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SECURITY CLASSIPI CA t ION OP iNtl PAoE(I~~mi D~~.

~~~~ .~~ The instrumentation package developed under subcontract to Eastman Kodak
by the Albuquerque Division of EGIG 4..rT~1 t) was used i’~ a 14-month data-collection program. The program had two objectives: (1) To collect spectral
radiometric data on the atmospher. and on ground-level surface irradiance
under the broadest possible range of climatic/meteorological conditions, and
(2) to collect radio etric and meteorological data in such a way that would

• permit them to be related mathematically. In this field collection portion
of the task, data was obtained for 18 different climatic conditions , Th0
collectiqs~ program, which lasted 18/months and covered 22,090 miles of the
continental United St*,~es , requir$ extensive coordination ,kith othe~ Organi-zations to establish ~cceptable test sites, accumulate cor4elated dpta1 and
conduct concurrent experiments with other researchers in the field of atnlo-
spheric sciences.

‘

~~~~~

- -
~~ This volume (2) of the final report describes the design of the data collec-- tion program conducted in the field, the ranges of important experimental
parameters, the measurements and supportive observations that were made , and
the analytical software developed to perform the statistical analyses on the
resulting data.
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SECTION I

INTRODUCTION

k
The instrumentation package developed under subcontract to Eastman

Kodak by the Albuquerque Division of EG~G (see Vol 1) was used in

a 14-month data-collection program. The program had two objectives :

3 (1) To collect spectral radiometric data on the atmosphere and on

ground-level surface irradiance under the broadest possible range of

climatic/meteorological conditions , and (2) to collect radiometric

and meteorological data in such a way that would permit them to be

related mathematically.

This volume (2) of the final report describes the design of the data

collection program conducted in the field , the ranges of important

experimental parameters, the measurements and supportive observations

that were made, and the analytical software developed to perform the

statistical analyses on the resulting data.

1 — 1



-- -•~~~
.-------- • -- -

~~~• - - - •-- - • ~~~~~~~~~~~~~~~~ - --•-~~~~ ---..------• ~ - - •-•- ---.——• ---~-------‘ -—- ww---•- ------- -•-••- —- - •- - --•

SECTION 2
- ITINERARY FOR THE COLLECTION PROGRAM

2.1 ROUTE PLANNING BASED ON REGIONAL CLIMATOLOGY

To make spectroradiometric measurements under all the meteorological

conditions that were to be mathematically modeled required careful plan-

• ing of the itinerary . Data collection was limited geographically to the
- continental U.S., and measurements had to be completed within approximately

one year. Fortunately, quite diverse climatic conditions could be sampled

in the U.S.by means of proper timing with respect to seasons . Several
- climatological descriptions of the U.S. were found that were utilized i~’m

developing the collection itinerary. These descriptions indicated that

the climate over large contiguous areas is somewhat simi lar, and that ~he

climate in even widely separated areas sometimes shows like characteristics .

• Because nature displays no sharp distinctions, overlapping characteristics

• and transition zones were frequently observed. Although the positions of

the transition zones are not fixed permanently, they tend to be relatively

stationary. - -

- The two basic methods for classifying climate , the empiric ai~d the genetic,

were used on this project. Empiric classificatirtns are based on (1) observ-

able climatic elements such as temperature, humidity , and precipitation, and
• on (2) the effects of these elements in the form of vegetation zonation.

Genetic classification, on the other hand, is based on dynamic weather forces
such as air mass type, and its origin and the nature of its motion. Althc~ugh

the empiric classification was used to develop the itinerary , the genetic

- ~• classification was used to describe the air system sampled.

2.2 THE U.S. ARMY CLIMATIC CLASSIFICATION OF ThE U.S.

The two most commonly used elements in empiric classifications are precipita-
- tion and temperature. However, temperature alone is unsatisfactory as a basis

- 
• 

- 
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for classification because it would provide no distinction between humid and

desert regions. Mean precipitation, although an equally natural element
for climatic zone classification, is not necessarily an accurate measure

because of the implications of seasonal distribution and evaporation. For

example, the amount of precipitation that produces high humidity conditions

in cold temperatures may well produce dry deserts in tropical climates .

As a result, a cl imate classif ication system to be useful, must consider

both temperature and precipitation. According to Visher,1 the U.S. Army

developed such a method in 1943 that distinguished twelve zones with respect

to these two elements. Figures 2-lA through 2-IL show the locations of the

zones for each month of the year. For this project, data was obtained from

as many of the 12 zones as possible. Although many of the zones exist at the

same time, the areas they encompass vary, and as stated above, the transition
boundary cannot be accurately predicted. For this reason, it was planned to

acquire data in a particular zone when that zone was large and from a site

that did not lie too near a transition boundary. In addition, the travel

route was laid out with the idea of minimizing the travel time between acqui-

sition Sites of the zones.

The number of days allocated to each site was based on the probability of

obtaining acceptable weather during the anticipated period of visit as indi-

cated in publications giving climatological data.2 Weather was classified as
acceptable when sky conditions were from clear to 0.3 cloud cover. Rather than

“chase the weather,” it was decided in advance to limit the stay at each site

to the number of days that had been allocated whether the particular meteor-

H ological/climatic condition had prevailed or not.

By using the monthly climatology maps and estimating the number of days re-

quired at each site, a map of the desirable locations was prepared. The use

of similar maps of military bases and Rawindsonde launch sites as overlays for

1 S. Visher, Climatic Atlas of the United States, Harvard University
PresS , Cambridge, Mass, 1954 , pp 373-376.

2 H. Conway and L. Liston (Editors) , The Weather Handbook, Conway Research
Inc, Atlanta, Ga, 1974.
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this map made it possible to determine the final group of potential sites .

These sites are listed by month in Table 2-1 in the order dictated by the

climological study .

Due to the requirement to obtain upper air soundings at each acquisition

loca tion , it was necessary to set the equipment up within 25 n. mi , of the

national RAOB launch sites.3 Figure 2-2 indicates the locations of these

facilities by attached labels. To sa t isfy power requiremen ts and phy sical
security , the primary sites were located at military installations ” wherever

possible. Many of these turned out to be coincident with the RAOB launch

sites, Because go or no-go conditions for data acquisition and hence RAO~
launches were often not known until shortly before launch time , the setups

adjacent to RAOB sites facilitated decision making and communication with

wea ther personne l .

2.3 BASE LOGISTICS

Overall coordination for setup of sites at the bases was provided by the AIR

Systems Command/LGYJ . Each potential data collection site required advance

arrangements with respect to base entry , a suitable site for trailer-setup,

power , sleeping and eating facilities for a two-man crew , and physical security.
These arrangements were made by LGYJ personnel by telephone, and Air Force con-
tractor travel orders were provided . Throughout the collection phase, the

code nan~e SENIOR VICTOR was used to identify this project. Table 2-2 lists the
locations of sites used during this project.

2.4 AIR WEATHER LOGISTICS

Of major importance to the project was the ability to obtain accurate and

frequent meteorological observations at or near the’base of operations. These

3 NDAA Weather Service Offices and Stations, Jan 075 , and U.S. Dept of
Commerce RAOB-RAWIN Altitude Summary, Dec 1974.

“ Air Force Magaz ine , “Air Force Magazine’s Guide to U.S,A.F . Bases at
Home and Abroad”, May 1975 , pp 142-154.
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were of three types : normal synoptic surface weather observations 1 Rawindsonde
observations, and reconstructed imagery from meteological satellites .

2.4,1 Synoptic Data.

Although the trailer was equipped with a meteorological system, data was ob-
tained from the weather service at each site of operation. When there was

serious disagreement between the trailer system and the weather service, the
latter was the one used in data analyses. The surface observations made by the

trailer weather system for each site-day are summarized in Appendix A of this

report.

The surface data collected by the on-board weather system was summarized by a

computer program, SUNSHE, that plotted and computed various parameters as a
function of Greenwich Mean Time (GMT). To provide an unambiguous time base,

GMT was used throughout the collection program. Relative humidity (RH) and tea•
perature (T) were reduced to surface vapor pressure (VP) by substituting them

in the fol lowing equation:

VP(t) — RH(t) x (1.186 + 4.514 x 10 2T(t)
+ 3.921 x 10 3T2(t) - 3.456 x lO”5T3(t)

• 5,548 x l0 7T~(t)3

Rawindsonde data was available three times each day : at 12002, 18002 , and
2400Z; and vapor pressure was interpolated for these times, The pressure and

wind data were reported over the entire day of collection.

2.4.2 Rawindsonde Data

By prior arrangement with the weather service , one add it ional Raw indsonde balloon
was launched at mid-day on days of trailer operation . In general , the on-site

coordination for these was p.rfor..d by th. field cr ws with advance not ification

2-12



of the launch requirement arranged through AFAWS. A list of the Rawindsonde

Atmospheric Observation Balloon (RAOB) stations used during this project can

be found in Table 2-2.

RAOB station data was transmitted to AFAWS for computer processing. The data

when final ly received listed precipitable moisture, wind data, temperature,
humidity, density, and pressure, as a function of altitude above the local
station elevation. An example of these data is shown in Figure 2-3 for Denver,

Colorado, 21 October 1975 at 18002. The surface pressure and integrated precipitable
moisture scale height, which were the key parameters in atmospheric radiometric
data scaling, are explained in detail in Section 2 of Volume 3 of this report.

2.4.3 Meteorological Satellite (Metsat) Imagery

AWS also provided paper print copies of the reconstructed imagery from the digital ,
• meteorological satellite signals in the visible spectral band. An example is shown

in Figure 2-4. The imagery was used periodically to diagnose cloud patterns or
atmospheric conditions for the macro-scale near the site of operation. Although

sometimes useful in understanding large patterns of weather,the scale was too

small to be of practical value in the project.
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- 
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Figure 2-3. Example of RAOB Data for Denver, Colorado,
on 21 October 1975, l800Z

~~INT AIIALYSIS 21 OCT 75 11O~ 37*7304 ra~~~i 72~69

B. VR*7I~~ AT 3173 —

2. ~~ c1P1fA8U WAT~~ (04) —

SYC-IlI PT 5.93-02 104—124?? 2.56-02 40 1-4 9 ’?? 7.02-05
1 ) 4 — 2 4 r ?  5.04—02 324 — 1 1 2 4 ?? 2.86-02 4 9 4 — 5 0 4 ?? 5.43-05
2 4 —~~(P?  4.20-02 1 iJ 4 — 3~~t P T  2.48-02 5 04—6 04 ?? 7.74—05

— iJ~ F? 3.50-02 lal — 1*4 ?? 1.66-02 604 —7o PT 4.03—os
4 ) 4 — 9 ’ ? ?  2.95-02 1*4 — 204 PT 4.28-03 704— 80 ’.??  2.69-05
~4 _ ~~( f l  2.39—02 2 0 4 — 2 9 4 ?? a.53—o3 l04 — 904 Fr 1.63.05
~N — ~~l f l  1.99-02 294 — 304 ?? 3.11-04 901—1001?? 1.00-05
7 W — * I PT 1.63—02 3 (14—394?? 6.87-05
I4 —lQl Fr 2.59-oa 3 9 4 — 4 0 4 ?T 5.68-os

P WINDS T~ (?~~A11~~ *13 I8ICDI?T as.1T! P~~ S1i13 —

DIR SP~~~ 1W? AN VSI P1153
(Em ) (w/s~~) (~Io C) (o~i3) (~ /043) (,~)

SIC 360. 3. 20. 0.1541+01 9.914—04 835.
1)4 252. i. 18. 0.1004.01 9.636-04 806.
24 298. 3. 16. 0.15)1.01 9.371—04 777.
~ 4 306. 4. 13. 0.1261.01 9.113-04 750.
4$ 31.1. 4. 13-. 0.1055.01 8.860-04 723.
94 316. 5. 9. 0.8631.00 8.605-04 697.
eu 323. 4. 6. 0.7151+00 1.360-04 671.
7)4 324. 4. 4. 0.5895.00 8.110-04 647.
*4 se. a. a. 0.1,841.00 7.183—04 623.

304 282. 6. -2. 0.3855.00 7.402—04 575.
124 282. 5. —‘7. 0.4541.00 6.961,-04 532.
14)4 265. 7. —U. 0.4904.00 6.570-04 494.
1614 278. 9. —16. 0.3321.00 6.182—04 456
1*4 282. 10. -20. 0.1751.00 5.789-04 420.
20’ 278. 10. —25. 0.3151-01 5.425-04 387.
294 326. 9. ‘-38. 0.6261-02 4.616-04 312.
304 330. 13. —51. 0.7541-03 3.901-04 248.
39’ 334. 14. —62. 0.2804-03 3.216-04 195.
401 264. 16. ..61.. 0.5282-03 2.517—04 153.
494 270. 22. —67. 0.4011a’.03 2.006 04 119.
504 277. 16. —67. 0.3121-03 1.560-04 92.
604 261.. 8. —59. 0.1771-03 1.903—05 55.

• • 
704 263. 7. —56. 0.1111-03 5.599-05 35.
804 257. 5 —52. 0.6725-04 3.402-05 22.
9(14 271. 10. -45. 0.4071-04 2.076—05 14.

1004 213. 10. —43. 0.251.1-04 3.300-05 9.
• 1204 —32. 5.239-06 3.74

1404 —15. 2.3.11—06 1.63
1604 —3. 9.881-07 0.71
1804 —7. 4.625-07 0.31
2004 —34. 2.165-07 0.14
2204 -‘42. 3 .014-07
2404 -63. 4.091-08
26(11 —80. 1.401-08

• 2001 —13. 4.717—09
3004 —82. 1.176-09
3204 -.73. 4.01S40
3404 ‘.63. 3.522—10
3604 -41. 5.768-11
3804 23. 2.115—U
4004 109. 8.280-12

cmz *wzszs vi~~ e u~~ iii ~ us p~~ ’nz
~ JUAC1 ILITATION — 5285 PT
1*05 1*31 Tfl~ — 12004

AICPT
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SECTION 3

SIJI0IARY OF DATA COLLECTIONS

3.1 OVERVIEW OF THE EXPERIMENT

The data collection program was conducted from August 1975 through October

1976, and the mobile laboratory visited 62 sites within the United States.

Data collections were made both before and after local true noon so that

each day-site could potentially yield two separate collections. As this oc-

curred 27 times during the program, the total number of data collections was
89 (2x27+35). Appendix A of this volume summarizes these collections, list-

ing the exact values or ranges of physical parameters that were important to

this experiment. This summary is also shown graphically in Figure 3-1.

The column CONF COEF (confidence coefficients) in Figure 3-1 was developed

to separate data collections into (1) those that would be usable in the

analysis phase of the project, (2) those that would be usable as test cases,

and (3) those that would not be usable at all. Since all radiometric data

measurements were made concurrently with spectral transmittance measurements,

the coefficient was computed on the basis of the range of air mass and the

number of samples corresponding to the transmissometer measurements. Spe-

cifically, the coefficient was the product of the air-mass range and the

square root of the sample size, as shown below, and reflected the equations
associated with the standard error of regression as discussed by Rickmers 5

and Todd.

Confidence Coefficient = ~~ x TN

Where, t~M is the range of the air mass, and N is the number of spectral
samples.

~ A. D. Richmers and H. N. Todd, Statistics, an Introduction, McGraw Hill
m c , New York, N.Y, 1967, p.258.

* ~M is an approximation of the quantity ~~ discussed in reference 5.

• In addition, it is assumed that the prediction of y is for the average
• value of x.
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Four ranges of the confidence coefficient were used to separate data into

excellent , good, fa ir , and poor categories. Of the 89 total collections,
30 were considered excellent, 9 good, 13 fair, and 37 poor. Only excellent

and good collections were used in formulating the final atmospheric model;

the fair and poor data were only used as test cases or not at all. In

general , the fair and poor ratings represented an insufficient range or
sample size. They typically resulted from non-homogeneous cloud cover that

prematurely terminated measurements; however, a few were the result of

instrument failures.

3.2 DISTRIBUTION OF SAMPLES BY PARAMETER

Figures 3-2 through 3-5 are histograms of the number of data collection

spectral samples for each physical parameter and for the entire experiment.

Each point of the histograms represents a set of four simultaneous spectral

measurements from each of four spectroradiometers. Only data sets having

confidence coeff icients in the good or excellent categories are inc luded in
the histograms. Although a good range of the parameters is evidenced, the

• samples did not represent a uniform collection distribution (e.g., solar

altitude is strongly peaked at 300 and skewed toward the high solar altitudes).

In formulating the equations of the atmospheric model, this artifact of data

collection was compensated for as follows. The equations resulting from
regression analysis were adjusted on the basis of examination of systematic

sampling of data sets. Table 3-1 summarizes the important statistics of the

histograms.
TABLE 3-1

SUMMARY OF STATISTICS CORRESPONDING TO HISTOGRAM
FIGURES 3-2 THROUGH 3-5

Parameter Mean Lowest Highest

Solar Altitude (degrees) 36.3° -1.8° 80.8°

Moisture Scale Height (cm) 1.61 cm 0.22 cm 
- 

4.58 cm
• Terrain Reflectance (8 650 nm) 17.6% 4.0% 60.3%

Terrain Altitude (feet) 2127 ft 19 ft 5400 ft
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SECTION 4
MEASUREMENT TYPES AND SEQUENCES

• 4.1 DESCRIPTION OF MEASUREMEN TS

The design of the collection program included a description of the types and

frequency of certain measurements on each site. This plan was implemented by

• the field operators and used to identify the measurements of a common type

in later analyses. A number of priorities was also established as a guide

for making operationa l decisions in the field , as follows:

Priority 1: Measurements of greatest significance that were
to be made routinely each day of operation.

• Priority 2: Measurements required at each site, but not neces-
sarily each day. These were to be made at time
intervals not interfering wi th Prior ity 1 col lec-
tions and on days following successful Priori ty 1
collections.

Priority 3: Measurementa of a specialized nature that were to
be accomplished as specially requested operations .
They were not to be made unless Priority 1 and 2
collections had already been satisfied for each site.

The codes assigned for measurements and a brief description of the wavelength

• and orientation limitations corresponding to each is contained in Table 4-1.

It was necessary to define the exact sequence of measurements so that collec-
tion of the most critical measurements cou ld be made and stil l provide time for
alternate observations. For this purpose, 10 unique instrument configurations
were defined . Table 4-2 lists the operation sequences in terms of the servo
positions and special geometry requirements. Since there were two identical
irradiometers , selection of the instrument to make the irradiance measurement
was left to the operator ’s discretion . A predetermined sequence of 92 angle
pairs were used for the azimuth and elevation positions of the sky radiometer
when the “sky map” measurements were made . The angles were selected to provide
complete sky hemisphere coverage with minimum overlap of the 15° field-of-view
optics. Table 4-3 lists the angular positions in the order of operation . All
angular measurements are relative to the sun ’s azimuth (clockwise rotation ,
from top) and the true instrument horizontal .
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TABLE 4-2

OPERATING SEQUENCES

£~~23lTI0J I*RAD1~~~T~1 ThRAD C$WTEi~ ____

___________ — 
XR.B IR S~Y RADI~ W?E~ ?RA11S~~~~~1E~I _ .

I
Miautb £uo-1So Lb Lb~-1S0 Ls~

~~..vation — 
90’ 0 90 —23E or 90 -SE 

_______________

Disc h ock — __________________ 
_________________ —

W.v.1.ngth 
— 

3504200,10 3504200,10 
— 

350-1200,10 
— 

3504200,13

loris. Daylight V.it. Front-Lit Point Nod. S1~ 
3o2ar Disc 

-

__________ 
Irradisass Ir~sdisno. 

• 

Radians. Radians.

2

Lainuth Ls~.4S0’ £10 As~ Ls~ Lie

flevation 90 O fi s ~~i - _______________

Disc hock No _______________ ______________

k50,650,550 ~5o,65o, 850 1i50,6S0,850 
— 

h50,650, 850

lori s. Daylight V.rt. Front-Lit Mapping Nod. $.1.~ Disc

Zrra diaae. Irradians. 
- ________________ 

Sadiu~o.

£zi~uth 
_______________ 

Lie Ls~480S £10

i1.vation 90’ 0 
— 

90’4~~ ~~ 90’ SE 
_______________

Dine flock 7.. . — —350.1200,10 
— 

350-1200,10 350-1200, 1Ô - 350-2200,10

loris. Pull Sky Pert. Front-Lit Point Nods Solar Disc

__________ 

Irredisne. Irradianos — 
Radiay*es

£sla.tb £10 • Lb — A$~ Al! As,.,

fl.vation 90’ 0 - 
~~~5 ~~E _______________

Mac Block Tss —. — 

_

Wavel..gth 160,650,650 • 1~50,650,850 
— 

I,50,bSO,850 
— 

k50,650,850

Deieriptio0 loris. PViI $117 V.rt, Pront..Lit PAroii~ NOdS ~~~~~~~~ Disc

_________ 
!rrsdis4scs Irr.dism. 

_________________ 
Radia~es -
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TABLE 4-2

OPERATING SEQUENCES (CONT ’D)

L~~IISlTI0t1 IRRADI~~~TE~ URADI~~rIU 
_____• MO. IRB lB SET RADI~ WTE~ TPJJ~~~~~Q~.’rr~~

- 5
Lsiauth £50 £50460’ Lie-iSO’ £10

Bl.vation 90’ . 0’ — 90’4SE or 90 -SE 
________________

Disc Block Yes — — —

Wat.1.ngth 350-1200,10 350-1200,10 3504200,10 350-1200,10

D.scription Boris. Pull Sky Vsrt. Back-Lit Point Sod. Sky Solar Disc -

_________ 
bradianes Irradianc. 

• 

Radians. Radiance 
—

6
Lsi~uth L~~ 

- £i~~l8O’ Ls £s~ L ie

~~ovation 90’ 0. 
~.s ~.z - _________________

Disc hock Yes — Yes ——
Wavelength 1450,650,850 160,650,850 160,650,850 1450,650,850

D.scription Boris. Pull SlIp Per t. Back-Lit Mapping Sod. Solar Disc

_________ 
Irradians. Irradiane. 

_________________ 
Radians.

7
Lsiauth £10-ISO’ Lsn-18O’ L~~480’ 

______________

~~.vation 90 0’ 90’—2SE or 90 -SE 
________________

Disc Block — — _________________

Wavsl.ngth 350-1200,10 3504200,10 350-1200,10 
— 

350.1200,10

Description Boris. Daylight V.rt. Back-Lit Point Mod• Sky Solar Disc

__________ 
Iri adiane. Irradj anc. Radians. Radians.

8
Asinuth Las-ISO’ L.o-lSO’ Aa~ £s~ ______________

~~evation 90’ 0 ~~.r ______________

Disc Block — . —

Wav.l.ngth 1450,650,850 1450,650,650 1450,650,650 160,650,850

Description Boris. Daylight - Pert , Back-Lit Karoinc Mod. Solar Disc

_________ 
Xrradiano. Irradianc. Radiance
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TABLE 4-2

OPERATING SEQUENCES (CONT’D)

£~~28ITICI U DIO~~~~~10. 
— 

IRS 
_________________ 

SET RADI~~~~~~~~~~~~ T*AIe~~~~~~g~~~TE~~~

,
— 

L$$suth £50 Lb £e048O’ Lao

Bleration 90’ 90’ 90’-235 or 90’-SE 
________________

Dies hock Yes Mo — —‘Ia~.1.ngth 350-2200,10 — 
350-1200,10 350-1200,10 350-1200,10

Description loris. Poll Sky Boils. Daylight Point Nod. Sky Solar Disc -

__________ 

Ii rsdianss 
— 

Irradianc. Radians. Radians.

10 
- 

-

£slautb L1(~ £5~ £15 £.~ ______________

Bl.v.tion 90’ 90’ ~~ _______________

Diso hock Y.s No Yes —

Wav.1.ngth 1450,650,850 1450,650,850 160,650,850 145o 65o,b5o

Description Boris. Pull Sky Boris. Daylight Mapping lode Solar Disc

__________ 
Irradl ano. Irisdiance Sky Radia nce Radiance

Laincth 
_________________ _________________ ________________ ________________

Bleistion 
_________________ __________________ _________________ ________________

Diss ilock 
____________  _ _ _ _ _ _ _ _ _ _ _ _ _  ____________  ___________

Wavslongth 
______________  ______________  

-

De.criptlon 
-

£siaoth 
___________________ __________________

Blevat ion -

Dts. Blo.k . 
-

Vavol.ngth 
______________  ______________  ______________  _____________

Description 
_________________ _________________ _________________ ________________
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TABLE 4-3

SKY MAP MEASUREMENT ELEVAT IONS AND AZIMUThS IN ThE ORDER OF OPERAT ION

r
Point Point Point
No. AZ EL No. AZ EL No. AZ El

2 7 7 33 122 22 64 240 67
3 7 22 34 112 7 65 240 82
4 4 37 35 127 7 66 276 67
5 22 67 36 138 22 67 27~’ 52
6 22 52 37 138 37 68 269 37
7 22 37 38 151 52 69 252 22
8 22 22 39 154 37 70 247 7
9 22 7 40 154 22 71 262 7
10 37 7 41 142 7 72 269 22
11 40 22 42 157 7 73 277 7
12 40 37 43 172 7 74 285 22
13 48 52 44 170 22 75 288 37
14 60 67 45 174 37 76 302 22
15 73 52 46 174 52 77 29 2 7
16 61 37 47 168 67 78 307 7
17 56 22 48 195 37 79 318 22
18 52 7 49 187 2 2 80 307 37
19 67 7 50 187 7 81 307 52
20 72 22 51 202 7 82 312 67
21 80 37 52 202 22 83 330 52
22 89 22 53 212 37 84 326 37
23 82 7 54 204 52 85 334 22
24 97 7 55 204 67 86 322 7
25 105 22 56 228 52 87 337 7
26 99 37 57 231 37 88 351 7
27 99 52 58 220 22 89 351 22
28 96 67 59 217 7 90 345 37
29 120 82 60 232 7 91 356 52
30 132 67 61 236 28 92 348 67
31 125 52 62 250 37 93 360 82
32 118 37 63 253 52
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4.2 DESCRIPTION OF DAILY OPERATION

The four MRMS radiometric instruments (two irradiometers, a sky radiometer,
I

and a solar disc radiometer) permitted as many as four measurements to be
made simultaneously, such measurements being considered a measurement set.

Each set included measurement of the solar disc radiance, which is used in

the determination of atmospheric transmittance.

Each of the four MRMS instruments is operated by command software, which
determines the wavelengths at which measurements are taken. In general, all

measurements except sky radiance in the map mode were made from 350 to 1200

nanometers in 10 nanometer increments Because of time constraints, sky
radiance in the mapping m~~e was only measured at three wavelengths: 450,

650, and 850 nanometers. Other measurements of the same set had to be made

at these wavelengths also.

The normal sequence of operations consisted of Priority 1 collections inter-

spersed, where possib le, with Priority 2 collections according to the schedule
of operatioqs 1 through 10. Sequence 1 through 10 of Table 4-2 was repeated

several times as daylight hours permitted. Because solar altitude changes

occur more rapidly near dawn and dusk , it was also necessary to group the
instrument sequences into solar altitude ranges. For this purpose, the field

crews used the fol lowing acquisi tion sequences :

Abuve 10° Solar Altitude: Make acquisitions 1 through 10.

Between 5° and 10° Solar Al titude: Make acquisitions 1 through 4;
replicate in reverse order as tinìe permits.

Below 5° Solar Altitude

On Odd-Numbered Days of Collection:

Make acquisition 9. Repeat first wavelength measurement
after spectral scan is completed to serve as a monitor
of level change during time of collection.

Make acquisition 10. Use horizontal full sky irradiance
measurement to serve as a monitor of sky radiance level

- 
change during time of collection.

4-8
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On Even Numbered Days of Collection :

Make acquisition 3. Repeat first wavelength after spectral
scan is completed to serve as a monitor of level change

- during time of collection.
- 

Make acquisition &. Use horizontal full sky irradiance
measurement as a monitor of sky radiance level change
during time of collection. .

4.3 OPERATOR CO~ ’1ENT INFORMAT ION

The measurements discussed above were continued throughout the day as weather

permitted, and the data was recorded automatically on tape cassettes. At

the end of an acquisition day, supporting data for each acquisition was placed
on the data tapes as header block information. The supporting data for each

El acquisition was entered in coded form (see Figure 4-1) and included the type

of measurement made by each irradiometer, cloud information, and an estimate
of data reliability.

Cloud-cover data consisted of location(s) relative to the sun, degree of
cloud cover , and the cloud type. This data, based on observations at the

time of the data acquisition, was designed to supplement the sky camera acqui-
sitions , which were made at approximately 15-minute intervals. For example,

some cirrus clouds that could go undetected in the sky camera acquisition

might significantly affect the data.

The data rel iability estimate was made in the form of a “0” to “3” rating scale

for the measurement. A rating of 3 meant that the data were apparently good,

with no significant changes in ambient conditions, no instrument problems ,
etc. A “0” rating meant that data should be rejected. Data rated 11111 and

“2” had certain potential prob lems associated with them that required judgment
with respect to their usability.

On-board weather measurements were acquired with every radiometric data set.

These measurements included temperature, relative humidity, barometric pres-
- 

. 
sure, surface wind speed, and direction. Data were also provided by the Air

Weather Service (AWS) or the National Weather Service (NWS) at most sites.

This data was discussed in more detail earlier in this report (Section 3).

4-9
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ISTISATE OF DATA RE I.IABILITT:

— Apparently Good Data (No s~gnif Leant cbon~e in sobieni
ccndittons , no instr uasnt problana, etc.)

“2’ - Probably Good Data (Noticeab le changes in a~~ient
conthttons requ~.risig j udgasnts in classificati on ,
possibly bad data points requiring correction, etc.)

l” - Suspect Data (Widely varying sabtent conditions,
possibly obscuration of the sun during .sa.urs nta
and/or instruesnt unreliability. Judgeents wtU
hay, to be and. on tne ussfulln.ss of this data
prior to incorporation into data bass.)

“0° - Sad Data/No Data - Reject

MEASUB~~~NT CODE:

— Horisontal Daylight .—*-I
“DV” — Vertical Daylight —

— Horizontal Skylight
“SVF” - Fr ont Lit Vertical Skylight
“SVB” — Rack Lit Vertical Skylight
“N O” — Inatrunont Not Operational

CLOUD COVER t

Sky conditions during the dat a acquisition .

CLOUD LOCATION BY ~~CTOR s —‘
~
--1 -

Position of clouds relativ, to the sun a C

( see diagrea) as observed fro. ground •
level. .~~ 

— . -
~1 ~DEGREE OF CLOUD COVER , —

Anount of cloud cover in a specified sector
in tenths.

CL~OUD TYPE:

“C” — Cunulus
- Stratus
— Cirrus

GENERAL c0~~~NTS~

Figure 4-1. Header Block Comment Data

4-10
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A complete set of panoramic photographs was taken of the surrounds of each

• 
measurement set. These photographs, taken of the horizon at 30-degree inter-
vals in all directions, show the surround terrain, vertical obstructions,
and any physical factors that might influence the acquired data. In addition,
full-sky-hemisphere photography was obtained using a “fish-eye” lens adapted

to the same camera. These images were taken continually throughout the mea-

surement period. Figure 4-2 is an enlargement of one such photograph. When-

ever it was practical , aerial photographs were taken of the site and were
used to determine the effective albedo reflectance (see Section 5 of this
report).
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Figure 4— 2 .  l~nIargement of “ F i s h — Eye ” Photography  Taken
at Each Site [lur ing [)ata Co11ecti ot~
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SECTION 5
SPECIAL CONCURRENT EXPERIMENTS

S

5.1 DETERMINATION OF SITE SURROUND REFLECTANCE

5.1.1 High Altitude Photographic Coverage

Under the direction of A.F./LGYJ, U-2 flight tests were scheduled concur-

rently with the atmospheric measurements made by the mobile laboratory .
The purpose of the flights was to obtain color imagery that could be used

to estimate the genera l terrain spectral ref lectance of the site surround
terrain; this was later used in formulating the atmospheric model . The

flight tests associated with the atmospheric measurements are listed in

Table 5-1. Because of the occasional unavailability of ground control tar-

gets, or CORN targets* and aircraf t, only three flights were actually flown
concurrently with atmospheric measurements. However, most flights were con-

ducted within 2 to 10 days of the atmospher ic measurements, and it was be-
lieved that the time span between fl ights and measurements was so short that
no appreciable change in terrain reflectance would occur. One flight was

actually flown one year later but at nearly the sane time of the month. Be-

cause considerable distances were involved, it was not possible to overf ly
all measurement sites. For these , terrain reflectance estimates were made

using a geobotanical map of the area.

For these tests, U-2 aircraft were used flying at an altitude of 60,000 feet
with a pair of 24-inch panoramic cameras. The film load consisted of SO-242

High Definition Color Film in the forward camera and 50-217 High Definition 
—

Black-and-White Film in the aft camera. The aperture was set at f/4.6 for

the forward camera and f/3.5 for the aft. The exposure time was varied over

a 6-ms to 8-ms range for the test depending on the solar altitude. The time

of photography was scheduled with the midpoint of the flight to occur at true

noon. This eliminated any substantial changes in solar altitude that would

have necessitated a change in exposure during the test.

* Control Range Network, prepared and displayed by ~4ead Technologies
Laboratories, Dayton, Ohio.
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TABLE 5-1

SU*IARY OF U-2 OVERFLIGHTS

Field Correspnding Atmospheric
No. Date Flown Location Measuremen t Date(s)

76-1 27 Feb 76 St. Cloud, Minn 21-27 Feb 76

76-3 1 Apr 76 Quillayoute, Wash. 3-6 Apr 76

76-4 21 Apr 76 Moffet Field, Cal. 13-26 Apr 76

76-6 4 Jun 76 San Diego, Cal. 12 May-i Jun 76

76-7 9 Jun 76 Tucson, Ariz . 7-17 Jun 76

76-8 22 Jun 76 Winslow, Ariz . 28 Jun 76

76-9 29 Sep 76 Albuquerque, N.M. 12-19 Sep 76

76-10 5 Oct 76 Ogden, Utah 27-29 Sep 76

76-11 13 Oct 76 Denver, Cob . 21-22 Oct 75

CORN targets were deployed at each site for calibration and analysis of

reflectance. Each deployment consisted of a 5-step gray scale, a 3-step

gray scale , a 12- (or 6-) step color target, and a tn -bar resolution target.

On some tests, not all the targets were displayed . The smallest display con-

sisted of a 6-step color target and a 5-step gray scale target. Figure 5-1

is an en largment made from high al titude color photography of a typical CORN
deployment at a measurement site. On one flight (76-4), the targets were dis-

played at a distance of 20 miles from the mobile laboratory location; however,

the terrain was quite similar and it was still possible to use the targets for

calibration. Four passes over the target area were made by the U-2 aircraft

to permit enough repetitive photography to be acquired to provide the analysts

with reasonable confidence in the terrain reflectances derived .

5.1.2 Analysis of Color Imagery

P4icrodensitometry of the color imagery resulted in red, green , and blue den-
sities that corresponded to each CORN panel. By regressing the measured

densi ties from each photograph against the known ground reflectances of each
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panel relative to each layer of the color film, it was possible to produce —

calibration between density and integrated reflectance. The spectral reflec-
tance data was integrated numerically with respect to the camera/film system
spectral response to produce three effective reflections. Large areas of the
surround photography were then scanned with a microdensitometer to estimate
the images ’ average red , green , and blue densities corresponding to the general
terrain. These densities were then passed through the calibrations to obtain
integrated terrain reflectances. The calibration equations were:

log Rr + aiDr + a2Dr x Dg + a3Dr x Db

log Rg b0 + b1Dg + b2Dg X Dr + b3D8 
x Db

log Rb — c0 + clDb + c2Db x Dr + c3Db x Dg

Where : D b are Status A red , green , and blue densities of ther,g,

CORN panels ,

R are integrated red , green, and blue reflectances of the
r,g,b

CORN panels , and

a0 b1 c3 are regression coeficients.

Table 5-2 lists the resulting integrated* reflectances corresponding to the

flight tests in Table 5-1.

* Integrated relative to 40 degrees solar altitude daylight irradiance,
24-inch Petzval lens, and SO-242 color film.

5-4
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TABLE 5-2

INTEGRATED TERRAIN REFLECTANCES ESTIMATED FROM U-2 COLOR PHOTOGRAPHY

Percent Reflectance
Site Flight No. Red Green Blue

St. Cloud, Minn 76-1 40.7 40.7 41.7

Quillay oute, Wash 76-3 3.8 4.5 4.1

Alameda , Calif 76-4 11.2 11.8 6.8

San Diego , Calif 76.6 14.5 12.3 
- 

8.3

Tucson, Ariz 76-7 26.3 20.4 15.1

Wins low, Ariz 76-8 23.4 15.1 14.1

Albuquerque , NM 76-9 18.6 13.8 12.3

Ogden , Utah 76-10 7.6 6.1 4.3

Denver , Cob 76-11 12.3 10.2 8.1

Average 14.4 10.2 8.1

5.1.3 Reconstruction of Terrain Spectral Reflectances

The complete spectral reflectance of the surrounding terrain was reconstructed

using an Eigenvector technique. Two sets of spectral reflectance data, one

for plants and trees , and the other for sands and soils,were analyzed to produce
a set of characteristic vectors for the two sample spaces. Each spectral re-

flectance curve of the sample spaces could then be reconstructed by multiplying

the vectors of the corresponding space by the coeficients computed for that

specif ic sample data, as follows :

R5(X) • P4~ (X ) + A1 • V51(A) + A2 • V
~2

(X) + A3 • V53(X)

or,
R~ (A) • M~(A) + B1 • V~1(X) + B2 • V~2(X) + B3 • V~3(A)

• Where : R5 (A) is the spectral reflectance of any specific soil or

- 
sand sample,

It (A) is the spectral reflectance of any specific plant or
tree sample,

5-5
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M (A) are the mean row vectors,
$ ,p

- V5~~(A) are the chracteristic vectors,
- 

A1,A2,A3

or are coeff icients corresponding to specific
samples in the original sample sets.

B1,B2,B3

The spectral reflectance data was also digitally integrated relative to the

three bands of response corresponding to the color film , camera lens , and
daylight irradiance used in the terrain reflectance flight tests.

Using linear regression techniques, a transformation was found between the
integrated effective reflectances and the vector coefficients; that is,

A1 Rr

A2 Rg

A3 Rb
and,

B1 Rr

B2 _ [ m ip]x  Rg
B3 Rb

Given any set of integrated red, green , and blue reflectances (Rr~RgsRb)
it was possible to estimate a spectral reflectance curve for soils and

plants that could have produced the measured reflectances. If the operating

site terrain had been all sand or all forest, then the estimated spectral re-

flectance would only have been that reconstructed for the corresponding spec-

tral~ data space. Because this was not generally the case, a mixture of ground
types was present. From visual inspection of the U-2 photography, it was H
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possible to estimate the fractions corresponding to sands/soils, and to
plants/trees. In addition, an assessment of the fraction of water and/or
snow surround was also made. These four surround types were then combined

by weighting the spectral reflectance corresponding to each by the visual

fraction to produce an overall estimate of the local earth albedo reflec-

tance. Water and snow were handled as constant spectral reflectances and
not reconstructed from any vector technique. To weight these factors, the
following equation was used:

RA (X) • a R~ (A) + 8 • R5(A ) + y R (A) + 6 R (A)

Where : RA (A ) is the overall local spectral albedo reflectance,

R
~

(A) is the average spectra l ref lectance of water ,

R5~
(A) is the average spectral ref lectance of snow , and

a,B,y,6 are fractions of each surround type (a+8+y+6 • 1.0).

Figure 5-2 is a typical example of one such net, weighted spectral reflectance

of the terrain surrounding a measurement site. Spectral reflectance curves

for all sites can be found in Appendix D. Those identified as “geo-botanical”
were reconstructed using red, green, and blue integrated reflectances, not
from the photography, but from maps of vegetation and ground cover for the

United States.

5.2 SURFACE AEROSOL OBSERVATIONS

5.2.1 The Albuquerque, N.M., Experiment

During the period- from 12 September to 19 September 1976, concurrent ex-
periments were conducted by radiometric laboratory personnel and by the U.S.
Army Atmospheric Sciences Laboratory, White Sands Missile Range, N.M. At

the request of the A.F. Wea-:her Service, the White Sands Laboratory provided

particle count observations to both parties continuously throughout the
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period using an instrument developed by Particle Measurement System, Inc.
called a Classical Scattering Aerosol Spectroaeter.* Charts showing data

- 
- 

on optical scattering, wind speed , and relative humidity at 15 minute inter-
vals were provided to this contractor through AWS direction. These three

factors tended to correlate, but showed different amounts of time lag.

Table 5-3 sumarizes these observations at , or just preceding, the measure-
Rent period for the four days that both experiments were conducted. The

average of the morning and midday RAOB moisture scale heights is also included
in Table 5-3.

TABLE 5-3

AEROSOL OBSERVATI ONS AND METEOROLOGICAL DATA

Date: 9-12-76 9-13-76 9-14-76 9-19-76
Local Time: 13:26-17:15 13:01-19:00 l3~l5-l7:00 13:17-19:38

RAOB Moisture Scale Ht.(cm) 1.26 1.30 1.73 1.39

Avg Particle Concentration 0.4 1.30 4 .2 1.5
(Part/ca3)

Peak Particle Concentration 0.5 4,3 5.8 2.3
(Part/cm3)

Avg. Wind Speed (mph) 9.0 9.4 7.4 4.3

Peak Wind Speed (mph) 15.0 13.7 9.0 4.7

Avg. Wind Speed (mph) during --- 8.3 14.1 7.2
previous 24 hours

Peak Wind Speed (mph) during --- 14.8 26.6 11.4
previous 24 hours

* Described in Research and Development Technical Report , ECOM-5597,
Response Calculations for a Commercial Light-Scattering Aerosol
Counter, July 1976.
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5.2.2 Normalizing Data to the AFCRL Aerosol Model

To normalize the particle concentration measurements to a definition consistent

with the AFCRL model atmosphere, the assumptions of the particle size distribu-

tion and altitude concentration made by McClatchey et al.6 were also used for
our observations. Two interpolations were required before particle concentrations

could be compared: (1) Although the particle sizes used by McClatchey were from

.02 ~~ to 10 ~m, the measurement sizes used at Albuquerque ranged from 0.4 um to
— 4 ~m, and (2) the McClatchey data had to be interpolated for a terrain altitude

of 1.5 km. Although factors such as absolute instrument calibration and particle

index-of-refraction data could not be critically compared, these two first-order

corrections brought the measurements and theory into reasonable agreement. In

Table 5-4, data from McClatchey can be compared with measured data.

TABLE 5-4

COMPARISON OF NORMALIZED PARTICLE CONCENTRATION DATA AND AFCRL MODEL

Aerosol Concentration
Measured Mean Corrected for Size, Aerosol Concentration

Date Aerosol Concentration Range, and Altitude AFCRL Model
(part/cubic cm) (part/cubic cm) (part/cubic cm)

9-12-76 0.4 317 2828* (Clear: 23 km

9-13-76 1.3 1023 - visibility)

9-14-76 4.2 3308 l3780** (Hazy: 5 km

9—19-76 1.5 1183 
visibility)

As can be seen -in Tables 5-3 and 5-4, there is a rough correspondence between

particle concentration and average wind speed for the previous 24 hours and also

possibly with moisture scale height. Spectral transmittance data for these same

6 R.A. McClatchey et al, Optical Properties of the Atmosphere, Third Edition,
Air Force Systems Command, APCRL-72-0497, 1972.

* Surface concentration equivalent to the Clear Model; that is, 23 km visibility.

** Surface concentration equivalent to the Hazy Model; that is, S km visibility.
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four days showed a marked change in the aerosol coefficients derived from

- analysis of the term of extinction of aerosol scattering for these days (see

- section 2, volume 3, of this report). A correction for the aerosol scattering

• extinction coeficients was developed on the basis of this experiment.
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SECT ION 6

STORAGE AND RETRIEVAL OF COMPUTER DATA

6.1 DATA TRANSFER SOFTWARE

It was not possible to examine or analyze spectral and map data collected
by the mobile radiometric laboratory in the cassette-tape form used to

transmit data from the field. Therefore, a series of programs was developed
to transfer this data to the flex ible IBM 370 computer system and to manipu-
late and extract this data once it had been stored in the IBM system.

For this purpose , data in terms of raw measurement amperes and in engineer-
ing units were transferred from the cassette tapes to nine-track magnetic

tapes on an off-line Data-General computer system for back-up or safe-storage
purposes. A second transfer was also made of the data to a nine-track mag-

netic tape in engineer ing uni ts that could easily be read by the IBM system.
This tape was then used to prepare an IBM 3330 disk pack file for direct

access in the analysis phases of the project. Figure 6-1 is a schematic of

the flow of data after the data was received at this contractor’s facility.

6.2 DATA GENERAL COMPUTER PROGRAM STDG

The transfer of data from cassettes to nine-track magnetic tapes for back-

— up was accomp lished by the program STDG. This transfer was direct with no
deletions or changes. The data was transferred to a 9-track magnetic tape

- 
_ using an off-line Data General Computer with a 9-track magnetic tape unit, a

Sykes cassette unit, and a teletype. This data, in amperes, was stored on a
different nine-track tape from the data in engineering units. Each tape was

separated into fi les, each file containing one day’s acquisitions. These

nine-track tapes were an exact replicate of all data recorded on cassettes

by the mobile Radiometric Laboratory. Four nine-track tapes were used to

store the data: two tapes for dat, in amperes, and two tapes for the data
in engineering units.

- -- 
- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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6.3 DATA GENERAL COMPUTER PROGRAMS TAPDSK AND STIBM1

To do large-scale data analysis, it was necessary to transfer the data in

engineering uni ts from the Data Genera l computer to the IBM computer (see
flow chart in Figure 6-1). When the transfer was made , an extra magnetic tape

was made in addition to the backup tapes for two reasons : (1) use of this
extra tape permitted the backup tapes to be kept in storage without the risk

of loss of its data from manipulation on the computer system, and (2) the

format of the backup tapes was not readily readable on the IBM system without
a highly specialized assembler program. For these reasons, it was more

effi cient to create an extra tape on the Data General computer which coul d
read these tape formats directly.

The transfer was done using two programs : (1) TAPDSK , which transferred data
from the nine-track magnetic tape written by program STDG to the Data General

disk f ile STOOR , and (2) STI BM1, which transferred data on the disk file STOOR
to nine-track magnetic tape that can be read by the IBM system. The data was

not transferred directly from cassette to nine-track magnetic tape because the
Sykes cassette units were error prone and often required special handling be-
fore cassette tapes could be read accurately.

Whereas the program TAPDSK transferred the complete file from the nine-track

magnetic backup tape to the disk, STIBM 1 only transferred data that was neces-
sary for analysis. The data that were not transferred to the magnetic tape

were : (1) calibration acquisitions , (2) acquisi tions that were premature ly
terminated , as indicated by the absence of a fin ish time in the header b lock*,
and (3) the directory* of the cassette.

* See paragraph 4.3 of Vol lof this report.
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STIBM1 changed the format of the data from the integer format to floating
point format (see paragraph 4.5 of Vol 1, RELIB Program). The program also

changed the comment field in the header block from ASCII to EBCDIC. These

changes made it possible for the IBM to read the magnetic tape without a new
assembler program.

6.4 COMPUTER PROGRAM STOVAN

6.4.1 Program Description

The magnetic tape created by STIBMI was processed on an IBM 370 System, and
the data was stored by program STOVAN on a disk file for direct access in the
future. STOVAN stored data from the magnetic tape into five disk files: one

file for each of the four instruments, and a file for the sky maps. A sixth

file was used as an index file to the direct access files. Other functions

performed by program STOVAN were the deletion and modification of data already

on the files, the computation of solar altitude and solar azimuth, the listing

and printer-plotting of data, and interpolation of the data from 10-nanometer

to 5-nanometer measurement increments.

6.4.2 Format of Data Received from Program STOVAN

The output from STOVAN provides files in three formats: (1) the index file,
(2) the sky map file, and (3) the fixed geometry files.

The format for the Index Pile* consisted of:

Record 1 (unformatted): -

Array 52 by 25 (stored as integers in two-byte words):

Contains the starting record number for each week of the
year in the first position of the array and the solar alti-
tude range in the second position of the array for the sky

map file.

Next (integer) : Record number of the next unused record
in the sky map file.

* For detailed information on the Index File Format, see IBM System/
360 Operating System FORTRAN IV (G and H) Programmer ’s GuideL

- “Direct-Access-Programming.”

- - - - - 
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Record 2 (unformatted) :

Array 52 by 25 (integer two bytes) : Contains a count of the
number of records for each week of the year in the fi rst

- 

- 
position of the array and each solar altitude range in the

second position of the array.

Records 3, 5, 7, and 9 (unformatted):
— Each record corresponds to the fi le for one of the four

instruments: Sky radiometer , Irrad iometer I , Irrad iometer 2,
and Transmissometer.

Array 12 by 20 by 25 (integer two bytes): Contains the starting

record number for each month in the first subscript, a vacancy
in the second subscript (not used) , and the solar al titude
range in the third subscript.

NEXT (the integer variable): Is the record number of the next
unused record in the file.

- - Records 4, 6, 8, and 10 (unformatted) -

Each record corresponds to the file for one of the four instru-
ments: Sky radiome~er, Irrad iometer 1, Irrad iometer 2, and
Transmissometer.

Array 12 by 20 by 25 (integer two bytes): Contains a count of
the number of records for each month in the first subscript of
array , a vacancy in the second subscript (not used), and the
solar altitude range in the third subscript.

6-5 
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Each record on the sky radiance map data file has the following format :

Entry RVAN
Byte (Integer : 2 bytes) Displacement No. Description

1-4 Chain (integer 4 bytes) Note 1 Record No. of next
record in series of

- week number and solar
altitude range .

5,6 Month 5
7,8 Day 6 Date

9,10 Year 7

11 ,12 Hour 8 GMT at beginning
13,14 Minute 9 of acquisition

15,16 Second 10

17-20 Latitude (Real) Note 2

21-24 Longitude (Real) Note 2 In degrees

25-28 Solar Altitude (Real) Note 3

29-32 Solar Azimuth (Real) Note 3

33,34 Wind Speed 38

35,36 Wind Direction 39

37,38 Humidity 40 Weather Data
39,40 Temperature 41

41,42 Pressure 42

43,44 Elevation 100 Height above mean
sea level (feet)

45-204 Comments 102-181 Up to 160 characters,
two characters per
word.

205,206 First Wavelength 63

207,208 Second Wavelength 64 Explicit wavelengths,

209,210 Third Wavelength 65 scan mode only

Note 1: For detailed information on the Sky Map File, see IBM System/360
Operating System, FORTRAN IV (G and H) Programmer’s Guide, “Direct
Access Programming.”

Note 2:~ Program STOVAN changes these variables from the RVAN format to a more
usable format.

Note 3: Program RVAN does not record these variables ; instead they are cos-
puted internally in the STOVAN program.

*
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Entry RVAN
Byte (Integer: 2 bytes) Displacement No. Description

211-244 (blanks) - -

245-248 Data Point, irradiometer 1 ‘

249-252 Data Point, Irradiometer 2
253-256 Data Point, Transmissometer
2S7-260 Data Point, Irrad iometer 1 ~ Note 4 The average irradiance
261-264 Data Point, Irradiometer 2 and transmittance mea-

surements at the first,
265-268 Data Point, Transmissometer second, and third wave-
269-272 Data Point, Irradiometer i lengths.

273-276 Data Point, Irrad iometer 2
277-280 Data Point, Transmissometer ~
281-474 (blanks) - -

475-476 Azimuth 20 First Instrument

477-478 Azimuth 23 Second Instrument

479-480 Azimuth 26 Third Instrument

481,482 Azimuth 29 Fourth Instrumment

483,484 (blanks) - -

485,486 Elevation 21 First Instrument

487,488 Elevation 24 Second Instrument

489,490 Elevation 27 Third Instrument

491,492 Elevation 30 Fourth Instrument

493,494 (blanks) - -

— 495,496 No. of Points 50 Number of points in
full map table; scan
mode only.

497,500 (blanks) - -

501,2036* Map Table Note 4 Array of sky rad iance
data (Af ter all data
for one wave length is
recorded , recording of
the next wavelength is
done without a break.)

2037-2054 (blanks) -

Note 4: These variables have no corresponding RVAN header block displacement
numbers, but they can be found in data files.

* See Vol 1, Para 4.3 for the order of the data. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~ 
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Each record in the spectral data files of the Sky Radiometer , Irradiometer 1,
Irradioaeter 2, and Transaissometer has the following format for fixed geometry
acquisitions :

[ - Entry RVAN
Byte (Integer: 2 bytes) Displacement No. Description

1-4 Chain Note 1 The record No. of the
next record in the
series organized by
month and solar alti-
tude range.

5,6 Month 5
7,8 Day 6 Date
9,10 Year 7

11,12 Hour 8
13,14 Minute 9 GMT at start of acqui-

s1t3.On
15,16 Second 10

17-20 Solar Altitude Note 3
21-24 Blank
25-28 Latitude . Note 2 In degrees
29-32 Longitude Note 2 In degrees

33-36 Solar Azimuth Note 3

37-38 Instrument Azimuth 20,23,26,or 29
39,40 Instrument Elevation 2l,24,27 or 30

Note 1: For detailed information on the Sky Map File, see IBM System/360
Operating System, FORTRAN IV (G and H) Programmer’s Guide, “Direct
Access Programming~~

Note 2: Program STOVAN changes these variables from the RVAN format to a
more usable format .

Note 3: Program RVAN does not record these variables ; instead they are
computed internally in the STOVAN program.
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Entry RVAN
Byte (Integer: 2 bytes) Displacement No. Description

41,42 Wind Speed 38

43,44 Wind Direction 39

45,46 Humidity 40 Weather Data

47,48 Temperature 41
49,50 Pressure 42
51,52 Sea Elevation 100 Height above mean

sea leve l (feet)
53-212 Comments 102-181 Up to 160 characters ,

2 characters per
word

213-216 (blanks) - -

217-864 Radiance, Irradiance, or Note 4 Data in S nm incre-
Transmit tance ments.

865-876 (blanks) - -

6.5 COMPUTER PROGRAM EXTRACT

6.5.1 Program Description

After the data is stored in the IBM 370 Computer, the program EXTRACT is used
to retrieve it. The main purpose of the program is to extract data by moflth,

day , year , solar altitude, time, and instrument type . thus providing data for
only that specific measurement set. Alternatively, a complete listing of data

for al l dates and times can be obtained by specifying only the irr adiance type
(cx: “DH”, for daylight horizontal). The program also lists and printer-plots

data on command . The EXTRACT program reads the disk files created by STOVAN,

extracts the requested data, and writes it in a second sequential file in the

same format as STOVAN but without the variable termed CHAIN. Use of the second

file permits more rapid access to data- than would be possible by providing

access to the original STOVAN disk file. This was the normal procedure for the

analysis phase of this project where speed in handling the large volume of data

- - was of importance.

Note 4. These variables have no corresponding RVAN header block displace-
ment numbers, but they can be found in the RVAN data files.
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6.5.2 EXTRACT Program

Because this program has not been documented elsewhere, its input require-

ments have been included in this report for purposes of completeness.

6.5.2.1 CARD No. 1 Input. Col. 1-4: PLOT, or blanks. If “PLOT” is speci-

fied , all the data that is extracted is also listed and plotted; otherwise
the data is extracted only and written to the new disk file.

6.5.2.2. CARD No. 2 Input. Only columns 73-75 must be specified. If nothing

is entered in columns 1-72, all data corresponding to the specified instrument

will be extracted. If the data corresponding to a range of dates is desired,

columns 1-6 are the starting date and columns 7-12 are the ending date. If

no range is desired , columns 7-12 are left blank. Similarly, if data is
desired for a range of times , columns 13-18 are the beginning hour, minute ,
and second; and columns 19-24 are the ending hour , minute, and second. If

no range is desired, columns 19-24 are left blank. Data for a range of solar

altitudes can also be extracted if columns 25-31 specify the starting solar

altitude and columns 33-39 specify the ending solar altitude. If no range is

desired , columns 33-39 are left blank. If specific ranges are desired, the

following format for data inputs is followed:

Col. 1-2: Starting month (right justified)

Col. 3-4: Starting day (right justified) -

Col. 5-6: Starting year

Col. 7-8: Ending month, or blank (right justified)

Col. 9-10: Ending day, or blank (right justified)

Col. 11-12: Ending year

Col. - 13-14: Starting hour (right justified)
Col. 15-16: Starting minute (right justified)

Col. 17-18: Starting second (right justified)
Col. 19-20: Ending hour, or blank (right justified)

Col. 21-22: Ending minute, or blank (right justified)
Col. 23-24 : Ending second, or blank (right justified)
Col. 25-31: Solar altitude
Col. 32: (blank)

6-10

_ _ _  _ _ _  -- - - - - -___
4



-—~~~~~~~~~ -~~ -~~ -~~~~~~~~~-“—- —~~-- -~~~~-~~~~~~~~~~~~~~~~~~~~~~~~---~~~~ ~~~~-~~~~~~~-- -~~~~~~~—--~~.-~~~~~~~~~~~~~ -

Col. 33-39: Solar altitude, or blank

Col. 40-56: (blanks)

Col. 57-63: Latitude (If data for a particular site is required,
the latitude should be specified.)

Col. 64: (blank)

Col. 65-72: Longitude (If data for a particular site is required,
specify longitude.)

Col. 73-75: SKY (Sky radiance fixed geometry mode)

IR 1 (Irradiome ter 1 data)
1R2 (Irradiometer 2 data)

IRA (Transmissometer data)
MAP (Sky radiance map mode)

Col. 76: (blank)

Col. 77-79: DH (Daylight horizontal for IR1 or 1R2)

DV (Daylight vertical for 1R1 or IR2)

SH (Sky light horizontal for IR 1 or IR2)
SVB (Skylight vertical backlit for IRI or IR2)

SVF (Skylight vertical frontlit for IR1 or IR2)

6-11
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APPENDIX A a

- PARAMETER SUMMARY

The following table gives the exact values or ranges by day-site

for the parameters important to this project.
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TABLE A-i

PARAMETER SUt44ARY

G~r OF DATA ~~IST’JRZ SCALE T~~RAIW
C0LL~~TI0?: S. A. W~E HrI OH F_(cr) ALTI1IJD~ L.E~TA~:t

— 
SITE DAT (HOtYRS) (vrm ~~s) 1200! 1800! 0000Z (P7) ~ 65~~

Little lock, Ark. 1-6-75 2005 to 2245 58.73 to 27.62 1.989 2.874 3.1,40 311 0.085
£thSfls, Go. - 1-12—75 1803 to 2336 70.33 to 1.76 2.978 — 3.457 811 0.085
Athens, Go. 8-13—75 2201 to 2215 28.24 to 25.22 2.965 3.784 3.256 811 0.080
Athens, Ga. 8-14—75 1342 to 1608 33.56 to 61.80 2.698 3.008 3.786 811 0.060
Tampa , Plo. 8-19-75 2.429 to 2215 74.11 to 23.06 4.169 4.576 3.808 20 0.078
Ap.lschicola, Fl.. 8-27—75 1447 to 21.00 70.34 to 1.13 3.883 4.319 3.447 20 0.078
Apalsehicola, Fl.. 8-28—75 2015 to 2340 48.92 to 5.02 4.009 4.112 3.874 20 0.078
Denver , Col. 10-21—75 3.855 to 2355 39.45 to 2.31 0.302 0.405 0.593 5400 0.123
Deirv*r , Col. 10-22—75 1915 to 0003 38.66 to 0.83 0.338 — 0.940 5400 0.123
Vi~t Hill , Va. 11—6—75 1751 to 2005 33.57 to 19.37 1.823 2.452 2.522 420 0.063
Vint Hi ll , Va. 11—9-75 1615 to 2145 

- 

34.25 to 2.30 1.759 2.145 2.173 420 0.083
Vint Hill, Vt1. 11—11—75 1520 to 2120 33.71 to 6.29 0.626 0.631 1.073 420 0.063
St. Cloud, Win. 2—21—76 1715 to 2345 33.70 to 0.17 0.312 0.338 0.386 1028 0.407
St. Cloud , Win. 2—22—76 1952 to 2345 33.70 to 043 0.427 0.261 0.405 1028 0.407
St. Cloud , Win. 2—23—76 1415 to 2000 34.13 to 10.33 0.749 0.713 0.718 1028 0.407
St. Cloud , Yin. 2—24—76 1734 to 2345 34.80 tO 0.80 0.762 0.433 0.510 1028 0.407
St. Cloud , Win. 2-27—76 1650 to 1845 39.39 to 28.94 1.064 — 0.557 1028 0.407
Glasgow, Mont. 3-4—76 1415 to 2000 4.59 tO 35.57 0.242 0.202 0.283 2279 0.407
Glasgow, Mont. 3—5—76 1400 to 1909 2.44 to 35.92 0.221 0.230 0.578 2279 0.407
Quills rut., Wash . 4—3—76 1706 to 2015 30.62 to 47.60 1.091 0.994 0.877 181 0.038
QuiU.yut., Wash. 4—5—76 1532 to 1805 16.50 to 39.29 0.860 0.981 1.341 181 0.038
Quilla.yut., Wash. 4-.6-76 2300 to 0145 10.93 to 36.81 1.101 0.852 0.772 18] 0.038
Alameda, Calif. 4—13—76 1533 to 2240 22.30 to 61.53 1.071 1.095 0.920 19 0.112
Alameda, Calif . 4—20-76 1349 to 1430 3.57 to 11.38 0.931 2.’033 0.968 19 0.112
Alausda, Calif . 4—21—76 1350 to 1645 . 3.78 to 38.04 0.793 0.752 1.251 19 0.112
Al~~ da, Calif. 4—26-76 1326 to 0255 0.22 to 65.96 0.530 0.472 0.567 19 0.112
Vandenberg, Calif . 5-7—76 1930 to 0025 28.57 to 72.27 1.957 1.442 1.639 328 0.324

Vandenberg, Calif . 5-12-76 1343 to 0255 0.64 to 73.57 1.600 1.801. 1.171 328 0.324
Son Diego, Calif. 5-19-76 2050 to 0020 70.53 to 28.02 1.221 1.386 1.153 408 0.145
San Diego, Calif . 5—26-76 1935 to 0025 V.80 to 78.44 1.021 1.460 1.871 408 0.145
San Diego, Calif. 6-1—16 1832 to 2013 70.50 to 77.62 1.133 1.481 1.54] 406 0.145
Tucson, Aria. 6—7—76 2041 to 0225 70.48 to 0.18 1.400 1.320 1.080 2705 0.263

Tucson , Mis. 6-8-76 1515 to 0130 10.49 to 80.73 0.988 0.768 1.290 2705 0.263
Tucson , Asia. 6-9..76 1536 to 2030 39.34 to 00.81 1.022 1.352 1.079 2705 0.263

Tucson, Aria. 6-11—76 1226 to 1930 0.95 to 00.96 0.871 0.645 0.652 2705 0.263
Tucson, Aria. - 6-17-76 1221 to 1905 0.00 to 00.24 1.385 1.50? 1.921. 2705 0.263
Tin~1ow, Aria. 6-28-76 2215 to 1930 0.10 to 78.24 1.296 1.400 1.612 4895 0.232
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TABLE A-i (CONT’D)

G~T OP DATA W~I S1W~E SCALE 1 RATW~~ ?~~hA~WC0LLE~TI 0N S. A. RA~2 
______ ~~MT ( C’,) ALTI TUDE RE~LE~T&~~tBITE DAY (~oUR.s ) ( DD3R~~s) 

— 
12~~~ 18~): ooxc - (rr ) • ~c~~’

Little Rock , Ark. 7—14—76 1412 to 1627 35.8 to 63.00 3.655 4.546 4.526 311 O.OP~
Little Rock, Ark. 7—19—76 1120 to 1620 1.27 to 61.12 2.416 — 3.906 311 0.065
Little Rock, Ark. 7—20-76 1128 to 1.240 3.00 to 18.60 3.426 — 3.388 311 0.065
Little Rock , Ark. ~—21—76 1112 to 18CC -.0.4 to 75.07 2.918 3.137 2.985 311
Athe.is, Ga. 8—4—76 1110 to 1457 3.74 to 50.08 1.999 1.971 2.000 811 0.060
Athens , Ga. 8—6-76 1111 to 1515 3.61 to 53.30 2.663 3.269 4.063 011
Ath ens, Ga. 8-10—76 1430 to 1705 44.38 to 70.16 2.849 2.876 2.657 811 0.080
Athens, Ga. 1-1.1—76 1100 to 1600 0.73 to 60.90 2.737 3.091 3.141 811 0.063
Athen s, 0.. 8—12—76 1055 to 1350 —0.43 to 35.36 2.777 3.267 3.685 811 0.083
Ath ens , Ga. 8—13—76 1055 to 1600 —0.60 to 60.46 3.433 3.343 3.834 811 0.080
Apala chicola , Fla. 8—22—76 1225 to 2355 3.12 to 59.00 3.981 3.91.3 4.523 20 0.078
Apa lachicola , Fl.. 8—23—76 1245 to 1725 18.90 to 70.99 3.691 3.808 3.572 20 0.078
Albuquerq ue, N.M. 9—12—76 1326 to 1715 6.67 to 49.81 1.403 1.109 1.413 5263 0.173
Albuquerque, N.~. 9-13—76 1301 to 1900 1.55 to 58.44 1.097 1.495 1.785 5263 0.173
Albuçuerçue, N.M. 9-14—76 1315 to 1700 4.44 to 47.32 1.737 1.734 2.347 5263 0.173
Albuciuerque, NJ . 9-19-76 1317 to 1938 4.15 to 56.13 1.385 1.393 1.715 5263 0.173
Ogden, Utah 9—27—76 1607 to 1920 28.84 to 46.91 1.252 1.210 0.652 4788 0.076

Ogden, Utah 9—28—76 1336 to 0120 -.1.03 to 46.52 1.013 0.842 0.637 4788 0.076

Ogden, Utah 9-29-76 1330 to 2330 0.35 to 46.13 0.694 0.734 0.686 4788 0.076
Dayton, Ohio 10-22—76 1200 to 1530 0.06 to 32.70 0.421 0.541 0.626 970 0.195
Dayton~ Ohio 10—26— 76 1422 to 1515 23.19 to 29.94 970 0.195

Dayton, Ohio 10-28—76 1205 to 2230 -.0.19 to 36.75 970 0.195
Dayton, Ohio 10-29—76 1430 to 1630 23.44 to 35.18 0.789 0.991 0.588 970 0.195 
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APPENDIX B

SURFACE METEOROLOGICAL DATA

The following table summarizes the surface meteorological observations

nearest the time of the Rawinsonde launches of 1200 , 1800 , and 2400
GMT . Values that are asterisked are for observations taken within 3½
hours before or after the time of launch ; however , f if ty six percent of
these observations were within 1 hour of launch . All other values were
essentially concurrent with the RAOB launches.

B-i

_ _ _ _ _ _ _ _ _  

-

~- -~-~~~~~
— ----— -

~

- -‘.-------- — - - - - .------- - ----- - —.--— --~ -- — —~ -- ------ - - - —-- -- — - - --- ------ -----~~~-- -- — - —-- — -



_ _ _ _ _ _ _ _ _  
~~~~~~~~

-
~~~: : - - -.--------

~ 
- 

~~~~~~~~~~
-
~~
--—‘

~ 
‘~~ T~~T’~~~

TABLE B-l

SURFACE METEOROLOGICAL DATA
Avg .

Su?fuce T~~~.r.tu r. Ielativ. I~aidity Wi nd Avg. Wind
Pressuze (P) (I) Speed Direction

Out. Locat ion (
~~~~.)  1200Z 1$OOZ 00002 1200Z 18002 00002 (Inots) (D.gr . fri. T.N.)

8/12/75 Ath.ns 984 91 $9’ 4$ 52’ 1.43 $0
$/14 /75 Ath.ns 961 84’ 90’ 41’ 49’ 4.0 20/240
8/19/75 Ti.p. 984 94 $3• 4$ 51’ 12.47 300
8/27/75 Apulu chico ls 950 91’ 91 90’ $6’ 61 55’ 7.17 120
1/28/75 Apatactticole 980 $9’ S7’ 5.0 100

10/21/75 Denver 769 $2’ 80’ 21’ 19’ 1.14
10/22/75 Denver 755 $2 $3’ 21’ 20’ 1.76
11/9/75 Vint Hill 953 79 54 1.36 160
11/11/75 Viol Hill 951 65 27 1.17 200

2/21/76 St. Cloud 903 25 2$’ 61 56’ 6.5 340
2/22/76 St. Cloud 906 30’ 33’ 57’ 50’ 0.45 20
2/23/76 St. Cloud $91 32’ 4$ 71’ 44 2.47 240
2/24/76 St. Cloud $14 52 49’ - SO 55’ 0.0 .--

3/4/76 Glusgow 844 -6’ 4’ 71’ 61’ 0.85 320
3/5/76 Glasgow $41 2’ 12’ 73’ 66’ 1.42 140
4/5/76 Quillayute 866 55 55 1.93 180
4/6/76 Quilluyute 897 60 38 1.96 20/220
4/21/76 A.laa ds 1014 57’ 66’ 2.25 20
4/26/76 &laa.ds 1015 60’ 64 72 36’ 31 25 10.12 20
5/7/76 Vand.nb.rg 1003 65’ 63 57’ 67 7.00 300
5/12/76 Vandenberg 1003 71’ 85 $2 51’ 36 40 1.96 20
5/19/76 Sen Diego 998 66 62 7.04 20
5/26/76 San Di.go 1003 $0’ 42’ 3.60 20
6/7/76 Tucson 920 101’ 102 18’ 17 6.36 20
6/8/76 Tucson 921 91’ 94 100 22’ 19 18 0.78 20
6/9/76 Tucson 923 92 24 2.41 20
6/11/16 Tucson 922 66’ 80 32’ 25 0.50 20
6/17/76 Tucson 920 $1’ 95 21’ 22 3.74 20
6/28/16 Wi nSlow 854 72’ 96 25’ 20 0.36 20
7/14/76 Little Rock 997 88’ 94’ 61’ 53’ 0.17 260
7/19/76 Littl. Rock 1009 $4’ 52’ 0.79 60/140
7/20/16 Little Rock 1009 7$ 77 0.0
7/21/76 Lit t I. Rock 1005 79 76 90 2.76 260
8/4/76 Athens 994 69 78 2.31 40
8/6/76 Athens 990 72 74 1.15 220
8/10/76 Athens 991 79’ 88’ 59’ 51’ 0.75 20
8/11/ 76 Athens 995 75 85’ 76 60’ 2.54 60
8/12/76 Athens 995 73 81 0.12 100
8/13/76 Athen s 989 76 89’ 78 51’ 0.26 240
8/22/76 Apuluchicolu 1016 90’ 91 49’ 54 5.55 260
8/23/76 Apaluchicola 1015 $1 96 71 34 1.98 340
9/12/76 Albuquenqu. 839 71’ 74’ 40’ 34’ 6.97 20
9/13/76 Albuquerque 840 62’ 85 46’ 25 1.90 20
9/14/76 Albuquerque 844 73’ $2’ 55’ 35’ 0.0
9/19/76 Albuquerque 138 70’ Si 44’ 25 1.10 240
9/21/76 Ogden - $71 69 39 10.49 100
9/28/76 Ogden $72 53’ 70 75 52’ 33 25 3.99 100/320
9/29/76 Ogden $73 54’ 71 78’ 48’ 31 23’ 3.05 100/300

10/26/76 Dayton 990 44’ 70’ 4.10 20
l0/ 28~’76 Dayton 990 30 44 47’ 77 38 34’ 2.55 220
10/29/76 Dayto n 992 43’ 48’ 49’ 44’ 3.91 220

• Readings are within 2.5 hours of ci. ti..
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- APPENDIX C
- 

MEASUREMENT INDEX

This index l ists all  the spectroradiometric measurements made by the
mobile radiometric laboratory during the collection phase of the project .
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I . APPENDIX D

! 

- 

SURROUND SPECTRAL REFLECTANCES

Graphs D-1 through D-14 show spectral reflectances of the terrain surround-

ing the measurement site, as estimated from U-2 color photography or geo-

botanical maps.
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