Brazil (5°52° S, 35°19° W) during mid-to-late
March 1979

The results shown 1n Figure 27 and 1n Tables 9 and 10 have been taken into account in
choosing the experiment sites and schedule shown in Table 2 Definitive tangent locations and
times will be recomputed after launch, when more precise orbit data are available These results
will be made available to all correlative sensor scientists, including those on the ad hoc ground
truth teams and others outside the United States

3.2.2. Required Proximity of SAGE and Correlative Measurements

The required proximity of SAGE tangent scans and correlative measurements s deter-
mined by the typical variability of the measured constituents On the scales of interest (several
hundred km and several hours) this variability 1s difficult to assess because of the very small
number of appropriate measurements that have been made During nonvolcanic conditions lhidar
measurements of stratospheric aerosols have frequently shown that, within the layer of max-
imum aerosol content (-16-24 km), profile shape and magnitude were typically preserved
throughout a might of observations, when stratospheric wind velocities were about 10 msec™!
Assuming an observation time of about eight hours, this converts to a spatially uniform region
of about 300 km or more Furthermore, occasional comparisons have been drawn between stra-
tospheric hdar measurements made on the same night at locations separated by 1500-2400 km
(17-27° of longitude and 2-5° of latitude, the locations included Menlo Park, Califorma,
Laramie, Wyoming, Boulder, Colorado, and Kansas City, Missouri ) On these occasions, which
were 8 or more months after any noticeable volcanic 1njections, approximate spatial uniformity
was also observed

In view of these results, 1t appears that a proximity of =500 km and £2 hr between
SAGE and correlative aeroso/ measurements would be satisfactory during times not appreciably
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perturbed by volcanic activity Conditions can be expected to be more variable during the very
interesting period just after a volcanic injecion However, flights by the P-3 hdar will be made
to document any spatial variations in aerosol structure between the SAGE tangent location and
the site of any balloon flights

Diurnal changes in ozonre concentration caused by changes in solar irradiance should be
primarily confined to altitudes above 50 km, which are above the range of SAGE measure-
ments Between 50 and 25 km, ozone changes are related both to temperature-induced chemi-
cal changes and to transport variations Below 25 km, where ozone variations are related
almost entirely to transport variations, extremely large ozone variations occur, the vertical dis-
tribution found on one day may bear hittle ssmilarity to that of the previous day These low-
altitude changes are primarily responsible for the variations in total ozone from day to day and,
although these vanations are difficult to predict, a high correlation 1s found between total ozone
and changes of the 100-mb height field The day-to-day change 1n maximum ozone concentra-
tion 1s about 20%, and the altitude of the peak may change by as much as 4 km

In view of this temporal variability, correlative ozone measurements should be taken as
close 1n time to the SAGE measurements as possible, probably within +2 hours of the tangent
scan It 1s difficult to translate the temporal variations described above into their spatial counter-
parts However, the spatial variations can be expected to be meteorology-dependent and possi-
bly significant For this reason the LIMS Correlative Measurements Plan specifies a desirable
proximity between LIMS scans and correlative sensors of =0 5° latitude and +1° longitude,
with maximum separations of +2° latitude and longitude At the SAGE ground truth sites, 1°
of latitude or longttude 1s roughly 100 km (to within +14%, except at Sondrestrom, where 1°
of longitude 1s only about 40 km) Thus, the LIMS plan specifies maximum separations of
about 200 km From Figure 27 and Table 9 1t can be seen that, within any given month, the
probability of a SAGE tangent scan’s falling within 200 km of a ground truth site 1s very small
Thus, 1t would be unrealistic to specify such a small coincidence requirement for SAGE correla-
tive measurements Nevertheless, because of the variabilities mentioned above, 1t 1s important
that each SAGE correlative experiment attempt to characterize the local spatial variability near
the time of the experiment This will be done by making ozone profile measurements several
days and hours before and after SAGE tangent scans, as well as during the scans (See Sections
324and32595)

3.2.3. Cluster Concept

Because of the need to measure multiple constituents (hence, to use multiple sensors)
and the desire to take advantage of existing capabilities, the SAGE Ground Truth Plan was
built around measurement facilities that formed natural clusters These clusters are described 1n
more detail 1n Table 3 (Section 1 2) Within some of the clusters simultaneous aerosol or ozone
measurements can be made from different sites Such simultaneous measurements will be use-
ful in characterizing spatial variability 1n the region of SAGE tangent scans
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3.2.4. Northern Hemisphere Measurements
3.2.4.1. Experiment 1--Wallops Island/Hampton, April 1979

The sensors to be included in this experiment have been listed in Table 2 Figure 28
shows a typical measurement sequence for the correlative sensors that are launched within a
few hours of the SAGE tangent scan
3.2.4.2. Experiment 2--Holloman/White Sands, March 1979

Sensors are listed 1n Table 2 and more information 1s presented in Table 11 A typical
time sequence both for sunrise and for sunset scans 1s shown in Figure 29
3.2.4.3. Experiment 4--Sondrestrom or Poker Flats, Spring or Summer 1979

Sensors are listed 1n Table 2 A typical measurement sequence both for SAGE sunrise and
for SAGE sunset scans 1s shown 1n Figure 30 Note that, because of 1ts retrograde orbit, SAM
II views a sunset while SAGE and earthbound observers view a sunrise, conversely, SAM 11
views a sunrise while SAGE and earthbound observers view a sunset

3.2.4.4. Experiment 5--Wallops Island/Hampton, Fall 1979

Sensors are listed 1n Table 2 The measurement sequence 1s as shown 1n Figure 28

3.2.4.5. Experiment 6--Wallops Island/Hampton, Winter 1979-80 ‘

Sensors are listed in Table 2 The measurement sequence 1s as shown 1n Figure 28

3.2.4.6. Other Northern Hemisphere Measurements

It 1s expected that other northern hemisphere measurements will be scheduled by the
European and Japanese ad hoc ground truth groups (See Section 2 1, Tables 4 and 5, and Fig-
ure 3 ) The SAGE Experiment Team will furnish predictions of SAGE tangent locations and

ttmes to these groups The correlative sensor scientists will then schedule observations on the
basis of these opportunitites and their own constraints

3.2.5. Southern Hemisphere Measurements
3.2.5.1. Experiment 3--Foraleza/Natal, April 1979

Sensors are listed in Table 2 The measurement sequence will be as shown 1n Figure 28,
with the addition of a dustsonde sequence as in Figure 29
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Table 11

PRELIMINARY DESCRIPTION OF SAGE GROUND TRUTH
EXPERIMENTS AT HOLLOMAN AFB, NM

Transmitter
and
Measurement Flight Flight Maximum | Maximum | Load Train Payload
Measurement Coordinator(s) Schedule | Duration | Altitude Diameter Length Weight
Airborne W H Fuller 5 flts 4 hrs 16,000 ft
Lidar (NASA-LaRC) (1 flt/day)
Dustsonde D T Hoffman 1 flt 3 hrs 100,000 ft 50 ft 320 ft 20 lbs
(U of Wyoming)
J M Rosen
(U of Wyoming)
Balloon T J Pepin 1 flt 9 hrs 100,000 ft 60 ft 20 ft 150 Ibs
Sunphotometer (U of Wyoming)
Rocket T Perry 2 flts 2 hrs 250,000 ft 16 ft 18 ft 2 lbs
Ozonesonde D Bruton
(NASA-WFC)
Balloon T Perry 4 flts 2 hrs 100,000 ft 9 ft 50 ft 4 lbs
Ozonesonde D Bruton
(NASA-WFC)
Balloon D G Murcray 1 flt S hrs 120,000 ft 275 ft 200 ft 1400 1bs
Interferometer (U of Denver)
U-2 M Lowenstein
$Osub3 S, NO, T |T Starr
Sensor (NASA-ARC)
U-2 Wire N Farlow, 2 flts 6 hrs 70,000 ft
Impactor G Ferry
(NASA-ARC)
U-2 Quartz M P McCormick 2 flts 6 hrs 70,000 ft
Crystal (NASA-LaRC)
Microbalance D C Woods
(NASA-LaRC)
U-2 Multfilter A Lazrus 2 flts 6 hrs 70,000 ft
Package (NCAR)
U-2 Glass R Charlson 2 flts 6 hrs 70,000 ft
Collector (U of Washington)
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3.2.5.2. Other Southern Hemisphere Measurements

It 1s hoped that other southern hemisphere measurements will be scheduled by CSIRO 1n
Australia and INPE n Brazil (See Appendix B, Table B-1) In particular, Dr John Gras of
CSIRO 1s planning balloon-borne measurements of aerosol concentration for several size
cutoffs
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4. DATA PROCESSING

Procedures for reducing ground truth data to formats that are readily comparable to SAGE
extinction and number profiles will be established and tested prior to launch, so that data com-
parisons can be carried out in the shortest time possible

4.1. Ancillary Data

Both the hidar and sunphotometer data require a molecular density profile for separation
of gaseous from particulate optical coefticients In addition, the lidar data (especially ruby data)
require an estimated ozone and particulate extinction profile A two-step process will be used to
incorporate these ancillary data into the data analysis

4.1.1. Model Atmospheres

Prior to launch, model profiles of atmospheric density and of ozone and particulate extinc-
tion (at the lidar wavelengths) will be developed for the location and month of each ground
truth site (see Table 2) These profiles will be stored on cards or another medium that can be
computer-read as input to the lidar and sunphotometer data reduction algorithms (see Section
4 2) They will be used for initial reduction of the lidar and balloon photometer data

4.1.2. Measured Atmospheres

Each ground truth experiment will include at least one measurement of the local tempera-
ture and pressure profiles (These will be provided by standard radiosonde, by radiosonde pack-
ages on the ozone balloonsondes, by the rocket-launched datasondes, and by the dustsondes,
which measure temperature and pressure tn addition to the aerosol data See also Section
42 4) These profiles wiil be converted to density profiles and stored in the same format as the
model density profiles, so that they can be readily substituted for the model profiles in the data
reduction In addition, as a routine part of SAGE data reduction, density profiles for the time
and location of each SAGE scan will be derivYd from the SAGE data These SAGE density
profiles wiil be extracted from the SAGE data tapes and stored in the same format as the model
and sonde-measured density profiles Model, sonde-measured, and SAGE-measured density
profiles will be plotted for each ground truth experiment when available In this manner
differences 1n density profiles can be highlighted and, by using each profile sequentially 1n the
data analysis, effects of density differences on derived constituent profiles (both SAGE and
correlative) can be explored and understood

Carefully chosen model ozone profiles are probably adequate for lidar data reduction (cer-
tainly for Nd hddr), nevertheless, measured ozone profiles near the time and location of hdar
flights will be compared to the model profiles and, 1f necessary, substituted Likewise, particu-
late extinction profiles (at the lidar wavelength) derived from the hidar and SAGE measure-
ments will be compared to the model profiles and tteratively substituted whenever appropriate
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4.2. Production of Data Products for Comparison to SAGE Data
4.2.1 Ozone Data
4.2.1.1. Dobson Spectrophotometer

Dobson spectrophotometer observations will normally be made three times daily (morn-
ing, near local noon, and afterncon) The observational procedures that will be followed are
outlined 1n the Weather Service Observer’s Manual ° The Dobson dial readings and other per-
tinent data are entered by hand on the NOAA observation form, NWS form B-35b (3-73)
shown 1n Figure 3la Instructions regarding the use of this form are provided on the reverse
side (Figure 31b) The total ozone overburden above each site i1s derived by applying the
appropriate correction factors and the air mass data pertinent to that site Sample results
obtained by both manual and computer data processing are shown in Figures 32 and 33

4.2.1.2. Canterbury Spectrometer

The Canterbury spectrometer will conduct basically the same type of observations, with
stmilar data output and data delhivery schedules as for the Dobson spectrophotometer

4.2.1.3 Balloon ECC Ozonesonde

The data measured as the ECC ozonesonde rises consist of a vertical profile of ozone
However, since the ozonesonde s attached to a standard radiosonde, atmospheric pressure,
temperature, and relative humidity data are also measured (See Section 4 24) The ozone data
are fed to the telemetry umit in the radiosonde and transmitted in flight to an AN/GMD, where
they are automatically recorded along with the pressure, temperature, and humidity data on a
TMQ-5 recorder The GMD antenna angles are recorded on a control recorder Figure 34 dep-
icts the acquisition and flow of ozone data These are subsequently digitized and inputted to the
Wallops ozone computer program, where they are merged with associated calibration data The
calibration data are obtained from the ozonesonde’s preflight calibration process and the
radiosonde’s preflight baseline checks The ozone data are then outputted as tables (Figure 35)
and charts (Figure 36) Typically, the final data for flights launched from Wallops will be avail-
able within 1-2 weeks Final data from launches away from Wallops (allowing for transmuittal
from the field site to Wallops) will be available within 3-4 weeks These data will also be pro-
vided on magnetic tape Standard card and plotting formats for comparisons of SAGE and
correlative profile data are described in Section 4 2 5

4.2.1.4. Super Loki Optical and Super Arcas Chemiluminescent
Ozone Payloads

Both these systems are launched on rockets and are ejected at apogee to descend on a
decelerator The ozone measurements are made during the descent phase Figure 37 shows the
data flow for these systems The measured data are transmitted to an AN/GMD which 1s
modified to allow 1t to receive and record an 8-bit PCM telemetry signal from these payloads
The frequency 1s the standard AN/GMD 1680 MHz In addition, to obtain accurate position
data of the ozone sensor during descent, radar tracking 1s required All the rocket systems

9()bserver‘s Manual, Dobson Ozone Spectrometer revised November 1 1972 U S Department of Commerce National Weather Ser-
vice
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FIGURE 31 DOBSON OZONE OBSERVATION FORM AND INSTRUCTIONS
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i SEERAL
The arrangement of ¥S Form B — 35b 1s d od by comp progr g and puach card requiremests Observaucaal
daen should be entered oaly 18 the rows marked with as msterssk, sad should be ded 1a 1 except
thet blank columns should be used ro sep daea ob d oo daffs days

2 ENTRY OF DATA
a. $tetion - Enter the name of the station
&, {astrument Nember - Record che senal cumber of the Dobsen Oznae Spectrophotomerer employed.

<. Observetiens - Eoter the sp ph dial readings to che tenth of & degree Observational procedures are
wsuthned 1a the Observess’ Huodbook Dobsoca Ozsae Spectrophotometer
4 Loded Dot
(1) Type of Qhaervation - ladicate the type of observatics made, scrording to the code 10 the following table
Cade Wavelongths Used Light Source
ADDSGQP A sad D Derect Sua, Uniag GQP
CDOSGQP Cad D Darect S, Unsag GQP
ADZB A md D Blee Zenth
cc'zn Cedc Blue Zeuth
ADZC A wdD Clendy Zeauth
cczc C aad C' Cloudy Zewth
Specially zawned observers may st umes be required co make the foliowiag add | types of
Code Wevelongths Used Light Sewrce
CDDSF1 Ced D Focussed Image of Sua
ADRMFI A sad D Focussed laage of Noon
CDRMF1 C mad D Focussed lmage of Moon
(2) Dey of the Month - Enter the day of the month, local dard ume (LST), pooding to the une of observation,

e g, 02 for the secoad day of the month

(3) Time of Observetion - Eater local standard ume of observation, 18 24-bour clock tme, to the nearest bour musute
and sececd, ¢ g , 16.20-07 for as observation made 07 seconds aftes 4 20 P N

{4) Month end Yeer . Use rwo figures to desigoace the month, followed by ablack and two figures to designate the yeas,
e.g., 07 67 for July, 1967

e Notes

(1) Deseription of Bloe Sky - When an observation 13 mede ow direct sus (of ®00n) or on the blue zenith indicate the
seate of claciey of sky in che vicinury of the sun (or moon) or the nenith sccording to the following coae

C - Clear H - Hazy VH - Very Hazy

{2) Description of the Clondy Zenith - hea ap observamion 1s made oo the cloudy zeasth, indicate che cloud beighe,
duckness and rexnire 1a the vicunty of che zenith according to the code 1o the followwsg table

Clowd Height Clewd Thickness Cloed Texture
L-Low TN - Thia U - Uniform
M - Muddle M - Median V - Vanabie
H - Hygb TK - Thuck P - Pachy
Space 18 provided uader 'Noces * for diog add 1 infe p g to the y of an ob e85,

wndicate the presence of fog, smoke eic
£. Observer's Initials - The obeerver should wmuual che observatioaal dazs fer which he 15 respossible

- rens 8.3 -71
® G.L COVERNMINT PRAINTING OFFICK1 1973 Te8-07

(b) INSTRUCTIONS

FIGURE 31 DOBSON OZONE OBSERVATION FORM AND INSTRUCTIONS (Concluded)
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OZCHE DATA REDUCTION FolM

Manual Data Reduction frem AD or CD Direct Sun

Measurements by Dobssn Spectrophotomeler

FIGURE 32
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oL Juee or wssr, wALLoPs FUGHT CTR, VA ® | co

1 DATE 4_, ~78 C, | 7205} 2.037
21 TwmE 1501 | 1718 1956 ‘C2 | 09 | 12
3| wamsiam | AD AD AD

4] RyorRe 876 | 736 | 1064 INTERPOLATION TABLE
5| R g7 | 73 |10c ik

o] &R <’ C 4 R|.9]10]|n]
7] Mo 455 | 5428 (/128 } SRR EEE
18) ON 5 .5 4t 2|l2]21]2
g | Nao=(+@) Q6o £33 | n3a 313|313
o} Rp 333 | 290 | :2 A A 4|4
NES 33 29 39 5|4 51c
2| &R 3 Is) 2 L |5 617
13| Ne 244 | 304 | 404 7lel 7|8
1a] AN .3 o .2, 8l7]1.819
lis] @ 307 | 204 | 206 91819 [0
lo| - [A33E [ 2205= HioBs

trl e | 500 | 18 | 1ass |

|8 | AT=(2)-(m) | 0 2

19| 2o |.384 119 | 1.569

2| 4x -0.020 o | o035

a1 | ATBple | on O | ooz

22 p=(9)+(2) 1.381 [ 196 | 1.58)

23] C* (10) 444 | 383 | 225

24 | @)/u 321 320 | 332

25| ®)-Cy 32| 3L | 323

2% | X=@5)/100 312 Dl .323

MANUAL WORKUP FOR DOBSON TOTAL OZONE OVERBURDEN




(4]

Soanssncsraasnosasstangedsannegagsansnsss TOTAL OZONE REDUCTION PROGRAM ocacsstsvscntancsapacctiatatobatesstesanstat

STATION INSTRUMENT DAY  DATE DECLINATION  D/DY (DEC)  EPWEMERIS TRANSIT  D/pT (EPH)
WALLOPS_ISLAND. ___ DOBSNY  TUESDAY 10 4 77 =4,43, 3,7  »1388,3 11.48,44,53 =18,41¢

WEATHER, COMMENTS,, INTERCOVFPARISON DATA TAKEN BY D]CK BRADFORD ETY AL, TESY RUN FOR HIM,

TIME AIRMAS  1/AMAS ATTN A ATIN C ATIN D QN A OZN C 0IN D 0ZN AC O0ZN AD OZN CD COMMENTS
—1.__952,00. 1:5625__g.6400____0.,8545 0. _0.,1749 0.3129__ 0. 0,3109___ 0. _0, 3134_.0,_______1551 SEY_
2 958,00 1.538%9 ,6468 0.8370 0, 0.1645 0.3114 0, 0, 2970 0, 0.3148 0,
3 1003,00 11,5206 ,6576 0,8318 0. 0,1665 0,3129 0, _ _ 0, 3041 04 0.3152 0,
4 1059,00 1.385% ¢,7220 0.7524 0. 0.1458 0.3107 0. . _ 0,2924 0. 0,3155 0,
S 1103,00 1.3795 g,7249 0,7476 0, 0.,1434 0.3100 0, __ _ 0, ' 2857 0 0, 3155 0,
& 1146100 1.349% 0.7412 0:7329 0. 041375 0,3108 o0 . 012832 0 0.3180 0,
END OF PROCESSING FOR DORSNY ON 10 4 77 AT WALLOPS ISLAND —__RAW DATa IS LISTED aELou
RAW DATA TIME DATA 1 DATA 2 DATA 3 DATA 4 _ DATA S DATA 6 COMMENTS . . —
i 952,09 99,60 0, 36,20 0, - 0. qQ, TEST SEY L I
2 958,00 97,40 0. 34,90 0. L0y . o . o
3 1003.00 94°60_ 0., 34,90 n, 0, 0,
4 1059100 "".20 ul - 31 40 - 0. . —— ol — - °l - . - o -
5 1103.00 86360 0, 31,10 . 6.. 0, __ 0. . _ _ o .
4 1146,00 avieg 0, 30.20 0, .._ _0, _ _ 0, A

END OF RAW DATA_FOR DOBSN1_CN_ 10 .4.77 AT WALLOPS ISLAND _ — _

FIGURE 33 COMPUTER WORKUP FOR DOBSON TOTAL OZONE OVERBURDEN
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Ozone Tables
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planned for the SAGE ground truth program will be launched from sites at which support is
provided from both AN/GMD and radar systems The ozone data are recorded on an analog
tape Wallops will provide an analog magnetic recording system for recording the ozone data to
interface with the AN/GMD at other sites The radar nstallations will record radar data on a
digital magnetic tape Both the ozone and radar magnetic tapes, as well as the associated paper
records, will be forwarded to Wallops along with the data from the supporting balloon
radiosondes (Section 4 2 4), the ECC ozonesondes, and the Super Loki datasondes The rocket
ozonesonde data are digitized at Wallops The rocket ozonesonde and radar data, along with the
lower-level baltoon radiosonde, ECC ozonesonde, and the upper-level Super Loki: Datasonde
data (temperature/winds), are then forwarded to Goddard Space Flight Center These data and
the calhibration data associated with the respective rocket ozonesonde are then merged and
reduced to form the final data product In the case of the Super Loki Optical Ozonesonde, the
data are reduced by computer and plotter The final products are an ozone data table, as shown
in Figure 38, and piots of ozone density and the ozone mixing ratio, as shown 1n Figures 38
and 39, respectively In the case of the Super Arcas chemiluminescent ozonesonde, the data
reduction 1s performed with a desk-top minicomputer and the final product 1s an ozone data
table as shown in Figure 40

After reduction, the data for both types of rocket system are forwarded to the Wallops
ASRP office for packaging and distribution Typically, the data will be ready for distribution
within eight weeks following the sounding

Standard card and plotting formats for comparisons of SAGE and correlative profile data
are described in Section 42 5

4.2.2. Aerosol Data
4.2.2.1, Airborne Lidar

The hidar data will be reduced to vertical profiles of the particulate backscattering
coefficient (at the lidar wavelength) by using data reduction techniques similar to those rou-
tinely employed by SRI and NASA Langley in many previous measurements (See, e g Russell
et al, 1976a, b) The reduction algorithm will automatically compute error bars that include
uncertainties in (1) signal measurement, (2) density estimation, (3) transmisston estimation,
and (4) normalization (See Figure 41 ) In addition, scattering ratio profiles will be normalized
to make the minimum scattering ratio equal the value expected on the basis of previous dust-
sonde measurements and optical models (e g , Russell et al , 1976b), rather than the value of
unity that has customarily been assumed 1n the past This procedure has the effect of sym-
metrizing the expected normalization error and reducing 1t by about half

Lidar-measured particulate backscattering coefficients can be converted to particulate 10
um extinction coefficients by using an assumed refractive index and particle size distribution
Figure 42 shows the dependence of the conversion ratio on optical model properties (cf Figure
13 and accompanying discussion) (The size distributions and compositions shown have been
derived from measurements by various investigators -- ¢ g Hofmann et al, 1975, Pinnick et
al, 1976, Shettle and Fenn, 1976, Deirmendpan, 1969, Toon and Pollack, 1976, Harris and
Rosen, 1976, Swissler and Harris, 1976) In a given hdar measurement the optical model can 1n
general only be estimated on the basis of previous or simultaneous (e g dustsonde) measure-
ments Numerous dustsonde measurements have shown a preferred height dependence for the
channel ratio, N 5/N ;5 (defined in Section 23 1) Specifically, for nonvolcanic conditions,
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ROCKET OZONE DATA

FhigntNo 139 Location Wallops Island Rocko(To(alOz;)i\gAbovo__ls_s_-km
Date 11/17/76 Exponmnntu'\' Krueger Balloon Residuai Ozone Bolow&km
Equal 103
GMT Time 19213 PayloadNo 209 Total Ozone = .317
SecZ = 1.831 .293 @ 1540
= _{_ggg Scals Haight = 3.85 Dobson Total Ozone = 296 ¢ 1739
03
Mixing Partial Air Air Ratio
8xdn Probabls x(h) EM) Ratio Pressure Temp Pressure Eh)to
Mt km atmcmikm  Error % atm<cm molicm® ugmigm pmb Oc md Modet
60
59
58
57 >
56 |.00003 a6 000128565109 | 1.6 30| -8 .31 0.05
ss | 00005 a1 ﬁgg;g 1.34x10°7 2.3 49| -11 .36
s4 | 00006 29 00026 1.61 2.4 .59 -11 .40 0.63
53 [.00008 29 00034 2.1S 2.8 79 -8 .46
s2| 00011 19 50045 2.96 3.5 1.10 -6 .52 9.77
s1(,00013 17 00058 3.49 3.6 1.31 =4 .39
50|.00017 10 00075 4.57 4,2 1.71 =5 67 0.69
49,00021 09 00096 5,64 4,6 2,10 - 216
48 |.00028 07 00124 7.53 5.3 2,79 -7 .86 0.73
47 | . 00035 09 '00159 9.41 5.8 3.46 -9 .98
48 |, 00044 07 *00205 1h-18x10°7 6,3 4,25 =15 1.11 Q.70
45 1,00058 05 .00561 1.36 7,2 5,58 -16 1,27
4 ],00080 0S *00341 2,13 8.6 7.8%5 =21 1.44 0.7%
43/.00110 05 '00451 2.96 10.3 10.3 -22 1.65
421.00132 07 LOOS83 3.55 10.8 12.4 -22 1.39 0.89
411.00165 10 007438 4.44 11.3 14.9 -32 2.16
00209 09 00957 5 62 12.4 18.8 -33 2.49 0.93
39 {.00269 08 0123 7.23 13.7 23.9 -36 2.87
38 | ,00306 08 01;_ 8.23 13,3 26.8 -39 3.31 0.94
37| 00336 22 -019; 1.04x1014014.4 33.5 -41 3 82
38 1.00435 21 -t 23¢ 1.17 13.8 37.1 =45 4.42 0.96
25 | 00503 18 0236 1.35 13 S 42.4 -48 5.13
34 1.00567 14 0342 1.52 13.0 47,1 =51 5§.97 0.96
33 |,00606 16 ‘0403 1.63 11.6 49.2 -86 6,96
32] 00708 11 044 1.90 11.7 58.1 =34 8.13 0.94
31 1,00803 10 0554 2.16 11,3 64,9 =57 9,19
30 ,00866 11 0641 2.33 10,2 9.1 =60 11.1 0,92
29 | 00991 10 ‘0740 2,66 10,0 79.0 -60 15,0
28 gﬁg 08 ‘0850 ?L.ng 9.4 87,3 =61 15,3 0,91
27 10 8.8 95.8 =58 17.9
26,0136 07 —JﬁgLs.es 8 4 107, =62 21,0 | 0,91
25 1.0158 07 126 4,295 8.5 127, -38 24,6
24 |,0162 08 143 4,35 7.4 130, =59 28.8 0,96
23 1,0159 10 158 4,27 6,3 129. -57 33.7
21,0158 08 TS 25 5.3 127 -58 39.5 [ 0.87
211,0143 14 138 3.84 4.0 113. -61 46.1
20 [.0131 10 '202 _§_.52 3.1 103. -63 54.0 0.74
19,.0122 11 | '214 2.28 2.5 96 4 =62 63.4
[ELL e A for 24056 k.m. used the datasonde for 11/17/76 at
Aw Temp , Pressure Oensity, DataSource 17152 at Wallops Island, VA, for 19-23 \ m., used
the balloonsonde for 11/18/76 at 17263 at Wallons
Island, VA

FIGURE 38 EXAMPLE OF ROCKET OZONE DATA
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Poker Flat, Alaska September 25, 1976 07567
o . 3
Temp. (°K) P(mb) gfan‘(g/m ) _Q3§ug/gm2 Q‘ 03(

221 .041 .069
223 .048 .077 7.0 6
224 .056 .086 6.6 7.
227 .064 .098 6.2 7.
231 .075 11 5.6 7.
233 .086 .13 4.8 7.
234 .10 .15 4.6 8.
237 1 .16 4.5 9.
240 .13 .18 4.3 9.
243 .15 .21 4.0 1.
245 17 .24 3.9 1
247 .21 .29 3.9 1
247 .23 .33 3.8 1
248 .27 .37 3.9 1
248 .31 .43 4.2 2
249 .35 .49 4.5 2
252 .40 .56 4.8 3.
255 .46 .63 4.9 3.
258 .52 71 5.2 4,
258 .60 .80 5.5 5.
256 .68 .93 6.2 7.
254 .78 1.1 6.6 9.
254 .89 1.2 6.8 1.
252 1.01 1.4 7.1 1.
250 1.16 1.6 7.7 1.
249 1.33 1.9 9.0 2.
246 1.52 2.1 9.8 2.
242 1.75 2.5 10.5 2.
240 2.0 2.9 10.6 3.
238 2.31 3.4 10.8 4,
237 2.67 3.9 11.2 5.
226 6.42 9.9 10.6 1
225 7.46 11.6 10.3 1.
223 8.68 13.6 10.0 1.
221 10.11 15.9 9.7 1.
219 11.80 18.8 9.5 2.
219 13.78 22.0 9.4 2.
210 16.09 25.7 9.4 3.
218 18.80 30.0 9.4 3.
219 21.96 35.0
219 25.65 40.9
219 29.97 47.7
219 35.00 55.7
220

FIGURE 40 EXAMPLE OF SUPER ARCAS CHEMILUMINESCENT OZONE DATA
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FIGURE 42 EXTINCTION-TO-BACKSCATTER RATIOS, E(1 Oum)/B(A), COMPUTED FOR RUBY

AND Nd WAVELENGTHS A, SILICATE AND AQUEOUS SULFURIC ACID
COMPOSITIONS, AND A WIDE RANGE OF SIZE DISTRIBUTIONS

Size distributions are grouped according to their value of the integral number ratio
Ns/N,s See Table 6 and text for discussion of observed regtons and frequency
of N s/N 5 values
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N ;&/N 35 values within the major aerosol mixing-ratto peak are usually between 3 and 5 (Hof-
mann et al , 1975) Thus the uncertainty 1n conversion ratio 1s given by the vertical spread of
data points 1n Figure 42 above the appropriate range of N ;s/N ,5 values The mean and stan-
dard deviation of appropriate subsets of conversion ratios 1s shown in Table 12

Figure 42 and Table 12 show that when recent or nearby dustsonde measurements, or
other measurements, windicate that N ;s/N 55 falls tn the range 3-5, the uncertainty (standard
deviation) 1n the conversion ratto 1s about +10% for both ruby (A=0694 um) and
Nd(A=106 um) measurements The shghtly larger uncertainty for ruby measurements shown
in Table 12 arises from uncertainty 1n particle composition (aqueous sulfuric acid or silicate), to
which the Nd conversion ratio 1s not so sensitive {(presumably because the Nd wavelength 1s
close to 10 pum) If the particle composition can be ascertained by some other
measurement(s), then the uncertainty in the ruby conversion ratio 1s reduced shghtly--to about
+8%, which 1s about equal to the uncertainty in the Nd ratio

The derived profiles of particulate backscattering coefficient will be converted to profiles
of 10-um extinction coefficient by using an appropriate conversion factor from Figure 42
Extinction error bars will also be computed, based on the particulate backscattering error bars
and the uncertainty in the conversion factor

Both the backscattering and extinction profiles will be plotted on standard scales and
stored on standard-format punched cards, as described 1n Section 42 5

The hdar-measured backscattering coefficient profile will be superimposed on the SAGE
extinction coefficient profile to derive a cross-wavelength extinction-to-backscatter ratio (which
may be height-dependent) Conversion ratios derived in this manner will be compared with the
values in Figure 42 to facilitate the selection of appropriate optical models and subsequent
aspects of data validation and reduction

4.2.2.2, Dustsondes

The dustsonde data will be reduced to vertical profiles of N |5 and N ;s/N 55 by means of
the data reduction techniques the University of Wyoming has routinely employed for many
years (N, 1s the number of particles with radius > xum, cf Figure 12) The dertved profiles
of N s and N |s/N 55 will be converted to profiles of 1 0-um extinction coefficient by using an
appropriate conversion factor from Figure 13 or 14 Extinction error bars, based on the uncer-
tainties 1n N ;s/N 55 and in the conversion ratio, will also be computed

Number and extinction profiles derived from the balloon data will be plotted on the stan-
dard scales described in Section 425 The extinction will be compared directly with the
corresponding hidar and SAGE results In addition, the particle number profile will be used to
derive an extinction-to-number ratio, possibly height-dependent, for comparison with Figure
13--and will be directly compared with the particle number profile dertived from the SAGE
extinction profile

4.2.2.3. Balloon-borne Sunphotometer

The sunphotometer data, using algorithms now being developed by T Pepin at the
University of Wyoming, will be reduced to vertical profiles of particulate 1 0 gm extinction
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MEAN AND STANDARD DEVIATION OF EXTINCTION-TO-BACKSCATTER RATIO,

Table 12

E(1 Oum)/B(}), FOR TWO LIDAR WAVELENGTHS X AND
VARIOUS GROUPS OF SIZE DISTRIBUTIONS

Lidar Ruby (A=0 6943 um) Nd-YAG (A=1 06 um)

Composition Nis/Nosl1-2 [ 2-3[3-5 3545 5-10|10-20 [ >20]1-2 | 2-3 |3-5 |3 5-4 5 | 5-10 [ 10-20 | >20
Mean (sr) |30 |38 [35 | 35 23 | 14 8 |44 |70 |63 | 63 43 | 28 |21

PBH30e-2% M0 | ovean | 33% | 69| 8%| 5% | 219% | 2a% | 25% |a6%| 9%| 8%| 3% | 18% | 14% | 13%
Silicate Mean (sr) |23 |29 |31 | 32 23 | 15 9 |32 |61 |61 | 61 45 | 31 |23
oMean | 22% | 13%) 8%| 6% | 20% | 24% | 12%|51%|22%|10%| 6% | 18% | 12% | 5%

Both Mean (st) |26 |34 |33 | 33 23 | 14 8 |38 |65 |62 | 62 44 | 29 |22
o/Mean | 31% | 165 10%| 7% | 21% | 24% | 20%|50%|17%| 9%| 5% | 18% | 14% | 12%




These results will be plotted on the standard scales and punched in the standard format Error
bars will be provided at 1-km intervals

4.2.2.4. Polar Nephelometer

The nephelometer records data on the scattering phase function for an aerosol Measure-
ments of the hght scattered from the laser beam at the wavelength (633 nm) of the helium-
neon laser used in the instrument are recorded 1n 5-degree steps at angles between 15 and 165
degrees When the nephelometer is used on an aircraft platform such as the NCAR Sabreliner,
phase function measurements can be obtained at some three to five altitudes along SAGE
tangent paths For data validation, analysis can be made of other in situ data obtained simul-
taneously on the same aircraft with the quartz crystal microbalance, single-particle optical
counter, and particle collection devices to determine particle size distribution, shape, and com-
posttion In this way an effective value of the complex refractive index of the particles can be
established by means of least-squares curve-fitting techniques similar to those described by
Grams et al (1974) These results, together with the aerosol number density profiles obtained
by the dustsonde, the backscatterung profiles obtained with the airborne lidar, and the extinc-
tion profiles obtained with the SAM H and SAGE sensors, will be used to improve the optical
model

In addition, the itercomparisons among all the above measurements will allow inferences
to be drawn regarding the radiative properties of the stratospheric aerosol layer These results,
combined with the SAM II and SAGE data on the spatial and seasonal variability of the stratos-
pheric aerosol layer, can then be used by the experiment team members 1n a variety of SAM 11
and SAGE data-use investigations Of particular interest for these investigations will be the
so-called asymmetry factor, single-scattering albedo, and extinction coefficient for use in climate
theories involving two-stream radiative transfer approximations (see, e g , Chylek and Coakley,
1974) Estimates of these parameters will be based on analysis of the scattering data (obtained
with the polar nephelometer and the lidar) and the extinction coefficients measured by the
SAGE instrument

4,2,3. NO; and Multiconstituent Data
4.2.4. Temperature, Pressure, and Density Data
4.2.4.1. Balloon-borne Radiosonde

The data measured as the radiosonde balloon rises consist of vertical profiles of atmos-
pheric pressure, temperature, and relative humidity The data are transmitted 1n flight to a stan-
dard ground-based AN/GMD (see Figure 26),"° where they are automatically recorded on a
TMQ-5 recorder The GMD antenna azimuth and elevation angles are recorded on a control
recorder At sites without computer support an observer transcribes the TMQ-5 and control
recorder’s chart data onto standard plot forms Measurements of pressure are made in millibars,
temperature in Celsius, and moisture in percent of relative humidity Wind direction and speed
are also determined in this process Figure 43 illustrates the flow of the radiosonde data Fig-
ures 44, 45, and 46 comprise samples of the standard NOAA Weather Service Charts (Forms
MF3-31A, B, C) used in compiling the basic raw data, while Figure 47 1s a computerized reduc-
tion of the data These data, whether from the manual or the computerized reduction, are

IOFederal Meteorological Handbook No 3 Radiosonde Observations US Department of Commerce US Department of Defense
Change #4, January 1 1974
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summarized 1n a teletype radiosonde observation (RAOB) message This message contains the
meteorological and wind data at standard pressure levels (surface, 1000, 850, 700, 500, 400,
300, 200, 150, 100, 70, 50, 30, 20, 10, 7, 5, 3, 2 and 1 millibar) and other levels as required by
a particular mission These data are routinely sent to the World Data Center at Asheville, N C,
for the SAGE project, however, copies of appropnate radiosonde data will also be sent to the
Wallops Flight Center ASRP for distribution and archiving Typically, these data should be
available at WFC within ten calendar days after acquisition for further handling and input into
final data packages

Standard card and plotting formats for comparisons of SAGE and correlat