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FOREWORD

SWOE Report 94-9, November 1994, was prepared by S. Rivera, Jr. of U.S.
Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.

This report is a contribution to the Smart Weapons Operability Enhancement
(SWCE) Program. SWOE is a coordinated, Army, Navy, Marine Corps and Air
Forca program initiated to enhance performance of future smart weapon systems.

Performance of smart weapons can vary widely, depending on the
environment in which the systems operate. Temporal and spatial dynamics can
significantly impact weapon performance. Testing of developmental weapon
systems has been limited to a few selected combinations of targets and
environmental conditions, primarily because of the high costs of full-scale field tests
and limited access to the areas or events for which performance data are required.

Pertormance predictions are needed for a broad range of possible battlefield
environmental conditions and targets. Meeting this need takes advantage of
significant DoD investments by Army, Navy, Marine Corps, Air Force and ARPA in
1) basic and applied environmental research, data collection, analysis, modeling
and rendering capabilities, 2) extensive target measurement capabilities and
geometry models, and 3) currently available computational capabilities.

SWOE is developing, validating, and demonstrating the capability to handle
complex target and background environment interactions for a broad range of
battlefield conditions. SWOE is providing the DoD smart weapons and autonomous
target recognition (ATR) communities with measurements, information bases,
modeling and scene rendering techniques for complex environments. These are
products of a DoD-wide partnership that works in concert with both advanced
weapon system developers and major weapon system test and evaluation
programs.

The SWOE program started in FY89 under Balanced Technology Initiative
(BTi) sponsorship. Present sponsorship is by the U.S. Army Corps of Engineers
(lead service), the individual services, and the Joint Test and Evaluation (JT&E)
program of the Office of the Director of Test & Evaluation, Office of the Under
Secretary of Defense OUSD(A/DT&E).

The Joint Test Director is Dr. J.P. Weish. The Deputy Test Directors are:
COL Jerre Wilson (U.S. Army) and Maj Richard Jennings (U.S. Air Force). The
Modeling Configuration Manager is Dr. George G. Koenig.

_ Acosssion Yor T
| NTIS  GRARI ™ «
: DTIC TeR -y
R STATSHTIPRYSY. | B
‘ Juats ."i\‘.\:t.ion...g..___._“

)
Py

:
Lrjft V‘AI.“',‘ tottony

| e ]

é— A ‘J Ll '.bll]ty Codes

: AvRLL antop
AT
t$¢'\

1 Spouisl

.'n

6 |
Cow e

1,




REPORT DOCUMENTATION PAGE Z’,{,’L’;,o 0704.0188

Fubtic rew-ting Burden {9¢ thiy coliection of lntornwon S EIUMATEG 10 SvrOQe | NOUr DOF *PIDOME, INCtUding the UME 10 FEVIewING INSIAUCHIONY, EAPCRING ETIILIAG SALS JOUrCes.
the dota

g the colhection ot i Send rding this burden Ssumate or any Other 1pect Of thi
s:'.:'"....... T e O TE LS e o S e o o et R e, S s
[, aGEncY USE ONLY (Leave blank, 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED
November 1994 Final report
& TITLE AND SUBTITLE S. FUNDING NUMBERS

Analysis of Thermal Imagery Collected at Grayling !I,
Grayling, Michigan

(6. AUTHOR(S)
Salvador Rivera, Jr.
Y S ST ———
7. PERFORMING ORGANIZATION NAME(S) AND ADORESS{ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
U.S. Army Engineer Waterways Experiment Station

Environmental Laboratory
3909 Halls Ferry Road, Vicksburg, MS 39180-6199
[[9. SPONSORING / MONITORING AGENCY NAME(S) AND ADORESS(E 0. SPONSORING / MONITORING
’ m'gg";i;m::::: ;;.:::: NAME(S] AND ADORESS(ES) ! AGENCY REPORT NUMBER

Smart Weapons Operability Enhancement
Joint Test and Evaluation Program Office
Hanover, NH 03755-1290

YR T )
11. SUPPLEMENTARY NOTES

Available from National Technical Information Service, 5285 Port Royal Road, Springfield, VA 22161.

[122. DISTRIBUTION/ AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution is unlimited.

13. ABSTRACT (Maximum 200 words)

The purpose of the Smart Weapons Operability Enhancement (SWOE) Joint Test and Evaluation Pro-
gram is to validate the SWOE synthetic thermal scene generation procedure. Once validated, this procedure
will hopefully change the design-test-redesign approach to smart weapons development, test, and evaluation.
Using the procedure, smart weapons designers will be able to evaluate their sensor algorithms on simulated
scenes with a greater degree of confidence than is often-presented during the test phase of the design process.
The SWOE process will also allow for the smart weapon designs to be evaluated for different environments.

This report is an analysis of thermal data, collected by the U.S. Army Engineer Waterways Experiment
Station during the Grayling II field program exercise 4 March-15 April 1994, that can be used to understand
variations in terrain features’ infrared signatures using image meirics and to present the data in a format that
can be used for synthetic scene validation tasks.

This report describes in graphical format the meteorological data at the time the infrared imagery data
were collected.

4. susiecT TERMS 15. N{.%nea OF PAGES
Grayling II Infrared imagery Synthetic scene
Image metrics Infrared signatures Thermal data 16. PRICE CODE
17. SECURITY CLASSIFICATION [ 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
orlﬁs & OF THIS PAGE OF ABSTRACT
ASSIFIED UNCLASSIFIED
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prexcribed by ANSI Std 239418
298.102




Contents

2-—Geography and Image Data Presentation......ccocivevieriiiieinecatiecitsinsiieerinicessisssssasns 3
Site DESCTIPHON ... cviiniitiiiniiiiiittiictiaatatrsasatatettasaseassasssotsusensnsssrtosassassasnsnnns 3
‘VES Infrared System and Imaging Procedure..........c.coceviiiiiiiiiiiiiiniiiiiiiiiiinnneninnnns 3
Description and Location of Terrain Features Imaged............cccoiviiiiiiiiiiiiciiiiniini.. 5

3—Meteorological ConditionS.......c.ivuiiiiviiiiiiiiiiiiiiiirieiieiiitertterrsetieentaensnserasenans 7

4—Analysis of IR-Measured Data ........cociiiiiiiiieiiiiniiiiiiarnriaesetstteeienaseenssssenssasans 9
IR Imagery Processing Procedure........cccciciiviiiiiiiiiiiniiiiiiiicit et s e neees 9
Image Metrics COmMPULAtON ......ouiiiiiiiiiiiiiiiniititiiietiiaraestarsssatsseneatssasneesearnnnns 10
Image Characterization by MiSSION ........ocvveiiiiiiiiiiiieiiiiiniiiiniin e 11
Analysis of Terrain Features' IR IMAagery .....ocoeiiiiiiiiiiiiiiieiiiaieiociiteiaiseerescaeienans 11

Terrain features' IR signatures by ime of day........cocevviiiiiiiiiiiiiiiiiiriiiinennanenn. 12
Terrain features' IR signatures throughout eXercise. .. ....ccveiiiiiiiiiiiiriceiiienirnnennns 13
S—Summary Of RESUILS. ... ucuiiiiiiiiiiiiiiiii it et s etra e e e e ae e aes 14

331,007 ¢: 1) 1} 2 PSPt 16




Figure Title Rage
1 Grayling IT Site JayOUL. ... ..ooiiiriiiiiiiiiiiiiiiieiieetiaearcetarsasesisnsanesssnssssessassassasnas 17
2 Panoramic view from WES (trailer) showing Site E and surrounding area .................. 18
3 Contour map of Grayling II area with instrumentation sites............c..ccccoiviviniiinnen. 19
4 Color photographs with IR image (8-12 um)of Grayling II terrain features
(011 W) ) T PPN 20
4 (SBEEt 2 Of 3) .ttt e et ee et enrresas e tensancaensassnsnsnrns S 21
4 (SBEEt 3 0f 3). . ettt it r ettt et r st s et e st re et e s e rsa e e e e enenes 22
b Meteorological conditions during Grayling II (Sheet 1 of 4)......c..cocoiiiiiiiiiiiinnnnnnnnn. 23
5 (SRELE 2 Of ). ittt ittt et ieteteieerernenseeaerstnsasnsaensnsssenstonennnnns 24
5 ()1 R - ) NPT 25
5 (SREEE A Of ). . u ittt iticteeteeaereettrrenseaesnsnresasernsnsnsnsennsnnensnenans 26
6 Grayling II IR imagery processing ProCedure. ........cceuiiiieeneaiiuiieieenracaserenaensenens 27
7 Terrain features' LWB and SWB IR signatures by time of day during Grayling I
exercise (04Mar-15Apr94) (Continued) ......coiviiiiiieiiieieaiiierienieieenacanenannes 29

7 (Concluded) .....ooviriiiiiiiiiiiiiiii ittt re ettt ea et ra s s aeresa e e e seantns 31
8 Bare s0il LWB and SWB IR signatures and air temperature (E3 station, 2 m above

ground during Grayling IT €Xercise ... ..ccoiuiiiiiiiiniiiiiiiiniiiniiiiiieririenrnrarenaens 33
9 Grass LWB and SWB IR signatures and air temperature (E3 station, 2 m above

ground) during Grayling IT eXercise) ......coociiiiiiiiiiiiiiiiiiiiiie i innitaenecenenenns 34
10 Snow and/or grass LWB and SWB IR signatures and air temperature (E3 station, 2 m

above ground) during Grayling IT €Xercise .......cccvieriniiiiiiiniiiiiiiiiininaaniinenensn 35
11 Deciduous (red oak) tree LWB and SWB IR signatures and air temperature (E3 station,

2 m above ground) during Grayling Il eXerCise ........cociviiiiiiiiiiiiiiiinienaaniiennans 36
12 Deciduous (black oak) treeline LWB and SWB IR signatures and air temperature (E3

station, 2 m above ground) during Grayling Il eXercise........ccccvveviieienirneinennen. 37
13 Coniferous (pine) tree LWB and SWB IR signatures and air temperature (E3 station,

2 m above ground) during Grayling II eXercise .......coiiieiiiiiiiiiiininneiiiiniiniinaen. 38
14 Coniferous (pine) treeline LWB and SWB IR signa.ures and air temperature (E3

station, 2 m above ground) during Grayling II exercise...........cccveiiiiiiiieninnnnnns 39

LIST OF ILLUSTRATIONS




LIST OF TABLES

Iable Title Page
1 IR Camera SPeCifiCaUONS .. .viiiiuiiiitiriitiirateiiatiiiiesetisatistiiresistionessesses 40
2 SWOE 1-Hr Missions SChedule .......ccoiviuiiiiiniiiiiniiiciiiiniicnsieesiencassnanan 41
3 Twelve Measurement Times for All 172 SWOE 1-Hr Missions (Sheet 1 of 5)......... 43
3 Table 3 (ShEEt 2 0F 5) ..ouiiiiiiiiiiiiiiientineetiieierioatteresiestesnnsestrtnantaracanesannns 44
3 Table 3 (Sheet 30f 5) .uviuiiiieiiiiiriiiiiietiietitieatettsreintesasassnnesansesasesnsasnas 45
3 Table 3 (Sheet 4 0f 5) ...iuiiiiiiiiiiiir ittt ctia st eierstrasneesersreersnanansenanns 46
3 Table 3 (Sheet 5 0f 5) ..iuviiiiiiiiiiiiiiiiiteeiitaretieetieererstenensessoneuenenansansaseas 47
4 UTM Coordinates and Relative Angles of Terrain Features...........ccoovvveiieiinanens 48
5 Image Characterization by Mission Using Video Data (Sheet 1 of 4) ............cevuven 49
5 Table 5 (Sheet 2 0f 4) .ouiiiiiiiiieiiiireeeraerietiteteetanacsssesesssecesessnsssnssssnsanns 50
5 Table 5§ (Sheet 30f 4) ...iiiiiiiiiiiiiiieiiiineniititiienssensassteeensntasanaesnsesnsnenses 51
5 Table 5 (Sheet 4 0f 4) ....oeiiiiiieiiiicrrietieittittiintiatetasssantntasassarnsssnsssonnnes 52
6 Terrain Features Analyzed in IR Imagery Analysis.........ccccooiiiiiiiiniiiinninnnanns. 53
7 Summary of Terrain Features' LWB IR Signatures by Time of Day During

43.Day Exercise (04MAR-15APR94) (Continued) ........coviviniiiiiuiiininninnnens 54
7 Table 7 (Concluded)....o.oeiiiiiiiiiiiiiiiiii i iiieaecaa s tateereeaaarerarsiassbaenns 55

Appendix A:  Summary of Hourly Averaged Meicrological Data 1 Collected

During Grayling IT Exercise Al
Appendix B:  Image Metrics and 1-Min Meterological Data ! Collected During Smart

Weapons Operability Enhancement Scheduled 1-Hr Missions at Grayling II B1




Preface

The analysis activities reported herein were conducted by the U.S.
Army Engineer Waterways Experiment Station (WES) in support of the
Smart Weapons Operability Enhancement (SWOE) Joint Test a:d Evalua-
tion (JT&E) Grayling II exercise conducted at Grayling, Michigan, from
4 March to 15 April 1994. This effort was funded by the Secretary of De-
fense SWOE JT&E Program Office, Hanover, NH. Dr. J. Pat Welsh was
the Joint Test Director, and LTC Jerre W. Wilson was the Army Deputy
Director.

WES has prepared three related reports in support of the Grayling II
exercise for the SWOE/JT&E Program. These are as follows:

a. “Grayling II Information Base for Generation of Synthetic Thermal
Scenes”

b. “Grayling II Site Characterization and Data Summary”

c. “Analysis of Thermal Imagery Collected at Grayling II, Grayling,
Michigan™

This study was conducted under the general supervision of Dr. John W,
Keeley, Director, Environmental Laboratory (EL), WES; Dr. Robert M.
Engler, Chief, Natural Resources Division (NRD), EL; and Mr. Harold W.
West, Chief, Environmental Characterization Branch (ECB), NRD; and
under the direct supervision of Mr. Charles D. Hahn, WES project coordi-
nator. Mr. Salvador Rivera, Jr., ECB, NRD, prepared this report. Field
measurement support was provided by Messrs. Hahn, Thomas E. Berry,
M. Joe Wooley, Clarence Currie, and Jerrell R. Ballard, Jr., ECB, and
Messrs. David Leese and Paul Dew of Instrumentation Services Division,
WES.

At the time of publication of this report, Director of WES was Dr. Robert
W. Whalin. Commander was COL Bruce K. Howard, EN.
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1 Introduction

The Smart Weapons Operability Enhancement (SWOE) Joint Test and
Evaluation (JT&E) Program is a Department of Defense (DOD) coordi-
nated multiservice effort to address problems related to smart weapon
system development, test, and evaluation (DT&E) in the worldwide range
of battlefield environment conditions. The thrust of the Grayling II field
exercise was to collect environmental data necessary to generate various
synthetic thermal scenes and to collect thermal infrared image data for use
in the validation of the SWOE thermal scene gencration procedure.

Background

Future smart weapons systems will be forced to become more “autono-
mous” because of the ever-shrinking manpower available on the modern
battlefield. The typical approach to developing smart weapons has been
the test-fix-test methodology for the test and evaluation phases of develop-
ment. Tests or technology demonstrations are scheduled, and the proposed
system is thoroughly tested under various environmental conditions. The
results, however, may not be similar if the environmental conditions are
changed. Also, the cost of this type of testing is extremely high. The pri-
mary thrust of the SWOE, JT&E program is to produce a validated proce-
dure for generation of synthetic thermal and millimeter wave image. that
accurately “model” the environmental conditions and can then be processed
through the sensor and sensor logic to prozuce results representative of
those from a weapon system captive-flight demonstration, all at a much
lower cost. An added benefit of this analytical procedure allows evolution
of environmental effects so that the sensor logic may be evaluated over a
variety of background ar.d weather conditions quickly and efficiently.

Chapter t Introduction
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Objectives

The objectives of this report were as follows:

a. To conduct an analysis of thermal data, collected by the U.S. Army
Engineer Waterways Experiment Station (WES) during the Grayling
II field program exercise at Grayling, MI, during 0O4Mar-15Apr94,
to understand variations in terrain features’ infrared (IR) signatures
and to present the data in a format that could be used for synthetic
image validaiion tasks.

b. To present in graphical format the meteorological data collected at
the time the IR imagery data were collected.

Scope

The intent of this report is to describe procedures and analyses of WES
infrared imagery collected during the Grayling II exercise, Grayling, MI.
The data and results are presented in a format useful for synthetic image
validation tasks. The WES image data discussed herein are to be stored in
the SWOE program database and made available to the DT&E community.

Chapter 1 Introduction




2 Geography and Image
Data Presentation

Site Description

The SWOE Grayling II area was divided into five data collection sites
(see Figure 1 for Grayling II site layout): Site E (universal transverse Mer-
cator (UTM) coordinates 68724E 5951961N), the primary imaging and
data collection area; Site C (UTM coordinates 637625E 4951970N), a for-
ested area; Site D (UTM coordinates 687382E 4952683N), a deciduous
tree area on the west side of the valley; Site F (UTM coordinates 687934E
4952683N), a south-facing hillside with scattered trees and grasses; and
Site A1 (UTM coordinates 687067E 4952031N), the location of the data
collection facilities and support trailers. Site E and the surrounding area
was primarily flat with a few small (<1 m) topographic undulations. Vege-
tation consisted primarily of grasses with scattered deciduous (red and
black oak) and coniferous (jack pine) trees and plants. Figure 2 presents
a panoramic view of Site E and surrounding area taken from the WES
trailer position (see Figure 1). In addition, an elevation contour map of
the Grayling II area is presented in Figure 3. A detailed discussion of the
site description is presented in another report.l

WES Infrared System and Imaging Procedure

During the Grayling II field program exercise (04Mar-15Apr94), WES
collected IR image data, long wave band (LWB) 8 to 12 um and short
wave band (SWB), 2 to 5.6 um, on representative terrain features. WES
used an Agema 900 Thermovision system to collect high-resolution imag-
ery of several terrain features using a narrow field of view (FOV) (2.5
deg). The 900 system consisted of an LWB and ax SWB thermal imager

1 Hahn, C.D. (1994). “Grayling II site characterization and data summary,” Technical Report
prepared by the U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS, for the Smart
Wezpons Operability Enhancement Joint Test and Evaluation Program Office, Hanover. NH.
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connected to a specialized computer. Table | shows the specifications

for the WES IR equipment. The cameras were mounted on a computer-
controlled mount that allowed for 360 deg of azimuth rotation and approxi-
mately 70 deg of elevation change. The cameras were attached to the
boom of a WES boom truck, and this mount was programmed to allow
automatic positioning aiid imaging of specific terrain features located
within the designated imaging area. During the Grayling II exercise,

WES recorded most of the daytime missions on Video Home System
(VHS) videotapes.

SWOE image data were collected with seve:ral different ground-based
IR systems, one airborne IR arnd millimeter wave band system, and one
ground-based active millimeter wave band system by the following agencies:
WES, the U.S. Army Cold Regions Research and Engineering Laboratory
(CRREL), U.S. Army Research Laboratory (ARL)-Battlefield Environ-
ment Directorate (BED), Eglin Air Force Base (EAFB), and ARL-Signals,
Sensor, System and Intelligence (S3D) Directorate. During Grayling II,
WES -~ollected high-resolution IR imagery (LWB and SWB) on 12 desig-
nated terrain features (See next section for terrain features description).
Terrain featurc IR imagery was collected for various planned 1-hr missions.

A typical 1-hr mission involved imaging 12 predetermined terrain fea-
tures and collecting one frame per wave band (LWB and SWB) at the mea-
surement times. The 12 terrain features imaged are described in the next
section. For each typical 1-hr mission, 12 measurement times (also known
as scheduled minutes) were randomly selected and used as the IR data col-
lection schedule. The 12 terrain features were divided into two groups of
seven and five features. Features’ IR imagery were collected on the first
seven features at odd scheduled minutes (1st, 3rd,... and 11th) and on the
next five features at even scheduled minutes (2nd, 4th,... and 12th). Con-
sequentiy, each of these features were imaged six times during the 1-hr
missicn. Table 2 shows the schedule followed for all 172 one-hour SWOE
missions; Table 3 shows the 12 scheduled minutes for each of the 172 one-
hour missions. The numbers shown in Table 3 (columns 6-17) represent
the number of minutes that elapsed after the start of the mission hour (col-
umn 4) before a set of images were collected. For example, for mission
nun.ber 1 (column 3), the first seven feature images (LWB and SWB each)
were collected in the 4th minute of hour number 15. The next five fea-
tures were imaged in the 7th minute of hour number 15.

One scheduled minute from the twelve was randomly selected, and the
IR imagery collected at that measurement time was referred to as the criti-
cal image set (See Table 3, column 5); this report refers to the IR imagery
collected by WES during the nearest measurement time to the critical
image set as the nearest critical image set. IR imagery collected within the
critical image set and the nearest critical image set are the only data used
in the discussion of Analysis of Terrain Features’ IR Imagery section.

Chapter 2 Geography and iImage Data Presentation




Throughout the Grayling II exercise, WES collected IR data for 140 of
the 172 scheduled SWOE missions, resulting in a total of 20,160 images.
The following is a summary of IR imagery collected:

a. During odd scheduled minutes:
140 Missions x 6 Measurements/hr X 2 wave bands
x 7 Features = 11,760 Feature Images

b. During even scheduled minutes:
140 Missions x 6 Measurements/hr X 2 wave bands
x 5 Features = 8,400 Feature Images

Description and Location
of Terrain Features Imaged

Seven different terrain features were imaged by WES as follows:
a. Sandy bare soil (i.e., vehicle-test track).

b. Grass (dormant).

¢. Snow over grass.

d. Deciduous (red oak) tree.

e. Deciduous (black oak) treeline.

J. Coniferous (pine) tree.

8. Coniferous (pine) treeline.

Figure 4 contains color photographs and IR images (LWB) of the 12
features imaged. The first 10 features were located within Siie E and/or
adjacent to Site E; feature 11 was located at Site F; and feature 12 was lo-
cated at Site D (see contour map in Figure 3). Each feature was enclosed
by a polygon in both the color photograph and the IR image. It is note-
worthy that the color photographs and IR images were not collected from
the same view point. Most of the color photographs (features 1-10) were
taken approximately 9 to 17 m away from the feature and just above (eye)
ground level (height 2 m), while the IR images were collected with the
WES IR cameras, which were mounted approximately 19 m above ground
from the top of a hill. The IR camera was approximately 30 m above the
ground elevation of Site E, which results in an imaging angle of approxi-
mately 10 deg below the horizonal. Therefore, the background of the ter-
rain features in the color photographs is shown as sky, while the
background in the IR images is either grass or bare soil (sand).

Chapter 2 Geography and Image Data Presantation




The IR images were obtained using a 2.50- by 1.25-deg FOV lens. The
location of the WES imagers was at UTM coordinates 687089 easting and
4951933 northing.: UTM coordinates and relative angles (from imagers to
terrain feature) are included in Table 4.

Chapter 2 Geography and image Data Presentation




3 Meteorological Conditions

IR data were collected under a variety of meteorologica! conditions
that affect the IR signatures (thermal properties) of the terrain features.
The purpose of this chapter is to summarize by plots (Figure 5) and list-
ings (Appendix A) some of the metecorological conditions that occurred
during the Grayling II exercise (04MARK93-15APR94). Meteorological
data discussed in this chapter, collected and provided by CRREL, include
air temperature (°C), solar radiation (watts/squase ineters), relative humid-
ity (percent), barometric pressure (millibars), wind speed (miles/second),
wind direction (degrees), visibility (kilometers) and rain precipitation
(millimeters/hour). Data from the meteorciogical station located at Site E3
(see Figure 3) were used; data were collected every minute throughout the 43-
day period. The meteorological data presented in this part were averaged
over an hour (See Appendix A for listing). Throughout the Grayiing II ex-
ercise, both rain and snow precipitation occurred; therefore, terrain fea-
tures were either totally covered, partly covered, or not covered by snow.

.
v

Figure 5 depicts measured meteorological conditions throughout the
test period. Figure Sa shows that air temperature values varied between
-20 °C (19MAR) and +20 °C (14APR). For most of the days. air tempera-
ture oscillated from & minimum temperaiure early in the morning, rising
throughout the day until it reached its peak temperature about noon, then
decreased slowly during the rest of the day until completing the cycle. Of
the 43 days of data collection, there were many sunny, partly cloudy and
cloudy days (Flgure 5a). Maximum solar radiation values varied between
200 and 800 W/m? for cloudy/overcast and sunny days, respectively.

Relative humidity (Figure 5b) fluctuated considerably throughout the
duration of the exercise (20 to 160 percent). Most of the minimum values
occurred toward the end of the exercise (after 31MAR). The barometric
pressure (Figure 5b) showed very little fluctuation (950 to 990 mb)
throughout the 43-day measurement period.

The wind speed (Figure Sc) fluctuated between 0 and 6 m/s with the
highest wind speed occurring on 1S MAR. Wind speed varied consider-
ably from day to day exhibiting high speeds (3 m/s or more) on a given
day and slow speeds (3 m/s or less) on the next day. The wind direction

Chapter 3 Meteorological Conditions




(Figure 5c) most of the time was in a northerly direction (0 deg = NORTH
and 90 deg = EAST).

Visibility (Figure 5d) varied between 0 and 50 km. Many days exhibited
visibility below 5 km because of heavy snow precipitation, rain precipita-
tion, or foggy conditions. Of the 43 days of data collection, approximately
12 days exhibited some type of precipitation. The following 8 days exhib-
ited both rain/snow precipitation and low visibility: 12MAR, 18MAR,
21MAR, 27MAR, 29MAR, 05APR, 13APR, and 15APR.

Chapter 3 Meteorological Conditions




4 Analysis of IR-Measured
Data

IR Imagery Processing Procedure

The flowchart in Figure 6 describes the procedure used to process all
of the WES imagery collected during the Grayling II exercise. The four
general steps of the procedure are presented in the following paragraphs.

First, 12 JR LWB images containing the terrain features were individu-
ally displayed on a computer screen; a polygon delineating the designated
terrain feature was digitized (Figure 4). The coordinates of these feature-
polygons, also known as general feature-polygons, were stored for use in
the second step.

Second, each terrain feature image to be processed was displayed on a
computer screen with the corresponding general feature-polygon superim-
posed. At this point, if necessary, the analyst could shift the polygon
around (with arrow keys/mouse) to make sure it enclosed the designated
terrain feature. Then, polygon coordinates of each terrain feature were
stored in a separate file. Each terrain feature was processed separately
during this step of the procedure. At the end, all the terrain features’ IR
images had their individual polygon coordinate file.

Third, image metrics (described in the next section) were computed on
all the feature-polygon by using all of the pixels within the polygon.
Image metric rzsults were then stored in a database for interpretation and
analysis.

Fourth, terrain feature IR imagery analysis was performed by graphical
analysis and interpretation of the image metric results.

Chapter 4 Analysis of IR-Measured Data
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Image Metrics Computation

Image metrics refers to the process and results of quantifying the distri-
bution of specific features within a digital image. Image metric parame-
ters were uscd in this study to analyze and compare terrain features’ IR
signatures. The image meiric parameters used in this report are valid for
any distribution; their validity does not depend on normality of the under-
lying temperature distribution. Inspection of temperature histogram
charts sllxggests that the distributions are far from normal during much of
the day.

Image metrics were used to describe the distribution of specific terrain
features within a digital image. Ten different scene metrics were com-
puted; all characterize the data-space distribution of temperature (°C).
These 10 measures were computed from the terrain feature temperature
distribution histograms: the minimum value (MIN), the 5-percentile value
(PERC_05), the median value (MEDIAN), the mode value (MODE), the
95-percentile value (PERC_95), the maximum value (MAX), and the dif-
ference between the 95- and 5-percentile (RNG_90). The first, second,
and third moments of the distribution of temperature values within the des-
ignated region (mean, standard deviation, and skewness) are also com-
puted.

The metrics mean, median, and mode were used to measure the central
tendency of feature temperature distributions. The metrics standard devia-
tion and RNG_90 were computed to measure the thermal variability of
these terrain features throughout the day. The metric standard deviation
describes the spread of the data points from the mean value of the popula-
tion, while the RNG_90 implies that 90 percent of the temperatures have a
range of so many degrees. Finally, the metric skewness is the degree of
asymmetry, or departure from symmetry, of a terrain feature temperature
distribution. A positive value means that the distribution has a longer tail
to the right of the central maximum or that the distribution is skewed toward
warmer temperatures than the central maximum temperature. A negative
number means that the distribution has a longer tail to the left of the central
maximum or that the distribution is skewed toward temperatures cooler than
the central maximum temperature. A value of zero means that the distribu-
tion is symmetrical on both sides of the central maximum temperature.

I Rivera, 8., Jr. (1994). “Analysis of thermal imag:rv collected at Yuma 1, Yuma, AZ,”
Technical Report prepared by the U.S. Army Engineer Waterways Experiment Station, Vicksburg,
MS, for the Smart Weapons Operability Enhancement Joint Test and Evaluation Program Office,
Hanover, NH.
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Image Characterization by Mission

During the Grayling II exercise, WES recorded most of the day time
missions on VHS videotapes. These videotapes were used to visually de-
termine whether the terrain features were completely, partially, or not
covered by snow during each mission and whether or not snow or rain pre-
cipitation occurred. Sometimes, for nighttime missions, terrain features’
snow coverage could also be determined by viewing video data recorded
during the previous day and the day after. The information gathered from
these video data is summarized in Table 5.

Table S contains the following column headings: mission number, mis-
sion date, mission starting time, whether there is video data available
(Yes/No), the 12 terrain features in situ conditions, and comments. The
terrain features’ condition was classified by the analyst into the following
four classes: (a) total snow coverage (TC)—feature covered 100 percent
by snow, (b) partial snow cover (PC)—patches of snow on the feature
(i.e., grass or test track), (c) no visible snow or water (NV)—no visible
either snow or water cumulated on the feature, (d) and standing water
(SW)—small pond or puddle of water because of a recent rainfall event.
An estimation, if possible, was also made for tnose missions where no
video data were available. (No data were collected for missions not listed
in the table because of equipment problems).

Analysis of Terrain Features’ IR Imagery

Meteorological conditions that occurred at the time of execution of the
1-hr SWOE imaging missions are presented and discussed in Chapter 3 of
this report. Also, see Infrared System and Data Collection Procedures sec-
tion for a description of the IR imagery collected during missions.

For each 1-hr mission executed, only the terrain feature IR imagery col-
lected during both the critical image set and the nearest critical image set
were processed and analyzed (the remaining data are stored on a storage
media at WES); this ensured that IR imagery collected at both odd and evr
scheduled minutes were analyzed. Consequently, for each SWOE scheduled
1-hr mission, 24 IR images (12 LWB and 12 SWB) of terrain features were
processed and analyzed. Table 6 illustrates the seven terrain features (see
Figure 4 for color pictures of terrain features) selected for analysis. Terrain
features not included in Table 6 were processed and metrics were computed;
no additional analyses were conducted on these features.

The image metric results obtained from the processed terrain feature IR
imagery and the meteorological data collected at the time of the imagery
(to the near minute) are presented in Appendix B.

Chapter 4 Analysis of IR-Measured Data
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Terrain features’ IR signatures by time of day

A “daily” comparison of the calculated image metrics was not possible
because (a) data collection was limited to only four random selected 1-hr
measurement (time) periods per day (see Table 2), and (b) meteoroiogical
conditiuns varied from day to day during the 43-day exercise. Since IR
mission data were collected at random 1-hr times, it was decided to group
the feature signature data into four different 6-hr time spans depending on
when the missions were executed:

a. Interval 1: 00:00 to 06:00 hr.
b. Interval 2: 06:01 to 12:00 hr.
c. Interval 3: 12:01 to 18:00 hr.
d. Interval 4: 18:01 to 24:00 hr.

Graphics of mean temperature versus standard deviation were used to
illustrate the temperature range and the variability of the feature thermal
data within time intervals during the 43 days of the exercise. Figure 7
presents plots of mean temperature versus standard deviation (thermal
variability) in each wave band (LWB and SWB) for the seven selected ter-
rain features. Table 6 was used to determine the missions that contained
no appreciable snow accumulation on six of the features; the only excep-
tion was the snow cover feature that contained snow accumulation (either
partial or total coverage). Only data from these missions were used in Fig-
ure 7. A summary of Figure 7 is presented in Table 7.

These plots were used to (a) determine whether there was a pattern
within each interval in terrain features’ IR signatures, (b) determine
similarities or differences among the four 6-hr time periods, (c) and to
determine the range of terrain features’ mean temperatures and thermal
variability during the 43 days of the exercise.

As presented in Figure 7, some thermal signature patterns observed (in
all seven terrain features) were as follows: (a) cooler mean temperatures
were found within interval 1, (b) warmest mean temperatures and higher
variability were found within interval 3, (c) minimum variability was not
unique to any interval, and (d) when comparing both wave bands within
any interval, the LWB feature data exhibited cooler mean temperatures
and slightly less thermal variability than the SWB data.

Figure 7a depicts the LWB thermal signatures exhibited by the seven
terrain features (see Table 7 for a summary). In general, the sandy vehicle-
test track followed by the grass feature exhibited warmer mean temperatures
(see average on Table 7) than the other five measured terrain features
throughout the 24-hr day (especially between 1201 and 1800 hr). In addi-
tion, the sandy vehicle-test track followed by the deciduous (red oak) tree
feature exhibited higher thermal variability. A point worthy of noting was

Chapter 4 Analysis of IR-Measured Data




that the deciduous (red oak) tree had no leaves; therefore, many of the sig-
natures inside the polygon were partly due to a sandy-grass “background”
material (see photograph in Figure 4). As expected, the snow cover feature
exhibited the coolest mean temperatures (min=-27 °C, max=0 °C) and sim-
ilar thermal variability compared with the other features. At any time of
the day, the coniferous tree and the coniferous treeline exhibited very sim-
ilar mean temperatures and thermal variability. When comparing LWB
feature signature with SWB featurs signature (within each interval), the
LWB data always exhibited covler mean temperatures and slightly less
thermal variability (see Table 7).

Terrain features’ IR signatures throughout exercise

Figures 8-14 show the feature IR signatures in both wave bands
throughout the 43 days of the Grayling II exercise. The features’ mean
temperature bounded by the standard deviation were included to illustrate
both the range of mean temperature values and the thermal variability of
the different features. The air temperature was also included for compari-
son. These plots include all the IR data collected on the seven features.
Therefore, it is important to remember that these features were either to-
tally, partially, or not covered by snow or water. Refer to Figure 5 (meteo-
rological plots) and Table 6 (Image Characterization by Mission Using
Video Data) for information on both meteorological conditions and the
features’ in situ snow cover status.

Figures 8-14 reflect that features’ mean temperatures as well as air tem-
perature varied considerably throughout the exercise. As expected, LWB
feature signatures followed closer to the air temperature than the SWB
signatures. When comparing SWB signatures with LWB signatures, the
SWB data exhibited warmer mean temperatures and slightly more thermal
variability. Also, cooler mean temperatures were exhibited before 2IMAR
for all features. On the contrary, warmer mean temperatures were exhibited
between 31MAR and 03APR and toward the end of the exercise (14APR).

The coniferous tree, coniferous treeline, and deciduous treeline followed
closer to the air temperature than the deciduous tree and the three ground-
based features (sandy soil test track, grass, and snow). As mentioned
before, the deciduous tree was a multistem large leafless red oak tree;
therefore, many of the pixels signatures were for sandy-grass “background”
material (see Figure 4).

Chapter 4 Analysis of IR-Measured Data
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5 Summary of Results

During the Grayling II exercise, WES collected approximately 20,160 [R
images on representative terrain features. A total of approximately 1,960 IR
images were analyzed and discussed in this report. Thermal signature
data in both wave bands (3 to S um and 8 to 12 um) were collected and an-
alyzed on seven terrain features, including a sandy vehicle-test track (i.e.,
bare soil), grass, snow cover or/and grass, deciduous tree, deciduous treel-
ine, coniferous tree, and coniferous treeline. These seven features were
considered the dominant features within the 1.42- by 1.22-km Grayling
area.

Image metrics were computed including minimum, mode, median,
mean, maximum, 5-, 95-, 90-percentile range, standard deviation, and skew-
ness. Meteorological data and image metric results are presented. These
image metrics were used to determine the central tendency and thermal
variability of the terrain features’ temperature distribution. A database
was generated containing information about terrain feature attribute data,
image metrics results, and meteorological data.

IR data were collected under a variety of meteorological conditions
that affect the IR signatures of the terrain features. Meteorological data
presented and discussed include air temperature (°C), solar radiation (watts/
square meter), relative humidity (percent), barometric pressure (millibars),
wind speed (miles/second), wind direction (degrees), visibility (kilometers),
and rain precipitation (millimeters/hour). Throughout the Grayling II exer-
cise, both rain and snow precipitation occurred; therefore, terrain features
imaged were either totally covered, partly covered, or not covered by
snow. SWOE missions were visually characterized (by using video data)
and determined whether the terrain features were completely, partially, or
not covered by snow, and also whether or not snow or rain precipitation
occurred during the mission.

Terrain feature IR imagery collected during the randomly selected 1-hr
mission times were analyzed in two ways: (a) terrain features’ IR signa-
tures by time of day, (b) and terrain features® IR signatures throughout the
exercise. Results show that (a) cooler mean temperatures occurred before
0600 hr, (b) warmest mean temperatures and higher variability occurred
between 1201 and 1800 hr, (¢} minimum variability was not unique to any
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interval time of the day, and (d) the LWB feature data exhibited cooler
mean temperatures and slightly less thermal variability than the SWB data
throughout the day.

Results also show that (a) features’ mean temperatures as well as air
temperature varied considerably throughout the exercise, (b) LWB feature
signatures followed closer to the air temperature than the SWB signatures,
(c) cooler mean temperatures were exhibited before 21MAR for all fea-
tures, (d) warmer mean temperatures were exhibited between 31MAR and
03APR and toward the end of the exercise¢ (14APR), and (e) the conifer-
ous tree, coniferous treeline, and deciduous treeline followed closer to the
air temperature ihan the deciduous tree and the three ground-based fea-
tures (sandy soil test track, grass, and snow). A point worthy of noting
was that the deciduour (red oak) tree had no leaves; therefore, many of
the signatures inside the polygon were due in part to a sandy-grass “back-
ground” material.

Chapter 5 Summary of Results
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Figure 4. Color photographs with IR image

(8 to 12 um) of Grayling Il terrain features
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Table 1

IR Camera Specliications
Wave Band
Specification swB Lwe
Model Erika Thermovision Erika Thermovision
900 series - 900 SW 900 series - 900 SW
Wavelength band 2t0 5.6 um 8to12um
FOVlens 2.50h by 1.25v 2.50h by 1.25v
Screen resolution 272h by 136v 272h by 136v
Image raesolution 12-bit (4096 levels) 12-bit (4096 lovels)
Radiometric sensitivity 0.1 *C at 30 °C object 0.08 °C at 30 *C object
temperature temperature
Radiometric accuracy t1%or+1°C 1% ort1°C
Radiometric repeatability +0.5% or+0.5°C 0.5%orx05°C




[lelc 2 )
SWOE 1-Hr Missions Schedule
Month — March 1994
Day Foo | Sal | Sun | Man] Tue FWed | Thue ] Fn | Sat | SunTMon] Tus | Wed ] Thur] En 1 Sat 1 Sun Mon| Tus f Wed] Thue] Fn | St | Sun | Mon | Tue | Wed )i
Date 4 $ | s T Lo o)l e2al 3] i s e 2] w]wlao] a2l nlas] aslae] 2]l 20
Hour o Jes V40 ] 73 ) o7 J 121 ]1as] 160 ] 193] 217 [ 241 [ 265 ] 289 [ 319 ] 337 | 381 | 308 | 409 ] 433 ] 457 § a8t ] 805 ] 529 § 5531 577 § €01 1 825
frwgraght 37
\ [EE] [
[] s 23] 3 43 [
3 1 [0 [T} [ [1) 108
4 34| 6] ¢ ™
s 2N X 1| 101
§ 44| 70} 83} 03
2 £ [ $7 [0
8 (1
9 23 [T 7 =] [T
10 9 M [ 90 juH
1 10 26] a0] 74 106
12 27 1
13 1)13 ] 3, 48] s0 [
[ 18 3w 4 [ 7$ L NG 107
18 1 [0 "
18 ] 12 ] 91
1? 2 e 1] 58 o 67
18 3 18] 19 %] 40 & $2 7] 108
19 | 32) [ [1] 78] 100
4 (0 w ™ 1 7 o7 10
21 20 | | 103
r (DD 0] o4
23 72 8 [0 104 ‘
Hour 20 1 481 721 06F120] 144 ] 160 ] 102 ] 216 ] 240 F 264 ] 208 | 312 [ 336 | 960 ) 204 | 408 ] 432 | 456 ] 400 ] S0a | 620 | 852 ] 576 | 600 ] 624 ] 848 | .
Doy # \ [ E) 4 s [ e 7 [ 8 Jwl oozl vaf el sl v w920 f2av] 22123 [240) 28] 26] a7
JohenOu ) 83 | 94 J 65 ] 66 | 67 ] o8 § 69 ) 20 | 20 f 22 | 23] 7] 6] ¢ | 170 taf 0] 000 ot § 02] 830 0¢] os]ae6fozriesl el
1

/1)~




Apnil 1994

Wod [ Thur| Fur ] Sai ] Sun] Mon] Twe] Wed] Thur | Fn ] Sal ] Sun ] thon] Tue JWed] Thur] Fii § Sat | Sun [ Mor | rue | Wed] imx] Fn Day
29 f ad ] asfas |22 f 20 ) 290 far ] 2 § 3 4 [ 7 [ 9 F ol [ e afagfs Daie
as7 Janr | sos 520 [ s8] 872 Jeor Jeas [eao JE7I [ 697 ] 721 J 748 ] 760 § 700 f ar7 ] 04r JaeS Fono | 613 s27 ] o861 | 968 J1009] Hour
13] m b

117 148 1

114 128 141 165 | 100 2

) 105] 129 142 18 3

4] 100] 115 146 § 149 4

1 107 1 121 161 144 B

83 3] 110} 126 150 170 6

" 137 182 ?

(1] 1T ]

[T} 177 133 9

50] e 11 134 10

106 154 H

12

128] 130 163 13

sy 107 123} 138 133157 {1 B
167 1$

" 112 143 - 164] 180 16

131] 134} 144 | 147} 17

108 123} 132 138} 18

74 100 124] 138} 154 9
7 87| 10, 118 140 156¢] 150 20
[ 102 2t

00 84 119 148 151 160 22
s |92 104 118 | 129 152 2)

480 [ 504 [ 528 ] 852 | 876 | 600 | 624  ean [ 672 [ s96 | 720 ] 74a [ 7ee | 292 ] 016 J 040 ] 084 J w08 ] 012 | 835 | 520 | 084 ] 1000] 1032]  How
EEERERERIE AR AR AN IEREAEEENE N EDREE TN 0N KN KN K K Day #
83 f oa ] os | o | 07 ] 80 | 89 ] 90 f o fo2ad9afoa] os Josf or | o8| a0 froofrarorz2frad] roaf 08 | sutanOay

41




42

THIS PAGE INTENTIONALLY
LEFT BLANK




05 ir 214 (434 or y14 92 \Z 02 6L [} S 0s |13 or

s o o " & (53 Ve | e 52 z 3 Z o v e

[3] (4 £r er [ [1 92 24 s (1 L S [+ [4 [

(2] s \§ [ oy (14 8 € 4 (24 (4] S (13 0 L& U wiin]

SS S 4 -] e 82 12 90 2t '] [ S 6c [ - 9

S 3] [ [ " 114 ] (44 12 02 ] S L 8 St

95 |34 [T 0c [1] |4 2 53 14] |4 t 3 1 43 | 4 "

[ €S [ 13 2y (34 SE 1 02 [} 1 (4] 4 143 2 £t W adind)

S8 0§ $C |43 £t it 13 |13 F43 [] }] )4 L] -1 [+

09 [4] [>] o 9€ SE €t [ 14 SZ (24 Bt i1 [ 3] [13 1€

147 [13 L4 e [ (X4 02 :13 91 14) I3 } 02 13 0e

o 6 st £t 2t [ £ €l i ol £ z G -1 [~ oL m 11

[33 9S 1S S L4 oy 143 5 91 1 9 S ({3 €l [ -4

LS [1] (] ry Y4 gt 9€ 92 €2 S ¥ 1 5 2l 124

65 2% S 137 |44 or 34 [} 92 [£4 i 9 1S 133 92

4] (17 Zt [ 4 SZ 4 143 [+]) 9 14 € € ] P 69 -0t

€S [1] 33 r or 8T 113 113 143 €l ({3 i (43 (13 (X3

43 Sy r or ot az }14 64 i 6 H 3 133 [] 174

£S 6F zr 14 1 [43 0t 62 }14 114 61 oL L14 ) [44

09 [3 (14 or et 9€ St |43 9 X4 (13 S S S [ 24 9 DeN-6

9% (4] S o Sr 6 °€ 9t 133 ot 0% L4 it [} (14

[ $S €S ir (14 115 o 91 Zi 8 |4 3 91 13 [

6 x5 z5 %] 0S 4 2y or €E 0t 1£] [Z4 r ri L3

[ S o 62 SZ [44 12 |13 €l 2l 9 £ 65 L I (3 -9

09 O.lm o [54 or 6€ 8 £ (14 re ot ¥y 05 07, 8t

95 14 1] |14 Sr (34 66 2 92 8) [J e t<] 8t St

25 |4 [44 ot it 8t YE (23 .1} Si ri € 85 1] 14

95 1§ ¥ oy 6¢ lmm 143 4} i [+ L] L iy 33 [} 99 [ Y-2

€ Nlm 1S 1e 0€ m (¥4 02 [} Zi [] [ Zl [T (4}

(2 S - [ St [{3 4 €1 23 0l L 9 S S € 13

Pl ir or (44 SE |43 82 [<4 12 t43 [} 3 or 1] [+13

Fi [2] £S r L6 [ e 15 [ |4 Ot [] 9€ [\ [] 9 =9

0% or (4 9t e [1] (34 St |43 9 L | 4 St .13 | ]

S & er € L £45 1€ 0€ 6z 82 a2 o1 [+ o '3

05 [ 14 |24 |14 [ Se {4 114 113 [} L S (24 L 9

95 . §% 141 08 .14 (44 or [0 LE 92 S ] 8C 14 < 124 -5

S5 43 or 14 (34 6€ SE e ot 62 82 {1} 6% (4 14 |I||IA

95 SS S (34 Zy [ 43 92 43 [ ] 9 3 2y (13 €

P44 Sr ” (24 iy oy S€ (£ X4 i) 9 ¥ [ %4 L Z

9¥ Sy rr 14 e €€ 13 144 |43 1] L | 4 24 Si i €9 eN-»
.. , .. 153 661

ch 1o ii los 0l los 6las gles L1es 9les Sies yi3s cles 218 1198 HTIS UOISST)Y tod) 0N ¥2 Joqunu Jluow
5 Beuxn ebeuy Beun | sebeun |} sebeun [ sebewr | sofei;i | sobeun | sobeun | ‘sobeun | sobeun | swunuvown fowr. yeig | uosswy | Aep Aep
p P s P s | puooes 5 | puoses s J puosas g | puases § | puosss ¢ | puooas g | puosas s | puoses’§ [ Tpuosas g | el voncpra | uomswy L Buskers | vewnr | “iepueEe)

(G JO 1 190YS) SUOISSIN JH-1L JOMS Z.I IV 10} S]] IUSWRINSEIY dAjOM]

€ alqel.

43




65 [ 05 (33 w | 2 ot 02 oL 8 ] 3 ol 22 ) T
% F33 (13 1€ (73 £2 [F] 6t 91 St 2t 3 [¥] [~ 6L 1
" F3 s 33 " [} (Y] [V [ 0 ) 2 ot 6l L ]
09 F23 05 " or T 6¢ 1€ [ I Tl ] it e 73 s |ene2
s s Sy (22 3 €t 73 [+ [ 61 ol v [ [ [
is (12 i 9% [13 7 >+ 81 Si i [ i [ vl SL
13 §s ] €S 1 05 Sr T o F2] [ i 13 [T vl
i it [ 13 £t &2 [+ 0 [ [ [ 1 [ 3 [71 it w22
[ [32 ey [ ot €c 62 §2 i €l ] z [+ 3 il
[12 [ 1€ [ (3 ¥ Si €l 3 v [ 1 13 [£] ¥
[ s €5 IS o 13 [ ic [+ I [ v 33 ] [T
[ s i o [12 [ i€ 62 @ o €l ] Sy v (] [T
iy o 37 or I3 % (3 [7] 73 12 z 1 Z 73 [
55 €S (2 [ (3 [ [ I T i * t 3 Ii 9
% S5 05 o o or [ [ 62 " i F r 2 %
9 [ 3 o [ (7 [t 1 i o1 9 v [ i [ 6 [mnoz
€5 05 o [ 33 13 ot 13 [T Z 9 ¥ [ I 3
€5 25 (32 T oY (3 [ 13 @ Tl 9 € 9 ot 9 1
65 [ (12 Zc 23 92 [ 73 Bl i ot 8 (53 t 9
] Iy 3 13 3 it it o1 St 1 8 3 € F] e R T T
3 5 [ I3 3 it 3 9 z2 o) 5 z 9 0z ) —
65 S5 "5 33 (33 ST 3 13 3 (3 5t 9 v 61 65
65 I [ s» [33 9 02 6t It M 2 1 91 ol o5
9% 5 s 05 Ir I3 3 [ [ [ Tt i 33 Fl 5 [T
5 [ [ i o 3 € " 73 ] S z z m =3
[ 1S 0s &y i€ ot 113 [3] 3 12 ['4 [-1] .1 1 4] S$
1§ 13 3 [ T3 3 t2 3 i oL ] 3 it ol 5
[ 5 15 3 2 {1 13 [ 3 ] z 3 6 8 €S LA L)
[ 3 [ % (73 7] 13 ¥ i 1 S i 1 [ 5
(12 T iy 3 9 33 (3 [ [ 6l 9 z z Iy 1§
[ 3] —2r i or o it @ I3 T 1 z v th [
5 [ _S¥ 2 [ 62 ST [ T tl ! " t o st s
09 or [ [ [ [ St €1 ol [ 3 i 0t €l 3
[ " & [ St e Zt 13 [ ) " 3 13 8 ir
[ 3] 05 or 3 3 it 23 [t (3 " t € ] oF ]
[ i ] 3 3 S 13 {1 6 ] z 9 3 z 12 T
05 X zr or I3 [ €2 [ i Z [ 2z 05 6l (22 ]
€S 14 ey € 5 X4 €} -] $ 14 €t [} ) [ (24
(3 €5 (12 [ (73 T 61 I [ vl [ G [3 i 13 N
09 [ 13 Tr [ 33 52 81 11 o1 [ 6 9 [ [ 13 % [*nyi
g [
1L 01 s gles |- 3lcd 2198 9398 Sles pes cias 2198 1198 e votsnpy Wl 1 NOH #2 | Jequunu uow
5 Bein | SeBwin_| sobein | sobedn | Sobein | sebeuy | Febeun | “sadeur | tobews | ‘sebwii | swomuwowar | el g | consw | Aep kep
RL s|p § | 0u03as 5| Pucoes' s | puodas 57| puicsei § | pioses o | puodas ¢ | puoves § | puo3ess | sury woiepiien | uomewy | Wby | “uewny | repuoes

(S10Z139ys) €aiaeL

44



95 [ €5 25 13 € 3 92 52 2 €l 3 3 €2 0zi

% [ ir 7t St ze (73 £l ] 1 1 v 13 7] Bl

i I 33 3 8 52 12 ol i 0 [ S I3 02 N

[ \$ [ X3 2 [13 [T} 1 L S X z L ] Y 6 |xiy-z

% 05 o (3 3 3 [ St o1 ? S 3 [ &3 [

55 33 113 o 1€ [ 22 [T 01 L 3 [ (¥ v Sil

oS 3 o [ 53 (3 Z [ v 3 8 Z 33 T _ 1 vy

23] oy 3 & 3 (1] 12 [} £t ) ¢ v y [] €Ll 16 jovi

s 5 o _ 33 iz (23 (23 o 11 1 9 S %% 9 T

3 i o™ 3 [ €2 ¥ 02 81 [T 9 s 02 01 I

% € (3 13 53 T 3 3 & >3 v 1 62 ] [T

i [ 33 e 92 £2 73 0z 1) St v z z ¥ £0) 06 |mri-ie

is % o 13 [ 0€ 73 11 11 9 3 v r o %01

(3 15 [13 o it 13 12 i T [ z ' 3 1 101

3 133 13 132 or 13 23 [H3 (3 1] 9 [ 0z 1 901

(3 6 zs (3 v o (73 [ ] I v 3 ve t 501 58 IN0c

(5 o I3 [ 3 i€ (3 8t " Zi T 1 i €2 vl |

3 5 55 13 o 2 " R i 8 d z 65 ] €01 N

s W o v iy 3 62 (X3 0z 2 [] S 1S 02 201

09 65 55 75 [ 2y iy 3 iE 12 73 ¥ 25 3 101 0 [AN6

53 B (3 3 (3 13 f72 1 i1 v N z 13 [ 0Gb

09 65 3 F 12 7 Sy €r [ 2 12 T ? 9 St 3

[1] [ [43 rr o€ €€ ZE i€ 32 91 Ot ] > [13 [

£5 ir 3 3 SC € vz €z 2z [ i ] 9 ) is i _[enet ]

[ [ vy v or I3 5t Zt It [} v i [ [T [

0 % i v B¢ (3 £2 [0 11 i 9 s i 9 56

15 &9 [ 3 1 [ €l ] [ S v 2 S v e

[] €5 15 % (3 [ 12 o [ Vi i € 0s € 0 % Imnaz

5 " Zs [ e zr it e 2z i 1 T Zt © 8

05 [ Zr & 1z (73 [ [T z S ¥ 3 (13 [T [

[ ¥ 5 2] v 2y i or [T i ] z [ [ 06 ]

s (3 [ 12 2 13 7] il 3 [] 3 v I3 Z 7] 8 [(mnoe

o Zr 3 e [ ¥ o1 N i Z s i 53 2 0]

v (33 i3 13 7t ¢ 73 Il ! i ™ ] € [+ 7]

3] % | o o ] 133 2 H] [} o1 St [EC) St 3 ]

I (2 3 e ot 3 33 £ ol 0 St z o 8 5] L

i5 3 % %5 % e 3 (33 Y] & 7 T T 53 "

v 3 ot t2 ¥ o [N ol T T ] S It 1z W ]

] o i 3 st T 9 33 20 ] 3 s v " 0

o9 1 Sr [ 3 12 o T3 T4 R i 7 7 [ 1] &8 |enae

L. 152 res:

] seies | ofies (1] (1] L1es Dles siee vies g8 zies Lies  Jiwsuoimiy wosy § oy p2 | sequinu quow
KB ELOR K [“SoBWy | seBwuy | sebeuny | sedey | soBwun Bwun Beun | sebeun Beriin smalui oy [0 (g | oSy Tep Tep |
[ PU0Se8 S ) PSS S | Poowr g § o § | P P § | Puodes s | puodas ¢ | puoses ¢ | puodes's | pioses T | pucoens | Sirjuoimpiea | uomemy 3 HBUREIO | wenr | FepuseD

(cj0 g I99Yyg) €alqeL

45




[3 05 oy £r 2y [ ® 52 2z 091 ]

$S S 05 tr or [3 9 ] 0Z [

65 1S [ [ I e €2 iy [ 951

2§ [ o or (14 3 [ SE vl IS\ 01 Judv-2zt

[ ] X3 o [12 (12 [ ¥S [ [

[ [12 o 23 i or 9 53 [T 551

I3 [ [ or (23 St [T 8l " ¥Si

I3 o 4 I3 SE (23 v 15 £ €Si 101 |«dy-11

% " [0 oF 6¢ 1€ 62 73 TS

9 =3 (4] 05 or 82 Y [ 154

85 3] 05 2 [3 SE [ 9 oSt

(] €5 5 3 [73 9 65 [z 671 063 01

[ [ 5 3 oY [ 2 [ 22 w

65 [ is 6L [ [ 15 I vl

[ 3 &F (32 [} or [2 y orl

[ S 05 or (3 SE [ i [} [ iy§

] o zr or [ [7] 2 z L) ¥yl

[ 7] [ [ [3 [ € [ [ tri

25 3 i [2 2y (3 9 81 3 zrL

95 3 0§ (12 1€ 23 [ St z ¥ 86 |dvg

or [12 £ (3 i€ [1] € [Z3 [ or}

I 33 o [ X3 \e € 3 & 6€1

9 $S 2§ I S I3 9 [ e otl

2] 0s (3 [ [ 2 [13 L 161 w6 |y

09 05 or 2r 3 ) 3 i [

€5 is o I3 62 9 €2 v [

[ 95 5 SS 13 [} 9 [} 1EL

65 €5 i€ z€ 82 ' [T 8 £81 9%__ |dv-9 ]

[ 1S % Iy 62 [ [ [T ZE)

] 2 12 61 z S¥ 1y 31

[ S¥ 3 62 L [ t4 0F1

£ Ly 53 t2 Z S 3 628 6 Jdys

95 [ 12 (13 1 42 €1 921

2] [ .26 13 3 [F] 6 221

15 £ 05 [ [ v 6F 9 92}

[ £s [ or ¥e L [ H Sy % [Ky-y

65 [ o 3 3 Y ¥z 68 ¥Zi

15 Sr 9 SE 62 [ S¢ 81 Tzt

[3 (23 [ 33 [x3 S [3 ri 21

€S [13 [3] 2r (€ € [Ty [ 121 €6 [o-g

153 »661

[ L1908 weuosnjy won) | mop »2 | sequi Qoo
| seleun 5 i i 0o ) Jewi imig | womsmy | AW | ke
pucoes § S Suits) UoRipieA | uomsew | i Buskeig 3 oewy | wpuseD

(510 v 199US! ¢ olgel

4¢




[ & " ] [ (3] o [0 r ot 3 ] " v T
3 3 w 3 ® (3 6t I 1 o1 T M 0 T
(] ] [ o (3 I3 33 iz 3] ] 3 & 9 [T}
3 o or I3 [ 3 13 [ St o 3 3 T [ s01  dy5i
o 3 13 iy 6 tt 7t 8 Bt o 6 tt [ i
3 I 75 2 [ ¥e e 5t 7 T 7 i 0
[ » (3 33 13 3 53 [} (33 o Y T s =3
(] 13 o | o r [ [ Zi o s H S F] 18 CL >l
% 13 % 53 v ¥ o [ 7 v t % 0 vor
% 55 2] (3 33 zZ¢ " 73 33 [H] " % o ©9i
s I3 I3 o (3 [ it tt it [ %2 3 ] 171
(3 3 o 3 (3 82 5T m " t [ 53 S 191 01 <t
153 6654
ZLws | tLes | Oiiee 1 gtes ol 1 vies cies Zim i Jumuomgymoy | mop ez | sequen o
st oot et | ebwin_| webeur | weBeun | seBeun | cebeun | webewy | swomwwny (eiums| wewm | T | M
PU0Oes § | PUORS § |} PuDes & | pucoes § | pucoss § pucoes G | puooes ¢ | pucoss G | puooes s | puooes g | puooes ¢ | swes) wopiea | uomeay [ W Bapkeip | iy | mpueRD

(s105109ys) €ogeL

47




m‘éoordlnates and Relative Angles of Terrain Features
! UTM Coordinates, m Relative Angles, deg
imege
Number | Festure Description Essting Northing Azimuth Elevation
1 Sandy bare soil (veivicie-test track) 687263 4951805 -3.43 -6.60
2 Grass (dormant) 687248 4951865 -16.63 -8.30
3 Sandy bare soil (vehicie-test track) 687298 4951844 -16.93 -6.30
4 Grass (dormant) 687250 4951922 -35.93 -9.30
S Coniferous (pine) tree 687196 4951924 -34.83 -12.70
6 Coniferous (pine) tresline 687326 4951925 -37.53 -5.30
7 Deciduous (red oak) tree 687230 4951933 -39.73 -8.90
8 Snow or/and grass 687205 4951931 -38.83 -12.70
9 Coniferous (pins) treeline 687424 4952028 -55.23 -4.50
10 Grass (dormant) 687318 4952009 -58.03 -6.90
11 Mix of coniferous and deciduous treeline 687940 4952686 -81.13 -1.60
12 Deciduous (black oak) treeline 687356 4952441 -102.06 -2.94
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Table 6

Terrain Festures Analyzed in IR Imagery Analysis

Feature Description

Image Number

Sandy bare soll (vehclle-teet track)

3

Grass

10

Snow cover

Deciduous (red oak) tree

7

Deciduous (biack oak) trestine

12

Coniferous (pine) tree

Coniferous (pine) treeline
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Table 7

Summary of Terrain Features’ LWB IR Signatures by Time of Day During
43-Day Exercise (04MAR-15APR94) (Continued)

VAVEGAND  FEATURE WAME TIA | WEAN FEATURE TOPERATURE | STANDARD OUVIATION OF fRATUM |

tererva | (Dey, ©) | (Deg. C) |

| NtNIMA AVERAGE  MAXLNUR NINUN  AVERAGE Mlem |
e SARE 3011 (SAND) 0000-0400  -10.83 *3.44 5.93 .26 0.5¢ 117
U] BARE 30IL (SAND) 0401-1200  -10.43 0.4 .41 0.5 0.70 .37
we BARE 20IL (SAND) 1201-1808 0,18 9.4% 2.0 0.28 1,18 n
e SARE SOIL (SAND) 1001-2000  -11.04 % Kt 3.9 0.3 0.83 1.98
e GRASS 0000-0600  -11.24 5. 98 (X ] 0.26 0.48 o.70
e GRASS 0601-1208  -10.43 0.73 10.37 0.18 0.43 0.9
e GRASS 1201-1800  -1,03 6,32 2.0 0.1 0.51 1.%
L GRASS 1901-2400  -11.35 4.5 .4 0.21 0.58 1,04
e SNOW OVER GRASS 0000-0400  -26.64 14,53 <3.44 0.9 0,59 1.0
e SHOM OVER GRASS 0401-1200 .43 3.4 -0.59 9.30 0.5 0.8
e SHON OVER GRASS 1201-1800  -12.68 438 0.1 0.36 0.64 1.08
e SNOM OVER GRASS 1001-2000  -15.23 -6.9% 1.3 0.29 0.44 0.7
e DECIOUOUS (RED OAX) TREX 0000-0600 -17.47 -6.TS 1.78 0.24 [ B 2.3
e ORCIOUCUS (RED OAK) TRER 0601-1200  -7.57 0.38 10.82 0.22 0.59 1.3
e OECIDUOUS (RED OAX) TREE 1201-1008 7,76 (%, ] 21.50 0.20 1.00 2.%0
e DECIOUOUS (RED OAK) TRER 1801-2400 11,34 3.5 [ 1] 0.27 [ X\ 2.0¢
U] DECIDUOUS (BLACK OAK) TRGELING 0000-0600  -13.54 5.9 8.48 0.18 0.38 0.7t
e DECIOUOUS (BLACK OAX) TREELINE 0401-1200  -7.37 8.40 1194 0.19 0.51 1.3t
e DECIOUOUS (BLACK OAK) TREELING 1201-1800 <993 447 20.4 0.17 0.53 1.13
[T OECIOUOUS (BLACK OAK) TRESLINE 1901-2400  -11.88 3.4 5.2t 0.19 0.37 0.60
L CONIFEROUS (PINE) TREE 0000-0800  ~17.44 -6.43 8.3 .21 0.39 0.81
e CONIFRRCUS (PINE) TREE 0401-1200  -8.1S 0.01 11,04 0.19 o8 0.8
e CONLREROUS (PINE) TREE 1201-1800  -9.03 4,03 0.7 0.19 0.51 1.04
e CONIFEROUS (PINE) TREE 1801-2400 11,78 2,80 $.13 0.23 0.38 0.7
T} CONIFERQUS (PINE) TREELIME 0000-0600  -14.22 -4.37 8.14 0.30 n.ss 1.1
e CONIFRRGUS (PINE) TREELINE 0601-1200  -8.44 0,16 11.12 0.26 0.48 1.1
e CONIFERUUS (PINE) TRERLINE 1201-1000  -9.53 3.8 19.70 0.8 on 1.60
us CONTFERCUS (PINE) TRERLING 1801-2400 -11.5% -2.83 5.13 0.27 9.50 14?7

54




Table 7 (Concluded)

WWESMD  FIATURE e TNE | MEAN FEATURE TENPRRATURE | STANOAND DEVIATION OF FRATUM |

' INTERVAL | (oeg. &) | (0eg. O |

| minius  AVERARE  NaxtAm NINTMM  AVERAME x|
L] MAE 201L (SAMS) 0000-0600 4,89 0.6 .. 0.42 0.61 1@
" GART BOIL (SAND) 0601-1200  -4.2¢ (%4 12.58 0.36 1.3 4.08
» SARE SOIL (SAND) 1201+ 1800 .5 u.s 2.% 0.41 1.56 .n
“ SARE SOIL (SAND) 1001-2400  -6.37 .18 12.04 0.48 0.9 3.02
" aRASS 0000-0600  -9.08 412 s.08 0.39 0.45 0.
L MASS 0401-1200 -7.22 418 12.33 0.3% 0.6 1.07
e [ 1201- 1800 1,48 (X"} 18.70 0.32 0.39 1.1%
] aRASS 1801-2000  -9.23 .34 3.8 0.47 0.83 .83
] WOV OVER GRASS 0000-0600 -21.79 <113 .17 0.47 on 1.02
[ ] WM OVER QRASS 0401-1200  -0.83 1.58 $.10 0.4 0.% 1.8
" WOV OVER GRASS 1201-1800  -7.8 0.9 .04 0.53 0.84 .n
] NOM OVER GRASS 18012400  -11.02 R 0.7 0.4 0.59 .77
L] OECIDNOUS (MED OAK) TRET 0000-0600 13,73 458 9.08 0.42 o.7® 1.98
7] OECIDUOUS (RED OAX) TRER 0601-1200  -5.79 3.42 14.01 0.36 a.90 2.03
[ ] OECIOUTUS (RED QAX) TREE 1201-1800  -1.89 8.1% .44 0.32 1.2 ER )]
[ ] OECIOUCUS (RED OAX) TREE 18012400  -8.37 -1.% 9.62 0.43 0.8 .3
L] DECIDUOUS (BLACK OAK) TREELINE 0000-0400  -12.%% “*8 9.43 0.39 0.58 0.90
e DECIDUOUS (BLACK OAK) TREELING 0601:1200  -4.10 3.3 15.62 0.34 .77 1.R
[ ] OECIDUOUS (BLACK OAX) TREELINE 1201-1000  -2.30 n a.n 0.33 0.7 2.07
~ OECIOUOUS (BLACK OAX) TREELING 1801-2600  -0.88 -1.78 7.19 0.43 0.8 1.07
e CONLFEROUS (FiNE) TREE 0000-0400  -14.37 4.8 9.43 230 0.40 (X
("] CONTFERQUS (PINE) TREE 0801-1200  -5.79 E R 13.18 0.33 0.7 .48
" CONIFERQUS (PING) tRER 1201-1800  -4.00 642 2.19 0.32 0.87 2.00
oa CONLFEROUS (PINE) TREE 1901-2400  -9.06 1,10 8.18 0.42 0.58 1,59
] CONIFERQUS (PINE) TREELING 0000-0600  -12.16 4.8 9.43 0.43 0.66 1.12
" CONIFEROUS (PINE) TREELINE 0601-1200  -3.79 .20 13.00 0.35 0.7 1.60
[ ] CONIFERQUS (PINE) TREELINE 1201-1800  -3.56 629 .26 0.33 1.13 E R )
(] COMIFEROUS (PINE) TREELING 1001-2400  -8.04 0.7 .08 0.47 0.67 1.2
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Appendix A

Summary of Hourly Averaged
Meterological Data' Collected
During Grayling Il Exercise

N

1 U.3. Army Cold Regions Research and Engineering Laboratory Meterological Station E3.

Appendix A Summary, Hourly Averaged Metarological Data
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AR SOLAR RELATIVE BAROMETRIC viND Vo visisi- RAIN
BATE D TIkE TENPIRATURE RMDIATION LT 111344 PRESSURE sPe DIRECTION LIty PRECIPITATION
OF COLLECTION (Dey. C) AP2)  (VERCENT)  (MLLLIBARS)  (W/S)  (DEGRLES)  (IO%) Ow/RR)
OLNE4:09100 0.4 0 %0 959 0.1 17 . "~ 0.00
OAMARe 301100 -0.3 [} 87 958 0.1 a8 . 0.00
OLMESG:02:00 1.1 0 % 957 0.1 $ . 0.00
OAMARG4 ¢03:00 -1.3 0 ] 14 0.3 & . 0.00
CANARDA 104 1 00 1.4 0 8 956 0.9 43 . 0.00
OANARD4:05100 0.7 0 2 987 1.2 43 . 0.00
QANARDS ;06100 -0.7 [ ] 82 L. 14 0.6 132 . 0.00
O4MARSS :07:00 0.6 1 s 95 1.2 s0 . 0.00
O4RARDS 10800 0.2 s 8s 058 1.9 8 . 0.00
O4MARD 1119100 1.4 67 ] 959 2.4 147 . 0.00
AHARDS 1 10100 2.7 a7 » 260 2.5 317 . 0.00
O4MARDS 111100 3.4 26 ” 90 3.3 322 . 0.00
O4MARDS : 12100 2.2 302 8 960 4.0 3 . 0.00
04MANDS : 13:00 19 P21 ss 960 3.6 322 . 0.00
OSMARDS : 14100 0.9 173 a 81 3.5 319 . 0.00
OMARS 1 15:00 0.1 27 r 962 4.0 328 . 0.00
CAMARSY : 15200 0.1 134 o 963 3.9 323 . 0.00
O4MARDY : 17:00 0.4 1 8 964 3.7 331 . 0.00
O4HARDY : 18:00 -0.2 2 “ 965 3.7 335 . 0.09
DAMARDS : 19:00 0.2 0 b} 968 3.6 338 . 0.00
OANARSY :20:00 0.1 0 [T 964 2.7 328 . 0.00
O4MARD4 121300 3.2 0 s 966 2.5 32 . 0.00
OAMARDS 122200 -0.4 0 m %4 2.4 nr . 0.00
VAMARSS 123100 0.6 0 & %7 2.1 317 . 0.00
ISHARD4 : 00100 0.7 0 % 967 20 3 . 0.00
OSMARSS :01:00 0.7 0 80 967 2.7 s 13 . 0.00
OSMARD 102:00 0.9 0 7 98 2.6 130 . 0.00
OSMARSS : 03200 1.2 0 s 963 1.4 318 . 0.00
OSMARDG 204100 1.4 0 8 969 2.3 327 . 0.00
05MARD4 105100 1.8 ) » 9 1.7 322 . 0.00
OSMARDS:06100 2,0 ¢ 2 970 1.0 33 . 0.00
OSMARS :07:00 2.0 s a2 70 1. 328 . 0.00
OSMARDS 108500 1.7 %a %0 o 1.3 308 . 0.00
OSMARDS 109100 -0.6 25 7% o 1.3 303 . 0.00
OSMARS4 : 10200 0.5 425 &7 9 1.3 230 . 0.00
O5MARDS :11100 1.5 568 60 972 1.6 208 . 0.00
OSMARDG 2 12:00 2.8 52 6 e 1.5 267 . 0.00
OSMARSY ; 13100 4.0 63 s3 " 1.3 181 . 0.00
OSMARDS ; 14100 5.0 563 51 ot 1.3 173 . 0.00
OSMAZS4 1 15100 5.8 4068 49 975 0.7 220 . 0.00
OSIV-A94 116100 8.2 58 50 m 0.8 169 . 0.00
OSMARS £ 17:00 .8 n 1 o 0.5 198 . 0.00
OSMARD4 1 18:00 2.8 3 é 912 0.8 218 . 0.00
OSMARDS : 19100 0.8 0 7 ore 0.1 7 . 0.00
OSMARY 20100 K] 0 7 972 0.9 182 . 0.00
OSMARSS 121 100 1.7 ° & ] 1.6 167 . 0.00
OSMARD4 222300 1.3 0 ™ e 2.1 182 . 0.00
OSMARS, : 23100 1.4 0 70 e 2.5 153 . 0.00
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AlR SOLAR RELATIVE SAROMETR 'C w0 1] ] vising- RAIN
OATE AMU TIME  /ENPERSTURE  RASIATION  WMIDITY pRESIURE SPEED  DIRECTION Ly PRECIPITATION
OF COLLECIION (0eg. € (M/N~2) CPERCENT)  (MILLIBARS)  (W/8)  (DEGARLES) (rHy (MM/HR)
VONN94 100300 0.3 ] 8 (1] ) 189 . 0.20
O6RARDE101:00 -0.3 0 3 m 1.6 m . 1.00
0594 :02:00 -0.7 0 L] m 0.9 183 . 0.80
OSMARYS 103100 -0.8 0 [} 970 0.9 163 . 0.90
GSMARD :04 : 00 -0.9 0 9% 970 0.? 155 . 1.40
OSMARSS : 05 : 00 -0,7 0 9% L) 13 164 . 1.70
OSMARDS : 06 : 00 -0.6 9 9% 970 0.4 144 . 0.80
O4MARDS :07: 00 -0.4 4 9% 970 0.8 148 . 0.40
O6MARDS : 0800 0.0 62 [} 9710 0.6 181 . 0.0¢
06MARDS 109100 0.5 14¢ s 970 11 180 . 0.00
06MARSS 2 1000 1.2 190 9 9m 1.1 ked . 9.00
O6MARDG 11100 1.9 W1 [3 %69 %4 201 . 0.00
06MARDA £ 12:00 2.3 52 % 969 1.6 3 . 0.00
06MARSA 2 13:00 3.5 8 9 969 0.9 238 . 0.00
OSMARDS £ 14100 4.4 30 % [ 1.1 262 . 0,00
O4MARSS 1 15100 5.0 " [ %7 1.0 Fa73 . 0.00
QSMARDA : 16200 5.3 130 87 959 0.9 232 f 0.00
OSUR : 17:00 4.9 3 ) 970 0.9 208 . 0.00
OCMARDH = 18:00 3.9 3 ” 970 2.6 27 . - 0.00
OSMARD : 19:00 3.0 0 9% 970 9.5 177 . 6.00
OSNARD :20:00 3.2 0 93 o 1.5 257 . 0.00
OAMARDA 21200 1.4 (] 9 [24] .5 278 . 0.00
OOMARDS 322300 0.7 0 [ [74] 1.6 %9 . 0.09
O4MARYS : 23: 00 0.6 [} % m 1.7 t3) . 0.00
O7MARD% 100300 0.6 0 3 (4] 2.1 2n . 0.00
ODARSS 101200 .z 0 4] m 2.9 301 . 0.90
OTHARDA 1021 0G 0.5 0 8 L] 2.0 320 . 0.00
O7MARDS :03:00 - 0.2 0 L] m 1.0 280 . 0.00
O7HARDS 104 :00 ~0.1 0 90 n 1.0 an . 0.00
O7HARDS :05: 00 -0.1 0 o9 R 1.4 an . 0,30
OTMARS% 10600 -0.4 ¢ 87 m 1.6 ] . 0.00
OTHARD 20700 -1.3 13 "} mn 1.4 58 . 0.00
OTMARDS :08:00 -t.4 136 .14 m 1.7 250 . 0,00
O7WARD4 109300 -0.7 338 [\] o2 1.8 252 . 0.00
OTMARDS : 10200 0.9 %15 n m 2.2 %2 . 6.00
OPHARD4 111200 2.0 413 68 9 3.6 252 . 0.00
OTMARDS : 12300 1.8 681 1] m 4.0 268 . 0.00
O7WARDS : 13200 3.3 (14l 41 970 4.2 264 . 0,00
OTHARGS £ 14: 00 3.5 403 k) 70 4.7 &9 . 0.00
OTMARS £ 15300 3.4 773 14 949 4.7 260 43 0.00
OTHARDY 1 16100 2.1 304 (7 m 4.7 260 (7] 0,00
OTMARDG 2 17:00 0.3 Is ] 58 970 3.9 20 50 0,00
O7MARDA 2 18100 ~0.3 é 61 m 3.0 W8 49 0.00
OPWARDS 1 19200 -1.2 0 &3 90 3.3 e 50 0.00
ONMARD4 1 20100 -1.8 0 &3 970 2.9 229 50 0.00
OTHARGL 321100 -2.8 0 50 L2a] 4.9 aTh 49 0,00
GT/ARD, 1 22300 ~3.4 ¢ 43 R m 4.3 a3 50 0.00
OTARYY. : 23:00 -4 0 43 m 4.5 281 30 0.00
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DATE AND T1Ng
OoF COLLECTION

0BRSS : 002 06
OPMARDE £ 01100
O 4 102100
OPWAIS4 : 03:0
ORKARDE 104 : 09
QBN 105 : G0
OBMARDS : 061 CO
OSARDS:07:00
OMARDE :08: 00
OBNARD4 109270
ONMARDS : 10:00
00MARDS 3 11200
OBMARDS 1 12:00
OBMARDS 113300
OBNARDE 2 14 00
OBMARDE : 15 : 00
OBNARDS 116200
OOMARDA 1 17:00
OBMARDS : 18:0C
OBNARDE : 19300
08MARD% : 20100
OBMARSS 121300
0BMARS : 22300
OBMARDS : 23200
OTMARD ;00200
OOMARSS 01300
OTMARDA 102100
CMARDE 03200
OMARDL 104100
OPMARDS 105200
OPMARDA 306200
OPMARDA:07:00
OPMARDE 1087 90
OFMARDS 109200
OPMAND : 10300
OPMARDE : 11100
OVMARSG 3 12100
OPMARDE 213500
OPMART : 14200
OPMARD4: 15100
OPMARDS216:00
O9MARDE 1 17:00
OOMARDE 113100
OPMARDL 219100
O9MARDE 120200
OPMARDS 21100
OPMARDE 122100
OPMARD :23:00

AlR SOLAR RELATIVE
TENPERATURE  RADIAVION  amipITY
(Deg. C) (Wu2) (PERCENT)
4.7 0 43
5.1 0 34
-5.6 3 50
6.1 0 57
6.9 0 &5
-7 9 63
-8 0 50
-8.3 27 (]
-8.0 59 [
7.3 301 s7
7.6 255 81
-7.2 381 82
-6.9 454 56
-6.2 659 49
6.1 610 8
-5.7 495 &7
-5.8 3 48
6.3 139 4
-7.2 10 53
-8.0 0 57
-9.3 0 &b
-11.7 0 ™
-12.6 0 &
-13.4 0 85
-13.5- 0 8
~14.1 [} 83
4.6 [} 8
“15.4 0 83
-15.6 [ ]
-15.3 0 &
-15.5 [ %
-14.8 36 8%
-11.3 218 &
-7.1 338 70
-3.7 3¢9 54
-2.6 647 &7
-1.6 7o L]
-1.2 54 43
-0.8 53 43
-1.2 286 o2
-0.8 280 ¥
-0.6 134 39
1.9 10 %
-4.3 g 0
7.2 Q 0
-8.4 0 81
9.2 0 80
9.8 0 &

SARCMETNIC Wi

PRESSURE

(NILLIBARS) (W/8)

241
mn
972
m
m
m
on
\4c]
3
974
o
ors
vié
976
976

8333

o

8%

o
&

31

EEERRBAZ

-

§388388

33

974

338833

3.9
3.9
3.7
3.3
3.5
3.1
3.0
3.6
4.0
4.8
4.6
5.0
4.9
5.5
5.4
4.3
4.7
4.6
3.4
1.3
0.4
0.2

.1 -

0.8
0.2
0.1
9.2
0.5
0.3
0.3
0.5
0.5
0.0
0.6
2.2
2.5
2.1
1.7
1.5
1.1
0.9
0.6
0.6
0.3
0.2
0.4
R 0.5
0.3

vl
DIRECTION
(DEGREES)

282
2r2
m
278
W

87

F )
<87
266
145
11

207
197
214
35
247
197
160

14

a

visial-
Ly
KN}

50
4
50

43
33
33
50
¥

&3
62
3
35
45
50
50
$9
50
50
50
50
50
50
50
50
50
50
$0
50
50
50
50
50
50
50
S0
50
50
50
50
50
50
50
50
so
50
50
$0
50

AN
PRECIPIYATION
(MM/uR)

0.00
0.00
0.00
0.00
0.20
0.20
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.%0
0.00
0.00
0.00
0.00
0.00
92.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.0¢
0.00
0.00
0.00
0.%0
0.00
0.n0
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Ve

DATE AND TI%
OF COLLECTION

10MAR P4 120200
TOMARDS 101,00
104ARDS 102100
10KARDS 2 03100
10MARDA 104 : 00
10MARDY, :05:00
TOMARDY . 341 0D
130A%.94:07:00
10MAKDE 1U8200
16ARN $ 09200
10MARD%310:00
1MARDE 111200
T0MARD ; 12360
T0MARDS £ 13200
10MAR D ¢ 14200
10MARD 1 15100
10MARDS 116100
10MARDS £ 17100
10MARPA 1 18109
15MARSE 2 19185
1%iARD4 2 20:00
10MARDS 121300
10MARDS £ 22200
{OMARS 123100
1IMARSS " 00300
11MARD4391,00
11MARDY 102100
11MARS £ 03100
TINARDG 104 100
11MARD 1 05100
11MARD4 20630
11MARS 107100
11MARS4 £ 08100
1tHAR94 109100
11MAR94 2 1000
11MARDA 2 11300
1IMARDS 112:20
11MARY4 + 13100
T1MARD4 114100
11MARDE £ 15100
11AR94 £ 18: 00
11MARDG £ 17390
TINARD 3 15300
TIMARDG £ 19200
T1MARSE £ 20290
11KARPE 12100
11MARDS 122100
11MAR94:23:00

AR LAt RELATIVE
TENPERATURE  RADIATION  MMIOITY

(Deg. ©) M) (PERCENT)
-10.6 0 £
1.4 (] 87
-12.3 0 o8
-13,¢ 0 a7
-13.9 ) o7
~1h.4 0 14
<151 0 8
-15.4 103 &%
1.3 320 83
8.6 198 »
-3.2 $02 5%
-1.8 596 sé
1.2 52 53
-1.0 288 50
0.9 20 52
-1.3 270 3
1.4 26 56
-2.% ™ 58
-3.8 16 i
bob ()} 76
6.8 0 el
6.8 ° 7%
5.1 0 76
-6.1 0 1)
7.2 b 7
7.8 0 7
9.6 (] 88
1.4 0 (7]
-12.0 (] »
-12.8 0 a8
-13.6 (] o7
-13.7 181 Y4
48 336 8%
-4.3 i1 24
2.9 503 134
1.7 593 se
-0.§ 602 52
R 638 7
0.0 149 0
1,2 12 30
4.8 (] ™
6.7 ° 82
-7.7 0 (]
8.6 0 2
9.4 0 a7
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PRESIPR
(RILLIBARD)
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m
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s
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m
74
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sPtit
(L2

0.4
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3
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2.9
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2.7~

2.4
A
1.3
0.0
0.0
0.1
0.1
0.2
0.9
0.7
0.6
0.6
0.8
1.1
1.1

1.2
0.3
0.0
0.2
0.0
0.0
0.3

uino
DIRgCTION
(DEQGREES)

2
21
7
2
39
40
$6
$é
(2}
Wh
31
240
w3
308
34
2
313
326
R

337
287
324

W0
247

247
150
146
120
32

gaBy. .. 8

sER

vISieg-
(9044
[{}]

s0
59
se
sn
50
(8
50
50
43
&9
]
kid
50
30
50
50
56
50
(2]
&7
50
s0
50
50
50
50
$0
48
50
5¢
50
50
50
0
50
50
50
50

Nl
PRECIPITATION
(/HR)

0.0%
0.00
[T\ N
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
J.00
G.90
C.00
0.00
0.90
0.0
0.00
0,00
0.00
0.00
0,00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
n.00
0.00
0.00
0.00
0.00
0.00

.00
0.00
0.00
0.00
0.00
0.00
0.00

Appendix A Summary, Hourly Averaged Meterological Data

A5




DATE AND TIME
OF COLLECTtON

1DARY4 100100
12UR94:01:00
12UR%6 :02: 00
12MAR4 103 :00
12WR94: 04 : 00
13VR94:05:09
1DWR04 106100
1BURD:07:00
TR : 08:00
12RARDE $09:00
120AR94 : 10: 00
12081 11:00
12URM 112,00
T2MARD 1 13:00
12U 2 16:00
12WR9%:15:00
T12MARD : 16: 00
12MARS4: 17:00
T2MARP4 2 18: 00
12URP4:19:00
1R :20:00
1DUR04:21:00
1RG4 : 22: 00
12N : 23: 00
130AR94:00: 00
13MAR 301 :00
13MARD4 202200
13MARS% : 03:00
13MARSE 1 04 : 00
13MARS4 105 : 00
134ARS4 2 06: 00
138AR94 307 : 00
13MAR94 : 08200
13MAR94 :09: 00
13MARD4 : 10100
13MAR9S:11:00
13RS 2 12:00
1IMARP6 13:00
T3MARM 3 14:00
13MARS4 : 15:00
13MAK P4 2 16:00
13MARD £ 17200
13NARD4 118:00
13MARNM : 19200
130AR94 120100
13MARS4 121100
130MARD £ 22100
13MAR 2 23:00

AlR
TEMPERATURE
(Deg. C)

9.7
-10.4
-10.1

-9.5

-7.8

-6.7

5.6

5.5

4.4

-2.9

-1

-1.0

-1.2

0.6
1.6
0.7

«0.7

0.7

-0.7

-1.0

-1.3

-1.4

-2.0

-2.3

2.6

-2.6

-3.6

-8.0
-11.0
-11.8
-12.2
-11.2

-8.9

«5.0

-2.5

0.5

0.9
1.9
2.9
2.7
2.1
0.6

-1.7

~4.0

-5.5

6.0

5.7

-5.5

SOLAR RELATIVE
RADIATION  wWuniDITY
(W) (PERCENT)

0 L}

[} ]

0 L]

[} [Y4

0 3

0 lad

0 i
18 8
61 [ ]
"z 68
134 &3
144 n
204 90
255 82
139 )
33 8
8 5
12 1.
4 92

0 3

0 %

0 92

0 90

0 90

0 9

0 92

0 Nn

0 9

0 N

0 9

0 N
7 90
104 Nn
254 N
U4l -]
593 ”
676 n
696 65
639 60
349 60
102 59
45 [
9 44

0 a7

0 8

0 9%

0 9

0 92

BARONETRIC v

SPEED

(MILLIBARS) s

976
976
73
ors
974
974
976
974
976
974
o7
974
974

9.2
0.6
0.5
0.3
0.4
0.3
1.1
1.0
1.2
1.5
2.1
2.6
1.2
2.2
1.3
1.4
0.5
0.8
1.1
1.9
2.0
1.7

1.3

0.6
0.3
0.6
0.4
0.0
0.1
0.4
0.3
0.1
0.2
0.2
0.5
0.6
0.7
0.8
1.1
1.4
0.2
0.0
0.1
0.4
0.5
0.1

0.4

viNo
DIRECTION
(DEGREES)

&
47
52
61
176
155
202
193
77
178
192

326

228
20
an
1
105
164
37
18
31
45
160

282
199
115
161

182
92
107
35
28
13

155

visiat-
(334
4.}

30
S0
50
50

30
s0
[ ]
16
50
50
43

H

4

-
o

-
E o N e NN N NN N WU N BN O Wa

RALN
PRECIPITATION
(W/HR)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.00
0.00
0.40
1.30
1.30
0.30
0.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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DATE AND TIMG
Of COLLECTION

14MARDE 100200
14MARDS 101500
16MARS4 102100
14MARSY 03100
14RARDS 1 04 : 00
14MARS4 : 05 :00
14RARD, : 0600
140ARSE 07 ;00
16MARDS 1 08100
14MARDS 1 09100
140ARD4 1 10:00
AR £ 11200
16MARD4 3 12:00
14MARD4 113100
16MARDE 3 14300
14MARSS ; 15100
160AR94 ; 16100
14MARDL 1 17:00
14MARDS ; 18:00
14MARDA : 19:00
T4MARDS 3 2000
14MAZ94 1292100
16ARS4 2 22:00
T4RARDS : 23:00
1SMARS : 00100
15SMARS4 :01:00
15MARDS 1 02200
1SHARY 1 03: 00
15MARDS : 04 : 00
1SMARS : 05 : 00
1SMARDA 108100
1SMARDS 107100
1SMARDA : 08200
1SMARDS : 09100
15MAR : 10: 00
TSMAR®:11:00
1SMARD4 : 12100
1SHARDS : 13:00
TSMARDS ; 14:00
1SMARDS 215100
15MARD : 16:00
1SHARD : 17200
1SMARD : 18100
15MARSS : 19:00
1SMARDS 2 20200
15MARSS 1 21100
15MARSS :22:00
15MARDE 1 23100

AlR
TEMPERATURE
(Deg. C)

SOLAR RELATIVE
RADIATION wMoITY
/2 CPERCENT)

0 ”
63 8
n 90
159 o
33 Li]
169 n
%3 I
132 )
13 14
82 1A
54 99
7 88

0 83

[} 14

0 )

0 9

[} %

[ 9%

0 %

0 9%

0 9%

0 93

0 9%

1 9%
3 9
8 89
155 82
296 n
493 n
451 T
420 67
430 [ ]
266 ]
200 68
103 n
18 n”
0 I

0 ™

0 by )

0 62

0 a2

SARONETRIC
PRESSURE
(MILLIBARS)

73

g2g88.

333

FaAIJFF23322

33

232

EREXEpEEBRR2R3E

o
spEED
/)

0.3

3.7
.4
5.3
5.0
6.4
4.3
2.9
2.8
2.4
2.0
1.7
0.8
0.5

1.5

0.4
0.1
0.2
0.3

1.5
1.1
1.0
2.3
3.4
4.1
4.8
5.2
5.5
S.1
6.4
5.6
s.5
3.3
4.9
4.0
4.6
3.0
4.5
4.4

uino
OIRECTION
(ORGREES)

190

210
a7
218
@22
2
a2e
b2l
226

aMmn
as
169
12
131
137

visist-
LITY
{XM)

RAIN
PRECIPITATION
(M4/0R)

0.00

0.00
0.00
0.00
9.10
0.00
0.00
0.10
0.40
0.20
0.00
0.00
0.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.50
0.10
0.00
0.00
0.00
0.00
0.00
¢.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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DATE AND TIME
OFf COLLECTION

16MAR4 : 00100
15MARS 101100
16MARDS : 02300
16HARS : 03 : 00
160ARD : 04 : 00
16MARS ; 03 100
16MARDS : 06200
T6MARYS 1 07100
16MARSY : 08200
16MARD4 109100
18MARDS ¢ 10:00
1AMARSS : 11:00
16MARD: : 12200
14MARDS ; 13100
15MARD4 £ 16 :00
16MARSS : 15:00
16MARDS : 16:00
14MARD : 17: 00
1EMARDS : 18:00
164ARDS 1 19300
16MARSS : 20:00
16MARD £ 21:00
16MARDE : 22390
14MARDS : 2. ;00
17HARS4 : 00: 00
1THARD : 01100
1THAR :02:00
17MARD4 :03:00
1THARDA : 04200
1TMARDS :05:00
1THARSS :06:00
1THARS : 07 ;00
17MARDS : 08: 00
17MARD, : 09:00
1TMARSS : 10:00
17MARDG:11:00
17MARSG 212100
17MARDS: 13100
17MARD4 14300
T1TMARDE: 15200
17HARDG 2 16200
1TMARD4 : 17:00
1TMARD4 : 18100
1MMARDS: 19300
17MARDE 120100
TR :21:00
{TMARDS : 22100
17MARD4 123100

AlR

SOLAR

RELATIVE

TENPERATURE RADIATEON MMIDITY

(0ee. O

“10.4
1.0
1.9
-12.8
-13.46
16,1
~14.7
-14.8
-13.9
-12.9
11,9
-11.2
-10.6
9.8
9.2
8.8
-8.5
-8.9
-10.2
11,1
-12.0
2.9
3.7
RT3
-14.6
14,6
-15.2
“15.4
“18.4
177
-18.1
-16.8
-13.3
-9.8
-7.8
6.1
4.5
3.3
2.8
-2.2
2.8
2.6
-2.9
= X
3.7
5.5
5.9
6.9

(wwd)

- 000 0o0o

456

ns
754
730
474

B3 %

-

(PERCENT)

gusgaeseazage

BRI ELZHEPPESE2AHERRRBIYINISSRSERESELS

SARONETRIC wiNo

SPEED

{NILLIBARS) (/%)

%9
L
W
0
o

333333

w3
3

L6 ]
w3

974
974

BEREREREEES

4.4
4.3
(1%
3.7
3.6
3.8
3.8
4.4
4.7
5.0
4.9
5.3
5.6
5.8
5.6
5.7
5.2
4.4
3.6
3.3
3.0
2.4

1.9

11
1.3
0.9
0.4
0.8
0.3
0.0
0.1
0.8
1.3
2.1
2.1
1.7
1.3
1.3
1.1
0.7

0.3

1.4
-0.8
2.1
0.9
1.0
1.0

WIND
OIRECTION
(ORGHEES)

42
us
338
338
339

341

324
33
337
322
328
“29
339

342
320

321
33

163
100
18
218
B/
s

254
210

166
216
213

visist-
Ly
[{ }]

50
s0
S0
L]
50
50
50
50
50
50
50
50
su
50
s0
50
0
S0
50
50
50
50
50
50
s¢
50
50
57
50
S0
50
50
S0
50
%0
50
S0
50
S0
50
50
50
50
50
13
1
1
13

RAIN
PRECIPITATION
(/)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
9.00
0.00
0.00
0.00
0.00
0.00
0.00
0.90
0.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.10
0.20
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PATE AMD TINE
OF COLLECTION

18MARDS 100200
10MARDS 10100
192294 :02:00
AMARSY : 03100
1IR3 04 100
18MARS4 105200
180ARD4 £ 06:00
18NARDS 1 07: 00
18MARI4 08100
10MARDE : 09100
1 OARSS ; 10200
18MARS4 2 11100
10MARDE 1 12500
TOMARDG 1 13:00
16MART ¢ 14100
18MARS 1 15100
100 ARt 16:00
18RS £ 17:00
18MARSS 3 13:00
18AARDS 2 19100
18MARS4 1 20:00
18R 128 100
10MARD $ 2200
T8MARTN £ 23: 00
19MARS :00:00
1OMARSS 101100
19MARSS 102200
TONAR 203 : 00
19MARD4 : 04 : 00
19MARSS £ 03 :00
19RARS : 06100
19MARDS : 07 00
TOMARDE £ 08100
19MARSY 309100
19094110200
19MARS4 : 11100
1MAROL 1 12200
19HARDS : 13200
19MARDE 2 14200
19MARDE 2 15100
19MARSE : 16100
1PMARDS: 17100
1CWARDS 2 18:00
19MARDS 1 19200
19MARDS 120100
19MARDS £ 21:00
TOMARDS :22:00
19MARDE £ 23: 00

RELATIVE

(PERCENT)

IEFNFIIATAES32383283288¢3

TER2IREB/ASGSRS

AlR OLAP
TENPREATURE  RADIATION  MMIDITY
(beg. C) . xl)

6.2 0
4.3 0
WY 0
WY 0
-4.8 0
5.6 0
6.7 0
.7 4
64 i3
6.0 F 3]
) 1%
“.8 13
43 83
4.0 401
-3.3 ™
2.4 267
2.9 192
3.7 104
b4 "%
-5.2 )
6.t 9
0.7 0
7.4 0
-8.2 )
8.9 o
9.6 0
-12.9 0
-17.6 0
-20.9 0
‘2.0 0
-22.8 3
-18.7 103
%.2 ™
-5.2 s07
.7 &9
-1.0 3
0.1 763
0.9 75
1.2 476
1.3 550
1.1 381
0.5 169
1.9 18
-2.8 0
%7 0
11,1 °
-13.8 )
-15.5 0

SAROMETRIC
PRESSURE
(MILLIBARS)

41
980
s
L. 14
956
s
”s
35
93
s
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AlR SOLAR RELATIVE SARONETRIC wio wino VISIBI- RALN
OATE AND TINE TENPERATURE  RADIATION  mmIDITY Pressnt $PEED  DIRECYION Ly PRECIPITAYIOM
OF OLLECTION (Dee. C) (W/M~2) (PERCANT) (MILLIoARS) (W/3) (bEGREES) (M) (/)
20RARD4 100 00 -18.4 0 8 L] 0.8 39 50 0.00
20WARD 101100 -17.0 0 8 m 0.6 n 30 0.00
20MARYE 102100 .7 0 [ ) m 0.2 a 30 0.00
20MARD4 :03 100 ~18.2 0 [ m 0.2 neé 30 0.00
20MARDS 104 : 00 -18.3 0 [} ore 0.3 50 50 0.00
20MARY :05: 00 -18.6 0 3 o 0.6 48 50 0.00
20MARDS 106100 -18.8 3 82 e 0.6 3 50 0.00
20MARD :07: 00 ~16.9 128 L1} L4 ] 0.7 32 30 0.00
20MARDE 1081 00 ~11.3 329 2] R 0.4 3% 50 0.00
20MARD4 109200 -8 497 43 9 1.2 130 H 0.00
20MARD4:10:00 1.8 407 3 92 1.6 8 50 0.00
20MARD4 11200 43 497 Ead m 1.4 1% 50 0.00
20MARDE :12:00 6.2 Thé 2 m 1.6 136 $0 0.00
20MARS4 1 13:00 7.4 ns s 970 a1 182 50 0.00
20MARSA : 14: 00 8.1 682 E) 970 1.7 181 50 0.00
20MARDY : 15 : 00 8.3 (Y] 26 969 1.5 1S 50 0.00
OMARDS 114200 8.0 314 8 968 2.0 139 S0 0.00
20MARDL 1 17100 6.4 134 33 948 2.2 168 50 0.00
20MARDE : 18300 4.6 28 40 969 1.6 154 50 3.00
20MARD4 19200 2.3 0 49 968 0.9 103 50 0.00
20MARDY : 20: 00 1.2 0 1 968 1.0 132 50 0.00
20MARD4 :21:00 0.4 0 S4 967 1.3 3 50 0.00
20MARD4122:00 ~0.2 0 63 967 1.6~ 143 50 0.00
20MARD4 123:00 0.4 [} 66 966 1.3 149 50 0.00
LIMARD :00:00 +¢.1 0 & 965 1.8 149 50 0.00
21MAR94101:00 ~0.4 0 67 964 1.2 129 S0 0.00
21MARS4 102:00 ~0.4 0 69 963 1.2 108 50 0.00
AR :03:00 -0.2 0 T 962 1.4 130 50 0.00
IMARDA 1042100 0.6 0 L)} 960 1.4 n 20 0.00
21MAR94:03: 00 1.3 0 3 939 1.3 12 2 1.50
21MARD4 106100 -1.2 1] 9% 959 1.4 7% 1 1.90
21MARS4:07:00 1.1 4 ) 958 1.6 .14 1 6.10
21MARD4 : 08200 -1.0 2 94 957 1.6 I 1 2.90
21MAR :09:00 <0.9 44 95 756 0.9 183 3 0.60
21MARS4 : 10:00 0.8 59 93 9% 0.6 125 3 0.50
2194211100 0.6 140 L4 ] 956 1.0 e 2 0.80
21MAR4 £ 12:00 0.2 244 9 956 3.3 298 3 0.40
Z1MAR4:13:00 «0.3 174 90 956 4.7 315 50 0.00
21MAR94 114:00 0.7 124 as 957 4.6 313 50 0.00
21MARD4 2 15200 ) 65 Nn v 5.0 307 3 0.00
2194 216:00 0.9 44 3 95¢ 4.4 313 1" 0.00
21MAR% 2 17:00 0.2 52 89 960 4.1 315 k) 0.00
21MARDE £ 18200 0.0 26 a3 961 3.3 314 S0 0.00
21MARD4 2 19100 -0.8 0 8 W2 1.1 295 50 0.00
21MAR :20: 00 1.9 0 90 943 0.6 a7 4 G.00
21MAR94121:00 -3.1 0 9% 964 0.7 212 ) 0.00
21MARDA 122100 3.4 [ 95 964 0.6 201 2 0.00
21094 : 23100 3.4 0 9” 965 9.3 “s 40 0.00

A10 Appendix A Summary, Hourly Averaged Meterological Data




AlR SOLAR RELATIVE SAROMETRIC NIND WiNg visieg- RAIN
DATE AND TINE  TEMPERATURE  RADIATION  MUNIDITY PRASSURE SMED  DIRECTION Ln PRECIPITATION
OF COLLECTION (0eg. C) WMD) (PRACENT)  (MILLIBARS)  (N/8)  (DEGRURS) (] (M/NR)
T2MAR4.:00100 5.1 0 93 93 0.2 154 2 0.00
22 :01:00 6.2 0 ” 948 0.0 % 11 0.00
ZIMARTE 102100 6.9 [ 92 (] 0.0 % 27 0.00
LAWY :03:00 .2 ] ” L] 0.0 s 48 0,00
2DWRN 104100 -7.3 0 92 93 0.0 85 9 0.00
Z2WEN. 105100 7.4 0 7n 3] 0.0 8 $0 0.00
2RSS 106:00 -7.3 4 L) 948 0.2 9 30 0.60
ZDMARDA 107100 5.8 12¢ ” 964 0.2 116 7 0.00
22MR4 108100 -0.3 32 [} 948 0.8 227 ] 0.00
2204109100 6.2 48 58 (] 2.7 32 50 0,00
22WR%4.: 10:00 9.3 599 39 964 4.0 200 50 0.00
T2ARDE 1 11:00 10.0 70 36 964 4.8 28 0 0.00
2DIARD4 212200 10.9 763 35 963 WS 28} 50 0.00
2208941 13:00 11.4 2" % 962 &7 % 50 0.00
IMARDS 1 14100 "¢ 643 38 91 5.1 226 50 0.00
220R%6 2 15:00 12,3 518 35 %61 L 4 234 so 0.00
220AR94 116100 12.1 m 3 %1 3.5 2% s0 0.00
22URP4L 17200 10.9 103 4 961 3.2 216 50 0.00
22UR% 118300 9.5 30 ‘4 %41 2.4 220 50 0.00
ZTARE 119100 7.8 0 $0 962 1.3 22 so 0.00
22039420100 6.6 [ 58 %2 1.4 218 S0 0.00
220AR94 121200 LR 0 6 962 1.1 213 S0 0.00
TRRN 122100 3.4 [ ] 963 .2 - 109 1] 0.00
22MARE 123100 0.8 0 8 243 0.2 s k{ 0.00
23MARR4100100 1.8 0 %0 P64 6.5 69 34 0.00
ZSMAR 101:00 1.3 (] %0 964 0.4 59 0 0.0
Z3MARD4:02100 1.4 0 s 964 1.1 @ 50 0.00
23MARD4 103200 2.1 9 ®» 964 0.2 127 « 0.00
ZIMARS 104 1 00 -3.4 (] 93 963 0.2 ) 13 0.00
23MAR4 205100 -3.8 0 ” 943 6.9 [7) 12 0.00
IHARDE 108100 -39 4 ] 95 1.0 S0 12 .00
THARHR 107100 -2.6 75 9 966 0.5 13 3 0.00
TSMARDS 108 00 0.5 16 8 966 1.2 47 49 0.00
ZSMAR 94109100 3.6 U ] 947 3.3 41 50 0.00
Z30AR%4 10100 5.1 506 58 967 3.3 43 50 0.00
TIARDA 111200 6.6 569 1) 966 2.8 54 50 0.00
2IMARDA 212200 7.5 87 “ 964 2.4 &8 50 0.00
ZIARDG 113200 8.4 (113 3 966 2.7 82 so 0.00
23MARD4 114100 8.8 423 42 943 2.6 82 50 0.00
ZIMARD 215200 8.8 364 43 965 2.6 (3 50 0.00
234216100 9.2 338 4 964 3.2 ¢ 50 0.00
MARD2 17100 T.6 . 1% 45 964 3.1 67 so 0,00
23MAR4 218300 5.3 ”? &9 945 3.0 & 50 0.00
Z3MARD4 119100 3.2 (] 59 965 24 & 26 0.10
Z3MARD4120300 1.6 0 & 964 2.0 7% 46 0.10
MARDE121100 1.0 0 7 965 1.8 L] 48 0.10
23MARD4 222100 0.9 [ n 964 2.2 70 &9 0.00
AR 123100 1.2 0 n 93 2.8 89 50 0.00
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AlR 0LAR RELATIVE  BAROMETRIE wiWD VINO vistal» AIN
OATE AND TINE  TENPERATURE  RADIATION  MMIOITY srEsSURE SPEED  OIRECTION  LITY SRECIPITATION
OF COLLECTION  (Deg. C) /MAT)  (PERCENT)  C(RILLISARS)  (N/S)  (DRGREES) o o)
240AR94100:00 0.8 ° 4] " 2.8 92 0 0.00
20MRT4 101100 1.8 ° n %0 2.9 # 50 0.00
20MARD 102100 1.9 0 1) % 3.9 e} 37 0.70
2094 103:00 1.3 0 M 958 2.4 o 30 0.60
20ARD4 104100 0.6 ° “ 087 2.3 &3 350 0.00
20MARY 109100 0.1 o s 14 2.2 n 50 0.00
2UMARDE 106100 -0.2 1 % 14 1.2 100 1 0.20
QUMK 107100 -0.2 10 ” 14 0.3 100 13 0.10
20MARDE 108100 0.0 30 o 14 0.5 \"77 5 0.00
26MARP4 109100 1.0 It » 8 3.2 28 12 0.00
2HARDA 110100 0.1 % Y 89 4.2 249 1 0.00
20MARP4111100 -0.0 o [ 9 'Y 253 50 0.00
20MARD 112100 0.3 12 a 960 .5 267 16 0.00
26NARD4 113100 -0.0 160 [ %1 5.2 276 2 0.00
AMAREA1 14100 -0.3 150 ®© %2 .1 270 40 0.00
20MARD4 118100 1.4 m o .4 283 12 0.00
24MARD4 116100 2.4 57 8 %S 5.7 178 » 0.00
24MAR4 117200 3.4 3% n %7 5.9 208 50 0.00
24MARDE 118100 3.9 14 o) %8 5.3 2908 50 0.00
20ARD 119100 WY 0 7% 90 5.7 299 30 0.00
24MAR 120100 4.8 0 r m .4 302 49 0.00
20MARS4 121100 5.1 0 m 4.2 307 50 0.00
2ANARPE 122100 -5.3 0 7 w 42 - 304 3 0.00
2UNARDS 123100 5.4 0 m 3.7 309 19 0.00
5MARS4 100300 8.7 ) 7% ors 4.3 326 11 0.00
25MAR94101:00 -4 0 " m 3.9 338 a3 0.00
25MARD4 102300 6.4 0 ] o 4.0 331 50 0.00
25MARDE 103400 -6.8 0 7 m 2.6 321 50 0.00
25MARYA 104 100 6.3 0 n s 2.5 318 so 0.00
23MARD4 105100 6.2 0 n ors 3.4 321 38 0.00
25UARD4 104 100 6.6 4 7 7% 3.6 332 L7 0.00
2SHARDA 107100 6.6 50 7% 44 3.4 331 50 0.00
25HARDS 108100 5.9 28 n on 3.3 325 50 0.00
25MARD4109:00 4.8 8 & o 3.9 328 0 0.00
Z3MARD4 1 10100 -3.3 I 57 m 3.4 302 50 0.00
25MARD4111500 -1.8 70 s3 o7e 3.3 317 50 0.00
2SMARDA 12:00 0.7 ™ I wm 3.6 m 50 0.20
25MARD41 13100 0.1 ™0 % 1144 4.0 331 50 0.00
ARG 114100 0.8 704 4 44 3.8 324 30 0.00
25MARD4 113 :00 1.5 81 n o 3.1 302 50 0.00
Z3MAR94116:00 1.6 In 37 wm 3.0 182 50 0.00
BUARDE117:00 1.0 219 » m 2.3 12 50 0.00
2501 118100 e 3 a7 o 1.3 159 0 0.00
BUARD 119200 2.7 0 st s 0.9 304 50 0.00
25MAR4120: 00 3.8 0 ) I 1.1 236 50 0.00
25MAR94121100 5.3 0 n ] 0.1 138 50 0.00
25MAK04:22:00 7.4 0 4] o 0.5 &0 0 0.00
25MARD 123100 -8.4 0 [ o 0.4 ™ 50 0.00
A12
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AlR SOLAR RELATIVE SARONETRIC Ying viNo visiet. RALN
DATE AND TINE  TENPERATURE  AADIATION  MNIDITY PrESIURE LD OIRECTION (§147 PRECIPLTATION
OF COLLECTION  (Dey. C) N2 CPERCENT)  (MILLIBARS)  (N/8)  (DEGARKS) [CH C/um)
20MAR94 100200 9.1 0 8 m 0.3 s 30 0.00
20K 101100 9.3 (] s om 0.4 68 1] 0.00
2AR94102100 9.3 0 s o 0.6 ss 50 0.00
2HART 103500 -9.3 0 M 97 0.5 11 0 0.00
RS 104300 8.9 (1 8 wr 0.1 80 0 0.00
260AR9410500 8.7 0 - o 0.5 50 0 0.00
200AR94 206100 7.0 s 83 orr 0.3 125 $0 0.00
20MRS107:00 5.8 50 n o 0.7 149 S0 0.00
28R4 108200 3.4 ] M 978 1.3 156 30 0.00
20ARD 109100 0.3 389 52 976 2.4 168 0 0.00
20894110200 2.0 so7 & 978 3.0 183 0 0.00
260AR9% 211200 3.3 509 ] s 3.4 199 50 0.00
28R 112:00 4.3 620 134 wm 3.7 1% 50 0.90
200094113100 4.5 S4d 4 m 3.8 18 0 0.00
A6 114,00 4.3 408 47 m 3.3 179 $0 0.00
2000941133190 (WY B0 Ty m .5 n 50 0.00
26MRP41 16200 4.2 160 7 o 2.6 173 50 0.00
26MAR94 117100 3.6 59 50 om0 2.0 uy 0 0.00
26MARS4 118100 2.3 2 s6 or0 1.6 131 50 0.00
WNART 119100 1.9 0 58 970 1.3 138 50 0.00
26MAR94£20100 1.2 0 6 o710 1.7 132 50 0.00
200094121:00 0.4 [ n %9 1.6 130 2 0.10
28MARDE 122100 0.9 0 s %9 1.6~ 1é 2 0.00
260AR94 1 23:00 1.8 0 3 %8 0.9 132 1 0.00
27MARD4 100200 .2 ° L %7 1.3 109 1 0.40
PR 101100 2.4 e [N 964 1.2 ] 2 0.20
MARMA102:00 2.6 () [ %S 1.4 s 2 0.10
VARG 103100 2.8 0 [ 964 1.4 & 1 o0.10
27ARD4 104200 -3.0 ° ™ 986 1.4 70 1 0.30
2TMARSS 10500 3.2 0 *® %3 1.1 ] 4 0.40
27AR4 106100 3.0 2 % 963 1.3 70 7 0.10
27MARD4 107200 -2.8 -] L] 963 1.3 70 s 0.20
2TRARG4 108700 -2 14 ] 962 1.4 9 38 0.20
27HARD4 109100 1.5 152 % 962 1.2 103 19 0.10
A7MARDG 110100 -0.9 185 ] 93 0.9 114 10 0.00
27HARD 2 11:00 -0.4 213 ] 963 0.6 10 18 0.00
27RARD4A 2 12:00 0.1 192 4] 963 0.3 200 15 0.00
27ARD4 113100 0.1 188 8 963 0.8 o3 2r 0.00
2VARGE 214300 0.8 w a %3 0.8 24 48 0.00
27TWARS4 113200 1.4 185 ” 943 1.4 P14 40 0.00
27ARD4 1 16100 15 107 » 263 1.4 o3 28 0.00
2TMARDG 2 17300 1.3 38 ™ 964 1.3 28 18 0.00
27TMARD4 £ 18100 0.9 ® 1] 948 0.7 308 13 0.00
2MARD 2 19100 0.3 0 Y3 %5 1.8 31 8 0.00
27MARD4 120200 -0.2 0 ! 964 1.0 2 5 0.00
2RS4 :21:00 0.4 ° L] 966 0.5 ™ H 0.00
2, WR94 122100 -0.9 0 ™% 73 0.2 153 3 0.00
27ARS4 1 23100 -1.0 0 [ 7 0.6 263 4 0.00
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AlR souAR RELATIVE  SAROMETRIC  wIWD wiNo visiel- RAIN
OATE AND TINE  TENPERATURE  RADIATION  WUMIDITY prEsTURE SPIED  OIRRCTION Ly PRECIPITATION
OF COLLECTION (Deg. &) ) (PERCEINT)  (MILLIBARS)  (W/8)  (DEQREES) () (/NR)
2T 10000 SR 0 9 %4 0.6 ™ $ 0.00
20WAP4:01100 2.3 [ » %4 0.4 " 4 0.00
22BN 102100 -2.3 0 ” %4 0.2 163 s 0.00
20094193100 -2.9 0 s %4 0.1 112 3 0.00
2004 104 100 -3.3 [ ) 9% 0.3 7% 4 0.00
200094105100 4,3 0 [} (.7 0.0 90 4 0.00
2R 106100 3.8 ] L 964 0.1 136 3 0.00
2R 107100 3.4 7 o %7 0.8 n 2 0.00
20WAR94 108100 2.9 1 % %7 1.8 %9 [ 0.00
28R4, 109200 1.4 "2 % %7 1.8 263 4 0.00
20MAR94:10:00 0.7 96 L4 568 1.8 b6 73 0.00
200R04 111200 2.1 300 n %3 1.6 3 50 0.00
200K £ 12300 2.2 a8 Y] 2.6 280 “ 0.00
20MARD4: 13:00 2.6 8 & %8 24 281 T 0.00
2MAR94 14100 a7 11 & %69 2.9 bo ] S0 0.00
20MR4 115100 2.8 A8 & 2.7 2w 30 0.00
20MRS 1 16100 2.0 126 & %9 2.1 301 50 0.00
209 £17:00 2.4 ] 3] %9 1.9 3r 30 0.00
20MARD4 1 18:00 1.4 42 3 970 1.4 M 50 0.00
200R94 19100 1.4 0 n 9710 0.8 17 0 0.00
20094120100 -2.9 0 83 mn 0.4 2 50 0.00
20MARG4 : 21200 -3.8 0 » on 0.1 1] 2 0.00
20MARD4 1 22:00 2.9 0 % m 0.2 144 13 0.00
20MARD4 125100 2.1 0 1) m 0.5 157 13 0.10
29MARD4 100200 2.2 0 ] m 0.3 201 10 0.00
ARG 101100 ‘23 (] %0 m 0.3 2r 9 0.00
29MAR94.:02:00 -4 0 % 92 0.3 20 1) 0.00
29MARDS :03100 .3 (] (] ] 0.0 % s 0.00
ZIMARDE 104 100 2.9 [ 2] m 0.1 109 6 0.00
209ARP4 105300 3.2 0 [ o3 0.0 n 3 6.00
ZMARDS 106200 -3.2 7 * m 0.2 166 7 0.00
" 2MAR4107:00 1.9 8 ” 10 0.9 80 s 0.00
20MAN94 1 08:00 ‘1.4 7 » 918 0.5 49 3 0.00
29MARD4 10900 -1.2 1114 ) s 0.9 138 2 0.00
20MARS4110:00 -0.7 342 5 s 1.4 7 19 0.40
25WARS4 £ 11:00 1.1 13 73 s 1.7 8 [} 0.30
20MARSM 3 12100 1.0 32 ] s 2.0 3] " 0.30
29WRP4213:00 -0.7 1) » 976 2.9 35 ? +0.30
20MARDG1 14200 0.6 38 9% 976 2.7 @ 2 0.00
29WARS4 2 15100 0.3 181 8 976 2.6 39 7 0.00
ZMARD4 16200 -0.5 ™ n orr 2.2 5 2 0.30
2MARDE.£ 17106 -0.5 & 144 m s 30 n 0.00
2OMARSS 118300 -1.2 a ) 978 2.8 T+] 1" 0.00
29MARD41 19100 2.1 ° % (1] 1.9 2% 15 0.00
2R : 20100 -7 0 (7] 980 1.0 1 13 0.00
29MAROK 121200 3.3 0 » 9.8t 0.9 150 % 0.00
ZMARD4 122100 -4.2 ) » 981 0.4 w29 13 0.00
20MARD4 123100 5.7 (] ” 281 0.1 ] 10 0.00
At4
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AR’ SOLAR RELATIVE BAROMETRIC Wi N0 visini- RAIN
PATE AND TIME TEMPERATURE  RADIATION NUNIOLTY PRESSURE SPEFD  OIRECTION LIty PRECIPITATION
OF COLLECTION (0s9. ©) (u/m-2) (PERCENT) (NSLLIBARS)  (M/$) (DEGREES) (kM) (MH/HR)
30MAR4 : 00200 5.7 0 93 982 0.2 m 10 0.00
30MAR94:01:00 ~3.7 0 ] 982 1.8 318 & 9.00
30MAR9 :C2:00 44 0 83 982 1.9 324 30 0.00
30MARDS 1 03:00 ~8.7 0 80 982 1.5 318 50 0.00
JOMARDE : 04 : 00 =71 0 80 983 0.7 304 50 0.00
SOMARDA : 05100 -7.9 0 80 943 1.0 37 50 0.00
JONARD : 06200 ~8.4 15 82 983 1.0 283 50 0.00
JUMARSS : 07 : 00 7.2 209 ” 984 1.6 293 50 0.00
JOMARSS : 08:00 ~5.4 ka6 69 984 2.0 296 50 0.00
JOMARY 309200 -3.5 612 59 984 2.1 283 50 0.00
JOMARDS : 10200 1.8 686 56 904 2.2 266 50 0.00
JOMARDE s 11200 -0.7 m 5$ 984 2.9 ars 50 0.00
J0MARDS : 12:00 0.4 815 54 983 2.9 2 50 0.00
30MARDS 2 13200 1.3 %9 48 9a3 3.8 281 50 0.00
30MARDS : 14:00 1.6 621 46 982 3.7 76 50 0.00
J0MARDL : 15200 2.0 536 45 981 3.6 n 50 0.00
JOMARDA 2 16:00 2.0 422 45 981 4.0 262 50 0.00
30MARDE 2 17:00 1.0 195 50 981 3.5 267 50 0.00
30MARDY : 18:00 -0.2 43 54 81 2.7 262 50 0.00
30MARDS : 19200 -1.5 0 ] 981 1.9 259 50 0.00
JOMARDA : 20200 ~2.6 0 &3 981 1.4 2352 50 0.00
30KARS :21:00 -3.5 0 ] 980 1.3 229 50 0.00
30MARDE :22: 00 -4.0 0 68 980 1.0°- 222 50 0.00
JOMARD4 :23:00 -4.3 0 n 980 1.4 22 50 0.00
31MAN94:00:00 4.1 0 n” 9o 1.5 28 50 0.00
31MARD4:01.00 -5.2 [ n” e 0.9 212 50 0.00
J1MARD4 :02:00 -6.8 0 8 T8 0.4 180 48 0.00
31HARD4:03 00 -7.9 1] 8 97 0.3 176 29 0.00
J1MARDS :04 : 00 -8.5 0 90 T 0.0 104 19 0.00
31MARD:05:00 -8.3 0 90 1244 0.1 119 135 0.00
J1NARD4 :06:00 -7.9 ”w 9 978 0.3 209 15 0.00
31MARD4 :07: 00 -4.7 178 . 976 0.5 181 34 0.00
J1AARD4 :08:00 «0.9 343 [ 976 2.7 354 : 50 0.00
1MARDS :09: 00 1.0 457 60 973 3.3 236 50 0.00
31MARD% 10500 3.4 559 50 s 3.7 59 50 0.00
31MARD4 : 11200 4.4 638 & TTh 4.0 253 50 0.00
J1INR94:12:00 5.7 e 39 74 &4 255 L 0.00
J1MARD% : 13:00 6.8 3 35 3 4.6 257 46 0.00
JIMARDG :14:00 7.3 861 % R 4.6 a3 43 0.00
31MAR94: 15200 7.8 560 13 gre 6.2 256 .50 0.00
JTMARD : 16:00 7.2 414 3 m 3.9 30 50 0.00
J1MARDG:17:00 7.2 "7 k) m L 248 50 0.00
31MARDS: 18:00 6.1 58 34 m 2.3 %7 50 0.00
3194 19:00 4.3 1 4 9re 1.5 a3 50 0.00
31MARD4 : 20: 00 2.2 0 49 Licd 1.1 213 50 0.00
J1MARDS 121300 1.0 ] %4 R 1.0 209 50 0.00
31MARD : 22:00 0.3 0 57 m 1.1 M 50 0.00
J1MARDS :23:00 -0.5 0 61 m 0.9 a3 30 0.00
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DATE AND TINE
OF CoLLECTION

0IAPRS4 :00:00
O1APRSS :01:00
0IAPRDS :02:00
C1APRO4:03:00
01APRSS 104 : 00
01APR4:05:00
01APRD :06:00
01APR94 :07:00
01APR94 :08:00
O1APRDS :09:00
01APRD4:10:00
01APRD4 : 11:00
01APRS4112:00
01APRDS : 13:00
01APRDS : 14:00
01APRD4 : 15:00
01APRD% 316:00
01APR94: 17:00
O01APRDG 1 18:00
Q1APRD4:19:00
O01APR94 120200
01APRS4:21:00
O01APRD% :22:00
01APR94 :23:00
Q2APR% :00:00
O2APR94 :01:00
02APR94 :02:00
02APR94:03:00
02APRYS : 04 : 00
02APR94 : 05:00
02APRD4 : 06100
02APR94:07:00
02APRSS : 081 00
02APR94 109:C0
02APR94:0:00
02APR94 :11:00
02APR94 £ 12:00
O2APAPE 213100
O02APRP4 2 14:00
O2APR94:13:00
02APR 3 1600
02APR94 2 17300
O2APRP4 2 18:00
O02APR94 £ 19:00
O02APR94:20:00
D2APRO4:21:00
02APRP4122:00
O2APRYG 123300

AlR
TENPERATURE
("eg. C)

-2.2
4.8
5.8
6.1
8.4
-7.0
7.3
R
1.3
3.8
8.2
7.6
8.8
10.0
9.8
9.5
9.2
8.4
6.6
4.6
2.6
1.2
0.1
-0.8
0.9
-0.9
-1.1
-0.5
0.8
-0.7
1.1
-0.6
2.2
5.8
9.3
13.1
16.0
13.5
10.9
9.4
6.9
3.7
2.0
0.0
-1.9
3.4
4.0
4.7

SOLAR RELATIVE
RADIATION  HUNIOITY
(W 2) (PERCENT)

0 T

0 8

0 9

0 90

[} a8

0 &9
18 9
38 L]
415 n
[3)) 49
622 40
699 7
786 i)
T4 %
447 %
253 %
125 L)
st 40
28 49
0 39

0 41

0 43

0 7

0 &7

[} 49

0 53

0 39

0 [3)

0 63

0 67
13 n
90 T4
3 66
263 57
435 50
563 41
620 X%
452 &4
564 49
476 %0
3 36
107 3
B 43
1 [ 14

[ 67

0 7

0 n

0 n

BARQMETRIC wiNo
PRESSURE SPEED
(NILLIBARS) (W%

m
m

33333

SIISI3533385535355%

8333

S8SESRRRRERERRERERE

0.7
0.2
0.0
0.3
0.6
0.2
0.4
0.1
0.5
1.2
0.9
1.3
1.3
2.0
1.6
1.6
1.2
1.9
2.5
2.0
1.5
0.5

0.8

1.0
14
1.0
0.6
0.7
0.4
0.5
0.4
1.1
1.8
2.4
3.3
4.2
S
44
5.5
4.8
5.2
48
4.9
4.8
5.5
5.0
3.1
4.1

viNo
DIRECTION
(DEGREES)

e
a3
89
52
46
80
45
85
n
39

222

178

n

192

m

144

1"
8
53
98

10

132

133

146

1727

13

106

126

m

102

104

159

182

196

202

N

232

265

an

266

301
32

318

visin-
Ly
(M)

4
19
12
"
19
13
1
19
26
50
50
50
50
50
50
49
50
50
50
50
50
50
50
$0
50
50
50

RAIN
PRECIPITATION
(/)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
6.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.00
0.00
0.00

Appendix A Summary, Hourly Averaged Meisrological Data




AR SOLAR RELATIVE SARCMETRIC  WIND wiNo visieg- RALN

OATE AND TINE  TEMPERATURE  RADIATION  MUNIDITY PRESSURE SPEED  DIRECTION Loy PRECIPITATION
OF COLLECTION (Deg. ©) D) (PERCENT)  (WILLIBARS)  (M/8)  (DEGREES) () (MH/HR)
03APR94 100100 4.2 0 n 9 3.7 326 39 0.00
O3APR101:00 8,2 0 n o 34 323 33 0.00
3APRS4 102300 8.7 o 7 m 3.2 L1 50 0.00
O3APRDS 1 03100 6.1 (] 8 m 2.4 326 50 0.00
O3APRO 104 ; 00 -6.2 0 ™ 7] 2.8 322 50 0.00
O3APRD4:0%:00 6.3 0 8 o 2.0 32 1% 0.00
Q3APROS 1 08:00 -6.2 19 ™ 7] 2.5 328 " 0.00
OSAPRS4:07:00 5.7 163 ) s 3.6 33 50 0.00
USAPROS :08:00 4.6 387 (1] 20 3.5 311 50 0.00
03APR94:09:00 3.7 540 % 7% 3.8 301 50 0.00
O3APRO4: 10:00 2.4 &2 4 (213 2.7 m s0 0.00
03APR94 1 11:00 -0.8 fa 2] 4 o 2.2 287 49 0.00
03APR94:12:00 0.8 836 37 2] 2.1 302 50 0.00
Q3APRO £ 13:00 2.3 819 33 m 2.5 92 H 0.00
O3APRS% 1 14100 3.2 741 32 (] 3.0 2% 50 0.00
mus:oo 3.7 813 2% o2 2.8 287 S0 0.00

16100 4.5 “s 14 972 2.4 267 50 0.00
O3APROA: 17:00 4.8 20 14 R 2.6 265 50 0.00
03APRO4 ; 18:00 2.8 57 32 wm 2.4 288 50 0.00
O3APRO% £ 19:00 0.1 0 38 7] 1.2 58 50 0.00
Q3APRS4 :20:00 -1.3 0 3% 2] 0.9 261 48 0.00
03APR94:21:00 3.2 0 “ o 0.6 209 S0 0.00
Q3APRD4:22:00 -3.9 0 50 ] 0.8 - 218 $0 0.00
O3APR94:23:00 -3.9 [} 5 [24] 0.8 218 S0 0.00
OLAPRS4:00:00 -3.8 ° 52 on 1.1 21$ 50 0.00
04APR94 101100 4.2 : 0 55 970 0.8 218 It ] 0.00
O4APR94 10200 8.7 0 &8 970 0.4 181 50 0.00
04APR94:03:00 -6.3 0 7 970 0.6 19¢ “ 0.00
CAAPRD4 : 04 190 7.5 0 82 124} 0.4 124 43 0.00
OXAPRO4 105 100 -7.8 ° s mn 0.3 7% &1 0.00
O4APRO4 106200 7.0 % % (24} 0.4 107 ) 2,00
O4APRS4: 0700 -3.2 'y 76 on 0.3 161 & 0.00
O4APRO4108:00 0.5 343 & 970 1.6 191 50 0.00
04APR94:09:00 (W 287 7 970 3.0 219 50 0.00
04APR94:10:00 5.8 A1) 42 969 3.7 208 S0 0.00
OXAPROG: 11100 8.4 4T 3 968 4.5 219 50 0.00
O4APRD4 1 12:00 9.2 3N 13 93 4.9 223 49 0.00
OLAPRS : 13100 8.3 177 3% %7 4.1 216 S0 0.00
OAAPRDS 1 14200 8.1 160 37 o687 5.1 221 $0 0.00
O4APRO4: 15200 7.3 154 43 %7 4ob 226 50 0.00
O4APRDS 116100 6.1 s st %7 3.2 233 46 0.10
OAAPR94 1172100 5.5 3% 2 %7 1.1 208 1] 0.00
OAAPRSS 118100 S.4 12 5% 967 2. 234 46 0.00
04APR94: 19100 3.8 (] ] 967 2.8 27 4 1.00
O4APRD4 120100 1.2 0 ” 967 0.9 260 1 2.60
OAAPRD4 121100 0.1 0 4 968 0.1 98 0 3.60
OLAPRS 12200 -0.8 0 9% 968 0.0 90 (] 2.10
O4APRD4 1 23:00 -0.9 0 % %7 0.0 90 ° 1.30
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Alr SOLAR RELATIVE BARONETRIC Vi Wino visiel- RAIN

DATE ANO TIME  TEMPERATURE  RADIATION  WMIDITY  PRESSURE  SPEED  OIRECTION LITY PRECIPITATION
OF COLLECTION  (Dew. ©) (VAP2)  (PERCENT)  (MILLIBARS)  (W/3)  (DEGREES)  (XN) /xRy
0SAPR94100200 -1.0 0 o7 967 0.0 % ° 0.70
0SAPR4:01:00 -1.0 0 7 966 . . 1 1.10
0SAPR94102:00 -2.3 0 9 966 . . 2 0.20
03APRY4:03100 -3.8 0 9 967 . . ‘ 0.00
OSAPR94 104 300 6.1 0 9 967 . . ‘ 0.00
0SAMR94:05:00 -4.9 ° " 967 . . ¢ 0.00
05APR4106:00 5.7 2 & 968 . . 18 9.00 ,
03APEN :07:00 -5.7 12 % 969 . . Y .00
0SAPR4:08:00 -84 53 & 969 . . 50 0.00
05APRO4:09:00 4.7 101 % 970 . . 2 0.00
05SAPR94:10:00 -4.2 s 92 970 . . 15 0.00
05APRS4111:00 -3.6 161 o o 2.2 1% @ 0.00
0SAPRO 312200 -3.1 13 &% o 3.5 ‘0 50 0.20
05APR94:13:00 -2.9 LH ] o2 3.2 38 50 0.50
05APRM 114300 -2.8 % 7 92 32 it 50 6.00
05APR94115300 2.4 319 n 972 7 185 50 0.00
05APRI 116300 -2.5 200 n 972 2.8 131 50 0.10
05APR94117:00 -2.8 ] 7 73 2.2 8 50 0.00
05APRD4.118:00 -3.1 ” % 3 2.0 18 30 0.00
03APR94119300 -3.6 1 7 76 1.6 3 50 0.00
05APR94:20300 -6.1 0 n 74 21 3 50 0.00
05APR94:21100 -5.0 0 n o 2.1 305 50 0.00
05APRO4122:00 -6.8 0 7% 978 2.5 . 151 50 0.10
OSAPR94:23100 -8.1 0 7 976 2.4 s 50 0.9
08APR94.:00:00 -9.0 0 ™ 976 1.6 120 50 .89
O6AFRS4101:00 -9.8 ° » s 1.4 L7} 50 0.00
04APN94 102300 -10.5 0 » 973 12 151 50 0.00
04APR94 103100 -10.7 0 » o7s 0.6 282 50 0.00
O8APRY4 104100 -10.7 0 % 978 0.9 8 50 0.00
08APR94:05:00 1.9 0 & ors 0.2 " 50 0.00
08APR94 106200 -12.8 » % o7 0.0 % 50 0.00
04APR94:07:00 -10.1 190 ] 976 11 “ 50 0.00
08APR94:08:00 -6.3 3 ] 976 2.0 4 50 0.00
08APRD4 10900 -3.6 603 e 976 2.9 &7 50 0.00
08APR94:10100 -7 4 62 976 3.5 56 50 0.00
06APRD42 11300 1.9 79 58 976 3.7 58 50 0.00
06APRS 12300 -1.0 827 55 978 7 58 50 0.00
04APRS4113:00 -0.3 e 52 o 4.0 “ 50 0.00
06APR94114100 0.0 653 “ 3 43 4 50 0.00
05APRD4115:00 0.1 510 a3 97 3.5 1) 50 0.00
08APAD4 116100 -0.2 300 a2 o 3.2 »n 50 9,00
08APAD4 £ 17200 -0.9 176 3 e 3.8 % 50 0.00
05APS4118:00 ‘2.1 62 “ 7] 3.0 1 s0 0.00
06APRO4 £ 19200 3.4 2 " o7$ 1.9 » 50 0.00
06APRS4 120200 5.4 o 973 0.3 135 50 0.00
06APRD4 121100 -2 0 % 6 - 03 & s 0.00
06APRO4122:00 - 5.8 0 976 2.9 m 50 0.90
06APRO4 123200 -6.2 ] 56 o7 1.4 49 50 9.00
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AlR SOLAR RELATIVE BAROMETRIC WiNo winp visiel- RAIN
DATE AND TINE TENPERATURE RADIATION  HUMIDLTY PRESSURE SPEED  DIRECTION LIy PRECIPITATION
OF COLLECTION (0eg. © on/m2) (PERCENT) (NILLIBARS) (M/3) (DEGREES) ) (MN/7HR)
O7APRDG 200103 -8.7 [1} 58 rr 1.8 33 50 0.00
07APR94101109 8.6 [} 68 7 0.6 126 st 0.00
O7APRDA 102210 -10.9 9 81 L 244 0.4 188 50 0.00
O7TAPR94 103300 -12.¢ 0 85 8 0.1 130 50 0.00
ATAPRYw : 04200 -12.3 ] 8 7 0.6 185 50 0.00
OTAPRO4:05:00  -12.5 0 84 980 0.4 174 50 0.00
OTAPRS : 06100 -12.7 41 [+ 980 0.2 136 50 0.00
QTAPROX 107200 -8.5 260 % 981 1.0 T4 50 0.00
O7APRD4 :08:00 43 <83 60 982 1.9 n2 50 0.00
O7APRY 09100 -1.2 592 43 982 2.5 249 50 0.00
07APRY4 210200 0.5 nr 35 983 3 173 50 0.00
O7APRO4:11:00 1.5 807 39 983 3.6 143 50 0.0u
CTAPRD4212:00 a7 87 33 982 3.2 180 50 0.00
O7APRD4 : 13200 3.6 828 37 82 3.3 144 50 0.00
O7APRD : 14:00 43 749 5 982 2.9 106 50 0.00
O7APRD4:15:00 4.8 610 13 982 2.4 58 50 0.00
OTAPROG: 16:00 4.9 454 % 982 2.4 s 50 0.00
O7APRS4:17:00 b4 262 3 983 2.2 307 50 0.00
O7APRD% : 18:00 3.3 L1 35 933 1.6 320 50 0.00
OTAPRSS: 19200 -0.4 1 57 83 0.5 1 50 0.00
O7APRD4 120200 4.8 0 80 964 0.6 n 50 0.00
O7APRS4:21:00 6.0 0 84 984 0.4 36 50 0.00
OTAPRD% :22:00 6.9 0 87 985 0.3-- 59 50 0.00
O7APRO& : 23100 7.7 0 L) 983 0.5 49 50 0.00
08APRS4:00:00 -8.3 0 a7 986 0.5 36 50 0.00
08APRP4:01:00 -8.9 0 8 983 0.4 58 50 0.00
08APRD4:02:00 9.1 0 87 985 0.7 39 50 0.00
OBAPK 74:03:00 -9.2 [} 87 98s 0.6 R 50 0.00
OBAPRDS :04:00 -9.3 0 87 985 0.6 33 50 0.00
OBAPRS4 :05:00 9.6 0 87 985 0.7 34 50 0.00
O8APRDS 06200 9.4 H 86 985 0.8 48 50 0.00
08APRS% :07:00 -4.7 215 ™ 986 0.5 110 50 0.00
OBAPRS4 :08:00 0.3 268 58 985 1.6 184 50 0.00
08APRSS :09:00 3.6 393 43 985 3.4 194 50 0.00
0BAPRS4: 10200 5.6 582 3 984 3.9 189 50 0.00
OBAPRD4 111200 6.2 73 32 o84 4.2 192 50 0.00
OBAPROG : 12:00 T4 805 29 982 4.2 181 50 0.00
0BAPRD4 : 13100 8.2 705 30 981 3.8 m 50 0.00
OBAPRDS 214300 8.2 352 30 980 3.9 177 50 0.00
08APRD4: 15300 8.1 260 30 978 3.7 173 50 0.00
O8APRD : 16200 7.8 13 2 o7 3.1 173 50 0.00
0BAPRDA 3 17100 7.2 7 3 976 2.6 170 50 0.00
OBAPRDS 1 18100 6.5 2 976 3.0 176 50 0.00
08APRP4119:00 3.8 1 RH] s .5 168 50 0.00
OBAPR94 120300 5.2 0 35 7S 2.9 167 50 0.00
OBAPRSS:21:00 4.7 0 33 s 3.0 180 50 0.00
08APRD4:22:00 4.2 0 38 s 3.0 178 o 0.00
08APRDG 123200 3.6 g &9 w3 2.1 161 50 0.00
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AlR SOLAR RELATIVE BARONETRIC wiNo wing visiel- RAIN
DATE AND TIMNE TENPERATURE RADIATION WMID{TY PRESSURE SPEED OIRECTION LIty PRECIPITATION
OFf COLLECTION {0eg. C) (W/n~2) (PERCENT) (MILLIBARS) (/%) (ORGREES) [{ )] (MM/HR)
09APRP4100:00 3.3 0 53 L] 2.3 145 50 0.00
OPAPRM 101100 3.3 0 56 m 2.2 " 50 0.00
09APRON 102100 3.2 0 59 o710 1.9 N 0 0.00
09APRO4 103100 3.5 0 8 970 2.0 20 4 0.00
COAPRDG 104200 2.4 ) ™ %9 1.4 173 30 0.10
O9APROL 105100 ¢ 0 85 067 0.6 17 2 0.10
O9APRD4 :06:00 1.7 * 87 %7 1.1 187 15 0.00
09APRO4 10700 3.9 162 7 %7 2.2 193 42 0.00
O09APR :08:00 7.9 n o %4 4.1 218 50 0.00
OPAPRIN :09:00 1.2 356 51 944 4.5 223 50 0.00
09APR 110100 14.2 702 37 %8 5.1 38 3 0.00
09APRO4: 11:00 15.1 802 28 965 5.8 A48 1% 0.00
09APRD4 £12:00 16.1 a3t 30 968 6.2 24 s 0.00
09APRD4 113:00 13.3 a7 35 966 5.8 29 b3 0.00
O9APRSG 2 14200 12.6 729 37 047 5.4 e 3 0.00
09APR% £ 15100 12.2 613 39 067 5.4 264 40 0.00
O9APRDé 1 16100 11.2 M 43 967 5.1 260 “ 0.00
09APRS4 17100 10.3 0 4 968 6.2 mn ) 0.00
09APRS% 2 18:00 8.0 50 55 969 3.7 m 50 0.00
O9APRS4 : 19200 5.6 3 &3 970 3.2 287 50 0.00
QOAPRO4 : 20: 00 4.2 0 65 970 2.4 279 50 0.00
09APROG 121:00 3.5 0 s o 1.8 27 50 0.00
09APRG 122100 2.5 0 69 24 0.7~ 39 50 0.00
OPAPROA £ 23:00 0.3 0 Fad 9N 0.7 180 43 0.00
10APRS4 :00:00 0.9 0 e 124 0.3 214 50 0.00
10APRO4 201200 1.5 0 7% o7t 0.7 22 50 0.00
10APRSE :02:00 2.0 0 e m 0.5 A4S S0 0.00
10APRD 03200 2.0 0 e 241 0.9 282 s0 0.00
10APRO4 104100 3.0 0 o8 R 2.0 320 S0 0.00
10APRS% : 05:00 2.0 0 72 972 1.3 313 50 0.00
10APRD4.:06:00 1.3 3% 7s L1 1.6 330 50 0.00
10APRO4 07200 2.2 10 ] 974 2.9 326 50 0.00
10APRS% :08:00 2.6 130 7 ] 3.2 329 50 0.00
10APRS4 :09:00 3.2 %4 56 976 3.9 296 50 0.00
10APR: : 10: 00 4.5 473 &0 or7 3.9 327 S0 0.00
10APRS% 2 11300 5.7 601 56 978 3.8 319 50 0.00
10APRO4 : 12:00 7.2 a10 49 o78 4.8 318 50 0.00
10APRS 1 13:00 7.9 a8 73 or8 WS 306 50 0.00
10APRS4 2 14100 8.5 746 43 oy 4.3 wm 50 0.00
10APRD : 15100 8.9 628 39 980 3.9 3 50 0.00
10APRS4 : 16:00 8.6 465 36 980 I N7 50 0.00
10APR94:17:00 7.9 n 3 %81 4.2 300 50 0.00
10APRS4 £ 18:00 6.4 9 3% oa3 3.6 36 50 0.00
10APRSG 119100 4.0 2 3 %83 2.2 324 50 0.00
10API94 120200 2.1 0 51 984 1.6 203 50 0.00
10APRS4 :21:00 -0.7 0 “ ] 0.6 80 50 0.00
10APR94,:22:00 -5.2 0 (] v8s 0.2 93 50 0.00
10APRS4 1 273100 -6.5 0 - 904 0.5 ™ 50 0.00
A20

Appendix A Summary, Hourly Averaged Meterological Data




AR SOLAR RELATIVE BAROMETRIC JiNo Wino visiet- RAIN
DATE A0 TIME TEMPERATURE RADIATION LYY PRESTURE SPEED DIRECTION LITY PRECIPITATION
OF COLLECTION (0eg. C) ) CPERCENT)  (NILLIBARS)  (M/8)  (DEGREES) ) CHIZHR)
11APR4 300100 7.2 0 » 96 0.3 157 50 9.00
11APR94101:00 -8.0 0 ” oo 0.2 70 50 0.00
11APR94:02100 8.4 0 % %? 0.4 54 50 0.00
11APR 103100 -8.8 0 [ 988 0.3 o 50 0.00
11APR94 104 :00 -8.7 0 % %88 0.2 102 50 0.00
11APRO4 105 : 00 -8.7 0 » %9 0.6 % 50 0.00
11APRD4 : 08100 -8.2 b4 ” 990 0.6 114 50 0.00
11APRP4:07:00 -5.0 143 Y4 990 0.6 o8 50 0.00
11APR94 108100 0.2 s 7% 91 0.7 129 50 0.00
11APRO :09:00 3.4 b7, 6 990 1.8 18 50 0.00
11APR94310100 5.2 “e 114 990 2. 126 50 0.00
11APRO4 1 11:00 7.5 73 39 990 2.3 %7 30 0.00
11APR94 £ 12100 8.8 68 35 989 2.2 143 s0 0.00
11APRS4 1 13100 9.5 503 b 1] 089 2.1 158 50 0.00
11APRM £ 14100 10.2 387 32 988 1.7 130 50 0.00
11APRS4 2 15100 10,5 410 » 987 1.8 130 50 0.00
11APR4 118100 10.5 301 8 o87 1.9 141 50 0.00
11APR94117:00 10.0 174 7 985 1.9 143 50 0.00
11APRD 2 18100 8.5 52 8 984 1.1 %7 50 0.00
11APRS4 219100 8.0 1 35 986 0.4 112 50 0.00
11APR $20:00 4.5 0 814 965 0.6 123 $0 0.00
11APRD% 121:00 2.0 0 “ 984 0.5 s 30 0.00
11APR94 122100 -1.0 [ 1] 088 0.8 ] 50 0.00
11APRD% :23:00 -1.7 0 5 988 0.8 56 48 0.00
12APR94:00: 00 1.1 0 2 oah 1.0 @ 50 0.00
12APR9% 101100 2.6 0 7 984 0.4 59 0 0.00
12APR94:02:00 -0.3 0 &0 962 1.0 \] 1] .00
12APR94 :03:00 0.4 (] 59 982 1.2 e 0 0.00
12APR9 104 1 00 -0.4 ) 60 981 1.2 59 so 0.00
12APR94 105 :00 -2.3 0 n 981 0.9 54 50 0.00
12APR94 106100 2.2 2 70 980 2.0 43 50 0.00
12APR94107:00 1.7 103 52 2.3 70 50 0.00
T2APR9% :08:00 4.1 185 42 e 2.5 1] 50 0.00
12APR94 :09:00 5.3 264 43 979 2.9 9 50 0.00
12APR04 1 10: 00 6.8 84 3 978 3.3 %8 50 0.00
124PR94 3 11:00 7.7 239 37 76 3.4 % 50 0.00
12APR94 312100 8.2 2 41 o7s 3.4 104 1) 0.00
12APRO4 113100 74 208 61 " 3.2 108 16 0.00
124PR9% 14100 5.7 198 7% 92 3.6 103 37 0.00
124PR94 313100 &7 128 [ 2 3.2 108 17 0.10
12APR94 116:00 4.0 o ] 970 3.2 93 4 0.9
12APR04 217100 3.6 2 L] %9 3.4 93 3 1.40
12APR94 £ 18:00 3.7 L] [ 99 2.2 110 1 4.20
12APR94 119100 3.8 0 ] %8 2.6 ® 7 0.60
12APR94:20100 3.9 (] ” %7 2.8 % 13 0.00
12APR94121: 00 3.9 0 ) %7 2.1 7 2 0.00
12APR94 122100 3.7 0 114 %4 1.7 100 1 2.3
12APR94 123100 4 0 97 965 1.3 108 13 0.00
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AIR SOLAR RELATIVE SARCMETRIC wiND WiNo visist- RAIN
OATE ANO TiME TEMPERATURE RADIATION  WumIDITY PRESSURE SPEED  OIRECTION LY PRECIPITATION
OF COLLECTION (Deg. C) (U/m) {PERCENT) (MILLIBARS) (H/S) (DEGREES) <X (MM/HR)
1300194 :00: 00 4.2 0 124 945 1.1 87 6 0.10
13APR94:01:00 4.0 0 97 963 1.5 86 1 0.00
13APR94.:02:00 3.8 0 9% 962 1.8 109 1 0.40
134229410300 3.7 0 9 961 0.9 257 & 0.00
13APRD% : 04 : 00 3.7 0 98 91 0.4 217 [ 9.70
13APR94 : 051 00 3.9 0 9% 960 1.2 129 1 1.7
13APR : 04100 4.2 [ 98- 959 1.1 166 ? 0.40
13APR94.:07:00 [} ] 98 959 0.4 202 3 0.00
13APR9$:08:00 4.9 52 98 959 1.3 214 4 0.40
13APR94 : 09200 5.3 100 9% 959 1.4 226 [} 0.80
13APR94 :10: 00 5.8 139 9% 958 1.5 223 ) 0.50
13APR94:11:00 3.9 95 95 958 1.8 223 é 0.30
13APR94: 12:00 6.2 an 93 957 1.8 240 .4 0.10
13APRP 1 13:00 6.6 129 &9 957 1.8 243 (14 0.00
13APR4 : 14 ;00 5.8 L 92 957 2.1 254 P+ 0.10
13APR94: 152100 5.7 a 92 957 2.4 Wy 19 v.30
13APR : 16100 S.4 ] 9 957 2.4 247 % a.10
13APRD4: 17:00 4.9 18 93 958 2.2 B2 12 0.00
13APR94 2 18:00 4.7 8 93 958 1.6 246 35 0.00
13APR4 : 19:00 L) 3 9% 958 1.6 227 16 0.00
13APR94:20:00 4.2 0 9% 59 1.8 221 36 0.00
13APR9 :21:00 h.4 0 93 959 1.8 226 16 0.00
13APR94:22:00 4.7 0 92 959 2.4 . 31 8 0.00
13APR94 : 23: 00 4.9 (1 9 959 2.9 31 14 0.00
14APRM :00:00 5.0 0 90 960 2.6 241 8 0.00
14APR94:01:00 4.9 0 90 960 2.3 %7 8 0.00
14APRD4:02:00 4.7 0 90 960 2.0 244 9 0.0
14APR94 :03:00 4.7 0 90 960 1.7 F{3] 8 0.00
14APRDE :04 : 00 4.5 0 L) 960 1.9 246 4 0.00
14APR94 :05:00 4.5 0 N 961 1.8 246 6 0.00
14APRD4 : 06100 3.9 & 9 962 1.6 37 7 0.00
14APRD4 ;07200 5.5 181 a8 962 1.8 229 7 0.00
14APRD4 : 08: 00 8.0 403 8 962 2.8 a2 7 0.00
14APRS4:09:00 10.6 364 n 963 2.4 239 10 0.00
14APR94:10: 00 13.3 706 60 963 3.0 248 41 Q.00
14APR94: 11:00 15.3 802 52 963 3.7 246 50 0.00
14APRD4L 2 12:00 16.8 844 o 963 4.0 A2 50 ©.00
16APROA £ 13:00 18.0 a19 36 963 4.0 243 50 0.00
14APRP4: 14:00 18.6 e} 3 963 3.9 243 49 0.00
14APRD4 1 15:00 19.0 609 R 963 3.2 250 49 0.00
14APRD4 2 16200 1941 446 n 964 2.6 251 50 0.00
16APR94:17:00 18.8 252 n 964 2.2 U3 48 0.00
14APROY : 18:00 17 7% 38 964 2.0 224 50 0.00
14APR94 2 19200 12.8 2 53 965 0.3 141 50 0.00
14APR4120: 00 6.4 0 80 966 0.6 24 50 0.00
14APR94 :21:00 3.9 0 &7 %7 0.6 18 59 0.00
16APRS4 2 22: 00 2.4 .0 a8 967 0.8 36 30 0.00
14APR9%: 23:00 1.8 [ 90 947 0.8 29 50 0.00
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AlR SOLAR RELATIVE SARONETRIC uiWo ViND visiat- RAIN
QATE AND TIMR TENPERATURE RADLIATION HUNEDLTY PRESSURE SPEED OIRECTION (8844 PRECIPITATIO
OF COLLECTION (Deq. ©) V) (PERCENT)  (MILLIBARS)  (N/8)  (DEGREES) xn) (/)
15APR94100£00 5.9 0 50 96 0.9 %0 0 0.00
1SAPRS4 101100 8.4 0 ® %3 0.8 21 30 0.9
15APR94102: 00 a8 (] n %4 1.0 104 50 0.00
15APRD 103100 10.2 0 7 963 0.9 13 &9 0.00
15APRO4.104 100 . 10.7 0 L] %3 1.6 134 ] 1.40
15APR94 103 100 10.3 ° 9 %1 2.1 13 4 0.00
15APRD4106500 10.8 16 (1] 90 2.0 8 10 0.10
1SAPRO4 107500 11.3 e} LF] L 2.2 /55 2 0.00
1SAPR94 108500 1.0 9 % 939 2.4 184 19 a5
15APR4 109100 10.4 24 4] 8 2.8 139 1 $.50
15APRD4 110300 0.7 - 9 14 3.7 156 3 1.90
1SAPRD4 : 11100 .3 24 " (3] 3.2 159 36 0.00
15APK94.1 12200 13.3 101 8 954 42 183 38 0.00
15APRD4 1 13200 13.0 38 % 955 3.7 19 2 0.60
15APRSS 1 14200 13.2 109 4] 954 3.7 192 10 0.10
15APR94:15:00 13.2 Pi] (7] 95 3.9 189 3 0.00

Appendix A Summary, Hourly Averaged Meterological Data A23




Appendix B

Image Metrics and 1-Min
Meterological Data’
Collected During Smart
Weapons Operability
Enhancement Scheduled
1-Hr Missions at Grayling Il

1 U.S. Army Celd Regions Research and Engineering Laboratory Meterological Station E3.
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