-A153 463 RUTDHRTED HERTHER OBSERVING SYSTEM (AWOS) DEHONSTRRTIDN
RRH(U) FEDERAL A IRTIDNDﬂgslg£SE¥RTEONSEEC INICAL

R ATLAN

CE NTIC CIT.. P
UNCLASSIFIED DDT/FRR/CT 84/28 DOT/FAA-PM-85/1

NN

T T T
B A -
L P
B E  -
B -
B
I N

13 -

F/G 472 NL

]
NN
HERENN.

NN

N

HNNEEEN
]

CLAal T T T

|




ONAEAL B AL QTN

Pl Sl e w—ar
S B 0 Gl Sl v M 8o 30 Ko e Ml "t ~ A 108 A S e Ak At

[

e B

= 22

= e

e

i s

o

I

|
I

TTFTEERE

w—
.
——
rr
F
Fr

I

N
O

MICROCOPY RESOLUTION TEST CHARI
NATIONAL BUREAU OF STANDARDS 190 8

(AR A4 R an boa un oie o g

RSl e S i Bl Tl Bl D)




REPRODUCED AT GOVERNMENT EXPENSE . . .
DOT/FAA/PM-85/1
DOT/FAA/CT-84/20 .
Automated Weather Observing System 1
.
(AWOS) Demonstration Program
™M
(o
<
M
O
P
é Paul J. O’'Brien et al.
Prepared By
FAA Technical Center
Atlantic City Airport, N.J. 08405
9
September 1984
Final Report
This document is available to the U.S. public
through the National Technical Information
Service, Springfield, Virginia 22161.
. DTIC z
% ELECTE
£o ., MAY8 885
;:: US Department of Transportation (\ Q B
Federal Aviation Administration .‘
{,,_:;_, Program Engineering and Maintenance Service !
E., Washington, D.C. 20905 !

Nl

T " o . .
et BRI A e amat e T SN e St
! [N W L G S T YN ‘...'}-‘at‘..s el W Wi M Rn e,

PV AP R T



ey

f . s .« .

1 Coa e

. . Sret
P AR

P
‘

AP Al vt o

QB
o ...-‘.‘i’| cat T

o
o

> L am 4
o 4 v

T

ke Pt

'y
o
PR

.
1

s

AR TS

A e S i it~ S N SRR S b Sl P dateor
R PRODUCED AT GOVERNML NI FXPENSE

NOTICE

This document is disseminated under the sponsorship of
the Department of Transportation in the interest of
information exchange. The United States Government
assumes no liability for the contents or use thereof.

The United States Government does not endorse products
or manufacturers. Trade or manufacturer's names appear
herein solely because they are considered essential to
the object of this report.




Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient's Cotalog No.
DOT/FAA/PM-85/1 /}D-— A {jj U (,3
4. Title oand Subtitle 5. Report Date

September 1984
AUTOMATED WEATHER OBSERVING SYSTEM (AWOS) 6. Performing Orgenization Code
DEMONSTRATION PROGRAM ACT-110

T Performing Orgonization Report No.

7. Author's)
Paul J. O'Brien et al. DOT/FAA/CT-84/20
9. Performing Orgonization Neme ond Address 10. Work Unit No. (TRALS)
Federal Aviation Administration
Technical Center 11. Contract or Gront No.
Atlantic City Airport, New Jersey 08405 T12-01A

13. Type of Report ond Period Covered

12. Sponsoring Agency Name ond Address

U. S. Department of Transportation Final Report
Federal Aviation Administration September 1983 - June 1984
Program Engineering and Maintenance Service 14. Sponsaring Agency Code

Washington, D. C. 20590

15. Supplementary Notes

Authors: John D. Barab, Francis W. Law, James D. Talotta,
Edward R. Waldmann, and Joseph J. Brady.

16 Abstroct

The Federal Aviation Administration conducted an operational demonstration of the
Automated Weather Observing System (AWOS). Fourteen units were procured and
installed at airports in 12 states, including two units in Alaska and two units in
California. The demonstration units consist of commercially available equipment
including sensors, processors, and auxiliary hardware. Sensors measure nine
atmospheric variables: cloud height, visibility, wind speed, wind direction,
barometric pressure, temperature, dew point, precipitation amount, and
precipitation occurrence.

This report discusses the analyses and provides results, conclusions, and
recommendations derived from source data for the period September 1983 through
June 1984. Source data included pilot questionnaire responses, maintenance
personnel failure logs, hourly AWOS observations, and official observations when
available.

It was concluded that, in general, the performance of the system and all sensors
at the 14 field sites was acceptable except for the ceilometer and precipitation
sensors.

17. Key Words 18. Distribution Statement

Weather Sensors
Synthesized Voice Messages

AWOS Approved for public release
Distribution Unlimited
19. Security Classit. (of this report) 20, Security Classif. (of this page) 21. No. of Pages 22. Price
Unclassified Unclassified 247
Form DOT F 1700.7 (8-72) Reproduction of completed page authorized




el

R T W T T T r—— ey

TABLE OF CONTENTS

Page
EXECUTIVE SUMMARY ix
INTRODUCTION 1
Purpose 1
Background 1
Reference Documents 2
System Description 2
Technical Approach 9
DISCUSSION 13
Pilot Questionnaire Analysis 13
MIBF and MTTR Analyses 24
AWOS Versus Official Comparison Analyses 38
CONCLUSIONS 88
RECOMMENDATIONS 89
APPENDIXES
A -

Automated Weather Observing System Demonstration Program -
Description of Data Quality Control Program

B - Automated Weather Observing System Demonstration Program -
Tables of Total Operating Time and Estimated Values of
Mean-Time-Between-Failures

C -~ Automated Weather Observing System Demonstration Program -
Failure Diagnosis Summary

D - Automated Weather Observing System Demonstration Program -

AWOS Versus Official Comparison Analysis - Data Tables
and Figures

g

o2 O !

(851 L ._.‘_---————4'

E o ¥
1

RN e e e _-.._,._——-4:
Zl‘xributtopi ] _{

: pvnilability ;ngy
" iavall snd/or
t Special

<

s
f\ l |
P t
R

i
iii \

b el oata At . <L e [ 2 et a2 Ty




10
11

12

b8 13

f-f

b

- 14

o 15

b 16

R 1 7
o

[

9 18

p .

3

p

B 19
¢

&

-

s

=

P..

y

]
o

[

Figure

LIST OF ILLUSTRATIONS

Example of an AWOS Field Site

AWOS System Block Diagram

AWOS Data Acquisition System
Example of Hourly AWOS Observations
Example of Official Observations
AWOS Pilot Questionnaire

AWOS Demonstration Program Performance, Failure, and
Repair Log

Aircraft Type Used Based on 420 Questionnaires

Categories of Favorable AWOS Responses Vs Number of
Responses

Categories of Unfavorable AWOS Responses Vs Number of
Responses

Sky Condition Difference Vs Visibility Condition
Difference

Cloud Height Difference Histograms for Ceilometers When
Official Ceiling is Greater Than 1,500 Feet (2 Sheets)

Cloud Height Difference Histograms for Ceilometers When
Official Ceiling is 1,500 Feet or Less (2 Sheets)

AWOS and Official Reportable Visibility Increments

Visibility Difference Histograms for Sensors When Official

Visibility is Greater Than 2 Miles

Visibility Difference Histograms for
Visibility is Greater Than 2 Miles

Visibility Difference Histograms for
Visibility is 2 Miles or Less

Visibility Difference Histograms for
Visibility is 2 Miles or Less

(2 Sheets)

Sensors When Official
(2 Sheets)

Sensors When Official

Sensors When Official

Galena Temperature Difference (2 Sheets)

iv

. - L
o - . el T ) - -

- - A
. B R T At P . Pt O I e FREEN e AT T W S R
PRI S AR ST WG AT N S U T AT GV VPRI S VS YO S0 ST Ll WY T W PSR S, ST T PP AL S S Y A I oy

o L. ERNE

- LT e e e
-
-

Page

11

12

16

17

18

22

52

54

62

64

66

68

71




i N Al S it aC el andt et vl bl S 404 AN N i S i PRl vl S i il A i th Ml ol snadl k. el Sadl Sl o ol s gb adh el ool aad ey vr,-\T

LIST OF ILLUSTRATIONS (Continued)

Figure Page

20 Overall AWOS Temperature Difference Histogran 73

21 Overall AWOS Dew Point Temperature Difference Histogram 75

22 Washington, D.C., Dew Point Temperature Difference (2 Sheets) 76

23 Overall AWOS Altimeter Setting Difference Histogram 79

24 Overall AWOS Wind Direction Difference Histogram 82

25 Overall AWOS Wind Speed Difference Histogram 84

. 26 Overall AWOS Wind Gust Speed Difference Histogram 86




H

I Table

10

11

12

13

14

15

16

18

19

20

21

23

LIST OF TABLES

Data Summary for AWOS Versus Official Comparison Analysis
AWOS Functional Requirements

Pilot Questionnaire Responsiveness Distribution
Unfavorable Voice Comments

Descriptive Statistics

System Rating According to Visibility and Ceiling Differences
Location Effects on Rating

Rating According to System Type

Access Effect on Rating

Telephone Versus Radio Access on Rating

Voice Effect on Rating

Total Number of Failures

Estimated MTBF Values and Confidence Limit Values of
True MIBF for WeatherMeasure

Estimated MITBF Values and Confidence Limit Values of
True MTBF for Artais

Cumulative System Data by Manufacturer by Site

System and Sensor Failure Diagnoses Distribution Categories
by Manufacturer

AWOS Site System and Sensor Values for Cumulative MITR

AWOS Site System and Sensor Values Cumulative Total Time to
Repair Vs Cumulative Number of Failures

Acceptance Limits for Reliability Index Computation

Confidence Interval Tolerances for Mean and Standard Deviation

Cloud Height Sensor Setup
Cloud Layer Number Results

Sky Obscuration

vi

- e < W tm . P
L - « ot . s LT T et et . .
PG N S WP A ST W R WY, oF Y L NN WU S AP, ST A SR W ¢

Page
10
14
15
19

20

23
23
24
28

30

31

32

34

36

37

46
47

48

L A B A

s




LA S A P A P S S S et T LS N e 250 T D D ™ L o M B S M S B A T T T T 'T"‘T_'."_*.—;'?]

LIST OF TABLES (Continued)

Table Page
24 Celling Occurrence 49
25 Cloud Height 50
26 Visibility Sensor Setup 58
27 Visibility Occurrence 60
28 Visibility 61
29 Temperature 70
30 Dew Point Temperature 74
31 Altimeter Setting 78

32 Wind Sensor Setup 80 -

»

33 Wind Direction 81 !"‘f7—1

A

34 Wind Speed 83 IR

SR

35 Wind Gust Occurrence 85 co

. »

36 Wind Gust Speed 85 T

37 Precipitation Occurreance 87
38 Precipitation Occurrence by Type 87

vii

. o e -
R WY

.
'
b
.
3

b

d

jo

.

e

s

3

3

2

f

Y.
L_. Snabenbdi ibdecinils




N U

"

ST

i

=0

[N




T

LR Fadh Sl Sadt e is Sen tad Sl Shal Sl S B Sa it Sull s Sal RN Sad Sl Sl Al A Ak St it Al A A A e S

EXECUTLVE SUMMARY

An operational demonstration of the Automated Weather Observing System (AWOS)
wias conducted by the Federal Aviation Administration at 14 airport installa-
tions in the contiguous United States and Alaska. The AWOS demonstration
units employed were procured from two system manufacturers, WeatherMeasure and
Artais, and consisted of commercially available equipment including sensors,
processors, and auxiliary hardware. The sensors were used to detect and
measure nine atmospheric parameters: cloud height, visibility, wind speed,
wind direction, barometric pressure, temperature, dew point, precipitation
occurrence, and precipitation amount. These data were then digitized,
processed, synthesized into voice messages, and updated each minute. Access
to the volice messages by pilots In flight was accomplished by very high
frequency (VHF) omnidirectional range (VOR) or discrete VHF, and for preflight
purposes, by telephone access.

This report discusses the analyses and provides results and conclusions
derived from AWOS demonstration source data collected during the period
September 1983 through June 1984, Source data included pilot questionnaire
user responses, maintenance personnel failure logs, hourly AWOS observations,
ar} offictal observations when available.

The primary measure of importance 1n the questionnaire responses was the
pilots' rating of overall system performance. Based on a scale of 1 (poor) to
5 {wexerllent), the average pilot rating was 3.64, which represents an above
Average system rating. The system rating was highest (4.01) when pilots
ivcessed AWOS by discrete VHF. Availability and currency of AWOS were the
pilorts' most favorable responses. In contrast, the primary uanfavorable
comments dealt with difficulties experienced by pilots in the synthesized
volle message.

“aiilure log data were used as a basis for computations of cumulative
mean-time-between-failure (MIBF) for the 10-month (7,200 hour) demonstration
period.  Following customary, widely accepted practices, overall system MTBF's
were computed by dividing the respective aggregate operating times by the
weregate number of failures. The seven WeatherMeasure systems experienced
l6 Yailures; whereas, the seven Artals systems experienced 184 failures. As a
lirect consequence, the system MIBF value for WeatherMeasure was greater than
},000 hours and greater than 250 hours for Artais.

Fatlure log data were also used as a basis for computations of cumulative
Mean-time—to-repair (MTTR). Calculation of MTTR values was performed in all
instances oxcept where either no failure occurred, or where a failure occurred
but was not resoived by the end of the demonstration period. Cumulative MTTR
svstem values for WeatherMeasure ranged from less than 0.2 to greater than
2.0 hoars, with the average for all sites being approximately 1.0 hours.
“nmalative MTTR syvstem values for Artais ranged from less than 0.3 to greater
rhan 4.0 hours, with the average for all sites also being approximately

1.0 hoars.
\Wos oand st taci ol observations were compared to determine differences between
VWil e asarements and corresponding collocated official observations. Based
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on this comparison, the performance of AWOS in detecting and reporting
visibility, temperature, dew point, barometric pressure, wind direction, wind
speed, and wind gust was acceptable. Poerformance in detecting and reporting
the number of cloud layers, cloud coverage, and cloud height 1n the absence of
precipitation was marginal to good. Cloud element detection and reporting
during precipitation was unacceptable. Precipitation detection was also
unacceptable.




INTRODUCTION

PURPOSE,

The purposce ot the Automated Weather Observing Svstem (AWOS) Demonstration
Program was to:

. Demonstrate to pilots, alrport operators, alr traftic control (ATC) and
maintenance personnel that by using commercially avatlable equipment, the
svstem engineering concept of AWOS would enable the required weather
parameters to be reported to the pilot in near real-time 10 an accurate and
conslistent manner.

2. Clusely monitor each AWOS demonstration unit at designated tfield sites and
collect aud analyze data pertinent to performance, reliability, and
malntainability.

. sSolicit and document user comments on the performance and usefulness of
AWOS information.

BACKGROUND.

The AWOS Demonstration Program entalled the procurement, installation, and
l-vear trial operation of commercially available units st 14 airports.  The
trial operation period of | vear consisted of a 2-month "burn-in" or
"debugging'" period and a lO0-month "useful life" period. The burn=-in periad
was used to establish the Data Acquisition System and allowed typically high
equipment failure rates to stabilize. Consequently, data were collected only
over the l0-month period from September 1, 1983 to June 30, 1984. There were
*wo system contractors: Artais, lacorporated of Columbus, Ohio, and
weatherMeasure (Qualimetrics), Incorporated of Sacramento, California. Each
contractor built and 1nstalled seven AWOS units at the following locations,

Artals WeatherMeasure

Bremerton, washington Keene, New Hampshire

Valdes, Alaska Galena, Alaska

Dubuque, lowa Auburn, Alabama

washiongton National, D.C. Houston, Texas

Houghton, Michigan San Luls Obispo, California

Houma, Loutsiana Muncie, Indiana

Santa Fe, New Mexico Palm Springs, California
Juriae the conrse of the data collection period, several tvpes of data were
poputresd B toe Foder gl Aviation Administration (FAA) Techaical Center.  These
dar 0 were el taderermine nser accestance, to detect equipment problems, and
tooanatvae svsten pertormance. he FAA Technical Center was responsible for
tae clistribntion, collection, and analysis of maintenance logs; the collection

[

rloamadvsies ot priot guestionnatres; and retrieval oand analvsis of digital
fat s romoeach WS aand arficial observation site.
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TaBLE 3. PLLOT QUESTIONNAIRE RESPONSIVENESS DISTRIBUTION

Location Count

l AUO 20
2 HOU 28
3 EEN 55
4 MIE 32
5 PSP 24
[ SBP 52
7 G A 1
8 DCA 29
9 DBQ 50
10 HUM 36
11 CMX 27
12 PWT 29
13 SAF 27
14 VDZ 6

AWCS Favorable Responses. A tabulation was made of all questionnaires
indicatiaog favorable AWUS responses. Classification categories were estab-
cished o paclude repetitive type responses as well as to accommodate grouping
't osimilarity in the subjective type comments that occurred. A count of the
respoases by classification category was then performed and presented on a
horizontar bar diagram. The total of 525 favorabhle responses exceeds the
nanbier of guestionnalres analvzed because some pilcts listed more than one
Savorabie comment.  The results of the analysis are shown in figure 9. This
cure itndicates that "Availability'" and "Currency'" are the major categories

fotav o rable responses.,

-

‘. Ve Unfavorable Responses. Analysis of the unfavorable AWOS responses to
Qe polet questionnaire followed the same basic procedural scheme as that
rieod for the favorable responses. The graphic results of this analysis
pre totestrated oo figure 10, As noted, the dominant unfavorable response
rteaory 13 "Volcee Hard to Understand."  Sixty-nine (25.4 percent) of the 272
At antavorable pllot comments were included in _his category. Thirty-five
pLl ot questloned the "Accuracy' of the information given by AWOS,

Lxacdiaarton ot ather volce related categortes in figure 10 reveals an addi-
ot bioantavorable responses ia the Y"Volee too Slow" category (27) and in
e UUare s Poor/Weak'" category (24). Table 4 provides the results of the
cntavorah e voice comment distribution obtained for each system contractor. A
apar <o b the WeatherMeasure total of 86 with the Artals total of 34
sl approxamat-ly two oand one-half times the @amber of unfavorable voice
et s enerated by oprlots asing the WeatherMeasure System as opposed to the
too Sostems However s ot should be noted that the WeatherMeasure site at
“os o whioh ases o a Doppler VOR, produced an excessive number of these
it orab e volee comments.  OF the 28 total responses received from Houston,

oo fr-red g o anfavorable voice comment.  This represents 68 percent of the
st own evialuated Honston AWOS.  The reason for the low rating at Houston
Wi b toothe VoR's 10 kilohertz (kHz) side-band modulation which masked the
Vi o vsage. Honston was the only site to use Doppler VOR and the side-band
coddtriatyon s characteristic of this type VOR,
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TABLE

Visibility
Range

Resolution

Accuracy

Cloud Helght
Range

Accuracy

Temperature
Range
Accuracy

Dew Point
Range
Accuracy

Wind Speed
Range
Accuracy

Direction
Range
Accuracy

Wind

wing Gust

Aitimeter Setting

Range

Accuracy

Yrecipitation ucourrenoy

Accuracy
Freciprtatioan i
AL THr ANy

A o latoon
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AWOS FUNCTTONAL REQUIREMENTS

<l/4 to 5+ miles

<U/6, 1/4, 1/2, 3/4, 1, 1 1/4,
1 1/2, 2, 2 1/2, 3, 3 1/2
4, 5, 5+

+ one reportable increment
90% of fata points

100 to 5,000 ft (visibility
3 miles no precipitation)
100 to 3,000 ft (50% hits)
in moderate rain
+100 ft to 1500 ft
+10% from 1,500 ft to 5,000 ft

-60° F to 130° F

1° F (=40° F to +120° F)
2° F (-60° F to -40° F,
+120° F to 130° F)

-30° F to 90° F
2° F (30° F to 90° F
100 to 15% RH)
3° F (-10° F to 30° F,
95% to 15% RH)
4° F (-30° F to -10° F,
95% to 15% RH)

0-100 knots

2 knots {calm to 20 knots)
10% (20 to 100 knots)
(2-minute average)

0°-360°
10° (2-minute average)

Same as wind speed accuracy,
but with S5-second average

28-32 in Hg (-500 to 10,000
feet m.s.l.)
0.01 in Hg

U.01 tnch of precipitation in
1N minutes (the IFB incorrectly
specifies 0.05 inches in
1% minutes)

+0.0 i1onches for rates less
ttan | inch/hour

Reported each 1, 6 and 24-hour
totals
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Performance, Failure, and Repailr Logs were used for calculating values of
mean-time-between fatlures (MTBF) and mean-time-to-repair (MTTR) for
cach system and cach sensor. These forms were completed by the field
technician and sent routinely to the Technical Center for cumulative
compilations. The dedication of these technicians in the performance of their
duties contributed significaatly to the success of the demonstration program,

Hourly observations, a third source of data for analysis, were used to obtain
i comparison between the official observation and the AWOS data. While this
comparison has its obvious value, it must be recognized that the observation
location aud tiwmes may not be equal and the basic approach for obtaining
parameters, such as visibility, are significantly different. These data sets
were used to calculate differences in terms of mean values of the root-mean-
square (rms) error, and t) prepare time series plots of residual error,
scattergrams, and relative and cumulative frequency histograms.

2. Functional Requirements. The AW0OS functional requirements for each
meteorological parameter are listed in table 2. All accuracies shown are rms
values except visibility, cloud height, and precipitation occurrence. The
balance of this report, particularly the section relating AWOS to the official
observations, shows the degree of success in AW0OS to meet these functional
requirements.

DISCUSSION

PILOT QUESTIONNAIRE ANALYSIS.

1. General. During the 10-month period of September 1983 through June 1984,
456 pilot questionnaire forms were received. Thirty-six of these forms were
r2jected due tov inadequacies and insufficient iaformation. These included
casces where the overall rating of system performance was omitted or the
questionnaire did not appear to be filled out by a pilot. Also, four of the
420 acceptable questionnaires did not specify the site location. An analysis
»f the questionnaire survey was performed to determine the national
responsiveness distribution of AWOS sites used by pilots. This analysis
revealed that the highest response from pilots was at Keene (55), San Luis
Dhispo (52), and Dubuque (50); while the lowest were at Galena (1), and Valdez
(h). Discussions with pilots at the AWOS Incations revealed that pilot usage
«f the systems was much higher than indicated by the quantity of questionnaire
responses. Table 3 shows the distribution of national responsiveness based on
the 4146 site-specific questionnaires.,

2. Ailrcraft Type Used., '"Type of Aircraft" data used were extracted from the
questionnaires aad tabilarly recorded. An analysis was then made concerning
the approprtate general aircraft type classification and a tally made of
iircraft tvpes by respective categories. A graphical depiction of the results
is shown by the horizontal bar diagram in figure 8.
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Expiration March 1985

AUTOMATED WEATHER OBSERVYING SYSTEM (AWOS) PILOT QUESTIONNAIRE

The Federal Aviation Administration is conducting a demonstration of the AWOS.
four ccmments are solicited. Please complete and mail a form each time you
ise the system. The demonstration will end July 31, 1984.

1

2.
3.
4

10.
Il.

Thank you

Where and when did you use AWOS?
Your aircraft type?

Average {lying hours/year?
How did you get the information? VOR , NDB
Special Designated Frequency , FSS Specialist

ATC , Telephone (computer voice)

If you got the information by radio, how far from the radio or airport were
you? miles

Were you under [FR __ or VFR ?

Compare the AWOS Ceiling and Visibility Report with actual observations
experienced during {light.

ceiling reported teet, actual observation feet;

visibility reported miles, ac*ual observation miles.

Is this the first time you have responded to this survey? Yes No

For questions 9, 10, 11. Please do not repeat comments you have given on previous
responses to this survey.
What did you like best about AWQOS?

Least?

Overall satisfaction. Score from | (poor) to 5 (excellent)
(OPTIONAL) Please feel free to comment further:

(T FORPM 79502 (10-83)

e A e m "ml e e aial

FIGURE 6. AWOS PILOT QUESTIONNAIRE
11
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series of the raw data were plotted and visually inspected for anomalous data
points which might have been undetected by the quality control and error-
checking programs. Manual c¢diting of the data bases was carried out based on
the results of the quality control, error-checking, and plotting routines.

One special-purpose computer program was designed to carry out the numerical
and statistical techniques used in the AWOS versus official analysis. The
meteorological parameters compared were: (1) sky and ceiling parameters,
(2) visibility, (3) temperature, (4) dew point temperature, (5) altimeter
setting, (6) wind direction, (7) wind speed, (8) wind gust, and (9) precipita-
tion occurrence. Two rules were adopted for the comparison. First, AWOS
records were compared with corresponding official observations only when the
time difference between them was within !5 minutes. Second, objectivity was
maintained by comparing AWOS data only with collocated official data. As a
result, the AWOS demonstration site at AUO was eliminated from this study, and
only the collocated official data were used in the SBP comparison.

A summary of the AWOS and official data sets used in the comparison analysis
is presented for 13 AWOS sites in table 1. 1In this table, N represents the
number of paired hourly records compared and analyzed and t represents the 1
average time difference between these paired records. A small sample size for
PWT is a result of AWOS measurements being processed at the beginning of each y
hour, while the official observations are taken mostly on the clock half-hour. ',
The small sample size for SAF is a result of communication problems between
the AWOS site and the FAA Technical Center.

Data acquisition, processing, analysis, and plotting were accomplished on a
Perkin-Elmer Multiprocessor System (model 3200 MPS) digital computer and
Ramtek Graphic Display System (RM-9400 series) located at the FAA Technical
Center's Aviation Weather Laboratory. The quality control, editing, and
comparison analysis programs were written in extended Perkin-Elmer FORTRAN VII
language.

TECHNICAL APPROACH.

1. Methods of Analysis. Three sources of data were used to evaluate AWOS
with respect to the objectives stated in the "Purpose" section of this report.
These sources consisted of pilot questionnaires (figure 6), Performance,
Failure, and Repair Logs (figure 7), and data sets of AWOS and official
observations which were discussed previously in the "Data Acquisition System"
section of this report.

The pilot questionnaires were the primary means of assessing user acceptance

of AWOS. The form was coordinated with and approved for distribution by the -
Office of Management and Budget (OMB). The forms were distributed to all AWOS )
sites and to accident and prevention groups of the FAA. The accident and ]
prevention groups were particularly helpful in distributing these forms to the —!
pilots by way of safety seminars which provided the means to introduce and .
explain AWOS to the users. Jeppesen Sandersen Incorporated was also helpful "

in the distribution of the pilot questionnaires by way of the "Jeppesen
Briefing Bulletin,"
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Official weather data obtained by human observers at each AWOS site were also ‘
collected, processed, and archived each weekday at the FAA Technical Center. ‘
The observers at each airport were provided by either the NWS, Air Weather

Service (AWS), FAA Flight Service Station (FSS), Fixed-Based Operator (FBO),

or contracting activity. The hourly official weather observations are in

surface aviation observation (SAQ) format and consist of scheduled record
observations (SA's), unscheduled special observations (SP's), and scheduled

record observations that also qualify as special observations (RS's). An
example of archived official weather observations and meteorological
parameters is given in figure 5,

Official weather reports are either teletyped to the Weather Message Switching
Center (WMSC) in Kansas City, Missouri; or transmitted to the National
Meteorological Center (NMC) in Suitland, Maryland, over an Automation of Field
Operations and Services (AF0S) system terminal. Official data for the AWOS
sites were first acquired from these two national data bases by the MITRE
Corporation in McLean, Virginia, and then transmitted by WATS line to the FAA
Technical Center for decoding, archiving, and comparison with corresponding
AWOS data.

The 14 AWOS sites, corresponding official observation sites, and their
3 assoclated three-letter site identifiers are shown below:

‘.
"’.', AWOS Sites Official Observation Sites
- 1. Galena (GAL) l. Galena (PAG)
3 2. Valdez (VDZ) 2. Valdez (VDZ)
3. Dubuque (DBQ) 3. Dubuque (DBQ)
4, Washington (DCA) 4. Washington (DCA)
5. Houghton (CMX) 5. Houghton (CMX)
6. Muncie (MIE) 6. Muncie (MIE)
7. Palm Springs (PSP) 7. Palm Springs (PSP)
8. Keene (EEN) 8. Keene (EEN)
9., Bremerton (PWT) 9. Bremerton (PWT)
10. Auburn (AUO) 10. Columbus (CSG) and
Montgomery (MGM)
11. Houston (HOU) 11. Houston (HOU)
12. Houma (HUM) 12. Houma (HUM)
13. Santa Fe (SAF) 13. Santa Fe (SAF)
4. San Luis Obispo (SBP) l4. Santa Maria (SMX),
® Paso Robles (PRB), and
' San Louis Obispo (SBP)
3. Data Processing. More than 52,500 hourly AWOS records and 52,000 hourly
official observations were collected and archived for this study. To ensure
the integrity of these two large data bases, an exhaustive effort was devoted
to data editing. Data editing was initially performed by inspecting the data

through a quality control program and error-checking routine designed to
detect and flag any anomalous or spurious data points. The details of the
AWOS data quality control program are provided in appendix A. These quality
~ontrol and editing programs primarily identified garbled data, examined the
AWOS processor status remarks, checked observations for normal range, and
checked large excursions in the data from one hour to the next. Next, time
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REFERENCE DOCUMENTS.

During the course of the demonstration program the following documents were
tssuvd and are available from the Technical Center Library.

1. AWOS Demonstration Program Test Plan, DOT/FAA/CT-TN84/1, January 1984.
2. AWOS Quarterly Report, DOT/FAA/CT-TN83/60, December 1983.

3. AWOS Demonstration Program Bimonthly Report, DOT/FAA/CT-TN84/18-1,
March 1984.

“. AWOS Demonstration Program Bimonthly Report, DOT/FAA/CT-TN84/18-2,
May 1984.

SYSTEM DESCRIPTION.

1. AWOS. The AWOS System consists of commercially available meteorological
sensors which measure nine atmospheric variables: cloud height, visibility,
temperature, dew point, barometric pressure, wind speed, wind direction,
precipltation occurrence, and precipitation amount. An illustration of a
typical AWOS field site with its weather sensors is shown in figure 1. A
generalized AWOS block diagram is shown in figure 2.

Sensor data were converted to digital form by a Data Collection Package (DCP)
and sent to the AWOS Data Processing Unit (DPU) which reduced these data using
algorithms provided by the National Weather Service (NWS). The AWOS DPU
constructed and updated one record {(or weather message) of observed and
computed meteorologlcal parameters once every minute. The DPU also synthe-
sized this weather information into voice messages which were continuously
transmitted to pilots over discrete very high frequency (VHF) or VHF omnidirec-
tional range (VOR). These volice messages were also obtainable by pilots,
flight planners, flight service personnel, and air traffic controllers through
telephone dial-up access. AWOS information could also be monitored by direct
link with a line printer or cathode ray tube (CRT) display. AWOS records
processed at the beginning of each hour were automatically recorded on a
nonvolatile storage medium such as disc or Read Only Memory (ROM). These
storage devices were capable of holding up to 5 days of hourly reports and
could be remotely accessed and reset. AWOS data used in this investigation
were obtained directly from these storage devices.

2, Data Acquisition System. The method used for acquiring AWOS and official
observations 1s illustrated in figure 3. Hourly weather reports recorded on
the AWOS storage medium were automatically retrieved each weekday by the FAA
Technical Center processor. Digital data were transmitted to this processor
in American Standard Code for Information Interchange (ASCII) 320-byte
physical record format via a band-6 Wide Area Telephone Service (WATS) line at
a 1200-baud rate. FEach physical record contains four 80-byte logical records,
each of which corresponds to one hourly AWOS report. A baud rate of 300 was
nsed tor AWOS sites in Alabama and New Mexico. The retrieved data were
stmultaneously decoded and archived on hard disc by means of special-purpose
iine handling, decoding, and data base manager software programs. An example
of archived AWOS hourly reports is shown in figure 4.
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TABLE 4. UNFAVORABLE VOICE COMMENTS

) Period WeatherMeasure Artais
n September - December 17 15
;i January 14 3
| February 8 3
’: March 30 7
f;§ April 12 2
. May 5 3
é | . June 0 1
5 Total 86 34

" 5. Descriptive Statistics. Response elements of the 420 pilot questionnaires
were analyzed through various statistical methods. These questionnaire
& elements included:

y -. System Rating

{ AWOS Ceiling (ft)

'73 Pilot Ceiling (ft)

C: AWOS Visibility (mi)

I Pilot Visibility (mi)

o Average Pilot Flying Hours/Yr

The differences between AWOS ceiling and pilot ceiling responses and AWOS
visibility and pilot visibility responses were similarly analyzed. Computer
programs of the 1983 BMPD Statistical Software Package were employed in
performing the statistical calculations of the analyses. Descriptive statis-
tics for the variable in each instance included the frequency of occurrence,
sample mean, standard deviation, standard error of the mean, coefficient of
variation, and minimum and maximum values. The computer-generated results for
these statistics are presented in table 5. A referral to the 1983 BMPD statis-
PS tical software package can be found in Technical Note DOT/FAA/CT-TN84/18-1.

Ty

.’Y'

A 6. System Rating. Overall rating of AWOS was established as the primary
- measure of importance in the pilot questionnaire survey. Pilots were request-
»d to respond by giving a numerical rating from 1 (poor) to 5 (excellent).
»_7' The mean of the pilot ratings of the system was 3.64, as indicated in table 5;
° the standard error of this mean value (i.e., sampling error) is 0.062.
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TABLE 5. DESCRIPTIVE STATISTICS

Standard Coefficient

Standard Error of of Miniursm Maximoam

Variables Frequency Mean Deviation _ Mean _Variation Value Value

L. Ratiog 420 1.64 1.78 0.067 0,351 1.00 5,00
2. AWOS Ceiling (fu) 21 3221.03 1904, 70 124.181 0.591 100,00 SO0, On
b.ooPilot Ceiling (ft) 233 3371.09 1850, 51 121.231 0.549 150,00 SO0 00
AWDS Visibility tmi) 219 4.67 1.42 0,092 0.304 .29 L
Filor Vicibility (mi) 240 4.89 1.27 0.082 n.260 0.8 5.50
Average Filot Hours 412 186 .88 320,56 15.89! 0.814 10.00 1400.00

; Sky tonditions Difference (fr) 213 ~152,06 1298,990 85.099 -8.543 ~4900.00 4800, 00
5. Visibility Mitference (m?} 219 -0,27 .14 0.074 -5.280 -5.00 4,50

7. Difference Between AWOS and Pilot Reported Ceiling. The AWOS reported
ceiling had an arithmetic mean of 3,221 feet with a standard deviation of
1,904 feet. The standard deviation is quite large due to the number of
observations at the extremes, especially at the upper extreme. The minimum
report was 100 feet; the maximum report was 5,000 feet. This maximum report
of 5,000 feet occurred in 106 (45.5 percent) cases out of the 233 pilot
questionnaires that included information about the AWOS reported ceiling.

The pilot report ceiling had very similar statistics. The arithmetic mean was
3,373 feet, indicating an average bias between AWOS reported and pilot
reported ceiling of 152 feet. The variable ceiling difference is obtained by
subtracting the pilot reported lowest cloud level from the AWOS reported
lowest cloud level. The standard deviation of 1,850 feet was fairly close to
that of the AWOS reported ceiling. A paired Student t test was performed and
the results indicate no statistically significant difference between the
arithmetic mean of the AWOS and pilot report ceiling.

8. Difference Between AWOS and Pilot Reported Visibility. AWOS visibility is
reported discretely only up to a range of 5 miles. Consequently, as a ground
rule for the analysis of visibility, pilot reported visibilities of 6 miles or
larger were treated as a maximum report of greater than 5 miles. The differ-
ence between the AWOS reported and pilot reported visibility under these
maximum situations was zero.

The AWOS reported visibility had an arithmetic mean of 4.67 miles with a
standard deviation of 1.42 miles. The pilot reported visibility had similar
statistical values with a mean of 4.89 miles and a standard deviation of
1.27 miles. The mean of the visibility difference was -0.22 miles with a
standard error of 0.074 miles.

A two-factor analysis test of variance was performed to determine which of the
factors, visibility, ceiling, or both, significantly affected the system
rating. Each factor was divided into two levels. For ceiling, differences
were grouped as 200 feet or less, and more than 200 feet. For visibility,
differences were established as less than or equal to 0.5 miles and greater
than 0.5 miles. The groupings selected represent the tolerance levels for the
variables identified in the AWOS Demonstration Program Test Plan.

The raw cell means of the system ratings for this grouping are depicted in
table 6. The table shows that the system rating was |1.88 when AWOS was
reporting ceilings which differed by greater than 200 feet from the pilots
observation in combination with an AWOS report of visibility which differed by
greater than 1/2 mile from the pilots observation.

20
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From an overall standpoint pilat ratings, as expected, are lowest when
visibility differences excecd D05 miles and, at the same time, cetling
differences exceed a 200-foot threshold. Pilot ratings are relatively high
when either visibility or cerling (or both) are less than the threshold values

shown 1n table 6.

TABLE 6. SYSTEM RATING ACCORDING TO VISIBILITY AND CEILING DIFFERENCES

Visibility Differences Ceiling Differences
€200 ft 2200 ft

<0.5 miles 3.86 3.09

>0.5 miles 3.39 1.88

9. Scatter Plot of Sky Condition Difference Versus Visibility Condition

Differences. The scatter plot of the sky condition differences and associated

visibility differences are shown in figure 1l1. The plot shows results are
centered at the origin (0,0) with 118 cases out of 212 (55.7 percent) report-
ing no differences in sky and visibility.

10. Analysis of Rating Versus Location. An analysis was performed to detect
any dependence of overall system rating on system location. There were
significant differences in system ratings at the 14 different locations, as :
shown in table 7. Several other multiple comparison tests confirmed this

finding. Also, pilot responses were reviewed to see if either of the two AWOS

Systems had any effect on system rating. As shown in table 8, system type had

no significant effect on pilot rating.

TABLE 7. LOCATION EFFECTS ON RATING

Count Ratjing Standard
Location N Mean Deviation
WeatherMeasure
l. AUO 20 4,45 0.6863
2. HOU 28 2.75 1.5546
3. EEN 55 3.45 1.3953
4. MIE 32 3.47 1.2439
5. PSP 24 3.83 0.9168
6. SBP 52 3.91 0.9788
7. GAL 1 2.00 0.0000
Artats

8. DCA 29 3.74 1.2861
g. DBQ 50 3.90 1.1429
10. HUM 36 4.19 0.8559
11, CMX 27 2.59 1.3085
12. PWT 29 4.00 1.0690
13, SAF 27 3.04 1.4273
14. VD2 6 4.33 0.8165
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TABLE 8. RATING ACCORDING TO SYSTEM TYPE

System Count (N) Mean Rating
WeatherMeasure 212 3.61
Artatis 204 3.67

11. Method of Access. The methods of access to the AWOS recorded messages
were: VOR, discrete VHF (dVHF), FSS Specialist, ATC, and telephone. [t was
observed in the tabulation of pilot responses that some pilots gave multiple
entries to this question of method of access. Hence, certain ground rules
were established in order to focus the multiple entry responses to a single
primary method of access. These ground rules were: radio access had priority
over telephone and VOR had priority over dVHF. For example: in multiple
respouses of VOR and telephone, only VOR was recorded; where VOR, dVHF, and
telephone were all checked off, only VOR was recorded. Finally, in the
example where dVHF special and telephone were botn checked off, only dVHF was
recorded.

A comparison was made to test the effect that method of system access had on
the AWOS Svstem rating. Of the 420 pilot questionnaires, 406 were evaluated
as system access either by telephone, dVHF, or through the VOR frequency.
Table 9 is a table of results.

These data show that system rating was highest when the pilot accessed AWOS on
a dVHF. This table led to the observation that a Student t test comparison
should be made on radio versus telephone access (radio including both dVHF and
VOR). The results compared against system rating is presented in table 10.
The t test showed a slightly higher mean rating for radio (3.70) than
telephone (3.38).

TABLE 9. ACCESS EFFECT ON RATING
System Count Standard
Method of Access Rating (N) Deviation
VOR 3.44 179 1.34
d VHF 4.01 144 1.03
Telephone 3.38 83 1.40

TABLE 10. TELEPHONE VERSUS RADIO ACCESS ON RATING
System Count Standard
Method of Access Rating {N) Deviation
Telephone 3.38 83 1.40
Radio 3.70 323 1.25
23
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12. Voice Effect on Rating. Another analysis performed compared the effect
of unfavorable voice comments to pilot rating. The unfavorable voice comments
were categorized into three classes: voice too slow, voice hard to understand,
and poor transmission. The results of this variance test of voice effect on
rating is given in table 1ll. Results show system ratings were substantially
lower when the pilot had difficulty with message intelligibility such as
"Voice Hard to Understand" and '"Poor Transmission."

TABLE 11. VOICE EFFECT ON RATING

System Count Standard
Voice Effect Rating (N) Deviation
Too slow 3.85 27 0.82
Hard to understand 3.07 69 1.25
Poor transmission 3.00 24 1.44

13. Correlation of Svstem Rating With Other Variables. A system rating
comparison test was run comparing the 64 Jeppesen AWOS questionnaire forms
against the 356 OMB approved questionnaires. No significant differences were
found between the two groups.

14, Instrument Flight Rules Versus Visual Flight Rules Effect. System rating
according to whether the pilot was operating under Instrument Flight Rules
(IFR) or Visual Flight Rules (VFR) was analyzed. Tabulation of the responses
indicated that 167 pilots operated under IFR conditions and 202 under VFR
conditions. Of those pilots who responded to this questionnaire, 45.3 percent
flew IFR and 54.7 percent flew VFR. Paired Student t tests were conducted to
test the IFR/VFR effect. The IFR mean system rating was 3.77; the mean system
rating for VFR was 3.53. Consequently, whether or not the pilot was IFR or
VFR had no significant effect on his rating of system performance.

MTBF AND MTTR ANALYSES.

l. General. Computations of MTBF and MTTR were performed by system and by
each sensor for each manufacturer (WeatherMeasurc and Artais) for each of the
14 AWOS sites. These computations were based on the review and assessment of
data contained in Airways Facilities Performance, Failure, and Repair Logs
periodically forwarded to the FAA Technical Center from the various sites. 1In
scope, these data covered the [0-month period from September 1983 through
June 1984,
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The standard procedures followed in assessing the logs involved determinations
as to completeness and applicability of the data. When additional or
clarifying information was needed, telephone discussions were held with the
technicians at those sites of concern. Further, annotations were made
ad jacent to the log entries to identify type of failure category, i.e., system
failure (as defined in the AWOS test plan) or sensor failure. Failures that
were not applicable (e.g., data retrieval) were annotated as 'OMITS."

2. MTBF Analysis Methodologies. Two distinct methodologies were necessary
for calculating AWOS System and sensor MTBF's. One method was used for
calculating the estimated MTBF, while the other involved calculating the
confidence limits of the true MITBF. Calculation of estimated MTBF values was
employed when two or more failures occurred. When one failure or no failure
occurred over the duration of the AWOS demonstration program, the confidence
limits of the true MIBF were calculated.

The basic reason for implementing two different calculating methodologies
stems from the inherent meaning of MTBF, i.e., mean-time-between-failures.
Consequently, at least two failures must occur before normal calculations of
the estimated MIBF can take on practical meaning.

3. MTBF Calculations (Two or More Faillures). Estimates of the MTBF for two
or more failures were calculated for the system and each of the seven sensors
at each site by means of the fundameantal expression:

(1)

where TOT represents the total operating time and n the number of failures
(two or more) during the periocd.

In calculations of system MIBF for each site,

TOT = Total period time - f(total time to restore + preventative
maintenance time)

However, in calculations of sensor MIBF (for each sensor) for each site, the
expression was modified as follows:

TOT = Total period time - r(total time to restore + preventative
maintenance time) - I(down time due to a system failure)

For sensors, there are two contributing factors:
a. Cases in which the system was operational but the sensor was down.

b. <Cases in which the system itself was down and, consequently, the
sensors were not operational.
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Further, in nearly all instances, preventative maintenance time did not occur.
This reduced the expression for TOT for calculating purposes of system MTBF
to:

TOT = Total period time - I{(total time to restore);
and for sensor MTBF to:

TOT = Total period time - £{(total time to restore) + (down time due to a
system failure)l,

As a basic ground rule for the analysis, total period time, on a month by
month basis, was established as 720 hours. As a result, overall total cumula-
tive perio’ time for the lU-month demonstration program was 7,200 hours.

4. Confidence Limits ot the True MTBF (One or No Failures). If T = It{ hou :

of operating time ar. ac.umaiated and r failures are observed 1n such a test,
which can be of the repla.ement or nonreplacement type, the two-sided confi-

dence limits for o 00 ii-a percent confirdence level are given by:
(2)
27 om 21
2 h 2
Xq 1 2;2r+2 Xj-a/2;27
and the one-sided confidence limit at the same level 1s given by:
(3)
m = 21
- )
X

Further, even 1f no failure occurs during the test (r = 0), a definite lower
confidence limit can be calculated (Bazosky, Igor, Reliability Theory and
Practice, Prentice-Hall, 196!, pg. 238) i.e.,

(4)
CL=
a;?2
In the above statistically related expressions, "m" represents the true MIBF,
"T" the total operating time, "t;" the elements of operating time, "r" the

number of failures, "C|" the lower confidence limit, "a" the level of signi-

. ) h .
ficance, and ''x<" the Chi-square random variable.

The general inequality expresstion for determining two-sided confidence limits
for the true MTBF (equation 2) was applied to those cases in which only one
system or sensor failure occurred during the 10-month AWOS demonstration
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pruogram. The contidence level selected was 80 percent; hence a= 0.20,

Substituting and simplifying, the specific expression resulted as:

ro|to

T <m < 2T
2
X104 X.90;2

Values for the two denominators of the expression were determined from statis-
tica! tables for percentiles of the Chi-square distribution. This enabled the
following inequality expression to be developed for actual computational

s age |

2T ~ Mo 2T

77,78 I 0.2107

fonscequentlyv, to perform the actual computations, all that needs to be known
i the respective total operating time (T) of each system or sensor experi-
cing wne faillure. With this information, the two-sided confidence limits of

S

T true MIBE can be determined for each situation.
[n those instances ln which a system or sensor experienced no failure (r = 0)
Juring the -month time frame, the lower confidence level was calculated

151w cquation 4 cited earlier. The confidence level selected was 90 percent;
heace a= 10, The value for X2 [g.p from statistical tables was found to be
4.nl . Substituting this value, yields the following basic expression used for
computational purposes:

(7)
2T
L[ = —_—
? 4.61
“. Failure Distribution Results. Table 12 provides, in matrix—-type format,

Jdata concerning the distribution in number of failure occurrences during the
l0-month AWOS demonstration program for each manufacturer (WeatherMeasure and
Artais). The hortzontal matrix heading, in each instance, are the three-
character identifiers for the seven associated AWOS sites. Listed vertically
in the first column are the system and sensor names. Entries in the body of
cach matrix reflect the distribution in number of failure occurrences. To
detormine the actual number of faillure occurrences for any situation, read
across the row (svstem or specific sensor) and down the site column. The
number of failures appears at the intersection of the row and column.

An analysis of these failure distributions revealed, in general, that Weather-
Measiure and Artais had almost the same total instances of t®o or more failures
{13 vorsus 14 in count) and one or no failures (43 versus 42 in count) respec-—
tivelyv. This Information was particularly useful in terms of bringing into
tocas the tvpe of MTBF calculating methodology to be employed.

contrasting differences, however, were noted within these distributions.
Artais had a substantially greater number of two or more failure cases than
woatherMeasare (208 versus 42, respectivelv)., The primary contributor to the
Sish Artails count was the larze number of system failures (184), most of which
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weatther™Megsare

Visthiiity
wind
Temperature
Dew Point
Pl‘(‘fipita[ Lon

Altimeter

Total

Artais

System
Celling
Visibility
Wind
Temperature
Dew Point
Precipitation

Altimeter

Total

Note:

TABLE

AUO

5

1%

1%

* Fatlure not resolved

** [ast

faitlure

not resolved

HOU

1

t+o

o3

[aed

(RS

[R®]

MIE

1

%%

CMX

8

——

54

~

TOTAL NUMBER OF FAILURES

PSP

b
<

F—

PWT

39

0

N

SBP

0

SAF

5

0

—

0

GAL

0

VDZ

6

(V)
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cocurred at HUM, CMX and PWI. For WeatherMeasure, the highest count of two or
more tatlures was for the visibility seonsor fatlure at KEN (12). Tasofar as
the distribution of occurrences of one or no faillnres, WeatherMeasure had 10
instances of one failure and 33 instances of no faillures; wnercas, Artais had
18 instances of one fatlure and 24 1nstances of no tailure.

e overall total counts of fallure occurrences during the [O-month time frame
were 50 tor WeatherMeasure and 226 for Artats. At the termination of the AWOS
Demonstration Program on June 30, 1984 (i.e., last data collected on June 305,
there were Live instances in which fatlure situations had not been resolved,
e gt a4 WeatherMeasure site and four at Artais sites. These related to a
second cetling sensor fatlure at Muncile, Initial occurrences of dew point and
preciptitation sensor failures at Washington, D.C., a ceiling scnsor failure at
Jouma, and a second precipitation sensor failure occurring at Houghton.

n. kstimated MTBF and Confidence Limit Results. Appendix B affords 14 sets
¢ tables, one set for cach of the seven WeatherMeasure sites and sceven Artals

o5, kach set consists of eoight tables which provide, in scquenced order, a
riecord of the svetem data and corresponding censor data computational results
for total osperating time and number of failures. The ordering of the sensor
datr ots s follows: cetling, visibility, wind, temperature, Jdoew point,
proecipitaty on, and altimeter.,  The tabular data for WeatherMeasure are shown
in tabli-s B~! through B-8, whi.. Artais data appear in tables B-9 through B-16.
Results are given cumulatively for the time from September 1983 through June

t s to be noted that cumulative operating time 1s given in all instances
vl when there are no fatlures. Inspection of the sensor data reveal differ-
snces 1 operating time since down time due to a system failure plays a role.
The cateulated results of estimated MIBF for each time period are shown in the
Past column of cach table, when applicable. This practice adheres to the
wethodology ddiscussed earlier for caleculating estimated MTBF values only when
i sustem or sensor itocurred two or more failures. Appearing in the last row
it oeoach svstem and sensor table are the aggregate cumulative data results for
the l0-month AWNS Demonstration Program,

0w 1 and 14 provide overail MIBE computational results for WeatherMeasure
i Artats, respectively, for the l0-month AWOS Demonstration Program. The
15 tables 1s analogous to table 12. Entries consist of the

vt vEoot
derner toaL values fors (1) the lower confidence limits of the true MTBF at the

Veonor et confidence level for cases of no failure occurrences; (2) the
cwomsided Clower and upper) confidence limits of the true MTBF at the 80
sercent contideace level for cases of one failure occurrence; and (3) the

cctimated MIBF's corresponding te two or more failure situations.

e desionar ors LY and MUY, appearing to the left of certain entries, repre-

W1 thaese americal entries are the lower and upper confidence levels of

s e MTBEL o cases whero a numerical value appears after an "L designa-
vt 1 dash oatter the " o designator, the numeric represents the lower
atidesies bimit oot the true MTBF. whiie the dash denotes there is ne upper
Soand oinsotar o oa contidence Timit (t,e., these appliv to no fallare situa-

o e Fanally o wher g oumerteal value appears withont any designatoers, this
oresents the ostimated valae of MTBF (toey, the case for two or mors fallare
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the intervals 1n table 20 were selected based on the accuracy and quantizing

tncrement of the particualar atmospheric parameter. As an example, 1f the
“omputed contidence interval for dew point is w=d + 1.2 °F, then the sample
bras 1s accepted as belng statistically significant (with actually greater
than 9% percent confidence) since the width of the confidence interval is less
than the prescribed limit of +2 °F in table 20.

he avceuracy of the reliability index RI estimate may also be determined by
establisning a contidence interval for i1ts population counterpart p. Since
e statistic R is approximately normally distributed, the 95 percent

contfirdence interval for p ois

(21}

P

CRICL=-RD)
! N

In this study, computed values ot RI were accepted as being statistically
stenitflcant at the Y5 percent confidence level when the confidence interval 1in
cquation 21 was within R1 +5 percent.

Inspection of the foregoing formulas for significance testing on the sample
ficient, bias value, standard deviation, and reliability index
shaw fnat the daccuracy of a computed statistic increases as the sample size N
1o reases, or the level of contidence is relaxed. Consequently, rejection of

rrelation coe

¢ovompnt el o srartistie, because of statistical insignificance at a certain
A dence Terel o 1w 1 resnlt of an insufficient sample size.

v oommoen mettod of determining the required sample size to obtain statisti-

“triv o stenificant results 1s based on the confidence interval for the true
is. Ihe relationship in equation 19 can be alternately used to estimate the

sumpie wize required to produce a sample bias estimate of a desired accuracy;

S .. mow large must the sample size N be in order to be at least 95 percent

i osuared the true bias ts u=d + E. After rearranging equation 19, the

voquirod sample sitze Nx o ocan be stated as

(22)
Co s tNely.9755 2
b 3 |
wreeroo r 1w the tolerance given in table 20. Analogously, a required sample

iz tor i reliability i1adex estimate of desired accuracy can be obtained by
coarranging the confidence interval formula given in equation 21.

. A set of peneral-purpose plotting routines were developed
voerapitedal Jisplav of the comparison analvsis results. These routines were
o constract for o each meteorological parameter and particular case study:

i alats of residual ditferences, scattergrams of AWOS on observed

i
L

“aiaes, oand relative and cumulative frequency histograms of residuals. As a
campleo, 1 complete set o of plots for AWOS sites at Washington, D.C., and
cstoan, 1- Ziven in tignres O-1 through D-30 of appendix D. These figures

diapiav time series plots, scattergrams, and histograms for each of the eight
~etooralogical variables.,
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v osignificant correlation occurs when the value of w VE?§ falls
siven by ocquation 17, In other words, when the absolute
sreater than 1,96, we reject the hypothesis Pxy=0 and say
contfident that a stignificant correlation exists between

}ois

termine the accuracy of the sample bias and standard deviation,
estimates 1n light of confidence iIntervals
Theoretical sampling distribu-

to examline these

tions for the sample bias d and standard deviation s, when N observations are

mad. from a population with unknown mean u and standard deviation o, are
Student -t and chi-square distributions, respectively. Then the 95 percent
confidence intervals are
(19)
- SLN-1,.975
W= d o ——=
R
and
(20)
3 3
s f (N-] % o < s (N-1)
XIN-1;.975 x<N-1;.025
” . . .
where @ and x+< are the Student-t and chli-square random variables with
N-1 degrees of freedom. By virtue of the symmetry of these sampling distribu-

the

. .
D on
Yroas,

thes position of

true blas 1s centered exactly within its confidence interval, while

o within 1te confidence interval 1s typically skewed towards

ane bonnd ar the other. One constraint on equation 20 is that the sample is
iriwn from 1 normally distributed population. This assumption is reasonable
Cvooac o Jase since tae distribution of residual differcences is approximately
Dormal,
“rot e stradys, values of the bias and standard deviation were accepted as
statistivcatly siwnificant only when their respective 95 percent
idenos 1atervals were entirely contained within a prescribed tolerance
Porval. dhat o 1e, the confidence interval must be within the acceptance
e ¢+ F oor s + B, The acceptance limit E for each meteorological
parameror o1 in table 200 -
DA M CONPLOENCE DN IERVAD TOLLRANCES FOR MEAN AND STANDARD DEVIATION
Farameter F
o Bt e 100
Vimihvg it i .25
cmperature b 1.0
L Tt L 2.0
dltimeteor i Hye) 0.01
wind Direction (deg) 10
wind Speed Lkt 2
aind vust (kt) 2
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The values of e in table 19 are based primarily on the sensor functional rms
error requirements stated in the AWOS Test Plan. A reliability index for
precipitation is defined as the percentage of times AWOS and the official
observer jointly reported ves or no for precipitation occurrence,

TABLE 19. ACCEPTANCE LIMITS FOR RELIABILITY INDEX COMECTALLION

Parameter e

Cloud Height (ft) 200 for official - 1500
400 for offictal ~ 1500

Visibility (mi) 0.5 for official ~ 2
1.0 for official > 2

Temperature (°F) 3

Dew Point (°F) 4

Altimeter (in Hg) 0.05

Wind Direction (deg) 35

Wind Speed (kt) 5

Wind Gust (kt) 5

d. Significance Tests. After a sample statistic is computed, it is
customary to test how accurate the sample value estimates the true population
value. This is carried out by either statistical hypothesis testing or
confidence interval construction. 1In this section, the procedures used to
evaluate the accuracy of the sample linear correlation coefficient, mean
value, standard deviation, and reliability index are outlined. These
parameters were tested since they are the primary statistics used in judging
AWOS performance. As a rule, a 95 percent level of confidence was assumed
throughout.

The accuracy of the correlation coefficient estimate ry, in estimating the
true correlation coefficient Pxy is often evaluated by testing the hypothesis
Pyy=0. Re jection of this hypothesis as a result of the significance test
implies that, through the correlation coefficient estimate gy, a significant
relationship indeed exists between the random variables x and y. An
acceptance interval for the hypothesis Pxy=0 is given by

(17)
~z2,975 Z w YN=-3 < z 975

where the sample stze N 1s the number of paired measurements and z is the
standardized normal random variable (see Technical Note DOT/FAA/CT-TN83/60).
In this relationship, w is a transformation function of ryy given by

(18)
w = 3% log, ll + Txy
1 -

Txy
lhis function facilitates the use of the acceptance interval in equation 17

since w has the convenient property of being approximately normally
di1stributed.
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The sample mean difference is simply the arithmetic mean of differences over
the time series and was computed for each parameter according to the sample
mean value relationship

(12)

where the sample size N is the number of independent difterences and d; is the
instantaneous difference value given by equation ll. The sample mean
difference d 1s also called a mean bias value which is representative of the
static or systematic component of the nuisc. For example, a large bias value
usually indicates that the sensor being compared may be out of calibration.

The dynamic or fluctuating component of the nolse about the bias is described
by the sample standard deviation. This parameter 1s the most common statistic
used for estimating variation or dispersion. Computation of the sample
standard deviation, defined by

s = [E%T 1(d; - d)? ]% "

was carried out by means of a more computationally efficient formula:

(14)

- [N Zdiz -« Zdi)Z] 3
N(N-1)

The rms value is a suitable statistic since it contributes a combined measure
of both the static and fluctuating components of the noise about a reference
level of zero error. Subsequently, estimation of the rms value of the noise
(rms error) is provided in terms of the sample mean value and standard
deviation through the relation

(15)
rms = NNI (s )2 + 32

In this equation, the first term 1n brackets is a form of the population
variance. A desirable characteristic of the mean difference, standard
deviation, and rms value is that the physical units of these statistics are
the same as the parameter difference dj.

The reliability index 1s an empirical parameter set forth in the AWOS Test
Plan. It is defined as the proportion of the total sample of dif.ereunces
which falls within specified tolerance bounds. In equation form, the
reliability index is given by

(16)

RI = IX; X; I for 1djl < e

it

1
N

X; 0 1djl>e

where the value of e for each meteorological paramcter is provided 1in
table 19.
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Once the degree of agreement and type of interdependence between AWOS measure-
ments and official observations are discerned through the sample linear
correlation coefficient, it 1s customary to employ a regression analysis to
determine the underlying relationship between the two data sets. A technique
commonly used in finding a linear relationship is a least-squares procedure
which provides the best-fit straight line (linear regression line) through the
paired measurements. The equation of the linear regression line for N paired
measurcments of y on x 1s y = ax + b where the coefficients

(9)
N(Exjyi) - (£x;)(fyq)
a =
NIx;2 - (£x;)2
and
(10)
Tyi - aixj
by

are the slope and y-intercept of the linear regression line, respectively. 1In
this investigation, a favorable linear relationship between x and y 1s
displayed when the slope "a" is approximately equal to one and the y-intercept

"b" is close to zero.

c. Time Series Analysis. Another useful way of comparing the AWOS data
with the officlial data is to describe the temporal variation of AWOS devia-
tions from the corresponding official observations. This was carried out by
first constructing time series of instantaneous differences (or residuals)
according to the relation

(11)
d(e) = XA(Y.) - Xo(t) y

where, at any time '"t", the difference "d" is defined as the AWOS measurement
xp minus the corresponding official observation xg.

The difference "d" is not an absolute measurement of the error in AWOS since
the reference value xg is not necessarily a precise or accurate standard. For
this investigation, however, the official observations were assumed to be
reliable and, therefore, the time series of differences is essentially
representative of the undesired error (or noise) in AWOS. The theoretical
probability distribution which typically describes these random errors is the
well-known normal or Gaussian distribution,

The objective of the time series analysis 1s to express the overall amount and
distribution of this noise in terms of suitable statistical parameters. Four
statistical estimators selected for describing the error characteristics are
the mean difference, standard deviation, rms value, and reliability index.
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AWOS VERSUS OFFICIAL COMPARISON ANALYSES.

1. Data Reduction Methods.

a. General. This section outlines data reduction methods used to
quantitatively describe the agreement between AWOS measurements and corres-
ponding collocated official observations. The two general statistical
techniques used to compare AWOS with official data for each AWOS site,
meteorological parameter, and case study are a correlation and regression
analvsis and a time-series analysis of differences (AWOS minus official).
Also described are the procedures used in testing the statistical accuracy or
significance of the computed statistics.

b. Correlation and Regression Analysis. The degree and type of relation-
ship (or interdependence) between the AWOS and corresponding official observa-
tion was c¢xamined using linear correlation and regression analyses. In this
subsection, the dependent and discrete random variables y and x are taken as
belng representative of the AWOS measurement and corresponding official obser-
vation, respectively.

The degree of linear dependence between AWOS and official data is determined
through the estimation of the linear correlation coefficient. A general form
of the sample linear correlation coefficient between the random variables x
and v 1s given by:

(7
Sxy
xy = 3xsy

where sy, 1s the sample covariance between x and y, and sy and s, are their
respective sample standard deviations. The correlation coefficient Fxy was
computed using the calculation {ormula:

(8)
NIxiy; - (£xp)(Tfyy)
[Nex;2 - (zx) 21172 Ny 2 - (zy)2) 172

er =

where N 1s the aumber of data pairs. The foregoing equation is also known as
the Karl Pearson product-moment correlation coefficient.

The range of the statistic ry, 15 -1.0 < ryy < 1.0. A strong relationship
#xisls between ¥ oand v when the value of the correlation coefficient ryy lies
vinse to oelther interval bound (i.e., little scatter), while a weak relation-
ship prevails as ry, approaches zero (i,e., large scatter). Positive values
Forye signify that larger values of y are correlated with larger values of x,
whiie negative ryy Indicates that smaller values of y are associated with
targer values of x. For the purpose of this study, a favorable relationship
hetween x o and v ois found when their relationship is linear, strong, and
posttively correlated, L.e., rxy™>*1.
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TABLE 18.

WeatherMeasure

System

Ceiling

Visibility

Wind

Temperature

Dew Point

Precipitation

Altimeter

Artais

System

Ceiling

visibility

Wind

Temperature

Dew Point

Precipitation

Altimeter
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AWOS STTE SYSTEM AND SENSOR VALUES CUMULATIVE TOTAL
TIME TO REPAIR VS CUMULATIVE NUMBER OF FAILURES

AUO Hoy EEN HIE PSP sep GAL
6.15 1.00 6.25 0.17 2.05 2.00 0.75
5 1 3 1 2 3 1

2.50 1.00 0.25 0.10 10.00
NF 2 2 1o* 1 NF 1
9.18 3.00 1.17
NF NF 12 NF 1 3 NF
3.00
NF 1 NF NF NF NF NF
10.08
NF NF NF 2 NF NF NF
0.33
NF NF NF 1 NF NF NF
1.00 7.00 2.50
NF 1 2 2 NF NF NF
1.20 7.58
NF 1 2 NF NF NF NF
DCA DBQ HUM o PuT SAF voz
7.20 17.17 20,37 13.30 13.41 1.38 25.50
18 14 54 48 39 5 6
2,00 28.90 1.75 8.00 7.00
1 6 * 1 1 NF 1
2.40 0.72 0.43
NF 1 6 NF 1 NF¥ NF
0.25 0.50 [
NF 1 NF 1 NF NF 2
1.20
NF NF NF NF NF 1 NF
1.75 8.90 0.58 955 6.00
* 2 4 1 1 NF 1
3.80 1.00
* NF 2 R td NF NF NF
0.50 4.00 0.30
1 1 NF 1 NF NF NF

NF = No failure occurences

= Failure occurred, but not resolved
** = Second failure occurred, but not resolved
= Self correcting, failure did not require repair time
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TABLE 17. AWQOS SITE
WeatherMeasure AUO HOU
System 1.23 1.00
Celling NF 1.25
Visibility NF NF
Wind NF 3.00
Temperature NF NF
Dew Point NF NF
Precipitation NF 1.00
Altimeter NF 1.20
Artais DCA DBQ
System 0.40 1.23
Ceiling 2.00 4.82
Visibility NF 2.40
Wind NF 0.25
Temperature NF¥ NF
Dew Point * 0.88
Precipitation * NF
Altimeter 0.50 4.00
Note:

NF = No failure occurences
* = Failure occurred, but not resolved
** = Second failure occurred,

A A g

not resolved

EEN
2.08
0.50
0.76
NF
NF
NF

3.50

HUM

NF
NF
2.22
1.90

NF

36

.17

0.25%%

NI

NF

5.04

0.33

1.25

NF

0.28

1.75

NF

0.50

NF

0.58

1.00%**

0.30

RO -t ats Jiade A g Bk St Sion 2hait SAed 4

SYSTEM AND SENSOR VALUES FOR CUMULATIVE MTTR

PSP SBP
1.02 0.67
0.10 NF
3.00 0.39
NF NF
NF NF
NF NF
NF NF
NF NF
PWT  SAF
0.34 0.28
8.00 NF
0.43 NF
NF NF
NF 1.20
0 NF
NF NF
NF NF

GAL

0.75

10.00
NF
NF
NF
NF
NF

NF

NF
6.00
NF

NF

Pl tla
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Similar to the analysis for MTBF, total period time was established, on a
month by month basis, as 720 hours.

Hence, for computational purpose< on a month by month basis, in general,

MTTR = Total Time to Repair (hrs)
Total Number of Failures

for any system or sensor.

MTTR was calculated monthly, as well as on a cumulative basis, for each system
and sensor for the l0-month AWOS Demonstration Program. Mathematically,
cumulative MITR 1s expressed as follows:

(6)
10
z
Cumulative MTTR = J=1 Total Time to Repair (hrs)
10
z

Jj=1 Total Number of Failures

where J represents the number of monthly periods.

10, Cumulative MTTR Results. Table 17 provides matrix type presentations of
cumulative MITR results for the WeatherMeasure and Artais AWOS sites for the
10-month period. The symbol "NF", appearing as entries in various blocks of
the two matrices, designates situations in which there were no occurrences of
failure. Site system blocks contain a numerical value (in hours), while
"NF's'" are distributed differently in the site blocks for the seven sensors.

A single asterisk entry in three of the Artais site blocks denotes that each
of the respective sensors experienced a failure, but these failures were not
resolved by the end of the AWOS Demonstration Program. In these instances,
cumulative MITR's were not determinable. The double asterisk appearing in the
Houghton precipitation sensor block signifies that this sensor experienced a
second failure, but this failure was not resolved by the end of the AWOS
demonstration period. The numeric entry in this block, however, represents
the cumulative MTTR for this precipitation sensor attributable to the
resolvement of an earlier failure which had occurred.

rrrrryrVy

e

Table 18 affords supplementary type supporting data, in matrix type format, as
to the actual values used in computing the corresponding WeatherMeasure and
Artais cumulative MTTR's shown previously in table 17. 1In those instances
where one or more failures occurred and were resolvable, the blocks of the two
matrices contain ratios. The numerator in each instance represents the
cumulative total time to repair; the denominator indicates the cumulative
total number of failures. Division of the upper value by the lower value
results, in all cases, in the cumulative MITR values of table 17. Entries of
"NF'" and asterisks in table 18 retain the same meanings as in table 17.
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TABLE 16. SYSTEM AND SENSOR FAILURE DIAGNOSES DISTRIBUTION
CATEGORIES BY MANUFACTURER

Cause(s) of Failure/Corrective Action s [ v W T D P A Total
WeatherMeasure
CPU fault/reset required 3 3
Defective module/replace 8 1 1 1 11
Power failure/replaced fuse 1 1
Erroneous data/clean sensor 1 1 1 3
Erroneous data/calibrate sensor 2 2 1 5 ’
Short circuit/repair 1 1 2
Loose connection/repair 2 1 3
Sensor malfunction/repair-replace 2 1 1 1 5
Rack fault/reset required 2 1 12 1 16
Defective power supply/replace 1 1
Indeterminate/self correcting 1 1
Unresolved at end of test period 1 1
Total 16 8 16 1 2 1 5 3 52
Artais
CPU fault/reset required 68 1 69
Defective module/replace 4 4 1 9
Power failure/reset 1 2
. Erroneous data/clean sensor 2 6 2 10
: Erroneous data/calibrate sensor 1 3 1 2 1 8
;. Short circuit/repair 1 2
: Loose connection/repair 2 1 3
S FDC comm error/reset 94 94
; Hardware problem/repair 1 2 1
F“. Erroneous data/reset 1 1 1 1
i Erroneous data/defrost frozen unit 2
tx Fiber optic modem fault/reset 11 11
k_ Indeterminate/self correcting 2
ri' Unresoclved at end of test period 1 1 2 4
y .
:» Total 184 11 8 4 1 10 5 3 226
’
: Note:
& S = System T = Temperature
) C = Ceiling D = Dew Point
V = Visibility P = Precipitation
W = Wind A = Altimeter
! 34
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Two sets of tables are presented in this appendix. Table C-1 covers Weather-
Measure failures and table C-2 covers Artais failures. The format of these
sets of tables are the same and essentially follow the format of table 12.
However, they differ in the depth and scope of coverage required in the
failure-by-failure accounting diagnosis process. Summary information is
respectively tabulated regarding the cause(s) of the failure occurrence and
corrective action taken to restore the item (system or sensor) to operation.
In those instances in which no failures occurred for a sensor, '"none" appears
as an entry in the failure number tabular column. Further, failures that
remained unresolved by the conclusion of the demonstration period are so
tndicated.

Table 16 lists in a matrix type format a consolidated summarization of the
system and sensor failures by manufacturer for the l0-month AWOS demonstration
period. Data relative to cause(s) of failure and corrective actions from
appendix tables C-1 and C-2 were separately analyzed, reduced, and grouped
into like failure diagnosis distribution categories. The respective
categories appear in the first column of table 16. As will be noted, there
are 12 distribution categories for WeatherMeasure and 14 for Artais, some of
which have the same descriptive title, while others differ. Dissimilarities
are attributed to the differences in the manufacturer's AWOS design and
methods for providing corrective actions Lo restore operation.

The resulting numerical distribution by failure diagnosis category for system
and each sensor is shown in the right-hand portion of the table. The predom-
inant categories for WeatherMeasure are '"Rack Fault/Reset Required" for
visibility sensors (12) and "Defective Module/Replace" for system (8). With
respect to Artals, the principle categories are system "FDC Comm Error/Reset"
(94), system "CPU Fault/Reset" (68), and system "Fiber Optic Modem
Fault/Reset'" (11).

9. MTTR Analysis Methodology. MTTR refers to the time it takes maintenance
personnel to perform repair actions to restore the system or sensor to full
operation following a failure. Maintenance personnel and spare parts are
presumed to be on site. Further, the time that the system or sensor is down
or nonoperational excludes administrative downtime (i.e., the time it takes to
detect the occurrence of a failure and all normal preventative malntenance
time) and logistics downtime (i.e., travel time and acquisition time to
acquire spare parts).

Specifically, MITR includes the maintenance time repair actions to: (a) diag-
nose the failure; (b) remove the failed item (part, module, unit, assembly,
etc.); (c) repair the item, if only repair is warranted; (d) replace the
failed {tem with a spare, if warranted; and (e¢) verification to assure proper
operation has been resumed.

MTTR was calculated for the system and cach of the seven sensors at each of
the 14 AWOS sites by means of the mathematical expression:

(5)

n
MITR = g Time to Repair Failure i
= ] n

where n 1s the number of failures during the time period.
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The source of data used for the various no failure and one failure computa-
tions of the confidence limits of the true MTBF were the total operating times.
The respective related total operating times, in hours, appear in the last row
of the system and sensor tables of appendix B. The values for the various
estimated MTBF's were extracted from the last column/last row entries of the
respective appendix B tables, as applicable.

7. Overall System MTBF Results. Table 15 provides a summary composite
listing of the cumulative operating times and number of failures for the
respective WeatherMeasure and Artais Systems by site during the lO-month
period of September 1983 - June 1984. Additionally, totally aggregate
operating times and number of failures for each of the two manufacturer's
systems are shown. Following customary, widely accepted practices, overall
system MTBF's were computed by dividing the respective aggregate operaiing
times by the aggregate number of failures. The calculated value of system
MTBF for WeatherMeasure was found to be 3,107.54, and for Artais, 254.85.

TABLE 15. CUMULATIVE SYSTEM DATA BY MANUFACTURER BY SITE

No. of
WeatherMeasure (Operating Hrs) Failures

AUO 6,811.17 5

HOU 7,199.00 1

EEN 7,096.00 3

MIE 7,196.93 1

PSP 7,197.95 2

SBP 7,055.58 3
GAL 7,164.00 1
Totals 49,720.63 16

No. of

Artais (Operating Hrs) Failures
DCA 7,141.12 18
DBQ 6,277.40 14
HUM 6,562.88 54

CMX 7,001,37 48

PWT 6,730.02 39

SAF 7,156.22 5

vDZ 6,023.00 6
Totals 46,892,01 184

8. Failure Diagnosis. Appendix C provides a failure diagnosis summary of all
failures occurring during the 10-month AWOS demonstration period. While
table 12 affords a composite summary accounting for the distribution of
failures in matrix form, appendix C extends the utility of table 12 by furnish-
ing a chronological enumeration of all failure occurrences on a monthly basis.




TABLE 14. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES
OF TRUE MTBF FOR ARTAIS

bea DBQ HUN e PWT SAF voz
Svstem 397 448 122 146 172 1431 1004
.
L 1747 L 1690 L 1634 L 1704 L 3105 L 1419
Celling 738
U 64500 U 62386 U 60325 U 62919 U ---- U 52387
L 3097 L 1608 L 3039 L 1744 L 3105 L 2748
Visibility 1091
U =-=- U 59371 U =--=-- U 64396 U =---- U ===
L 3098 L 1746 L 2849 L 1794 L 2942 L 3124
Wind 2880
U ---- U 64460 U —=—- U 66237 Uy —---- U ----
- L 3098 L 2947 L 2860 L 3039 L 2943 L 1844 L 2613
. Temp.
. U -—-- U == U ~--- U ---- U =---- U 68090 U ==—-
:_ L 1555 L 1788 L 1731 L 3123 L 1246
S Dewpoint 3395 1575
tf. U 57434 U 66032 U 63904 U --—-- U 46C18
i. )
&
p L 1068 L 2946 L 2943 L 3124 L 2748
Precip. 3285 420
t U 39453 U =--=-- Uy =---- U - U ----
\
3 L 185! L 1850 L 3118 L 1851 L 3124 L 3124 L 2947
N Altimeter
L' U 68339 U 68293 U ---- U 68341 U —--- U - v -
8 ‘i
NOTE :
L = Lower Confidence Limit of True MTBF
- Y = Upper Confidence Limit of True MIBF
1
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. \
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[ ¢
KR! !
|
]
. {
L {
s - . el A
S A T e R S R S S e R S R




Lonaliit 20 I el b i vt S AN A I BN A NN S

AR AN L A N A e .
R T T L TICT R, TR TR TRTE MRS . . D A . e M ‘T
B

]
-
Y
-

TABLE 13. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES
QF TRUE MTBF FOR WEATHERMEASURE

avo Hou EEN MIE PSP sBp GAL
L1851 L 850 L 1842
System 1362 2365 3599 2352
U h8334 . U 68314 U 68002
L 2975 L 1851 L 3123 L 1711
Ceiling 3296 3599 742
v ---- U 68332 u ---- U 63189
L 2984 L 312 L 3123 L 1850 L 3108
Visibility 594 2398
v ---- to--—- U ---- U 68303 U ----
L 3106 L 1850 L 3079 L 3123 L 3123 L 3061 L 3108
wind
R U 68315 v ---- v ---- v ---- v ---- u ----
L 3094 L 3124 L 3079 L 3123 L 306l L 3108
Temp. 3500
v -=-- u ---- v ---- v ---- O v ----
L 3094 L 3124 L 3079 L 1849 L 3123 L 3061 L 3108
Dewpoint
Uoo--—- U ---- U ---- U 68292 v —-—-- U ---- U ----
L 3106 L 1851 L 3123 L 3061 L 3108
Frecip. 3584 3358
v ---- U ---- U ---- v ---- v ----
L 312 L 1844 L 3124 L 3124 L 3124 L 3124 .
Altimeter 3572
v U 63095 U ---- v ---- u ---- v ----
- ‘ NOTE :
N i = Lower Confidence Limit of True MIBF
® © = Upper Confidence Limit o>f True MIBF
o
=
=
..
[-
@
-~ -
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b. Time Series Plots. The time series plots depict th:« residuals (AWOS

minus official) as a function of time over the 10-month study. These time |
series plots were very useful in the identification and editing of anamolous |
data points in the raw data. Time series plots for the eight meteorological
variables are given for DCA and HOU in figures D-1 through D-10 of appendix D.
As additional information, the sample size N, bias value, rms value, and
reliability index are annotated in each time series plot. The dotted
horizontal lines represent the prescribed tolerance interval for reliability
index computation (see table 20).

c. Scattergrams. A scattergram (or scatter plot) is a practical way to
graphically display the results of a correlation and regression analysis.
Scattergrams were constructed by plotting the AWOS measurements against the
corresponding observed values. In general, the degree of correlation 1s seen
by the relative scatter in these data, while the particular relationship
between the AWOS and observed values 1s typified by the trend in these data
points. Scattergrams for the eight meteorological sensors at DCA and HOU are
displayed in figures D-11 through D-20 in appendix D. Note that each datum
point in the scattergrams may represent more than one event due to the
discrete quantizing intervals of the data. As a result, scattergrams of cloud
height and visibility may be deceiving because of the relatively small number
of reportable increments. The number of data pairs N, the sample linear
correlation coefficient "R," and the slope "A" and y-intercept "B" of the
linear regression equation y = Ax + B, where y 1s the AWOS measurement and x
is the corresponding official value, are indicated in each scattergram. This
linear regression equation 1s depicted in each scattergram as the best-fit
straight line imposed through these data points. A perfect relationship is
shown as the dotted line at 45°.

d. Histograms. Histograms provide a graphical means of showing how well
the probability distribution of residue ., approaches a normal or Gaussian
distribution. Relative frequency histograms show the number of occurrences
(normalized relative to total sample size) a certain value of the residual
takes on within the sample period. The relative cumulative frequency
histogram, on the other hand, is a more useful tool in analyzing the
probability distribution of residuals since we are normally interested in the
magnitude (absolute value) of the errors.

Histograms of residual errors for eight meteorological parameters at DCA and
HOU are presented in figures D-21 through D-30 in appendix D. Each histogram
shows both the relative frequency and relative cumulative frequency
probability distributions as a function of the residual class mark (or
midpoint) denoted on the x-axis. The relative frequency distributiona is
depicted by the shaded rectangular boxes corresponding to the y-axis values on
the left-hand side of the plot. Each box is proportional to the percentage of
residual differences which fall within that particular class interval. The
relative cumulative frequency distribution is represented by the dark solid
line extending from the lower-middle to upper-right portion of the plot.
Relative cumulative frequency values corresponding to this line are given on
the y-axis at the right-hand side of the plot. The relative cumulative
frequency indicates the percentage of the time that the absolute value of the
residual error was less than or equal to that of the class mark.
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In cach histogram, the residual sample size N, bias value, rms value, and
reliability index are given. A normal probability function was fitted to the
sample distribution for comparison. This function, which is depicted by th~
smooth dotted line in the figures, was applied based on the sample mean value
and standard deviation of the data. The vertical dotted line represent the
prescribed tolerance interval used for reliability index computation (see
table 20). Hence, the value of the relative cumulative frequency at the
intersection of the vertical dotted line is representative of the reliability
index.

3. Results.

a. General. Detailed results of the AWOS versus official comparison
analysis for each meteorological parameter and AWOS site are given in
appendix D. The results are summarized according to overall AWOS performance,
the two system contractors, and the sensor types.

A total of 22,992 pairs of hourly AWOS and official reports were compared and
analyzed. The statistics presented in this section are based on averages
weighted according to individual sample size in order to account for the
different sample sizes for each parameter and site. Sample sizes less than 10
were disregarded.

b. Sky and Ceiling.

(1) Background. A considerable effort was devoted to the sky and
ceiling analysis since the state of the sky is most critical to aviation
safety. Before a straightforward comparison and performance evaluation can be
made based on statistics, it is important to point out the different methods
by which sky and ceiling reports are prepared by AWOS and official observers.

AWOS employs a single-sensor lidar cloud height indicator (CHI) called a laser
cellometer. Artais Systems use German-built Impulsphysik ceilometers, while
WeatherMeasure systems use Japanese-built Meisei ceilometers. These laser
ceilometers detect the height of individual cloud elements passing directly
over the sensor up to a height of 5,000 feet above the surface. A 30-minute
time history of ceilometer data, updated every 30 seconds, is processed every
minute by a cloud algorithm which reduces the data using a hierarchial
clustering technique. Cutput from the algorithm is the height and cover for
up to three cloud layers in a standard surface aviation weather observation
format for sky and ceiling.

Official observations of sky and ceiling follow the procedures in the Federal
Meteorological Handbook No. | (FMH-1). The height and cover of each cloud
layer is estimated by a certified weather observer who visually surveys the
whole sky from horizon to horizon. The degree of subjectiveness and bias in
the cloud height and cover estimates differs from one observer to the next.
At many weather stations, official observations of sky and ceiling are
conducted with the aid of a rotating beam ceilometer (RBC). The RBC consists
of a rotating high-intensity light transmitter and a vertically-pointing light
recetver which are normally separated about 400 or 800 feet apart. Using a
simple triangulation principle, the RBC measures the height of individual
cloud elements passing directly over the receiver. The nominal height range

45

- C . - - St - “ Lt e . . . Coe s Te e et N -
VLAY WL AT S WPl VoA Wl WY TR GO SRV S S Se § A UhAT Vol . U U S WP L AP LA T A W b = h P T U WA VP U -3 W o WA S o o




LI
..... -

of the RBC is about 10 times the length of its baseline. RBC data is output
to a strip chart and visually analyzed by a weather observer. The height of
each cloud layer is ordinarily readily discernible; however, cloud cover
estimates from RBC strip charts are usually supported by visual inspection of
the sky.

An outline of the different systems by which AWOS and official observations of
sky and ceiling reports were obtained for each AWOS site is given in table 2I.
The official measurement type indicated in this table represents the most
common method used in determining sky and ceiling at that site.

In summary, it is important to compare and evaluate AWOS ceilometer perfor-
mance in light of the accuracy of subjectiveness of the AWOS and official
observations. One advantage of the human observer over AWOS is that the
observer can scan the whole sky. These official observations of cloud height
and cover, however, are subjective estimates sensitive to the human element of
bias and variability. RBC measurements analyzed by official observers provide
the least subjective means of determining sky and ceiling, particularly for
cloud height. The accuracy of AWOS sky and ceiling reports depends on the
accuracy of the ceilometer in detecting cloud elements, and on the efficlency
of the cloud algorithm to process ceilometer data obtained from sampling a
fixed point in space. Since the algorithm requires a sufficiently long sample
time to derive cloud cover, AWOS response to rapidly changing cloud conditions
may be compromised. This condition is corroborated by reports from field
technicians and pilots. Consequently, the Technical Center is currently
conducting a study to improve the responsiveness of the cloud algorithm.

TABLE 21. CLOUD HEIGHT SENSOR SETUP

Official Measurement

Site  AWOS Ceilometer Type RBC Baseline (ft) Distance to AWOS (ft)
CMX Impulsphysik EST -—— 3300
DBQ Impulsphysik RBC 388 1320
DCA Impulsphysik RBC 350 660
HUM Impulsphysik EST —_— 3000
PWT Impulsphysik EST —-—— 3500
SAF Impulsphysik RBC 400 500
VD2 Impulsphysik EST —_—— 1980
EEN Meisel EST ———- 6000
GAL Meisel RBC 400 200
HOU Meisei RBC 550 2000
MIE Meisei RBC 800 1320
PSP Meisei EST -—— 1320
SBP Meisei EST - 990
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(2) Cloud Layer Number. For each pair of sky and ceiling reports,

the number of reported AWOS cloud layers was compared with the corresponding
number of layers reported by the official observer. This was carried out by
disregarding the following irrelevant situations: (a) clouds above 5,000 feet;
{(b) joint occurrences of clear below 5,000 feet; and (c) cloud height and
cover of the layers. Results of the analysis are presented for each AWOS site
in table D-1. A summary of these results by system and sensor type are
outlined in table 22, These tables show the distribution of N cloud layer
number differeance (AWOS minus official) according to seven discrete classes.
The number of joint occurrences of clear skies below 5,000 feet not included
in this analysis is denoted by N..

TABLE 22. CLOUD LAYER NUMBER RESULTS

System No N Distribution in Percent
(Np-Ng) -3 -2 -1 0 1 2 3
AWOS 10,131 10,454 0 3 30 37 21 7 1
Impulsphysik 3,984 4,529 0 3 31 45 17 4 0
Meisei 6,147 5,925 0 4 30 31 24 10 2

About one-half of the 20,585 pairs of sky and ceiling reports collected in
this study were joint occurrences of clear below 5,000 feet. 1In regards to
the remaining half of the sample, AWOS (Artais and WeatherMeasure data
combined) was in perfect agreement with the number of official reported cloud
lavers 37 percent of the time. When a layer difference of one layer or less
1s considered, AWOS agreed with the official 88 percent of the time.

Ilmpulsphysik ceilometers generally performed better than the Meisei
ceilometers. Impulsphysik cellometers were in perfect agreement with the
officlal observations l4 percent more often than Meisei ceilometers. The
agreement to within one cloud layer was 93 and 85 percent for Impulsphysik and
Meisel, respectively., The former system underestimates the number of cloud
layers 13 percent more often than it overe.cimates, while the latter system
overestimates the cloud layer number two percent more often than it
underestimates it. Impulsphysik ceilometers display even better performance
when the abnormally poor results from VDZ are disregarded. A preliminary
investigation revealed no appreciable difference in the foregoing results when
AWOS data were compared with official observations differentiating between
sites with and without RBC's.

(3) Obscuration Comparison. The frequency of occurrence of sky
obscurations were compared between AWOS and official for four case studies. A
cotal obscuration is defined in the FMH-1 as a surface-based obscuring
phenomena that hides all of the sky. A partial obscuration is when 0.1 to 0.9
of the sky 1s hidden. Such phenomena commonly result from precipitation, fog,
smoke, and other weather phenomena that substantially reduce vertical
visibility. There is no known sensor which quantitatively measures the extent

47




of a partial obscuration, total obscuration, or vertical visibility.
Consequently, the AWOS cloud algorithm estimates obscurations using a
combination of cloud measurements, horizontal visibility, and air temperature.

Special cases in which AWOS did not report an obscuration while the official
observer reported a partial obscuration were disregarded from the analysis.
This was done because AWOS ceilometers point vertically; whereas, official
observers survey the whole sky.

Results are presented in table D-2 and summarized in table 23. The four case
studies are according to official reports of prevailing weather. AWOS
generally reported more obscurations than official, particularly when there
was no precipitation or fog. When no precipitation or fog occurred, AWOS
falsely reported an obscuration 53 percent of the time while the official
observer did not report even a partial obscuration. This large number of
false detections by AWOS is probably attributed to the dependence of the AWOS
cloud algorithm on AWOS visibilities less than 2 miles. Overall, AWOS agreed
with the official 62 percent of the time. Agreement during precipitation and
fog events was slightly better where AWOS was 1n joint agreement with the
of ficial observations 71 and 67 percent of the time, respectively.

TABLE 23. SKY OBSCURATION

Distribution in Percent

AWOS No Joint AWOS Yes
Case System N Official Yes Occurrence Official No
AWOS 1009 17 62 21
Overall Impulsphysik 684 17 62 21
Meiseli 325 18 61 22
No Precipitation  AWOS 173 12 35 53
or Fog Impulsphysik 146 14 34 53
Meisel 27 4 44 52
AWOS 470 20 71 10
Precipitation Impulsphysik 385 19 72 9
Meisel 85 24 66 11
AWOS 471 17 67 16
Fog Impulsphysik 257 16 67 18
Meisel 214 19 68 i4

(4) Ceiling Occurrence. The frequency of cccurrence of joint reports
of a ceiling between AWOS and official observations was examined for four case
studies. A ceiling is defined in the FMH-1 as the height of the lowest cloud
layer or obscuring phenomena aloft which is at least broken or overcast 1in
cover (i.e., 0.6 - 1.0 total sky cover); or, the vertical visibility into a
surface-based obscuring phenomena that hides all the sky. The comparison was
carried out by counting the joint frequency of occurrence of ceilings and
clear skies below 5,000 feet. As a result, this ceiling occurrence analysis
can be considered as a gross cloud cover comparison. Scattered cloud layers
and the height difference between ceilings 1is not taken into account.
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Results of the comparison are given by AWOS site and case study in table D-3.
These results are summarized for the AWOS systems and four case studies in
table 24. A general feature of tue results is the marked increase in AWOS
performance during degraded weather counditions of precipitation and fog. AWOS
and official jointly reported ceilings 60 percent of the time when there was
no precipitation or fog, and about 89 percent of the time when there was
precipitation or fog. Overall results during precipitation are very similar
to those during fog. An interesting aspect of the results 1s the consistently
better performance of the Impulsphysik ceilometers over the Melsel sensors.
Joint occurrences of AWOS ceilings and official ceilings during conditions of
no precipitation and fog was strikingly different at 74 and 45 percent for
Lmpulsphysik and Meisel, respectively.

During precipitation and fog events, both ceilometers performed significantly
better, but Impulsphysik performance was about ll percent better than Meisel.
An important point is that during poor conditions of precipitation or fog when
there 1is an official report of a ceiling, Meisei erroneously reports clear
skies about 13 percent more often than Impulsphysik.

TABLE 24. CEILING OCCURRENCE

Distribution in Percent
AWOS Clear

Official Joint AWOS Ceiling
Case System N Celling Ceilings Official Clear
AWOS 5345 18 70 13
Overall Impulsphystk 2779 11 85 4
Meisgal 2566 25 53 22
No Precipitation AWOS 2421 24 60 16
or Fog [mpulsphysik 1256 19 74 7
Melsel 1165 30 45 25
AWOS 1504 9 88 3
Precipitation Impulsphysik 1042 5 93 2
Meisel 462 19 75 5
AWOS 1473 7 89 4
Fog Impulsphysik 822 2 96 3
Meliset 651 13 81 6

(5) Cloud Height. A cloud height analysis was conducted by comparing
the height difference of the official ceiling with the height of the nearest
AWOS scattered, broken, or overcast layer. This was carried out for seven
case studies and according to RBC measured versus estimated official ceilings.
The results of the analysis for each site are given in table D-4., In
these tables only measured official ceilings were considered for the six RBC
siters. A summary of the results is given by system in table 25. 1In this
table the AWOS summaries consider all estimated and RBC measured official
cetlings. On the other hand, summaries by system contractor (i.e., ceilometer
type) are based solely on measured ceilings obtained at official RBC sites.
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Classification by case studies 1s based on the official reports. For the
purposes of this study, an official ceiling of 1,500 feet 1s used to
differentiate between low and high ceilings.

The seventh case study 1s based on a sample when the AWOS cloud layer nearest
to the official ceiling is, in fact, an AWOS ceiling. This subset of the
overall case study shows that 63 percent of the time AWOS cloud layer closest
to the official ceiling is an AWOS ceiling. Corresponding figures for
Inpulsphysik and Meiseli are 82 and 50 percent, respectively. These numbers
indicate a better overall cciling detection capability for Impulsphystik than
Melsel.

Overall Impulsphysik and Meisei relat. e and cumulative frequency histograms
of cloud height differences are given for official high-ceiling cases in
figure 12. Corresponding histograms for official low-ceiling cases are 1in
figure [3.

lhe overall AWOS reliability index and rms value for cloud height is 63
percent and 895 feet, respectively. Essentially, all of the rms is attributed
to the variance between AWOS and official cloud height differences. Based on
the rms value, AWOS accurately detects the height of low clouds about 64
prreent better than high clouds. AWOS performance during precipitation events
1s about 12 percent less than those cases when precipitation did not prevail,
and 10 percent less than the overall cases. During fog, in particular, AWOS
agreement was better than all the other case studies (i.e., rms value and
reliability index of 746 feet and 73 percent, respectively).

Based on RBC comparisons, Impulsphysik ceilometers were clearly better
performers than the Meisei ceilometers. This finding was noted for =very case
study and statistic analyzed except for the particularly bad performance of
the VDZ site. Impulsphysik ceilometers display better correlations, smaller
bias values, and less vartiance than the Meisel ceilometers. The overall
performance of these sensors, according to their rms values, is 488 and 1,044
feet for Impulsphysik and Meisel, respectively. An attractive feature of the
Impulsphysik ceilometer 1s their far superior performance over the Meisei
ceilometer when low official ceilings or fog prevails., In fact, the average
rms value and reliability index value during these weather events is about 299
feet and 84 percent for Impulsphysik as opposed to 1,021 feet and 75 percent
for Meisei. Performance of the Impulsphysik ceilometers appear even more
favorable when the notably poor VDZ results are excluded.

When the results are further examined in terms of aviation safety,
Impulsphysik ceilometers appear to be more suitable than Meisei ceilometers.
Uloud height differences for Llmpulsphysik are favorably inclined to be more

conservative than Meilset. Bias values of the Tmpulsphysik sensors are
svstematically negative and smaller in absolute value, while Meisei
cellometers typlcally have positive bias values with larger absolute values.
‘his means that Impulsphyvsik agreeably underestimates cloud height, while
Motlsel overestimates ocloud heilght. Furthermore, the Impulsphysik
nnaderestimates are regularly smaller in magnitude than the Meisel
averestimates,
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c. Visibility.

(1) General. The different methods by which AWOS and official visi-
bilities are determined limit, to a certain degree, the objectivity of a
comparison based on sample statistics. Then, tn order to adequately evaluate
AWOS visibility performance, 1t is important to point out the different
visibility measurement techniques used by AWOS and official observers.

AW0OS measures touchdown-zone visibility using single-sensor visibility devices
located about 6 feet above ground. Four ditferent visibility sensors were
used 1n the AWOS Demonstration Program. These sensors are denoted throughout
for convenience as: (a) 1,000-foot baseline transmissometer (T{(1000));
(b) forward scatter (FWDSCAT); (c¢) backscatter (BCKSCAT); and (d) 492-foot
baseline transmissometer (T(492)). Artais sites use either a FWDSCAT sensor
or a T(1000), while WeatherMeasure sites use either a BCKSCAT device or a
T(492). Because the AWOS visibility sensors sample a relatively small volume
of air, AWOS visibilities are esseuntially local measurements sensitive to
localized obscuring phenomena such as ground fog, fog banks, and blowing snow.

A prevailing visibility is, by definition, an official observation of visibil-
ity. To obtain the airport prevailing visibility, an observer subjectively
integrates visual ranges through all azimuthal sectors around the point of
observation. Individual visual ranges are estimated by examining a aetwork of
visibility markers located around tne airport. The number, type, and spacing
of visibility markers are usually nonuniformly distributed and differ from one
alrport to the next. Then, the bias and variability of estimating prevailing
visibility obviously differs depending on the observer, prevailing weather
conditions, and airport. Official prevailing visibilities are representative
of an average visibility over a much larger area than AWOS, especially when
the official observer is considerably elevated (e.g., in a control tower).
Localized obscuring phenomena detected by AWOS visibility sensors may be
averaged-out by the obse.rvers prevailing visibility, especially when AWOS is
located at some distance from the observer. The range and reportable
increment of visibility for AWOS and officlal observations is depicted in
figure 14,

In view of the varying and different resolution scales for AWOS and official
reportable visibility increments and distributions of visibility markers, the
sensor functional requirement of +2 increments is not considered an appropri-
ate choice for reliability index estimation. Consequently, a reliability
index of 60 percent was adapted as a basis for judging AWOS visibility sensor
performance.

A summary of the AWOS and official visibility systems is outlined in table 26.
This table gives the height of the official observer above ground and the
distance of the observer to AWOS. Numbers in parentheses are the heights of
control towers from which, according to the FMH-1, visibilities of less than
4 miles are reported.

(2) Frequency Distribution. Since AWOS reportable visibility

increments extend up to 5 miles, the first step in the analvsis was to
categorize AWOS and official visibility data into basic classes of visibility
greater than 5 miles, and discrete visibilities less than or equal to 5 miles.
This was done for each AWOS site, sensor, and casc study by forming a joint
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Detailed results of the visibility analysis for each AWOS site and case study
are presented in table D-6 in appendix D. This table shows that the rela-
tively small sample size (N=319) of the T(1000) is based on data from DBQ and
PWI. Most of these data were from DBQ which showed one of the best overall
sensor results, while data from PWT displayed the least reliable overall
visibility sensor performance. It is relevant to point out that the T(1000)
sensors were, at times, subjected to alignment and stability problems as a
result of shifting and wobbly sensor foundations. These problems, in turn,
normally affect sensor bias and variance values in the visibility analysis.

(4) Temperature. Results of the dry-bulb temperature analysis, cate-
guorized according to individual AWOS site, is presented in table D-7. Sites
at HUM and SBP were not included in the comparison since official observers at
these sites did not take temperature readings. Official temperature data from
PSP was automatically eliminated from the analysis since it was found that the
official temperature sensor was poorly sited and exposed. The acceptance of
AWOS temperature sensor as functional requires an rms error within 3 °F.

The statistics presented in the table are all significant at the 95 percent
confidence level. This 1s a result of the large sample size and relatively
good agreement between AWOS and the official observer (i.e., strong correla-
tion and small variance). The best performance (rms = 1.0 °F) was exhibited
at the HOU WeatherMeasure site which also had the largest sample size, 4,428.

Marginal performance was found for the WeatherMeasure site at GAL which had
rms values of 4.1 °F and a reliability index of 63 percent. Examination of
the GAL temperature time serles shown in figure 19 indicates sporatic sensor
performance over the cxperiment. A large bias value of about -3 °F contri-
buted to most of the difference. Close inspection of the GAL temperature
scattergram in figure 20 shows that the agreement between AWOS and official
starts to fall-off at subzero temperatures. The AWOS temperature sensor
accuracy based on factory test rms error sensor functional requirements 1is
} "F for =40 °F to +120 °F and 2 °F for =60 °F to -40 °F. This accuracy
tolerance does not fully account for the consistent 4 °F to 5 °F
underestimation by AWOS of temperatures below -30 °F. The cause of the
observed error for subzero temperatures is indeterminant at this time since
the accuracy of the official temperature sensor is unknown.

A summary of the results is given by AWOS type in table 29. An overall AWOS
temperature difference histogram is presented in figure 20.

TABLE 29. TEMPERATURE

System N r d s rms RI
AWOS 16503 1.G0 -0.9 1.7 2.0 91
Artals T442 1.00 -0.7 1.5 1.7 96
WxMeasire 9061 1.090 -1.0 1.8 2.2 87
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frequency of occurrence distribution based on this 5-mile cutoff value.
Detailed results by AWOS site, sensor, and case study are presented in table
D-5 of appendix D. The results summarized by sensor and four case studies are
given in table 27. This table shows the number of overall joint occurrences
of visibility greater than 5 miles as N., and the visibility frequency distrib-
ution given in percent with respect to the remaining sample N.

Overall, approximately 68 percent of the 22,384 pairs of visibility observa-
tions were joint occurrences of visibility greater than 5 miles. The joint
occurrence of AWOS and official visibility less than 5 miles during precipita-
tion or fog conditions is about 72 percent. In general, the FWDSCAT devices
significantly overestimate visibility more frequently than the other sensors.
Based on the joint frequency of visibility less than or equal to 5 miles, the
T(1000) performed better than the other sensors during conditions of precipita-
tion and/or fog. This sensor performed particularly well in fog with 90
percent joint occurrences, while the FWDSCAT sensors showed the lowest perform-
ance in fog at 64 percent. During conditions of precipitation or fog when the
official visibility is less than 5 miles, the FWDSCAT sensors reported
visibility greater than 5 miles about 19 percent more often than the T(1000).
In fog with official visibilities less than 5 miles, the frequency at which
the T(1000) and FWDSCAT sensors falsely reported visibilities greater than
5 miles was 8 and 35 percent, respectively.

(3) Visibility Differences. Joint occurrences of visibility less
than or equal to 5 miles were next examined for discrete visibility
differences between AWOS and official. This was carried out for each site,
sensor, and case study using the data reduction methods outlined previously.
The results of the analysis are presented in table 28. Overall T(1000) and
FWDSCAT relative and cumunlative frequency histograms for vistibility
differences when the official visibility is greater than 2 miles is given in
figure 15. Overall BCKSCAT and T(492) histograms for the same situation is
given in figure 16. Overall histograms of T(1000) and FWDSCAT sensors when
the official visibility is less than or equal to 2 miles is presented in
figure 17. Histograms for BCKSCAT and T(492) are provided in figure 18.

The results show a generally close agreement between the different sensors and
case studies. Overall, AWOS had an rms value of 1.3 miles and reliability
tadex of 60 percent. Overall performance is a few percent less when the
nfficial observer reports a precipitation occurrence or a visibility less than
2 miles.

Individual sensor performance is discernible when the results are examined
separatelv by case study. The T(1000) and FWDSCAT sensors are significantly
better pertormers when fog conditions or official visibilities less than or
cqual to 2 miles prevail. During precipitation events, the T(1000) and
BCKSCAT sensors perform about 5 percent better than the other two sensors.
The onlv case in which the T(1000) displays marginal performance with respect
to the other sensors is when the observed official visibility is greater than
2 miles. Most of this error 1s uot a result of the variance but attributed to
4 larze blas value of about -0.8 miles. In fact, the T(1000) generally was on
the conservative side by slightly underestimating visibilities while the other
sensors showed positive bias values indicating visibility overestimation.

59



066

0cel

0Ctl

000¢

096¢

0009

0861

08¢¢

0861

000¢

0%9¢

0cet

00ttt

(33) SOMY

03 aduelsiq

tl
0s

<9

(e

(¢L) o

Ly

Ly

6%

(8€) 0

(33) punoap
anoqy 3yBrey

UO1]BAIOSQQ) (BIDT]I0

dilLdS ¥OSNAS ALITIFISIA

(33 Z6%) 1932WOSSTWSURI]

(33 Zé%) 193I2WOSSTWSURI]

(33 Z6%) 19313WwOSsiwsuel]

(33 ZeYw) e°jowossiwsuea],

1931826 oBy

1333806 MoBg

1233805 piemoy

(33 0001) I932Wossiwsuea]
(33 0001) 2I23j2wossiwsueI],
1331B2G paemOy

13313B2G pIBMOY

(33 0001) 4°3lowWOosSsiwsuel]

19313B0G piemOy

2d£] i1o0suag SOMV

"9¢ H"VL

A

S . P
PRV U U AP T S SO R An a'm

dgs
dsd
41K T

NOH

V9 ]
Nekel s
e ...A
ZaA :
avs L
1Md .
WOH o
voa o

58




ﬁ..
W” (7 40 ¢ IA3US) TONTYALAIA TINIVAAINAL YNATVH
i aAGT-07-b8
B (4 930> WI31440
’ 081 a91 av1 A 061 = ]:] 89 av a2 %] ec- av- 89-
...v | i i 1 i 1 1 1 1 1 1 QWI
- - 0b-
¢
g
b 02—
g
- -0
[
X
& 02
y
g
3
v-
9 -3 >
. o ™~
9 w ™~
. a9 ~
b o
! a
5 g ™M
- ~
. 001
s
2 -021
.
i-
3 -8 1
W.
. - =8

$8°1 = © 091
L P61 = ¥
3 , 2922 = N
3 : e81
b weadaailedg
3

rﬁ%i}.}k‘a P»i_\,...h...h..,hf...b > .»Ir..nsP.Lr . .. .i.




g

Ty

N

it e Sl

"

Pl Bl

o
g

WYNOOLSTH AONTYAAITA TANLVIAIWHL SOMV TIVEIAO T0¢ MINO14

0Z-02-9v8
¢4 930> YIJ1440 - SOMY
N M 3 N
WINNZTES o TYTT
@ J L | (] [] ] i ) i 1 I Q
81 v
g
82
m 21
m
D>
= og- m
< 97T
m A
E op- c .
= .92 m =
[
> o
w b2 ©
= 8- 2
" Z
0
M 82 <
m @9 N
m X
W. -2&
< @24
- -9t
es
R ot
%1 = suy [*P
= NY3u
= N
001 8p
N .v\ . ...-». K IH»'IMI P.FL,..-DU... - .D-P ..PLI.F‘. PN ..P.hrb.r..»w ..-

e edheanadhatsidimte s St




DEE NS

T

b
b
-
r
’.
b

2

According to the reliability index, 91 percent of the 16,503 pairs of AWOS and
official temperatures differed by no more than +3 °F. Artais temperature
sensors (RI = 96 percent) were in agreement with official temperature,
9 percent more often than WeatherMeasure sensors were. Based on the rms error
sensor tunction requirement of 3 °F, AWOS temperature performance is accepted
as good with an rms value of 2.0 °F. With the exception of GAL, AWOS
temperature sensor performance at all individual sites was also acceptable.
GAL temperatures had the largest bias and rms error of ~2.9 °F and 4.1 °F,
respeceively. In addition, the difference between AWOS and official increased
as the temperature decreased below zero.

(5) Dew Point. Results of the dew-point temperature are given in
table D=7 and summarized in tablc 30. An overall AWOS dew point temperature
difference histogram is presented in figure 21. Official observations of dew
point were not taken at HUM, EEN, MIE, PSP, and SBP. Overall AWOS dew pcint
performance was about 1l percent less than the corresponding temperature
performance.

TABLE 30. DEW POINT TEMPERATURE

System N r d s rms RL
AWOS 13763 0.99 -1.7 2.6 3.4 80
Artais 7003 0.98 -2.9 2.9 4.5 65
WxMeasure 6760 0.99 -0.4 2.2 2.3 96

Based on the 13,763 paired samples, overall AWOS dew point performance was
acceptable with an rms error of 3.4 °F and a reliability index of 80 percent.
WeatherMeasure performance was 31 percent better than the marginal performance
of the Artais dew point sensors. Much of the Artais difference was attributed
to a large bias error of -2.9 °F.

WeatherMeasure sites at HOU and GAL displayed the best overall performance
while the Artails sites at CMX, DCA, and VDZ showed considerably lower
performance, mainly as a result of large negative bias values. These bias
values alone almost exceed the sensor rms error functional requirements.

The AWOS site at DCA exhibited the lowest reliability with a corresponding rms
error and reliability index of 5.3 °F and 48 percent. A time-series plot and
scattergram for DCA dew point temperature differences are given in figures 22a
and 22b, respectively. These figures basically show that the dew point temper-
ature is increasingly underestimated by AWOS as the temperature increases.
This behavioral trend 1s not typical of the other sites.

Three possible explanattions of this generally erratic behavior in dew point
is: (a) poor siting and exposure of the official (or AWOS) dew point sensor;
(b) AWOS or official sensor out of calibration; and/or (c) depleted moisture
reservolr in the AWOS or official dew cells.
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o (6) Altimeter Setting. Results of altimeter setting for each AWOS
s site are given in table D-9 in appendix D. These results are summarized by
AWOS type in table 31. An overall histogram of altimeter setting differences
B for AWOS is given in figure 23.

TABLE 31. ALTIMETER SETTING

System N r E_ s rms RI

AWOS 21102 0.99 -0.003 0.011 0.015 99

. Artals 8857 0.98 -0.008 0.010 0.014 100
WxMeasure 12245 06.99 0.001 0.013 0.015 99

. All th. statistics show that AWOS altimeter setting is exceptionally reliable.

The rms values of 0.0l4 and 0.015 in Hg are 70 percent within the prescribed
rms error sensor functional requirement of 0.05 in Hg. The largest disagree-
ment between AWOS and official was at EEN and HUM. Calibration problems of
the official barometric pressure sensor at EEN were noted early in the experi-
ment. Despite their relatively weak performance when compared with other
sites, the rms error of EEN and HUM altimeter settings is still acceptable
since they were both within the 0.05 in Hg tolerance.

hd

The remarkably good performance of the AWOS altimeter setting is not surpris-

ing for three reasons: (a) the AWOS processor continuously samples and

compares two barometric pressure sensors; (b) AWOS and official pressure
. sensors are not sensitive to siting and exposure criteria as are other
meteorological sensors; and (c) AWOS and official pressure sensors do not
require periodic inspection and routine maintenance. Based on all of the
results and the prescribed sensor function requirements, altimeter setting is
clearly the most reliable parameter reported by AWOS.

n (7) Wind Direction.

(a) General. Table 32 provides background information on the

AWOS and official wind sensor setup. This table gives the following

information for each site: (1) magnetic vartation or compass declination,

(2) AWOS reported wind direction according to true or magnetic north,

o (3) official wind sensor height above ground, (4) distance of official wind
- sensor location to AWOS, and (5) siting and exposure of official wind sensor.

The AWOS wind sensors are situated at the standard lO-meter height (33 feet
above ground) while the height of the official wind sensors varied from 10 to
76 feet above ground, depending on the site. Only PWT and VDZ had official

, wind sensors located at the standard height. The AWOS wind sensor at GAL was
) mounted 20 feet above ground so that the sensor would not extend into the
glide slope clear zone. All official wind directions are reported with

respect to true north in accordance with FMH-1 procedures. Data from those
AWOS wind sensors which measured magnetic winds were converted to true north
in the data processing by adding or subtracting the site magnetic variation.

® The procedure used to convert from magnetic to true winds is outlined in
appendix D.
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The airfield location of the official wind sensors varied from one site to the
next. Partially obstructed official wind sensors were typically located near,
or on top of, buildings. The influence of these physical obstructions on the
official wind sensors is more prevalent for certain wind directions than for
others. AWOS wind sensors are usually more representative of runway wind

conditions since these sensors are typically well exposed at runway touchdown
locations.

(b) Results. Results for wind direction are given in table D-10
for each AWOS site. A summary of these results by system are given in table
33. An overall wind direction difference histogram for AWOS is given in
figure 24. Wind direction data were compared only for moderate to strong wind
cases, 1.e., AWOS wind speeds greater than 5 knots.

TABLE 33. WIND DIRECTION

System N 3 d s rms RI
AWOS 11686  0.98 7 19 21 91
Artais 6110  0.98 6 17 20 93
WxMeasure 5576 0.98 8 21 23 90

The rms error sensor functional requirement for wind direction is 35°. Based
on this criterion, overall AWOS, Artais, and WeatherMeasure performance for

wind direction is acceptable. About 91 percent of AWOS minus official wind
direction differences were within +35°.

The best wind direction performance was exhibited at DBQ, DCA, and HOU. Their
rms error values ranged between 15° and 17°. 1Individual sites at PWT, SAF,
VDZ, EEN, and PSP displayed unacceptable performance with rms errors greater
than the 35° tolerance. Much of the observed error is attributed to large
bias values, particularly for PWI. Wind sensor setup may partially explain
some of this large error. First, PWT had the largest bias magnitude
(-38°), but re! tively small variance. PWT persoanel reported that the AWOS
wind sensor orientation was with respect to true north, with no sheltering of
either the AWOS or official sensors. Orientation of the AWOS wind sensor at
PWI may be questionable since a postulation of AWOS reporting magnetic winds
would significantly reduce the bias error to -17°. In general, wind sensor
misalignment directly affects the bias value. This, in turn, adds to the rms
error and decreases the reliability index. Some of the error at SAF may be
attributed to the low 10-foot height of the official wind sensor. The
partially obstructed official wind sensor at VDZ probably contributed to the
large standard deviation of 50°. Overall quality of official wind data from
EEN is uncertain since a wind sock is sometimes used at this site. Finally, a
large bias and standard deviation was observed for PSP, It was repoarted that
the official wind sensor is often influenced by a local mountain flow while
the AWOS sensor, located about 1/2 mile away, is not affected. Also, strong
daytime differential surface heating is prevalent at PSP.
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(8) Wind Speed. Wind speed comparisons between AWOS and official
were carried out for moderate to strong wind cases, i.e., AWOS wind speed
greater than 5 knots. Wind speed results by AWOS site are provided in table
D-11 of appendix D. A summary of these results is given in table 34. An
overall AWOS wind speed difference histogram is given in figure 25. As
additional information, the wind sensor setup description previously described
is outlined in table 32.

TABLE 34, WIND SPEED

System N r g s rms RI
AWOS 11871 0.78 ~-0.7 2.6 2.9 93
Artais 6122 0.83 0.2 2.3 2.4 97
WxMeasure 5749 0.73 -1.6 2.8 3.4 88

Based on the rms error sensor functional requirement of 5 knots, every AWOS
site exhibited acceptable performance. The overall rms error and reliability
index for AWOS wind speed was 2.9 knots and 93 percent, respectively. Artais
systems showed better overall performance than the WeatherMeasure systems.
The cause of this difference is unaccountable due to the different official
wind sensor configurations at each site.

Sites at DBQ and DCA displayed the most reliable wind speed performance with
an average rms value of 2.1 and 2.2 knots, respectively. Marginally
acceptable performance was found at MIE which had a bias and rms error of -3.7
and 4.8 knots, respectively. The unusually large negative bias is mostly
attributed to the height of the official wind sensor. This sensor is about
76 feet above ground and situated only 7 feet above the roof of an ATC tower.
The bias value of the wind speed difference (AWOS minus official) is negative
and large in magnitude due to the higher location of the official wind sensor
than the AWOS sensor. High winds and turbulence around the leading edge of
the tower roof can also contribute to the observed error. Wind speed error
for sites at PWT, SAF, VDZ, EE., and PSP was slightly more than for the other
sites. This error is correlated with large wind direction errors found at the
same sites. Consequently, the observed wind speed error can be attributed to
the same sensor-siting factors discussed in the previous sectionm.

(9) Wind Gust. The first phase of this analysis was to construct a
frequency distribution based on the number of occurrences of AWOS and official
reported wind gusts. This was conducted in order to check the overall
sensitivity and responsiveness of the AWOS wind gust algorithm. In view of
the unsteady nature of wind gusts, a time difference tolerance of 10 minutes
{instead of 15 minutes) was used when pairs of AWOS and corresponding official
observations were selected and compared.

The frequency distribution is given for each site in table D-12 and summarized
in table 35. 1In general, AWOS reports wind gusts more frequently than the
official observer indicating a highly sensitive AWOS wind gust algorithm. The
converse was true for the AWOS sites in Alaska (VDZ and GAL). Specifically,
AWOS reported wind gusts 34 percent more frequently than official observers.
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About 15 percent of the time official observers reported gusts while AWOS did
not. Due to the intrinsic characteristics of the AWOS gust algorithm, AWOS is
generally more sensitive to wind gusts than human observers who subjectively
recognize wind gusts from dial indicators and recorders.

TABLE 35. WIND GUST OCCURRENCE

Distribution in Percent

AWOS No Yes Yes
System N Official Yes Yes No
AWOS 2174 15 36 49
Artais 1376 18 42 40
WxMeasure 798 10 26 65

Next, jolnt occurreances of wind gusts were examined for their wind speed
differences. The results are displayed for seven sites in table D-13 in
appendix D, A summary of these results is given in table 36. An overall
histogram for wind gust speed difference is given for AWOS in figure 26.

TABLE 36. WIND GUST SPEED

System N r d s ms RI
AWOS 758 0.72 -0.1 3.6 3.6 88
Artais 565 0.76 -0.1 3.2 3.3 91
WxMeasure 193 0.60 0.0 4.7 4 7 80

Based on a rms error tolerance of 5 knots, overall AWOS wind gust performance
was acceptable with an rms error of 3.6 knots. According to the reliability
index, Artals sites agreed better with the official observers about 11 percent
more than WeatherMeasure sites. The best performance was exhibited at DBQ
with an rms error of 2.9 knots.

The highest reported AWOS wiand gust was 69 knots at CMX on December 23. At
that time the official observer had reported a wind gust of 30 knots 2 minutes
earlier. The prevailing weather coaditions were characterized by snow,
hlowing snow, near-zero visibility, high winds, and s¢trong gusts. A time
difference of at least 2 minutes, and the differeat sampling and averaging
time of the AWOS algorithm and official observer, contributed to the observed
wind gust speed difference of 39 knots,

(10) Precipitation Occurrence. Artais ard WeatherMeasure Systems
employ heated tipping-bucket rain gauges for the detection of precipitation
occurrence (and amount). In addition, Artais uscs a resistance-type Wong
precipitation sensor for precipitation occurrence detection. The relative
frequency distribution of precipitation occurrence for each AWOS site 1is
provided in table D-14 and summarized in table 37.
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TABLE 37. PRECIPITATION OCCURRENCE

Distribution in Percent

AWOS No Yes Yes
System N Official Yes Yes No
AWOS 2687 62 27 12
Artals 1571 67 25 8
WxMeasure 1116 54 29 17

The results show that AWOS significantly lacks in the detection capabilities
of precipitation occurrences. Overall, about 62 percent of the time AWOS does
not detect the presence of precipitation. Only 27 percent of the time AWOS
and official observers jointly report precipitation occurrences. The best
detection capabilities were displayed by sites at EEN and DCA. WeatherMeasure
sensors were generally better performers than Artais sensors.

The joint detection of precipitation occurrence by official precipitation type
is given for each site in table D-15 and summarized in table 38. These tables
give the percent of times AWOS detects a precipitation occurrence according to
the type of prevalent official precipitation.

TABLE 38. PRECIPITATION OCCURRENCE BY TYPE

Precipitation Official Percent Detected
Type System Occurrences by AWOS
Rain AWOS 1173 49

Artais 701 44
WxMeasure 472 56
Snow AWOS 1264 13
Artais 797 12
WxMeasure 467 16

The results show that AWOS detects rain 49 percent of the time, but detects
snow as a precipitation occurrence only 13 percent of the time. The clearly
unacceptable performance for the latter case is mostly attributed to
inadequate heating elements in the rain gauges. By far, the best performance
was exhibited at EEN. At this site, AWOS jointly detected precipitation
70 and 71 percent of the time for rain and snow, respectively. WeatherMeasure
showed slightly better performance than Artais for rain and snow.

An interesting polint depicted in the foregoing two tables is the generally
better performance by WeatherMeasure than Artais. This is a surprising result
in view of the fact that the Artais Systems employ an additional sensor which
is designed specifically for precipitation occurrence detection.
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CONCLUSIONS

Based on the results of the data analyzed during the lO-month Automated
Weather Observing System (AWOS) demonstration period of September 1983 -~ June
1984, it is concluded that:

1. Pilots generally were favorable in their reaction to the AWOS concept,
especially its availability and currency in the reporting of aviation weather
parameters, and the performance of the system in which they accorded an above
average rating of 3.64 on a scale of one to five.

2. Use of discrete very high frequency (VHF) and non-Doppler type
omnidirectional range (VOR's) were considered the most favored means of access
to AWOS. This was reflected in the 4.0 system rating by pilots.

3. Doppler VOR is inadequate as a means of access to AWOS. Pilots who used
the Houston, Texas, Doppler VOR site accorded the AWOS a low system rating of
2.75. The principle difficulty is attributed to the 10 kilohertz (kHz)
side-band modulation, typical of Doppler VOR.

4. Pilots experienced difficulties with the synthesized voice message as
reflected in 44 percent of the unfavorable responses. This difficulty was
predominant with WeatherMeasure which had 86 unfavorable comments in contrast
to Artais which had 34 unfavorable comments. In the case of WeatherMeasure,
this was attributed to the announcer who spoke with a monotone cadence which
was without variation and pitch.

This difficulty is not considered serious as a very specific standard for
voice quality exists in the AWOS production specification. Artais and
WeatherMeasure were not required to comply with this standard.

5. The Artais System experienced 184 failures which were substantially
greater than the 16 failures experienced with the WeatherMeasure System. This
is considered to be principally due to system software design differences. As
a direct consequence, the system mean-time-between-failure (MTBF) value for
Artais was greater than 250 hours; whereas, the system MTBF value for
WeatherMeasure was greater than 3,000 hours.

6. Performance of AWOS in detecting and reporting visibility, temperature,
dew point, barometric pressure, wind direction, wind speed, and wind gust was
acceptable. In each case, sensor functional requirements were surpassed.

7. Performance of AWOS in detecting and reporting precipitation was
unacceptable. The poor performance, primarily with detection in freezing
conditions, was attributable to inadequate heating elements,

8. Performance of AWOS in detecting and reporting cloud elements during
precipitation was unacceptable. Performance in detecting and reporting the
number of cloud layers, cloud coverage, and cloud height in the absence of
precipitation was marginal to good.
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RECOMMENDATIONS

Based on the conclusions 1t is recommended that:

1. Doppler VOR's not be used for broadcast of AWOS. As a result of this
study, the FAA should review the application of other alternatives for
broadcast of AWOS.

2. Precipitation sensor studies be continued, particularly alternatives to
grid-type detectors. The FAA is now funding such a study and expects HSS
Incorporated to issue a report by February 1985.

3. Cloud algorithm development studies be conducted to improve algorithm
response and accuracy, particularly during precipitation. The Technical
Center 1s now conducting such a study and will produce a report by
February 1985.
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APPENDIX A
AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM

DESCRIPTION OF DATA QUALITY CONTROL PROGRAM
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AWOS DATA QUALITY CONTROL

GENERAL DESCRIPTION.

This data analysis validates hourly reports received by the Technical Center from
the 14 AWOS sites and ascertains whether or not data fall within limits as defined
in the AWOS Test Plan. It generates printed reports having the following:

1. Information regarding the retrieval of the data from the AWOS site by the
Technical Center.

2. Hourly observations containing errors, with the errors flagged and/or coded.

3. Summaries having counts of all flagged and coded errors, with the error
codes defined, and counts of the set/unset condition of flags.

It also creates an intermediate file containing data and error flags from which
further analysis can be done

THE PRINTED REPORT.

A sample printout is presented in figure A-1., The header of the printout is the
retrieval status information that was generated upon completion of data acquisition
and is printed at the beginning of each run of hourly reports. This section
includes the date and time of the collection, the amount of data retrieved,
internal error reports, and other information pertinent to data management.

The following information is shown in the printout under the appropriate headings.

l. Weather Report Image. Each hourly report that contains an error is printed
whether that error 1s one of input validation, quality control, or system fault
diagnostics that were generated remotely at the site. Individual data elements
from the hourly report are described in Note A-1. Additional explanation for the
sky condition field is provided in Note A-2.

Error conditions, 1nternal status codes, and counters that are generated after
acquisition of data at the Technical Center are printed following each of the
four hourly reports to which they relate. The input file 1s structured such
that four hourly weather reports are processed as a unit and the related
information is included with the same unit. Each byte in an hourly report that
has been flagged during acquisition has an asterisk (%) printed below it. Internal
status codes and their meanings are defined in Note A-3.

2. Remarks and Status. Remarks and status are coded system fault diagnostic
messages that have been added automatically to the hourly reports at the AWOS
sites prior to recording. The messages signal sensor related equipment problems.
They are designed to facilitate Remote Maintenance Monitoring (RMM). A complete
list of codes as they relate to each sensor 1s contained in Note A-4,
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3. Input Validation. Fach field of weather data 1s examined to validate the
correct type of data, e.g., numeric fields should have numeric content. Any
field not having the correct type of data is flagged.

4. Quality Control: Quality control checks are performed in accordance with

the criteria set forth in the AWOS Test Plan. Additional criteria were added
and a complete list ot qualitv control checks is listed in Note A-5.

wWhen a quality control failure occurs, an error code indicating the specific
failure is assigned to the hourly report and is scheduled for printing. Following
each batch of hourly reports is summary information containing:

a. Counts of each quality conrol failure.

b. A count of the number of times each field had 1invalid data, 1i.e.,
unrecognizable.

c. RMM status counts.

d. The number of times an RMM flag 1is set versus the number of times
not set.

THE INTERMEDIATE FILE.

In addition to the printed report, an intermediate file is generated. The
intermediate file stores the tollowing fields for each hourly report:

1. The Julian date for the hour's data.

2. That hour's data in integer format.

3. <Cloud height {based on the hour's sky condition data).
4. Remarks and status (RMM) fault characters.

5. Input validation characters.

6. Quality control flag characters.

Information stored in the intermediate file can be used to perform further analysis

such as the AWOS Versus Official Comparison (analysis 3 in Test Plan).
Note A-1: Data Elements of Printed Report.,

1. Weather Report lmage.

Fireld Description Format

DATE Month a dav report recorded MM/DD

STA ID Identificattion of site sending data 3 Alpha

GM TM Greenwich Mean Time 2 Num (HH)
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) Fieid Description Format

JUL DAT Julian Date 3 Num (DDD)
‘: SKY CDND Sky condition (See item 2 below) 11 Alpha/Num
. VS Visibility in units miles and 2 Num
quarters of a mile. ex:
11 =1 1/4 mile

LN 32 = 3 2/4 miles
E Less than 1/4 mile 1s '00'

‘ Creater than 5 miles is '55'

‘ PKRS Pressure (altimeter setting) in 3 Num

il . TEMP

DEW
- WND DIKR
@
. WND SPD
- WND GST
'. DNS ALT
e PCP AMT
i PCP TIM

2. Remarks

hundredths of inches of mercury

Temperature in degrees Fahrenheit
preceeded by eilther a sign or blank

Dew Point in degrees preceeded by

elther a sign or a blank

Wind direction in degrees

Wind speed in knots

Wind gusts in knots

Density altitude in hundreds of feet

Precipitation amount since last report

in hundredths of inches

Precipitation time in minutes
preceded by flag byte where

B = begin, E = end

and Status (RMM) (See Note A-4)

Field
4’ TP
- bp
PR
o W
WS
@
[

Description

Temperature
Dew point
Pressure

Wind direction

Wind speed

4 Alpha/Num

3 Alpha/Num

3 Num
3 Num
3 Num
3 Num

3 Num

3 Alpha/Num

Format

1 Alpha
1 Alpha
1 Alpha
1 Alpha

1 Alpha
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:1:75 Field
Vs
g cH
PC
SY

iu 3.

Description

Visibility
Cloud height
Precipitation

Processor/System

Input Validation

. Field
HR
i "
Vs
PR
DP
) WD
u s
WG
DA
El PA
PT
v-
> "
-
C+
» CH
’
»

Lada . L aate lataaalelr

Description

Hour of report

Minute of report

Visibility

Pressure

Temperature

Dew point

Wind direction

Wind speed

Wind gusts

Density altitude

Precipitation amount
Precipitation time

Variable visibility minimum
Variable visibility maximum
Variable ceiling height minimum
Variable ceiling height maximum

Cloud height

A=
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Format

1 Alpha

1 Alpha

1 Alpha

! Alpha

Content

T

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

or

F*

F¥*

F*

F*k

F*
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4. Quality Control Failures

Field Description Format

a Quality Alphabetic codes 1indicating failure 15 Num
control of data to meet specific quality control
failures parameters {(see Note A-5)

*True/False flags in the form of 'T' or 'F' indicating the presence of
i valid or invalid data. Used only when one or more fields are invalid.

Note A-2: Sky Condition.

Sky condition consists of eleven alphanumeric positions with data left justi-
l ) fied and unused bytes having blanks.

Examples follow:

Colummn 9 {0 II 12 13 14 15 16 17 18 19

3 0 S M 4 5 B - - - -

] 1 5 S 2 5 E 4 0 0 -
C L R - - - - - - - -

C L R - - F E W - 4 5

W 2 X - - ~ - - - -

X 1 2 S 2 6 S M 3 5 B

Cloud layers are reported as XYC where:

X = height 1n thousands of feet
Y = height 1in hundreds of feet
C =S Scattered

u B  Broken
0 Overcast

Cloud lavers can also have a prefix:

Estimated
Measured

F
) N

Partially obscured skv will have 'X' in the first position, and totally obscur-
ed sky will have 'W' in the first position,

Totally obscured skv will be represented by WAX where:

)
A =1 if visibility is less than or equal 1/4 mile
2 if visibility is greater than 1/4 mile and
less than 1 1/2 miles
7 0f vistbility is greater than or equal 1 1/2 miles and
less than 2 miles and the air temperature is
} l»ss than or eaqual to 36 °F,
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"A'" is the vertical visibility in hundreds of feet and
is considered the ceiling height.

Order of reporting cloud lavers:

Lowest scattered laver (SCT)

Lowest broken layer (BKN)

Overcast laver (DVC), only one overcast layer is reporteded
Second lowest scattered layer (SCT)

Second lowest broken layer (BKN)

Highest broken laver (BKN)

Highest scattered layer (SCT)

Note A-3: Internal Status Codes.

Asterisk {(*) under any field indicates invalid input that was discovered upon
receipt of the data at the Technical Center.

A dotted tine (......... ) in the "Remarks and Status'" column also indicates an
error was found on receiving the data from the site.

To the right of the dotted line, and on succeeding lines, 1f necessary, will
be:

STATUS
8001 AWOS STATION PROCESSOR ERROR
8002 FRAMING DATA LIMIT ERROR
8004 FRAMING DATA PARITY ERROR
8008 STATION ID ERROR
8010  END OF STATION'S DATA CODE
3020 TIME-OUT CODE
8040 BAD DATA CODE
PARITY ERROR COUNT
DATA LIMIT ERROR COUNT
TOTAL DATA ERROR COUNT
FIRST ERROR BYTE SLOT AND CODE
SECOND ERROR BYTE SLOT AND CODE
SE.COND ERROR BYTE SLOT AND CODE
SECOND ERROR BYTE SLOT AND CODE
SECOND ERROR BYTE SLOT AND CODE
FIGHTY-FOURTH ERROR BYTE SLOT AND CODE

ERROK BYTE SLOT CODE FORMAT:

TXXN PARTTY FERROK COLUMN XXX
JXXX DATA MATCH ERROR COLUMN XXX

I DAY LIMIT FRROR COLUMN XXX
Codomns ot ool t gL b thie same positions that have asterisks under them
Ittt yeports ammedirately preceding the line of coded errors.
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Keemarks and Status (RMM) .

Status Codes and Meanings

lemperature

A = Sensor data not within limits

B = Insufficient data to generate a recorded value
C = Any senscor error detected since last report

D = Creater than h °F change in | minute since

last report.
Dew Point

B, C, D same as ftor temperature
£ = Dew Polnt greater than temperature by 1 °F or 2 °F
Dew Point greater than temperature by more than

2 °F

£
i

Pressure

A, B, C same as for temperature, sensor |

D, k, F same as A, B, C, but for sensor 2

G Pressure readings from both sensors not within 0.04
inches of previous readings since last report

P = Precipilitation occurrence timeter setting

wind Direction

A, B, C same as for temperature
Wind Speed

A, B, C same as ftor temperature

*

Visibility

A, By U same as tor temperature
V = Vartiable
Cloud Height
A, B, € same as for temperature

D= "HIR CLDS VSR
o= "BKN VRBL st
= "RKN VRBL ov"
i, = "OV( VRBL OBKN"

|

Prooipation

St e AT L T AN Yoo dn it lon ecnrren e Sensor
Do, osame as for AL B0 O bt precipitation amount sensor
DOF Procipitation coureengse
N R L R R RS




Period
9/83
9/83 - 10/83
/83 - 11/83
9/83 - 12/83
9/33 - 1/84
9/83 - 2/84
9/83 -~ 3/84
9/83 - 4/84
9/83 - 5/84
9/83 - 6/34
Period
9/83
/83 - 10/83
9/83 ~ 11/81
9/8% - 12/32
9/8% - /54
b4 - R4
U
9,37 RN
9/83 - 5384

BRI SYSTEM AND SENSOR DATA FOR KEENE,

N. H. (CONTINUED)

C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TO7 (hrs) Failures MTBF (hrs)
720 60.17 0 659.83 6 109.97
1440 68 .89 0.25 1370.86 8 171.36
2160 69 .24 0.25 2090.51 11 190.05
2880 74.41 0.25 2805.34 12 233.78
3600 74 .41 0.25 3525.34 12 293.78
4320 74.41 0.25 4245.34 12 353.78
5040 74 .41 0.25 4965.34 12 413.78
5760 74,41 0.25 5685.34 12 473.78
6480 74,41 0.25 6405 .34 12 533.78
7200 74.41 0.25 7125.34 12 593.78
D. Wind Sensor Data
Total Down Time
Total Tim: €2 Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
720 0 Y 720.00 0
1440 0 25.25 1414.75 0
2160 0 102.50 2657.50 0
2880 0 102.50 2777.50 0
1h 00 G 1G2.50 3497.50 0
+320 0 102.50 4217.50 0
KIRtE 0 102.50 4937.50 0
3 n0 0 102.50 5657.50 0
n 180 0 102.50 56377.50 0
7200 0 102.50 7097.50 0




TABLE B-3. SYSTEM AND SENSOR DATA FOR KEENE, N. H.

A. System Data

Total Total Time To No. of
Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 720.00 0
9/83 - 10/83 1440 25.25 1414.75 2 707.38
9/83 - 11/83 2160 102.50 2057.50 3 685.83
9/83 - 12/83 2880 102.50 2777.50 3 925.83
9/83 - 1/84 3600 102.50 3497.50 3 1165.83
9/83 - 2/84 4320 104.00 4216.00 3 1405.33
9/83 - 3/84 5040 104.00 4936.00 3 1645.33
9/83 - 4/84 5760 104.00 5656.006 3 1885.33
9/83 - 5/84 6480 104.00 6376.00 3 2125.33
9/83 - €/84 7200 104.00 7096 .00 3 2365.33

B. Ceiling Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0.25 0 719.75 l
9/83 - 10/83 1440 0.25 0 1439.75 1
9/81 - 11/83 2160 1.00 0 2159.00 2 1079.50
9/83 - 12/83 2880 1.00 0 2879.00 2 1439.,50
G/83 - 1/84 3600 1.00 0 3599.00 2 1799.50
9/83 - 2/84 4320 1.00 0 4319.00 2 2159.50
9,83 - 3/84 5040 1.00 0 5039.00 2 2519.50
9/33% - 4/84 5760 1.00 0 5759.00 2 2879.50
/83 - 5/84 5480 1.00 0 479,00 2 3239.50
9/83 - h/84 7200 2.17 0 137 .83 2 3598.92




TABLE B-2.

h Period
9/83
9/83 - 10/83
| 9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/84
9/83 - 4/84
| 9/83 - 5/84
. 9/83 - 6/84

9/83

9/83 10/83
9/83 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 5/84

9/83 - 6/84

SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED)

G. Precipitation Sensor Data

Total Down Time

Total Time to Due to System ) No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (Lrs) Failures MIBF (hrs)
720 1 0 719.00 1

1440 1 0 1439.00 1
2160 1 0 2159.00 1
2880 1 0 2879.00 1
3600 1 0 3599.00 1
4320 1 0 4319.00 1
5040 1 0 5039.00 1
5760 1 0 5759.00 1
6480 1 0 6479.00 1
7200 1 0 7199.00 1

H. Altimeter Sensor Data

Total Down Time
Total Time to Due to System No. of

Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
720 0 0] 720.00 0

1440 0 0 1440.00 0
2160 0 0 2160.00 0
2880 0 0 2880.00 0
3600 0 1 3599.00 0
4320 0 1 4319.00 0
5040 0 1 5039.00 0
5760 0 1 5759.00 0
6480 0 1 6479.00 0
7200 25,20 l 7173.80 1
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TABLE B-2.  SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED)
;
| E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 - 2/84 4320 0 0 4320.00 0
9/83 - 3/84 5040 0 0 5040.00 0
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0
F. Dew Point Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 - 2/84 4320 0 0 4320.00 0
9/83 - 3/84 5040 0 0 5040.00 0
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0
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TABLE B-_.

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/33
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 4/84

9/83 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/34

9/83 - 5/84

9/83 6/84

SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED)
C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
720 0 0 720.00 0
1440 0 0 1440.00 0
2160 0 0 2160.00 0
2880 0 0 2880.00 0
3600 0 0 3600.00 0
4320 0 0 4320.00 0
5040 0 0 5040.00 0
5760 0 0 5760.00 0
6480 0 0 6480.00 0
7200 0 0 7200.00 0
D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0
1440 0 0 1440.00 0
2160 3 0 2157.00 1
2880 3 0 2877.00 1
3600 3 0 3597.00 1
4320 3 0 4317 .00 1
5040 3 0 5037.00 !
5760 3 0 5757 .60 1
6480 3 0 6477.00 i
7200 3 0 7197.00 1
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9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/84
9/83 - 4/84
9/83 - 5/84
9/83 - 6/84
9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/84
9/83 - 4/84
9/83 - 5/84
9/83 - 6/84

TAKIE B-2, SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
720 0 720.00 0
1440 0 1440.00 0
2160 0 2160.00 0
2880 0 2880.00 0 y
3600 1.00 3599.00 1
4320 1.00 4319.00 1
5040 1.00 5039.00 1
5760 1.00 5759.00 1
6480 1.00 6479.00 1
7200 1.00 7199.00 1
B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) T1OT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0
1440 1.00 0 1439.00 1
2160 1.00 0 2159.00 1
2880 1.00 0 2879.00 1
3600 1.00 0 3599.00 1
4320 1.00 0 4319.00 1
5040 1.00 0 5039.00 1
5760 346 .00 0 5414.00 2 2707.00
6480 607.25 0 5872.75 2 2936.38
7200 607.25 0 6592.75 2 3296.38
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TABLE B-1. SYSTEM AND SENSOR DATA FOR AUBURN, ALA. (CONTINUED)

G. Precipitation Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) T0T (hrs) Failures MTBF (hrs)
9/83 720 0 40.00 680.00 0
9/83 - 10/83 1440 0 40.00 1400.00 0
9/83 - 11/83 2160 0 40.00 2120.00 0
9/83 - 12/83 2880 0 40.00 2840.00 0
9/83 - 1/84 3600 0 40.00 3560.00 0
9/83 - 2/84 4320 0 40.00 4280.00 0
9/83 - 3/84 5040 0 40.00 5000.00 0
9/83 - 4/84 5760 0 40.00 5720.00 0
9/83 - 5/84 6480 0 40.00 6440.00 0
9/83 - 6/84 7200 0 40.00 7160.00 0

H. Altimeter Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0

9/83 - 10/83 1440 0 0 1440.00 0

9/83 - 11/83 2160 0 0 2160.00 0

9/83 -~ 12/83 2880 0 0 2880.00 0
@ 9/83 - 1/84 3600 0 0 3600.00 0
F 9/83 - 2/84 4320 0 0 4320,00 0
; 9/83 - 3/84 5040 0 0 5040.00 0
;. 9/83 - 4/84 5760 0 0 5760.00 o
[ 9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0
}... B-4
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TABLE B-1.

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 -~ 5/84

9/83

6/84

SYSTEM AND SENSOR DATA FOR AUBURN, ALA. (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 40,00 680.00 0
1440 0 40.00 1400.00 0
2160 0 40.00 2120.00 0
2880 0 40.00 2840.00 0
3600 0 40.00 3560.00 0
4320 0 40.00 4280.00 0
5040 0 40.00 5000.00 0
5760 0 40.00 5720.00 0
6480 0 40.00 6440.00 0
7200 0 67.50 7132.50 0
F. Dew Point Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

720 0 40.00 680.00 0
1440 0 40,00 1400.00 0
2160 0 40,00 2120.00 0
2880 0 40.00 2840.00 0
3600 0 40.00 3560.00 0
4320 0 40.00 4280.00 0
5040 0 40.00 5000.00 0
5760 0 40.00 5720.00 0
6480 0 40.00 6440.00 0
7200 0 67.50 7132.50 0
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TABLE B-1. SYSTEM AND SENSOR DATA FOR AUBURN, ALA. (CONTINUED)

PADARAR
DS e T SRS,

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 7.08 2872.92 0
9/83 - 1/84 3600 0 7.08 3592.92 0
9/83 - 2/84 4320 0 7.08 4312.92 0
9/83 - 3/84 5040 0 321.08 4718.92 0
9/83 - 4/84 5760 0 321.08 5438.92 0
9/83 - 5/84 6480 0 321.08 6158.92 0
9/83 - 6/84 7200 0 321.08 6878.92 0
D. Wind Sensor Data
Total Down Time

= Total Time to Due to System No. of

- Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 40.00 680.00 0

1

bi 9/83 - 10/83 1440 0 40.00 1400.00 0

-

: 9/83 - 11/83 2160 0 40.00 2120.00 0

E 9/83 - 12/83 2880 0 40.00 2840.00 0

t. 9/83 - 1/84 3600 0 40.00 3560.00 0

-

::' 9/83 - 2/84 4320 0 40.00 4280.00 0

; 9/83 - 3/84 5040 0 40.00 5000.00 0

b

F. 9/83 - 4/84 5760 0 40.00 5720.00 0

- 9/83 - 5/84 6480 0 40.00 6440.00 0

. 9/83 - 6/84 7200 0 40.00 7160.00 0
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TABLE B-1. SYSTEM AND SENSOR DATA FOR AUBURN, ALA.

Lu A. System Data

Total Total Time To No. of
Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 40.00 680.00 1
9/83 - 10/83 1440 40.25 1399.75 2 699.88 %
9/83 - 11/83 2160 40.25 2119.75 2 1059.88
9/83 - 12/83 2880 47.33 2832.67 3 944 .22
9/83 - 1/84 3600 47.33 3552.67 3 1184.22
9/83 - 2/84 4320 47.33 4272.67 3 1424 .22
9/83 - 3/84 5040 361.33 4678.67 4 1169.67
ii 9/83 - 4/84 5760 361.33 5398.67 4 1349.67
; 9/83 - 5/84 6480 361.33 6118.67 4 1529.67
- 9/83 - 6/84 7200 388.83 6811.17 5 1362.23

= B. Ceiling Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 0 720.00 0
' 9/83 - 10/83 1440 0 0 1440.00 0 |
ﬁ. 9/83 - 11/83 2160 0 0 2160.00 0 i
f" 9/83 - 12/83 2880 0 0 2880.00 0
i' 9/83 - 1/84 3600 0 0 3600.00 0
. 9/83 - 2/84 4320 0 0 4320.00 0
- 9/83 - 3/84 5040 0 314.00 4726.00 0
= 9/83 - 4/84 5760 0 314.00 544600 0
{. 9/83 - 5/84 6480 0 314.00 6166.00 0
' 9/83 - 6/84 7200 0 341.50 685850 0
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APPENDIX B

' AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM

TABLES OF TOTAL OPERATING TIME
AND
ESTIMATED VALUES OF MEAN-TIME-BETWEEN-FAILURES
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. ‘el ATV TIRNTETN LA ES T A MRS S " A S e ke A2 Shi Sl Rl BB A el

h SYSTIME = 12:37:28 SYSDATE = 05/24/84 LAST SECTOR = 13 TOTAL 0K = ]
N TUTAL TRIES = 7 REWIND (@ = YES) = @ INDIVIDUAL REPORT POINTLR =
REPORTS FOR MESSACES { TURU 37 FOLLOW IR HEXADECIMAL:
101 0 140 1 O t40 1 0 140 1 0 140 1 0 140 3002 o 4
0 (V] o (1) 3 (Y 3} o 0 0 11} 0 L] (3] 0 [} 0 ©
Y] D] 0 1) 0 [\ O 1 0 0 0 [} 0 Q o ¢ (4] 0
9 o 4] o 4] ] [}] 0 0 0 0 1} Y] 0 0 4] (4] 0
YVEATHER REPORT I MAGCE REMARYKS
ENDING 03-24-84 12:37:28 & STATUS
. ST ¢ JUL WND WND WND DRS PCP PCP TUOPWWAVCPS
b - DATE ID TM DAT SKY COND VS PRS TEMP DEW DIR 3PD ¢ST ALT AMEP TIM PPRDSSUCY
: 2 2 2 3 3 + + 4 3 5 6
1 46 9 1 4 8 3 ? 1 5 9 3 ? 1
035,23
CMX14323CLR 55 999 31 31 310 17
CMX15523 Qou BB BDBBBE
CMXi6323CLR 35 999 34 30 200 13 2t -
CMX17I28CLR 33 Voo 37 29 2060 16
X18323CLR 35 908 59 29 270 15 22
GIX19523CLR 33 996 62 27 250 16 26 15 .
CNXL0323CLR 33 994 64 30 250 19 23 16
SMX21323CLR 33 Yu2 66 31 260 13 29 18
JMX22528C1LR 33 991 64 81 260 153 21 17
CMX23323CLR 33 991 66 42 260 15 22 18
05,24
CMNOOJ324CLR 55 992 31 220 12 22 17
CMXO1324CLR 33 991 32 270 1t 16 15
CMNO2324CLR 33 903 33 290 0o
CIMX03521CLR 33 9ui 32 270 40
CHNOE324CLR 33 993 43 270 07
CHMXO3I24CLR 33 993 38 270 06
CHMXU6324CLR 3 993 34 220 07
CHXOTI214CLR 33 94l 338 260 07
CNX08324CLR 35 4489 33 270 05
CMRO9324CLR 33 987 33 0u 00

*xxxxxx  05/24-84 WEATHER REPORT SUMMARY 20 HOURLY REPORTS PROCESSED #xxx%

QUALITY CONTROL FAILURLS ON AWOS REPOITES
ERRoOR
counrt COoDL MEANINC

19 A TIME DIF < 50 OR > 75 MIN.
2 C TEMP CHANGE > 6 DEC F.

2 D DP CHANGE > 3 DLEG F.

2 I WIND SPD CHANGE > 10 KNOTS
3 H WIND ST CHANGL > 20 KPS

I J TEMP TOT HORMAL FOR AREA

2 0 DNS ALT CUC EQ OR > 300 FT

INPUT VALIDATION ERRORS
COUNT DATA FIELD
20 VAR CEIL HT MAX

REMOTT. MAIHTENANCE MONITORIRG (REMARKS 8 STATUS)
SENSOR CUUNT  CODE  MEANING

TLI | 1 [TSYFFICTEAT DATA TO GENERATE A VALUE
3 . br ! B INSUFUICTENT DYIA TO Gl A VALUE
L N WD 1 i3 THSCEFICTENE DATY TO Gl HATE A VALUE
. LI 1 B INSUTFICIEET DYTA TO GERURATE A VALUE
“- Vis } [} NSV TCTRT DPYTA TO GENERAT A VALUE
S ey 1 B FHOVPYRICIRUT DAYTA TO CENBRYTY A VALUE
- PHIEC 1 B PRECIPITAVEON OCCURRENCL SEHSOR INSUFFICIENT DATA TO GENE
NYs 1 E COLT FALLURE TO SERSOR GilOUp 1
® D FLAG COUNTS
E SEMROR SET UNSET
. LLIP ! 19
k. [ | [
b RS (1] 20
4 ol t [
s WS 1 1Y
L LN t 9
[ [ i) | ll'
[BUEN 1 1 ‘
e RV ! 19
. ERD 0 AW0S PROCESSING. . .80 MORE DATA
" R ARSLOULE END OF AR0SQ2 PROGRAM, NO [JORE DATA '
h - |
S ‘
o |
. I
- A-10 \
)




I
F.
y
v
v
.
»

—

. . . . . A
o 2 ea s, s s a atia R = U P T W S E N N

Podiar i alr aiaiC Rt gtd e SIRAE AP e 0 v e —r Alaia Stn NAAerii e S AV bl g teb ol B 2 Ut Al gt Bie S Aae -

Cloud height is less than 500 feet and visibility 1is
greater than 1 mile.

Cloud height is greater than 500 feet and visibility 1is
less than | mile.

Density altitude change L tw~een current report and ! hour
earlier is greater than or equal to 300 feet.

Temperature exceeds dew point by 12° or more and
ceiling is less than or equal to 500 feet.

Temperature exceeds dew point by 12° or more and the
sky 1is obscured, or visibility is less than or equal to 1
mile.

More than two consecutive hourly reports having ceiling height
less than or equal to 200 feet and visibility greater than
4 miles.

"E'" for estimated preceding clear or scattered sky
condition.

Wind speed less than 6 knots with gusts.

Obscuration with visibility greater than or equal to
3 miles.

Pressure less than 26.00 or greater than 32.99 inches.
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SY Processor/System

out of tolerance

out of tolerance

Power supply 3 out of tolerance

= Power supply out of tolerance
Communication failure to sensor group |
Communication failure to sensor group 2
= Communication failure to sensor group 3
Equipment temperature too high

= Equipment temperature too low

= RAM memory failure

= Archive device failure

Power supply
Power supply

£ W N
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Code 'A' has the highest priority. Priority decreases as successive letters ot
the alphabet are utilized. Only the highest priority code will be used. .

Note A-5: Quality Control Failures.

Code Meaning

A Time difference between current report and that of 1 hour
- earlier is less than 50 or greater than 75 minutes.

B Altimeter change between current report and 1 hour
earlier is greater than 0.05 inches.

C Temperature change between current report and 1 hour
earlier is greater than 6 °F.
D Dew Point change between current report and ! hour

earlier is greater than 3 °F

E Wind speed change between current report and ! hour
earlier is greater than 10 knots.

F Wind direction change between current report and | hour
earlier is greater than 60° while wind speed of both
current and prior reports is greater than 10 knots.

G Precipitation quantity is greater than 0.5 inches.

H Wind gusts change between current report and 1 hour
earlier is greater than 20 knots.

1 Wind speed is greater than 25 knots.

J Temperature is outside of the normal range for the site for
the date being reported.

e L Dew point is greater than temperature
=
b~
SRy
b
RS A-8
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TABLE B-3. SYSTEM AND SENSOR DATA FOR KEENE, N. H. (CONTINUED)

R E. Temperature Sensor Data
: Total Down Time
Total Time to Due to System No. of
‘ Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

h 9/83 720 0 0 720.00 0
E" 9/83 - 10/83 1440 0 25.00 1415.00 0
;- 9/83 - 11/83 2160 0 102.25 2057.75 0
BI ) 9/83 - 12/83 2880 0 102.25 2777.75 0

:. 9/83 - 1/84 3600 0 102.25 3497.75 0

E- 9/83 - 2/84 4320 0 102.25 4217.75 0
TQ 9/83 - 3/84 5040 0 102.25 4937.75 0

L 9/83 - 4/84 5760 0 102.25 5657.75 0
E’ 9/83 - 5/84 6480 0 102.25 6377.75 0
; 9/83 - 6/84 7200 0 102.25 7097.50 0

F. Dew Point Sensor Data

Total Down Time

F. Total Time to Due to System No. of
. Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
E 9/83 720 0 0 720.00 0

{ 9/83 - 10/83 1440 0 25.00 1415.00 0
E’ 9/83 - 11/83 2160 0 102.25 2057.75 0
ﬁjj 9/83 - 12/83 2880 0 102.25 2777.75 0
- 9/83 - 1/84 3600 0 102.25 3497.75 0
5. 9/83 - 2/84 4320 0 102.25 4217.75 0

; 9/83 - 3/84 5040 0 102.25 4937.75 0
» 9/83 - 4/84 5760 0 102.25 5657.75 0
f' 9/83 - 5/84 6480 0 102.25 6377.75 0

- 9/83 -~ 6/84 7200 0 102.25 7097.50 0
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TABLE B-3. SYSTEM AND SENSOR DATA FOR KEENE, N. H. (CONTINUED)
G. Precipitation Sensor Data
Total Down Time
Total Time to Due to System No. of
iii, Period Time (hrs) Restore (hrs) Failure (hrs) TOl (hrs) Failures MTBF (hrs)
tuxA 9/83 720 0 ] 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
_ 9/83 - 11/83 2160 27.00 0 2133.00 l
3 9/83 - 12/83 2880 27.00 0 2853.00 1
T 9/83 - 1/84 3600 31.00 0 3569.00 2 1784.50
t. 9/83 - 2/84 4320 31.00 0 4289.00 2 2144.,50
9/83 - 3/84 5040 31.00 0 5009 .00 2 2504.50
9/83 - 4/84 5760 31.00 0 5729.00 2 2864 .50
9/83 - 5/84 6480 31.00 0 6449.00 2 3224.50
9/83 - 6/84 7200 31.00 0 7169.00 2 3584.50
H. Altimeter Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 54.58 0 2105.42 1
9/83 -~ 12/83 2880 54.58 0 2825.42 1
9/83 ~ 1/84 3600 55.58 0 3544 .42 2 1772.21
9/83 ~ 2/84 43290 55.58 0 4264 .42 2 2132.21
‘ 9/83 ~ 3/84 5040 55.58 0 4984 .42 2 2492.21
L 9/83 - 4/84 5760 55.58 0 5704.42 2 2852,21
9/83 - 5/8a 6480 55.58 0 6424 ,42 2 3212.21
- 9/83 - 6/84 7200 55.58 0 7144 .42 2 3572.21
L
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9/83

9/83 10/83
9/83 11/83
9/83 12/83
9/83 1/84

9/83 2/84

9/83 3/84

9/83 4/84

9/83 5/84

9/83 6/84

9/83

9/83 10/83
9/83 11/83
9/83 12/83
9/83 1/84

9/83 2/84

9/83 3/84

9/83 - 4/84

9/83 5/84

9/83 6/84

TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCILE, IND.
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
720 2.17 717.83 1
1440 2.17 1437.83 1
2160 2.17 2157.83 1
2880 2.17 2877.83 1
3600 2.17 3597.83 1
4320 2.17 4317.83 1
5040 2.17 5037.83 1
5760 2.17 5757.83 1
6480 2.17 6477.83 1
7200 3.07 7196.93 1
B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0
1440 0.25 0 1439.75 l
2160 676.25 0 1483.75 2 741.88
2880 1396.25 0 1483.75 2 741.88
3600 2116.25 0 1483.75 2 741.88
4320 2836.25 0 1483.75 2 741,88
5040 3556.25 0 1483.75 2 741.88
5760 4276.25 0 1483.75 2 741.88
6480 4996.25 0 1483.75 2 741,88
7200 5716.25 0 1483.75 2 741.88
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TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. (CONTINUED)

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 0 720.00 0

9/83 -~ 10/83 1440 0 0 1440.00 0

9/83 - 11/83 2160 0 0 2160.00 0

9/83 - 12/83 2880 0 0 2880.00 0 .

9/83 - 1/84 3600 0 0 3600.00 0

9/83 - 2/84 4320 1.00 0 4319.00 0

9/83 - 3/84 5040 1.00 0 5039.00 0

9/83 - 4/84 5760 1.00 0 5759.00 0

9/83 - 5/84 6480 1.00 0 6479.00 0

9/83 - 6/84 7200 1.30 0 7198.70 0

D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)

) 9/83 720 0 2,17 717.83 0
E 9/83 - 10/83 1440 0 2.17 1437.83 0
V’ 9/83 - 11/83 2160 0 2.17 2157.83 0
9/83 - 12/83 2880 0 2.17 2877.83 0
» 9/83 - 1/84 3600 0 2,17 3597.83 0
j. 9/83 - 2/84 4320 0 2.17 4317.83 0

9/83 - 3/84 5040 0 2.17 5037.83 0
. 9/83 - 4/84 5760 0 2.17 5757.83 0
t‘ 9/83 - 5/84 6480 0 2.17 6477.83 0
9/83 - 6/84 7200 0.30 2.17 7197.53 0
[ P14
K




TABLE B-4.  SYSTEM AND SENSOR DATA FOR MUNCIE, IND. (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 2.17 717.83 0
9/83 - 10/83 1440 0 2.17 1437.83 0
9/83 - 11/83 2160 0 2.17 2157.83 0
9/83 - 12/83 2880 0 2.17 2877.83 0
9/83 - 1/84 3600 0 2.17 3597.83 0
9/83 - 2/84 4320 0 2.17 4317.83 0
9/83 - 3/84 5040 0 2.17 5037.83 0
9/83 - 4/84 5760 0 2.17 5757.83 0
9/83 - 5/84 6480 196.58 2.17 6281.25 2 3140.63
9/83 - 6/84 7200 196.88 2.17 7000.95 2 3500.48
F. Dew Point Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 2.17 717.83 0
9/83 - 10/83 1440 0 2.17 1437.83 0
9/83 - 11/83 2160 0 2.17 2157.83 0
9/83 ~ 12/83 2880 3.00 2.17 2874.83 1
9/83 ~ 1/84 3600 3.00 2.17 3594.83 1
9/83 - 2/84 4320 3.00 2.17 4314.83 1
9/83 - 3/84 5040 3.00 2.17 5034.83 1
9/83 - 4/84 5760 3.00 2.17 5754.83 1
9/83 - 5/84 6480 3.00 2.17 6474 .83 1
9/83 - 6/84 7200 3.30 2.17 7194.53 1
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SYSTEM AND SENSOR DATA FOR MUNCIE, IND. (CONTINUED)

G.

T

Time (hrs) Res

Precipitation Sensor Data

Total Down Time
ime to Due to System No. of
tore (hrs) Failure (hrs) 7TOT (hrs) Failures MTBF (hrs)

H.

T

Time (hrs) Res

TABLE B-4.
Total
Period
9/83 720
9/83 - 10/83 1440
9/83 - 11/83 2160
9/83 - 12/83 2880
9/83 - 1/84 3600
9/83 - 2/84 4320
9/83 - 3/84 5040
9/83 - 4/84 5760
9/83 - 5/84 6480
9/83 - 6/84 7200
.
b
E Total
{ Period
r 9/83 720
9/83 - 10/83 1440
9/83 - 11/83 2160
3
o 9/83 - 12/83 2880
3
- 9/83 - 1/84 3600
L.
- 9/83 - 2/84 4320
3
] 9/83 - 3/84 5040
{- 9/83 - 4/84 5760
@
. 9/83 - 5/84 6480
; 9/83 - 6/84 7200
t,
{
o
r_

0 2.17 717.83 0

1.00 2.17 1436.83 1

1.00 2.17 2156.83 1
482.00 2.17 2395.83 2 1197.92
482.00 2.17 3115.83 2 1557.92
482.00 2.17 3835.83 2 1917.92
482,00 2.17 4555.83 2 2277.92
482.00 2.17 5275.83 2 2637.92
482.00 2.17 5995.83 2 2997.92
482.30 2.17 6715.53 2 3357.77

Altimeter Sensor Data
Total Down Time
lme to Due to System No. of
tore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

0 0 720.00 0

0 0 1440.00 0

0 0 2160.00 0

0 0 2880.00 0

0 0 3600.00 0

0 0 4320.00 0

0 0 5040.00 0

0 0 5760.00 0

0 0 6480.00 0

0.30 0 7199.70 0
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TABLE B-5. SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF,
A. System Data
Total Total Time To No. of
Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 720.00 0
9/83 - 10/83 1440 0 1440.00 0
9/83 - 11/83 2160 2.05 2157.95 2 1078.98
9/83 - 12/83 2880 2,05 2877.95 2 1438.98
9/83 - 1/84 3600 2.05 3597.95 2 1798.98
9/83 - 2/84 4320 2.05 4317.95 2 2158.98
9/83 - 3/84 5040 2.05 5037.95 2 2518.98
9/83 - 4/84 5760 2.05 5757 .95 2 2878.98
9/83 - 5/84 6480 2.05 6477.95 2 3238.98
9/83 - 6/84 7200 2.05 7197.95 2 3598.98
B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 1.05 2158.95 0
9/83 - 12/83 2880 0 1.05 2878.95 0
9/83 - 1/84 3600 0 1.05 3598.95 0
9/83 - 2/84 4320 0 1.05 4318.95 0
9/83 - 3/84 5040 0 1.05 5038.95 0
9/83 - 4/84 5760 0 1.05 5758.95 0
9/83 - 5/84 6480 0.10 1.05 6478.85 1
9/83 - 6/84 7200 0.10 1.05 7198.85 1
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Sl TABLE B-5.  SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF. (CONTINUED)

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 o 0 1440.00 0
9/83 - 11/83 2160 3.00 1.05 2155.95 1
9/83 - 12/83 2880 3.00 1.05 2875.95 1
9/83 ~ 1/84 3600 3.00 1.05 3595.95 1
9/83 - 2/84 4320 3.00 1.05 4315.95 1
9/83 - 3/84 5040 3.00 1.05 5035.95 1
9/82 -~ 4/84 5760 3.00 1.05 5755.95 1
9/83 - 5/84 6480 3.00 1.05 6475.95 1
9/83 - 6/84 7200 3.00 1.05 7195.95 1

D. Wind Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
r’ 9/83 - 11/83 2160 0 1 2159.00 0
1
f 9/83 - 12/83 2880 0 1 2879.00 0
3/83 - 1/84 3600 0 1 3599.00 0
o ‘ . ,
3 983 - 2784 4320 G l 4319.00 0
e
9833 - 3 34 5040 0 1 5039.00 0
i T 5760 3 1 5759.00 0
[ ] , i )
h 983 - 5/84 480 0 1 6479.00 0
9/83 - 6/84 7200 0 1 7199.00 0
. 1w
@




TABLE B-5. SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF. (CONTINUED)

E. Temperature Sensor Data

Total Down Time
Total Time to Due to System No. of

Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 1 2159.00 0
9/83 - 12/83 2880 0 1 2879.00 0 4
9/83 - 1/84 3600 0 1 3599.00 0
9/83 - 2/84 4320 0 1 4319.00 0 ;
9/83 - 3/84 5040 0 1 5039.00 0
9/83 - 4/84 5760 0 1 5759.00 0
9/83 - 5/84 6480 0 1 6479.00 0
9/83 - 6/84 7200 0 1 7199.00 0

F. Dew Point Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 1 2159.00 0
9/83 - 12/83 2880 0 1 2879.00 0
9/83 - 1/84 3600 0 1 3599.00 0
9/83 - 2/84 4320 0 1 4319.00 0
9/83 - 3/84 5040 0 l 5039.00 0
9/83 - 4/84 5760 0 1 5759.00 0
9/83 - 5/84 6480 0 1 6479.00 0
9/83 - 6/84 7200 0 1 7199.00 0
B-19
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TABLE B-5. SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF. (CONTINUED)

G. Precipitation Sensor Data

hd

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) 7T0T (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 1 2159.00 0
9/83 - 12/83 2880 0 1 2879.00 0
9/83 - 1/84 3600 0 1 3599.00 0
9/83 - 2/84 4320 0 1 4319.00 0
9/83 - 3/84 5040 0 1 5039.00 0
9/83 - 4/84 5760 0 1 5759.00 0
9/83 - 5/84 5480 0 1 6479.00 0
9/83 - 6/84 7200 0 1 7199.00 0
H. Altimeter Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) 70T (hrs) Failures MIBF (hrs)
9/83 726 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 - 2/84 4320 0 C 4320.00 0
9/83 - 3/84 5040 0 0 5040 .00 e
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0

9/83 - 6/84 7200 0 0 7200.00 0
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[ABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO, CALIF.

A. System Data

Total Total Time To No. of
Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 49.42 670,58 1

9/83 - 10/83 1440 144 .42 1295.58 3 431,86
9/83 - 11/83 2160 144 .42 2015.58 3 671.86
9/83 - 12/83 2880 144 .42 2735.58 3 911.86
9/83 - 1/84 3600 144.42 3455.58 3 1151.86
9/83 - 2/84 4320 144,42 4175.58 3 1391.86
3/83 - 3/84 5040 144.42 4895.58 3 1631.86
1 33 - 4/84 5760 144 .42 5615.58 3 1871.86
9/83 - 5/84 6480 144.42 6335.58 3 2111.86
983 - 6/84 7200 144 .42 7055.58 3 2351.86

B. Ceiling Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0.67 1439.33 0
9/83 - 11/83 2160 0 0.67 2159.33 0
9/83 - 12/83 2880 0 0.67 2879.33 0
9/83 - 1/84 3600 0 0.67 3599.33 0
9/83 - 2/84 4320 0 0.67 4319.33 0
9/83 - 3/84 5040 0 0.67 5039.33 0
9/83 - 4/84 5760 0 0.67 5759.33 0
9/83 - 5/84 5480 0 0.67 6479.33 0

9/83 - 6/84 7200 0 0.67 7199.33 0




TABLE B-6, SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO, CALIF. (CONTINUED)

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0.67 1439.33 0
9/83 - 11/83 2160 2.17 0.67 2157.16 2 1078.58
9/83 - 12/83 2880 4.17 0.67 2875.16 3 958.39
3/83 - 1/84 3600 4.17 0.67 3595.16 3 1198.39
9/83 - 2/84 4320 4.17 0.67 4315.16 3 1438.39
9/83 -~ 3/84 5040 4.17 0.67 5035.16 3 1678.39
9/83 - 4/84 5760 4.17 0.67 5755.16 3 1918.39
9/83 - 5/84 6480 4.17 0.67 6475.16 3 2158.39
9/83 - 6/84 7200 4.17 0.67 7195.16 3 2398.39

D. Wind Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 49.42 670.58 0
9/83 - 10783 1440 0 143.75 1296.25 0
9/83 - 11/81 2160 0 143.75 2016.25 0
9783 -~ 12/83 2880 0 143.75 2736.25 0
9/8% - 1/84 3600 0 143.75 3456.25 0
9/83 - 2/84 4320 0 143.75 4176.25 0
9/83 - 3/84 5040 0 143.75 4896.25 0
9/33 - 4/84 57460 0 143.75 5616.25 0
9/83 - 5/84 6480 0 143.75 6336.25 0
9/83 - 6/84 7200 0 143.75 7056.25 0
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TABLE B-h. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPQ, CALIF. (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of

Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 49.42 670.58 0
9/83 - 10/83 1440 0 143.75 1296.25 0
9/83 - 11/83 2160 0 143.75 2016.25 0
9/83 - 12/83 2880 0 143.75 2736.25 0
9/83 - 1/84 3600 0 143.75 3456.25 0
9/33 - 2/8< 4320 0 143.75 4176.25 0
9/83 - 3/84 5040 0 143.75 4896.25 0
9/83 - 4/84 5760 0 143.75 5616.25 0
9/83 - 5/84 6480 0 143.75 6336.25 0
9/83 - 6/84 7200 0 143.75 7056.25 0

F. Dew Point Sensor Data
Total Down Time
Total Time to Due to System No. of

Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 49.42 670.58 0
9/83 - 10/83 1440 0 143.75 1296.25 0
9/83 - 11/83 2160 0 143.75 2016.25 0
9/83 - 12/83 2880 0 143.75 2736.25 0
9/43 ~ 1/84 3600 0 143.75 3456.25 0
9/83 ~ 2/84 4320 0 143.75 4176.25 0
9,83 ~ 3/84 5040 ) 143.75 4896,25 0
9/33 ~ 4/8% 5760 0 143.75 5616.25 0
3'83 - 5/84 6480 0 143.75 6336.25 0
9/81 - 6/84 7200 0 143.75 7056.25 0
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PABLE B-6

Period
9/83
9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 ~ 3/84
9/83 ~ 4/84
9/83 - 5/84
9/83 - 6/84

Period
9/83
9/83 - 10/83
9/83 - 11/83

9/83 - 12/83

9/83 - 1/84
9/83 - 2/34
9/83 - 3/34
933 - 4/84
9/83 - 5/84
9/83 - b/84

SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO, CALIF. (CONTINUED)
G. Precipitation Sensor Data
Total Down Time

Total Time to Due to Svstem No. of

Time (hrs) Restore (hrs) Fallure (hrs) 70 (hrs} Failures MTBF (hrs)
720 0 49.42 h70.58 0

1440 0 143,75 1296.25 G

2160 0 143,75 2016.25 3

2880 G 143.75 2736.,25 0

3600 0 143.75 3456.25 0

4320 0 143,75 4176.25 0

5040 { 143.75 4896.25 0

5760 0 143.75 5616.25 0

6480 0 143.75 6336.25 0

7200 0 143.75 7056.25 0

H. Altimeter Sensor Data
Total Down Time

Total Time to Due to System No. of

Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0

1440 0 0 1440.00 0

2160 O 0 2160.00 ¢

2880 0 0 2880.00 0

3600 0 0] 3600.00 0

43206 0 0 4320.00 0

5040 . 0 5040.00 9]

5760 0 {1 5760.00 0

6480 ( J 6480.00 0

7200 0 0 7200.00 0




TABI

Perioc
9/83
9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/84
9/83 - 4/84
9/83 - 5/84
9/83 - /84

Period
w/83

§/83 - 14/83
9/83 - 11/83

§/83 - 12/83

9/83 - 1/84
G/8% - 2784
983 ~ 378y
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h-10i, SYSTEM AND SENSOR DATA FOR HOUMA,

C. Visibility Sensor Data

LA. (CONTINUED)

Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
720 0 313.35 406.65 0
1440 0 463.52 976.48 0
2160 0.50 597.55 1561.95 1
2880 44,50 597.55 2237.95 5 447.59
3600 44,50 597.55 2957.95 5 591.59
4320 44,90 597.55 3677.55 6 612.93
5040 44.90 597.55 4397.55 6 732.93
5760 44.90 597.95 5117.15 6 852.86
6480 44.90 597.95 5837.15 6 972.86
7200 44.90 607.62 6547 .48 6 1091.25
D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 338.65 387.35 0
1440 0 448 .82 951.18 0
2160 0 622.85 1537.15 0
2880 0 622.85 2257.15 0
31600 O 622.85 2977.15 0
4320 P 622.85 3697.15 0
5040 0 622.85 4417.15 0
5760 0 622,85 5137.15 0
H4H80 0 622.85 5857.15 0
7200 0 632.52 6567 .48 0
B33




TABLE B-10. SYSTEM AND SENSOR DATA FOR HOUMA, LA. %

A. System Data 3

Total Total Time To No. of ﬁ

Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs) X

9/83 720 338.65 381.135 11 34,67 é

9/83 - 10/83 1440 488.82 951,18 28 33.97 .;

9/83 - 11/83 2160 622.85 1537.15 50 30.74 ;

9/83 - 12/83 2880 622.85 2257.15 50 45.14 J
9/83 - 1/84 3600 622.85 2977.15 50 59.43
9/83 - 2/84 4320 626.65 3693.35 51 72.42
9/83 - 3/84 5040 626,65 4413.35 51 86.54
9/83 - 4/84 5760 627 .45 5132.55 53 96.84
9/83 - 5/84 6480 627 .45 5852.55 53 110.43
9/83 - 6/84 7200 637.12 6562.88 54 121.53

B. Ceiling Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 313.35 406.65 0
9/83 - 10/83 1440 0 463.52 976.48 0
9/83 - 11/83 2160 0 597.55 1562.45 0
9/83 - 12/83 2880 0 597.55 2282.45 0
9/83 - 1/84 3600 0 597.55 3002.45 0
9/83 - 2/84 4320 0 597.55 3722.45 0
9/83 - 3/84 5040 0 597.55 4442 .45 0
9/83 - 4/84 5760 0 597.95 5162.05 0
9/83 - 5/84 480 7.00 597.95 5875.05 1

9/83 - 6/84 7200 20.00 607 .62 6572.38 1
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TABLE B-9.

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

SYSTEM AND SENSOR DATA FOR DUBUQUE, IOWA (CONTINUED)

G. Precipitation Sensor Data

Total Down Time

Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
720 0 292.16 427 .84 0

1440 0 404,66 1035.34 0
2160 0 404 .66 1755.34 0
2880 0 404 .66 2475.34 0
3600 0 404.66 3195.34 0
4320 0 404 .66 3915.34 0
5040 0 404 .66 4635.34 0
5760 0 404 .66 5355.34 0
6480 0 406.66 6073.34 0
7200 0 408.26 6791.74 0

H. Altimeter Sensor Data

Total Down Time
Total Time to Due to System No. of

Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
720 0 0 720.00 0

1440 0 0 1440.00 0
2160 0 0 2160.00 0
2880 0 0 2880.00 0
3600 5.33 0 3594.67 1
4320 5.33 0 4314.67 1
5040 5.33 0 5034.67 1
5760 5.33 0 5754.67 1
€480 5.33 0 6474.67 l
7200 5.33 0 7194.67 l




A o S Sl SR N L P R R e a2 " T I TPy

TABLE B-9.  SYSTEM AND SENSOR DATA FOR DUBUQUE, IOWA ( CONTINUED)

E. Temperature Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 292.16 427.84 0
9/83 - 10/83 1440 0 404 .66 1035.34 0
9/83 - 11/83 2160 0 404.66 1755.34 0
9/83 - 12/83 2880 0 404 .66 2475.34 0
9/83 - 1/84 3600 0 404 .66 3195.34 0
9/83 - 2/84 4320 0 404.66 3915.34 0
9/83 - 3/84 5040 0 404.66 4635.34 0
9/83 - 4/84 5760 0 404.66 5355.34 0
9/83 - 5/84 6480 0 406.66 6073.34 0
9/83 - 6/84 7200 0 408.26 6791.74 0

F. Dew Point Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 292,16 427 .84 0
9/83 - 10/83 1440 0 404 .66 1035.34 o
9/83 - 11/83 2160 2.00 404.66 1753.34 2 876.67
9/83 - 12/83 2880 2.00 404 .66 2473.34 2 1236.67
9/83 - 1/84 3600 2.00 404 .66 3193.34 2 1596.67
9/83 - 2/84 4320 2.00 404.66 3913.34 2 1956.67
9/83 - 3/84 5040 2.00 404.66 4633.34 2 2316.67
9/83 - 4/84 5760 2.00 404 .66 5353.34 2 2676.67
9/83 - 5/84 6480 2.00 406 .66 6071.34 2 3035.67
9/83 - 6/84 7200 2.00 408,26 6789.74 2 3394 .87
R-35




TABLL B-9. SYSTEM AND SENSOR DATA FOR DUBUQUE, IOWA (CONTINUED)
I C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
u 9/83 720 0 292.16 427.84 0
9/83 - 10/83 1440 0 404 .66 1035.34 0
9/83 - 11/83 2160 0 937.66 1222.34 0
I 9/83 - 12/83 2880 0 937.66 1942.34 0
9/83 - 1/84 3600 0 937.66 2662.34 0
9/83 - 2/84 4320 3.30 937.66 3379.04 1
9/83 - 3/84 5040 3.30 937.66 4099.04 1
9/83 - 4/84 5760 3.30 937.66 4819.04 1
9/83 - 5/84 6480 3.30 939.66 5537.04 1
l 9/83 - 6/84 7200 4.00 941.26 6254.74 1
D. Wind Sensor Data
Total Down Time
l ‘ _Total Time to Dug to System N?. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 292.16 427 .84 0
9/83 - 10/83 1440 0 404.66 1035.34 0
9/83 - 11/83 2160 0.50 404 .91 1754.59 1
9/83 - 12/83 2880 0.50 405.08 2474.42 1
9/83 - 1/84 3600 0.50 405 .08 3194.42 1
9/83 - 2/84 4320 0.50 405.08 3914.42 1
9/83 - 3/84 5040 0.50 405.08 4634.42 1
9/83 - 4/84 5760 0.50 405.08 5354.42 1
9/83 - 5/84 6480 0.50 407 .08 6072.42 1
9/83 - 6/84 7200 0.50 408 .68 6790.82 1

I WA U L S WY




LW WL e

2/t

.........

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84
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TABLE B-9. SYSTEM AND SENSOR DATA FOR DUBUQUE, IOWA
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)

720 273.16 446 .84 7 63.83

1440 385.58 1054 .42 8 131.80

2160 918.83 1241.17 10 124.11

2880 919.00 1961.00 11 178.27

3600 919.00 2681 .00 11 243.73

4320 919.00 3401.00 11 309.18

5040 919.00 4121.00 11 374.64

5760 919.00 4841.00 11 440.09

6480 921.00 5559.00 13 427.62

7200 922.60 6277.40 14 448.38

B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

720 375.50 292.16 52.34 1

1440 694.50 404 .66 340.84 2 170.42
2160 801.50 937.66 420.84 3 140.28
2880 803.00 937.66 1139.34 4 284.84
3600 806.00 937.66 1856.34 5 371.27
4320 806 .00 937.66 2576.34 5 515.27
5040 1358.00 937.66 2744.34 6 457.39
5760 1829.71 937.66 2992.63 6 498.77
6480 1829.71 939.66 3710.63 6 618.44
7200 1829.71 941.26 4429.03 6 738.17
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TABLE B-n. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. (CONTINUED)

G. Precipitation Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 1.27 718.73 0
9/83 - 10/83 1440 0 9.98 1430.02 0
9/83 - 11/83 2160 0 11.38 2148.62 0
9/83 - 12/83 2880 0 11.38 2868.62 0]
9/83 - 1/84 3600 0 11.38 3588.62 0
9/83 - 2/84 4320 104.70 58.88 4156.42 l
9/83 - 3/84 5040 824.70 58.88 4156.42 1
9/83 - 4/84 5760 1544.70 58.88 4156.42 1
9/83 - 5/84 6480 2264.70 58.88 4156.42 1
9/83 - 6/84 7200 2984.70 58.88 4156.42 1
H. Altimeter Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0.50 0 1439.50 1
9/83 - 11/83 2160 0.50 0 2159.50 1
9/83 - 12/83 2880 0.50 0 2879.50 1
9/83 - 1/84 3600 0.50 0 3599.50 1
9/83 - 2/84 4320 0.50 0 4319.50 I
\ 9/83 - 3/84 5640 0.50 0 5039.50 1
; 9/83 - 4/84 5760 0.50 0 5759.50 1
E. 9/83 - 5/84 6480 0.50 0 6479.50 1
N 9/83 - 6/84 7200 0.50 0 7199.50 1
E; | B3
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o TABLE B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. (CONTINUED)
n E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
) 9/83 720 0 1.27 718.73 0
i. 9/83 - 10/83 1440 0 9.98 1430.02 0
- 9/83 - 11/83 2160 0 11.38 2148. 62 0
' 9/83 - 12/83 2880 0 11.38 2868.62 0
9/83 - 1/84 3600 0 11.38 3588.62 0
9/83 - 2/84 4320 0 58.88 4261.12 0
‘, 9/83 - 3/84 5040 0 58.88 4981.12 0
9/83 - 4/84 5760 0 58.88 5701.12 0
9/83 - 5/84 6480 0 58.88 6421.12 0
( " 9/83 - 6/84 7200 g 58.88 7141.12 0
F. Dew Point Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 1.27 718.73 0
'. 9/83 - 10/83 1440 0 9.98 1430.02 0
9/83 - 11/83 2160 0 11.38 2148.62 0
9/83 - 1./83 2880 0 11.38 2868.62 0
° 9/83 - 1/84 3600 0 11.38 3588.62 0
9/83 - 2/84 4320 0 58.88 4261,12 0
9/83 - 3/84 5040 0 58.88 4981.12 0
° 9/82 - 4/84 5760 0 58.88 5701.12 0
. 9/83 - 5/84 6480 370.50 58.88 6050.62 I\
9/83 - 6/84 7200 1090.50 58.88 6050.62 1
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TABLE
9/83
9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/84
9/83 - 4/84
9/83 - 5/84
9/83 - 6/84
9/83
9/83 - 10/83
9/83 - 11/83
9/83 ~ 12/83
9/83 - 1/84
9/83 - 2/84
9/83 - 3/34
9/83 - 4/84
9/83 - 5/84
9/83 - 6/84

B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. (CONTINUED)

C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 1.27 718.73 0
1440 0 9.98 1430.02 0
2160 0 11.38 2148.62 0
2880 0 11.38 2868.62 0
3600 0 11.38 3588.62 0
4320 1.90 58.88 4259.22 0
5040 2.30 58.88 4978.82 0
5760 2.30 58.88 5698.82 0
6460 2.70 58.88 6418.42 0
7200 2.70 58.88 7138.42 0
D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 1.27 718.73 0
1440 0 9.98 1430.02 0
2160 0 11.38 2148.62 0
2880 0 11.38 2868.62 0
3600 0 11.38 3588.62 0
4320 0 58.88 4261.12 0
5040 0 58.88 4981.12 0
5760 0 58.88 5701.12 0
6480 0 58.88 6421.12 0
7200 0 58.88 7141.12 0
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TABLE B-8.

9/83

9/83 10/83
9/83 11/83
9/83 12/83
9/83 1/84
9/83 2/84
9/83 3/84
9/83 4/84
9/83 5/84

9/83

6/84

9/83

9/83 10/83
9/83 11/83
9/83 12/83
9/83 1/84
9/83 2/ 84
9/83 3/84

9/83
9/83

9/83

4/84
5/84

6/84
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SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C.

A. System Data

Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
720 1.27 718.73 5 143.75
1440 9.98 1430.02 15 95.33
2160 11.38 2148.62 17 126.39
2880 11.38 2868.62 17 168.74
3600 11.38 3588.62 17 211.10
4320 58.88 4261.12 18 236.73
5040 58.88 4981.12 18 276.73
5760 58.88 5701.12 18 316.73
6480 58.88 6421.12 18 356.73
7200 58.88 7141,12 18 396.73
B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

720 0 1.27 718.73 0

1440 0 9.98 1430.02 0

2160 0 11,38 2148.62 0

2880 343.33 11.38 2525.29 1

3600 343.33 11.38 3245.29 1

4320 345.23 58.88 3915.89 1

5040 345.63 58.58 4635 .49 1

5760 345.63 58.58 5355.49 1

6480 346.03 58.58 6075.09 1

7200 346.03 58.88 6795.09 \
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TABLE B-7. SYSTEM AND SENSOR DATA FOR GALENA, ALASKA (CONTINUED)
G. Precipitation Sensor Data
Total Down Time
Total Time to Due to System No. of
Pericd Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 36.00 684.00 0
9/83 - 10/83 1440 0 36.00 1404 .00 0
9/83 11/83 2160 0 36.00 2124.00 0
9/83 - 12/83 2880 0 36.00 2844.00 0
9/83 - 1/84 3600 0 36.00 3564.00 0
9/83 - 2/84 4320 0 36.00 4284.00 0
9/83 - 3/84 5040 0 36.00 5004.00 0
9/83 - 4/84 5760 0 36.00 5724.00 0
9/83 - 5/84 6480 0 36.00 6444.00 0
9/83 - 6/84 7200 0 36.00 7164.00 0

H. Altimeter Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 ~ 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 - 2/84 4320 0 0 4320.00 0
9/83 - 3/84 5040 0 0 5040.00 0
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0
B-25
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TABLE B-7. SYSTEM AND SENSOR DATA FOR GALENA, ALASKA (CONTINUED)

E. Temperature Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
9/83 720 0 36.00 684.00 0
9/83 - 10/83 1440 0 36.00 1404.00 0
9/83 - 11/83 2160 0 36.00 2124.00 0
9/83 - 12/83 2880 0 36.00 2844.00 0
9/83 - 1/84 3600 0 36.00 3564.00 0
9/83 - 2/84 4320 0 36.00 4284.00 0
9/83 - 3/84 5040 0 36.00 5004 .00 0
9/83 - 4/84 5760 0 36.00 5724.00 0
9/83 ~ 5/84 6480 0 36.00 6444 .00 0
9/83 - 6/84 7200 0 36.00 7164.00 0

F. Dew Point Sensor Data

Total Down Time
Total Time to Due to System No. of

[ Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
S

4 9/83 720 0 36.00 684.00 0

9/83 - 10/83 1440 0 36.00 1404 .00 0

.
- 9/83 - 11/83 2160 0 36.00 2124.00 0
3

- 9/83 - 12/83 2880 0 36.00 2844.00 0
b .

- - 9/83 - 1/84 3600 0 36.00 3564.00 0

(]

2 9/83 - 2/84 4320 0 36.00 4284.00 0
; 9/83 - 3/84 5040 0 36.00 5004 .00 0
3 .

9/83 - 4/84 5760 0 36.00 5724.00 0

e

f 9/83 - 5/84 6480 0 36.00 6444 .00 0
g 9/83 - 6/84 7200 0 36.00 7164.00 0
%
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TABLE B-7. SYSTEM AND SENSOR DATA FOR GALENA, ALASKA (CONTINUED)

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 36.00 684.00 0
9/83 - 10/83 1440 0 36.00 1404.00 0
9/83 - 11/83 2160 0 36.00 2124.00 0
9/83 - 12/83 2880 0 36.00 2844.00 0 .
9/83 - 1/84 3600 0 36.00 3564 .00 0
9/83 - 2/84 4320 0 36.00 4284.00 0
9/83 - 3/84 5040 0 36.00 5004.00 0
9/83 - 4/84 5760 0 36.00 5724,00 0
9/83 - 5/84 6480 0 36.00 6444.00 0
9/83 - 6/84 7200 0 36.00 7164.00 0

D. Wind Sensor Data

Total Down Time
Total Time to Due to Systeam No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 36.00 684.00 0
9/83 ~ 10/83 1440 0 36.00 1404.00 0
9/83 - 11/83 2160 0 36.00 2124.00 0 -
9/83 - 12/83 2880 0 36.00 2844.00 0
9/83 - 1/84 3600 0 36.00 3564.00 0
9/83 - 2/84 4320 0 36.00 4284.,00 0
9/83 - 3/84 5040 0 36.00 5004.00 0
;’ 9/83 - 4/84 5760 0 36.00 5724.00 0
:' 9/83 ~ 5/84 6480 0 36.00 6444.00 0
i 9/83 - 6/84 7200 0 36.00 7164 .00 0
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9/83

9/83 ~ 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 -~ 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 ~ 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

TABLE B-7. SYSTEM AND SENSOR DATA FOR GALENA, ALASKA
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)

720 36.00 684.00 1

1440 36.00 1404.00 1

2160 36.00 2124.00 1

2880 36.00 2844 .00 1

3600 36.00 3564.00 1

4320 36.00 4284.00 1

5040 36.00 5004.00 1

5760 36.00 5724.00 1

6480 36.00 6444.00 1

7200 36.00 7164.00 1

B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System . of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

720 360.00 36.00 324,00 1
1440 507.00 36.00 897.00 1
2160 507,00 36.00 1617.00 1
2880 507 .00 36.00 2337.00 1
3600 507.00 36.00 3057.00 1
4320 507.00 36.00 3777.00 1
5040 507.00 36.00 4497 .00 1
5760 507.00 36.00 5217.00 1
6480 507.00 36.00 5937.00 1
7200 507 .00 36.00 6657.00 1
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TABLE B-10. SYSTEM AND SENSOR DATA FOR HOUMA, LA. (CONTINUED)

E. Temperature Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) T0T (hrs) Failures MTIBF (hrs)

9/83 720 0 313.35 406.65 0

9/83 - 10/83 1440 0 463.52 976 .48 0

9/83 - 11/83 2160 0 597.55 1562.45 0

9/83 - 12/83 2880 0 597.55 2282.45 0

9/83 - 1/84 3600 0 597.55 3002.45 0

9/83 - 2/84 4320 0 597.55 3722.45 0

9/83 - 3/84 5040 0 597.55 4442 .45 0

9/83 - 4/84 5760 0 597.55 5162.45 0

9/83 - 5/84 6480 0 597.55 5882.45 0

9/83 - 6/84 7200 0 607,22 6592.78 0
- F. De »oint Sensor Data
s Total Down Time
[.: Total Time to Duc.a to System No. of
o Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
¢
g 9/83 720 0 313.35 406 .65 0

9/83 - 10/83 1440 0 463,52 976.48 0
_. 9/83 - 11/83 2160 0 597.55 1562.45 0
E. 9/83 - 12/83 2880 51.50 597.55 2230.95 2 1115.48
L;; 9/83 - 1/84 3600 51.50 597.55 2950.95 2 1475.48
:’ 9/83 - 2/84 4320 246.40 597.55 3476.05 4 869.01
: 9/83 - 3/84 5040 293.40 597.55 4149.05 4 1037.26
; 9/83 - 4/84 5760 293.40 597.55 4869 .05 4 1217.26
E. 9/83 - 5/84 6480 293.40 597.55 5589.05 4 1397.26
a: 9/83 - 6/84 7200 293.40 607.22 6299.38 4 1574 .85
| @
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9/83 1/84
9/83 2/84
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9/83

9/83 10/83
9/83 11/83
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B-10. SYSTEM AND SENSOR DATA FOR HOUMA, LA. (CONTINUED)
G. Precipitation Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) T0T (hrs) Failures MTBF (hrs)
720 0 313.35 406 .65 0
1440 0 463.52 976.48 0
2160 0 597.55 1562.45 0
2880 0 597.55 2282.45 0
3600 0 597.55 3002.45 0]
4320 0 597.55 3722.45 0
5040 22.70 597.55 4419.75 2 2209.88
5760 22.70 597.55 5139.75 2 2569.88
6480 22.70 597.55 5859.75 2 2929.88
7200 22.70 607.22 6570.08 2 3285.04
H. Altimeter Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0
1440 0 0 1440.00 0
2160 0 0 2160.00 0
2880 0 0 2880.00 0
3600 0] 0 3600.00 0
4320 0 3.80 4316.20 0
5040 0 3.80 5036.20 0
5760 0 3.80 5756.20 U
6480 0 3.80 6476.20 0
7200 0 13.47 7186.53 0

O S R

Y o




- A Y R B T R W N T T T T T o Irv ey se ey ===

TABLE B-11., SYSTEM AND SENSOR DATA FOR HOUGHTON, MICH.

A. System Data

Total Total Time To No. of

Period Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 57.39 662.61 23 28.81
9/83 - 10/83 1440 140.12 1299.88 30 43.33
9/83 - 11/83 2160 195,30 1964.70 41 47.92
9/83 - 12/83 2880 198.63 2681.37 48 55.86
9/83 - 1/84 3600 198.63 3401.37 48 70.86
9/83 - 2/84 4320 198.63 4121.37 48 85.86
9/83 - 3/84 5040 198.63 4841 .37 48 100.86
9/83 - 4/84 5760 198.63 5561.37 48 115.86
9/83 - 5/84 6480 198.63 6281.37 48 130.86
9/83 - 6/84 7200 198.63 7001.37 48 145.86

B. Ceiling Sensor Data

Total Down Time
Total Time to Due to Systen No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 53.30 667.00 0
9/83 - 10/83 1440 0 136.28 1303.72 0
9/83 - 11/83 2160 0 191.46 1968. 54 0
9/83 - 12/83 2880 650,00 194.76 2035.24 1
9/83 - 1/84 3600 650,00 194.76 2755.24 1
9/83 - 2/84 4320 650.00 194.76 3475.24 1
9/83 - 3/84 5040 650.00 194.76 4195,24 1
9/83 - 4/84 5760 650.00 194.76 4915.24 1
9/83 - 5/84 6480 650.00 194.76 5635.24 1

9/83 - 6/84 7200 650.00 194.76 6355.24 1
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TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON, MICH. (CONTINUED)
C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 53.55 666.45 0
9/83 - 10/83 1440 0 136.53 1303.47 0
9/83 - 11/83 2160 0 191.71 1968.29 0
9/83 - 12/83 2880 0 195.01 2684.99 0
9/83 - 1/84 3600 0 195.01 3404.99 0
9/83 - 2/84 4320 0 195.01 4124.99 0
9/83 - 3/84 5040 0 195.01 4844.99 0
9/83 - 4/84 5760 0 195.01 5564.99 0
9/83 - 5/84 6480 0 195.01 6284.99 0
9/83 ~ 6/84 7200 0 195.01 7004 .99 0
D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)
9/83 720 0 56.52 663 .48 0
9/83 - 10/83 1440 0 139.50 1300.50 0
o 9/83 - 11/83 2160 0 194.68 1965.32 0
9/83 - 12/83 2880 24.00 197.98 2658.02 1
9/83 - 1/84 3600 24.00 197.98 3378.02 1
o 9/83 - 2/34 4320 24.00 197.98 4098.02 1
9/83 - Y84 5040 24,00 197.98 4818.02 1
9/83 - 4/34 5760 24.00 197.98 5538.02 1
® 9/83 - 5/84 6480 24.00 197.98 6258.02 1
9/83 - 6/84 7200 24.00 197.98 6978.02 1
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TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON, MICH. (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 53.30 666.70 0
9/83 - 10/83 1440 0 136.28 1303.72 0
9/83 - 11/83 2160 0 191.46 1968.54 0
9/83 - 12/83 2880 0 194.76 2685.24 0
9/83 - 1/84 3600 0 194.76 3405.24 0
9/83 - 2/84 4320 0 194.76 4125.24 0
9/83 - 3/84 5040 0 194.76 4845.24 0
9/83 - 4/84 5760 0 194.76 5565 .24 0
9/83 - 5/84 6480 0 194.76 6285.24 0
9/83 - 5/84 7200 0 194.76 7005.24 0

F. Dewpoint Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 53.92 666.08 0
9/83 - 10/83 1440 0 136.90 1303.10 0
9/83 - 11/83 2160 0 192.08 1967.92 0
9/83 - 12/83 28R0 0 195.38 2684.62 0
9/83 - 1/84 3600 0 195.38 3404.62 0
9/83 - 2/84 4320 48.17 195.138 4076.45 1
9/83 - 3/84 5040 48.17 195.38 4796 .45 1
9/83 - 4/84 5760 48,17 195.38 5516.45 1
9/83 - 5/84 6480 48.17 195.38 6236.45 1
9/83 - 6/84 7200 48,17 195.38 6956 .45 1
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SYSTEM AND SENSOR DATA FOR HOUGHTON, MICH. (CONTINUED)

G. Precipitation Sensor Data

Total Down Time

Total Time to Due to System No. of ‘
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

720 720.00 0 0 1
1440 1440.00 0 0 1
2160 2160.00 0 0 1
2880 2880.00 0 0 1
3600 3600.00 0 0 1
4320 4320.00 0 0 1
5040 4920.00 0 120.00 1
5760 4920.00 0 840,00 1
6480 5640.00 0 840.00 2 420,00
7200 6360.00 0 840.00 2 420.00

H. Altimeter Sensor Data

Total Down Time
Total Time to Due to System No. of

Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
720 0 0 720.00 0
1440 0 0 1440.00 0
2160 0.30 0 2159.70 1
2880 0.30 0 2879.70 1
3600 0.30 0 3599.70 L
4320 0.30 0 4319.70 1
5040 0.30 0 5039.70 !
5760 0.30 0 5759.70 1
6480 0.30 0 6479.70 1
7200 0.30 0 7199.70 1
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TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH.

‘ A. System Data

f_t Total Total Time To No. of

_ Period Time (hre) Restore (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 15.73 704 .27 8 88.03
9/83 - 10/83 1440 34.11 1405.89 15 93.73
9/83 - 11/83 2160 86.28 2073.72 25 82.95
9/83 ~ 12/83 2880 86.33 2793.67 26 107.45

* 9/83 - 1/84 3600 340.58 3259.42 27 120.72

9/83 - 2/84 4320 411.08 3908.92 30 130.30
9/83 - 3/84 5040 41,.83 4624.17 31 149,17
9/83 - 4/84 5760 416,08 5343.92 35 152.68
9/83 - 5/84 6480 457 .48 6022.52 38 158.49
9/83 - 6/84 7200 469.98 6730.02 39 172.56

B. Ceiling Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 11.40 708.60 0
9/83 - 10/83 1440 0 23.78 1416.22 0
9/83 - 11/83 2160 0 31.78 2128.22 0
9/83 - 12/83 2880 156.00 31.83 2692.17 1
9/83 - 1/84 3600 156.00 286 .08 3157.92 1
9/83 - 2/84 4320 156.00 356.58 3807 .42 1
' 9/83 - 3/84 5040 156,00 361.33 4522.67 1
9/83 - 4/84 5760 156.00 361.58 5242.42 1
9/83 - 5/84 6480 156.00 402.98 5921.02 1
‘ 9/83 - 6/84 7200 156 .00 415.48 6628.52 1
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TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED)
C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrg) Failures MIBF (hrs)
9/83 720 0 11.40 708 .60 0
9/83 - 10/83 1440 0 23.78 1416.22 0
9/83 ~ 11/83 2160 0 31.78 2128.22 0
9/83 - 12/83 2880 0 31.83 2848.,17 0
9/83 - 1/84 3600 0 286.08 3313.92 0
9/83 - 2/84 4320 0 356.58 3963.42 0
9/83 - 3/84 5040 0 361.33 4678.67 0
9/83 - 4/84 5760 0.43 361.58 5397.99 1
9/83 - 5/84 6480 0.43 402.98 6076.59 1
9/83 - 6/84 7200 0.43 415.48 6784.09 1
D. Wind Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 15.65 704.35 0
9/83 - 10/83 1440 0 28.03 1411.97 0
9/83 - 11/83 2160 0 36.03 2123.97 0
9/83 - 12/83 2880 0 36.08 2843.92 0
9/83 - 1/84 3600 0 290.33 3309.67 0
9/83 - 2/84 4320 0 360.83 3959.17 0
9/83 - 3/84 5040 0 365.58 4674.42 0
9/83 - 4/84 5760 0 365.83 5394.17 0
9/83 - 5/84 6480 0 407.23 6072.77 0
9/83 - 6/84 7200 0 419.73 6780.27 0
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TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED)

E. Tewperature Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs) !
9/83 720 0 11.40 708.60 0
9/83 - 10/83 1440 0 23,78 1416.22 0
9/83 - 11/83 2160 0 31.78 2128.22 0
9/83 - 12/83 2880 0 31.83 2848.17 0
9/83 ~ 1/84 3600 0 286.08 3313.92 0
9/83 - 2/84 4320 0 356.58 3963.42 0
9/83 - 3/84 5040 0 361.33 4678 .67 0
9/83 - 4/84 5760 0 361.58 5398.42 0
9/83 - 5/84 6480 0 402.98 6077.02 0
9/83 - 6/84 7200 0 415.48 6784.52 0

F. Dewpoint Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 11.48 708.52 0
9/83 - 10/83 1440 0 29.86 1410.14 0
9/83 ~ 11/83 2160 0 82.03 2077.97 0
9/83 - 12/83 2880 0 82.08 2797.92 0
9/83 - 1/84 3600 0 336.33 3263.67 0
9/83 - 2/84 4320 0 406.83 3913.17 0
9/83 - 3/84 5040 2.00 411.58 4626.42 1
9/83 - 4/84 5760 2.00 411.83 5346.17 1
9/83 - 5/84 6480 2.00 453,23 6024.77 1l
9/83 - 6/84 7200 2,00 465.73 6732.27 1
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Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 11.40 708.60 0
9/83 - 10/83 1440 0 23.78 1416.22 0
9/83 - 11/83 2160 0 31.78 2128.22 0
9/83 - 12/83 2880 0 31.83 2848.17 0
9/83 - 1/84 3600 0 286.08 3313.92 0
9/83 - 2/84 4320 0 356.58 3963 .42 0
9/83 - 3/84 5040 0 361.33 4678.67 0
9/83 - 4/84 5760 0 361.58 5398.42 0
9/83 -~ 5/84 6480 0 402.98 6077.02 0
9/83 - 6/84 7200 0 415.48 6784 .52 0

H. Altimeter Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 ~ 2/84 4320 0 0 4320.00 0
9/83 -~ 3/84 5040 0 0 5040.00 0
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0

TABLE B-12.

SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED)

G. Precipitation Sensor Data
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9/83

9/83 ~ 10/83
9/83 -~ 11/83
9/83 -~ 12/83
9/83 -~ 1/84

9/83 - 2/84

9/83 - 3/84

9/83 -~ 4/84

9/83 - 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 ~ 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84
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TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N. MEX.
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 720.00 0
1440 0.70 1439.30 2 719.65
2160 0.95 2159.05 4 539.76
2880 0.95 2879.05 4 719.76
3600 43.78 3556.22 5 711.24
4320 43,78 4276,22 5 855.24
5040 43.78 4996.22 5 999.24
5760 43.78 5716.22 5 1143.24
6480 43.78 6436.22 5 1287.24
7200 43.78 7156.22 5 1431.24
B. Ceiling Sensor Data
Total Down Time
Total Time to Due to System No. of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
720 0 0 720.00 0
1440 0 0 1440.00 0
2160 0 0.08 2159.92 0
2880 0 0.08 2879.92 0
3600 0 42.91 3557.09 0
4320 0 42.91 4277.09 0
5040 0 42.91 4997.09 0
5760 0 42.91 5717.09 0
6480 0 42.91 6437.09 0
7200 0 42.91 7157.09 0
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TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N. MEX. (CONTINUED)

C. Visibility Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0.08 2159.92 0
9/83 - 12/83 2880 0 0.08 2879.92 0
9/83 - 1/84 3600 0 42,91 3557.09 0
9/83 - 2/84 4320 0 42.91 4277.09 0
9/83 - 3/84 5040 0 42.91 4997.09 0
9/83 - 4/84 5760 0 42.91 5717.09 0
9/83 - 5/84 6480 0 42.91 6437.09 0
9/83 - 6/84 7200 0 42.91 7157.09 0

D. Wind Sensor Data

Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
9/83 720 0] 0 720.00 0
9/83 - 10/83 1440 0 0.20 1439.80 0
9/83 - 11/83 2160 0 0.28 2159.72 0
9/83 - 12/83 2880 0 0.28 2879.72 0
9/83 - 1/84 3600 0 0.28 3599.72 0
9/83 - 2/84 4320 0 0.28 4319.72 0
9/83 - 3/84 5040 0 0.28 5039.72 0
9/83 - 4/84 5760 0 0.28 5759.72 0
9/83 - 5/84 6480 0 0.28 6479.72 0
9/83 - 6/84 7200 0 0.28 7199,72 0
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TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N. MEX. (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 26.50 0 1413.50 1
9/83 - 11/83 2160 26.50 0.25 2133.25 1
9/83 - 12/83 2880 26.50 0.25 2853.25 1
9/83 - 1/84 3600 26.50 0.25 3573.25 1
9/83 - 2/84 4320 26.50 0.25 4293.25 1
9/83 - 3/84 5040 26.50 0.25 5013.25 1
9/83 - 4/84 5760 26.50 0.25 5733.25 1
9/83 - 5/84 6480 26.50 0.25 6453.25 1
9/83 - 6/84 7200 26.50 0.25 7173.25 1

F. Dewpoint Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTIBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0.50 1439.50 0
9/83 - 11/83 2160 0 0.75 2159.25 0
9/83 - 12/83 2880 0 0.75 2879.25 0
9/83 - 1/84 3600 0 0.75 3599.25 0
9/83 - 2/84 4320 0 0.75 4319.25 0
9/83 - 3/84 5040 0 0.75 5039.25 0
9/83 - 4/84 5760 0 0.75 5759.25 0
9/83 - 5/84 6480 0 0.75 6479.25 0
9/83 - 6/84 7200 0 0.75 7199.25 0

B~51




e T T TR T TR TR T TR TR

e T T T T

e LTeT, v T

- T mY wO¥FAT

T RTTYTATAMT TR T

TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N. MEX. (CONTINUED)
G. Precipitation Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0.08 2159.92 0
9/83 - 12/83 2880 0 0.08 2879.92 0
9/83 - 1/84 3600 0 0.08 3599.92 0
9/83 - 2/84 4320 0 0.08 4319.92 0
9/83 - 3/84 5040 0 0.08 5639.92 0
9/83 - 4/84 5760 0 0.08 5759.92 0
9/83 - 5/84 6480 0 0.08 6479.92 0
9/83 - 6/84 7200 0 0.08 7199.92 0

H. Altimeter Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 0 1440.00 0
9/83 - 11/83 2160 0 0 2160.00 0
9/83 - 12/83 2880 0 0 2880.00 0
9/83 - 1/84 3600 0 0 3600.00 0
9/83 - 2/84 4320 §] 0 4320.00 0
9/83 - 3/84 5040 0 0 5040.00 0
9/83 - 4/84 5760 0 0 5760.00 0
9/83 - 5/84 6480 0 0 6480.00 0
9/83 - 6/84 7200 0 0 7200.00 0




TABLE C-2. HISTORICAL ACCOUNT OF ARTALS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)

Site  Failure Mo/Yr Mo/Yr
Artais i No. Occurred Resolved Causes of Failure/Corrective Action
Ceiling DCA l 12/83 Ceil out of service/replaced cell processor
board
HUM 1 5/84 6/84 Alwavs wmiss at 1801Z/unresolved
DBQ 1 9/83 9/83 Ceilograph failure/sensor out of alignment
2 10/83 10/83 Sky miss/replaced 807 board in celilograph
3 11/83 11/83 Sky intermittent/replaced 807 board in
ceilograph
4 12/83 12/83 Ceiling incorrect/reset ceilometer by
cycling power
5 1/84 1/84 Sky missing/adjust sensor
6 3/84 4/84 Ceilometer failure/replaced power diode
CcMX 1 11/33 12/83 Sensor gets stuck on 'M6OVC'/replaced receiver
boards
PWT 1 11/83 12/83 Reading miss dusk to dawn/replace bad optical
coupler
SAF None
vDZ 1 9/83 10/83 CHI out of service/adjusted semnsor
Visibility DCA None
HUM 1 11/83 11/83 Low readings due to cobwebs on scasor/removed
2 12/83 12/83 Low readings due to cobwebs on sensor/removed
3 12/33 12/83 Low readings due to cobwebs on sensor/removed
4 12/83 12783 Low readings due to cobwebs on sensor/removed
5 12/83 12/83 Low readings due to cobwebs on sensor/removed
) 2/84 2/84 Low readings due to cobwebs on sensor/removed
DBQ 1 2/84 2/84 Reading incorrect/replaced defective module
CMX None
PWT 1 4754 4/34 Visibility not reported/resct maln power
breaker on transmitter
SAKF None
VDZ None
wind DUA None
UM None:
NBO 1 11783 11/83 vind =peed miss ‘hardware reset
CMX i 12743 P2SR3 wind dir miss/lowered voltage to correct

problom
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TABLE HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)
Site Failure Mo/Yr Mo/Yr
Artals 1D No. Occurred Resolved Causes of Failure/Corrective Action
System PWT 7 9/83 9/83 FDC comm error/resect FDC
8 9/33 9/83 FDC comm error/reset FDC
9 10/83 10/83 FDC comm error/reset FIC
10 10/83 10/83 FDC comm ecrror/reset FDC
11 10/83 10/83 FDC comm errour/resct FDC
12 10/83 10/83 FDC comm error/resct FDC
13 10/83 10/83 Sys inoperable, no phone call-up/resct ¥DC
14 10/83 10/83 Sys lnoperable, except pressure reports/
reset FDC
15 10/83 10/83 Dewpoint miss/reset FDC
16 11/83 11/83 Sys inoperable/reset FDC
17 11/83 11/83 Sys inoperable/reset FDC
18 11/83 11/83 Sys inoperable/reset FDC
19 11/83 11/83 Only alt reading/reset fiber optic modem
(power failure)
20 11/83 11/83 Dewpoint reported miss/reset FDC
21 11/83 11/83 Dewpoint reported miss/reset FDC
22 11/83 11/83 Only reporting alt/reset FDC
23 11/83 11/83 Sys inoperable/reset fiber optic modem
(power failure)
24 11/83 11/83 FDC error/reset fiber optic modem
(no power fatlure)
25 11/83 11/83 Dewpoint miss/reset FDC
26 12/83 12/83 FDC comm error/reset fiber optic modem
27 1/84 2/84 Fiber optic com link between FDC & CPU/repair
28 2/84 2/84 FDC comm error/resolder points in FDC board
29 2/84 2/84 FDC comm error/reset FDC
30 2/84 2/84 FDC comm error/reset FDC
31 3/84 3/84 FDC comm error/reset FDC
32 4/84 4/84 FDC comm error/reset fiber optic modem
33 4/ 84 4/84 FDC comm error/reset fiber optic modem
34 4/84 4/84 FDC comm error/reset fiber optic modem
35 4/84 4184 FDC comm ervor/reset fiber optic modem
36 5/84 5/ 84 FDC comm error/reset fiber optic modem
37 5/84 1/84 FDC comm error/reset fiber optic modem
38 5/84 5/84 CPU hang up/reset CPU
39 h/84 6/84 Ceiling & vis out/reset FDC
SAF t 10/43 10/83 Wind speed miss/r. set CPU
2 10/83 10/83 Dewpoint miss/reser CPU
3 LL/83 11/83 Dewpoint & temp miss/reset CPU
4 11/43 11/83 CPU hung-up/reset svstem CPU
5 1/84 1/84 Vis & cetllometer problem/realigned tasker
YA 1 9/83 9/83 lemp, dewpoint, wind speed, wind direction
ont FOC comm error/reset FDC
2 1y/33 10/83 CPU hang-up/reset CPU
3 10/83 10/83 CPU hang-up/reset CPU
4 10/83 14/83 CPU hang-up/resct CPU
5 10/83 10/83 CPU hang-up/reset CPU
6 12/83 1/84 FDC failure/replaced board in FDC
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HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)

Site
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CMX

PWT
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No.
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Mo/Yr Mo/Yr
Occurred Resolved

Causes of Failure/Corrective Action

9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
10/83 10/83
10/83 10/83
10/83 10/83
10/83 10/83
10/83 10/83
10/83 10/83
10/83 10/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
11/83 11/83
12/83 12/83
12/83 12/83
12/83 12/83
12/83 12/83
12/83 12/83
12/83 12/83
12/83 12/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/83 9/83
9/81 9/83

]

FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
¥DC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC
FDC

FDC
FDC
FDC
FDC
FDC
FDC

comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
comm
Comm
comm
comm
comm
comm
comm
comm
comm

comm
comm
comm
comm
comm
comm

error/FDC software
error/FDC software
error/FDC hardware
error/reset FDC
error/FDC hardware
ervror/FDC software
error/reset FDC
error/reset FDC
error/reset FDC
error/FDC software
error/FDC software
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/FDC software
error/FDC hardware
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC
error/reset FDC

FDC
FDC
FOC
FDC
FDC
FDC

error/reset
error/reset
error/reset
error/reset
error/reset
error/reset

reset
reset
reset

reset
reset

reset
reset

reset
reset
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HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)

DBQ

UMX

Failure
No.

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

53
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Mo/Yr Mo/Yr
Occurred Resolved Causes of Failure/Corrective Action

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung~up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

11/83 11/83 CPU hung-up/reset system CPU

2/84 2/84 Altimeter miss/reset CPU

4/84 4/84 Cloud height & vis error/cleaned vis &
ceilo sensor

4/84 4/84 Cloud height & vis error/cleaned vis &
ceilo sensor

6/84 6/84 CPU hung-up/reset system CPU

9/83 9/83 Telco voice weak/loose components

9/83 9/83 Terminal locked-up/reset system CPU

9/83 9/83 Telco always busy/reset system CPU

9/83 9/83 Telco always busy/reset system CPU

9/83 9/83 Terminal lock up & telco busy/reset system CPU

9/83 9/83 Termiral lock up & no readings except
alt/reset FDC

9/83 10/83 Faulty weather processor boards/replace

10/83 10/83 FDC comm error/FDC hardware reset

11/83 11/83 Visibility & ceiling miss/PC board replaced

11/83 11/83 Wind speed miss/reset FDC

12/83 12/83 Wind dir miss/reset FDC

5/84 5/84 FDC comm error/FDC reset

5/84 5/84 FDC comm error/FDC reset

A/ 84 6/84 Terminal locked-up/reset system CPU via
power off

4/83 9/83 Dewpoint miss/reset FDC

4/%3 9/83 FDC comm error/reset FDC

9/33 9/83 Wind speed out of spec/FDC hardware reset

9/83 9/83 FDC comm error/FDC resct

9/83 9/83 FDC comm error/FDC software reset

9/83 9/83 FDC comm error/FDC hardware reset

9/83 9/83 FDC comm error/reset FDC

(-6




TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE

Site Failure Mo/¥Yr Mo/Yr
Artais 1D No. Occurred Resolved Causes of Failure/Corrective Action
System DCA 1 9/83 9/83 FDC error/FDC software reset
2 9/83 9/83 FDC error/FDC software reset
3 9/83 9/83 FDC error/FDC software reset
4 9/83 9/83 FDC error/FDC software reset
5 9/83 9/83 FDC error/FDC software reset
6 10/83 10/83 FDC error/FDC hardware reset
7 10/83 10/83 FDC error/FDC hardware reset
8 10/83 10/83 FDC error/FDC hardware reset
9 10/83 10/83 FDC error/FDC hardware reset
10 10/83 10/83 FDC error/FDC hardware reset
11 10/83 10/83 FDC error/FDC hardware reset
12 10/83 10/83 FDC error/FDC hardware reset
13 10/83 10/83 Main CPU hung-up/reset main CPU
14 10/83 10/83 Main CPU hung-up/reset main CPU
15 10/83 10/83 Main CPU hung-up/reset main CPU
16 11/83 11/83 Date/time incorrect/reset manually
17 11/83 11/83 FDC error/FDC hardware reset
18 2/84 2/84 Broken switch on board in CPU/replace
HUM 1 9/83 9/83 Wind direction miss/CPU fault/reset
2 9/83 9/83 Wind direction miss/CPU fault/reset
3 9/83 9/83 CPU hung-up/reset system CPU
4 9/83 9/83 Altitude density missing/CPU fault/resect
5 9/83 9/83 Voice-phone hangs-up/PROM board revised
6 9/83 9/83 CPU hung-up/reset system CPU
7 9/83 9/83 CPU hung-up/reset system CPU
8 9/83 9/83 CPU hung-up/reset system CPU
9 9/83 9/83 CPU hung-up/reset system CPU
10 9/83 9/83 CPU hung-up/reset system CPU
11 9/83 9/83 CPU hung-up/reset system CPU
12 10/83 10/83 CPU hung-up/reset system CPU
13 10/83 10/83 CPU hung-up/reset system CPU
14 10/83 10/83 CPU hung=-up/reset system CPU
15 10/83 10/83 CPU hung-up/reset system CPU
16 10/83 10/83 CPU hung-up/reset system CPU
17 10/83 10/83 CPU hung-up/reset system CPU
18 10/83 10/83 CPU hung-up/reset system CPU
19 10/83 10/83 CPU hung-up/reset system CPU
20 16/83 10/83 CPU hung-up/reset system CPU
21 10/83 10/83 CPU hung-up/reset system CPU
22 10/83 10/83 CPU hung=-up/reset system CPY
23 16/83 10/83 CPU hung-up/reset system CPU
24 10/83 10/83 CPU hung-up/reset system CPU
25 10/83 10/83 CPU hung-up/reset system CPU
26 10/83 10/83 CPU hung-up/reset system CPU
27 10/83 10/83 CPU hung-up/reset system CPU
28 10/83 10/83 CPU hung=~up/reset system CPU
29 11/83 11/83 CPU hung~-up/reset system CPU
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TABLE C-1. HISTORLCAL ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)

Site Failure Mo/Yr Mo/Yr
WeatherMeasure ID No. Occurred Resolved Causes of Failure/Corrective Action
Altimeter AUO None
HOU 1 6/84 6/84 S-12 board in rack #2 out of service/replace
EEN 1 11/83 11/83 Alt missing-both sensor outputs differ/
replace them
2 1/84 1/84 Alt report too high/adjusted switches on
program card
MIE None
PSP None
SBP None
GAL None
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TABLE C-1. HISTORICAL ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)

Site Faillure Mo/Yr Mo/Yr
WeatherMeasure 1D No. Occurred Resolved Causes of Failure/Corrective Action
Temperature AUO None
HOU None
EEN None
MIE 1 5/84 5/84 Sensor erratic/fixed loose connection to
aspirator box
2 5/84 5/84 Sensor erratic/fixed bad connection on
terminal board
PSP None
SBP None
GAL None
Dew Point AUO None
HOU None
EEN None
ML 1 12/83 12/83 Dewpuint error/replaced program module
PSP None
SBP None
GAL None
Preciplitation AUO None
HoU l 9/83 9/83 Precipsensor problem/moisture short + 12V
to chassis
EEN 1 11/83 11/83 No precip report/reset rack #1}
2 1/84 1/84 False precip report, rain gauge full of snow/
ad justed plugs to funnel-cone heater
MIE 1 10/83 10/83 Bucket not measuring rain/spider webs stopping
bucket movement
2 12/83 12/83 Marginal performance/sensor frozen, funmnel
heater failure, replaced
PSP None
SBP None
GAL None
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o TABLE C-1. HISTORICAL ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED)
. Site Failure Mo/Yr Mo/Yr
t WeatherMeasure ID No. Occurred Resolved Causes of Failure/Corrective Action
: Visibility AUO None
;{ HOU None
>
i EEN 1 9/83 9/83 Visibility from backscatter miss/software
reset on rack #3
2 9/83 9/83 Vigibility from backscatter miss/software
reset on rack #2 & 3
3 9/83 9/83 Visibility from backscatter miss/software
reset on rack #3
4 9/83 9/83 Visibility report miss{code A)/
. reset on rack #2 & 3
5 9/83 9/83 Visibility report miss(code A)/
reset on rack #3
6 9/83 9/83 Visibility report miss/reset rack #3
7 10/83 10/83 Visibility report miss/reset rack #3
. 8 10/83 10/83 Visibility report miss/reset rack #3
e 9 11/83 11/83 Visibility report miss/reset rack #3
a 10 11/83 11/83 Visibility report miss/reset rack #3
. 11 11/83 11/83 Visibility report miss/reset rack #3
12 12/83 12/83 Backscatter sensor saturates/added limiter &

- recalibrate sig conv board

. MIE None

PSP 1 11/83 11/83 Visibility not stable/replaced detector
assembly
e SBp 1 11/83 11/83 Visibility miss/ad justed transmissometer
" 2 11/83 11/83 Visibility miss/reset rack #3
i! 3 12/83 12/83 Visibility missing/sensor correct

o (self corrected)

GAL None
' wWind AUO None
) ) . . o o :
o HOU 1 11/83 11/83 Wind direction 100°-180° off/water in skyvane,
replaced part
. EEN  None
) MIE None
¢
PSp None
SBp None
o GAL None
¢




TABLE C-1.

HLSTORICAL ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE

Site Failure Mo/Yr Mo/Yr
WeatherMeasure 1D No. Occurred Resolved Causes of Failure/Corrective Action
System AUO | 9/83 9/83 No info from met rack/replaced defective
$-12 module
2 10/83 10/83 Wx info missing from IOT screen/reset CPU
3 12/83 12/83 Visibility miss/reset racks
4 3/84 3/84 Visibility miss/replaced $-12 board module
5 6/84 6/84 Ceiling, temp, dew pt missing/reset CPU
HOU 1 1/84 1/84 Barometric press miss/replaced S-12
board module
EEN 1 10/83 10/83 Visibility & wind miss/reset racks
2 10/83 10/83 Temp, dew pt, wind errors/replaced 12V
power supply in (M733 NP) CPU
3 11/83 11/83 Temp, wind miss & dew pt error/replaced $-12
board module
MIE 1 9/83 9/83 Met 'J' box power failure/replaced fuse
PSP 11 11/83 11/83 No reports from met rack #l/defective module
replaced
2 11/83 11/83 Ceiling & visibility errors/cleaned lens
& glass windows
SBP 1 9/83 9/83 Wind, temp, dew pt miss/replaced faulty
§-12 board in met box
2 10/83 10/83 Ceiling & visibility miss/defective S~12
module
3 10/83 10/83 No met box info/replaced S$-12 module
GAL 1 9/83 9/83 CPU hung-up/reset
Ceiling AUO None
HOU 1 10/83 10/83 Sunshutter wire broken/replaced it
2 4/84 5/84 Ceilometer sensor out/replaced SCR
EEN 1 9/83 9/83 Ceilometer error/increased HDC level from
10 to 12
2 11/83 11/83 Ceilometer error/decreased HDC level
MIFE 1 10/83 10/83 Cellometer error/reset rack #3
2 11/83 11/83 Ceilometer error/continuous till 6/84,
unresolved
. PSP 1 5/83 5/83 Ceilometer error/cleaned windows
" SBP None
._ GAL i 9/83 10/83 Ceilometer sensor out/defective board module




APPENDIX C

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM

FAILURE DIAGNOSIS SUMMARY
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TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDEZ, ALASKA (CONTINUED)
G. Precipitation Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 10/83 1440 0 145.00 1295.00 0
9/83 11/83 2160 0 145.00 2015.00 0
9/83 12/83 2880 0 457 .00 2423.00 0
9/83 1/84 3600 0 865.00 2735.00 0
9/83 2/84 4320 0 865.00 3455.00 0
9/83 - 3/84 5040 0 865.00 "4175.00 0
9/83 4/84 5760 0 865.00 4895.00 0
9/83 5/84 6480 0 865.00 5615.00 0
9/83 6/84 7200 0 865 .00 6335.00 0

H. Altimeter Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 0 720.00 0
9/83 10/83 1440 0 0 1440.00 0
9/83 11/83 2160 0 0 2160.00 0
9/83 12/83 2880 0 0 2880.00 0
9/83 1/84 3600 0 408,00 3192.00 0
9/83 2/84 4320 0 408.00 3912.00 0
9/83 3/84 5040 0 408.00 4632.00 0
9/83 4/84 5760 0 408.00 5352.00 0
9/83 5/84 6480 0 408.00 6072.00 0
9/83 6/84 7200 0 408.00 6792.00 0
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TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDEZ, ALASKA (CONTINUED)
E. Temperature Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)

9/83 720 0 312.00 408.00 0
9/83 - 10/83 1440 0 457.00 983.00 0
9/83 -~ 11/83 2160 0 457.00 1703.00 0
9/83 - 12/83 2880 0 769.00 2111.00 0
9/83 ~ 1/84 3600 0 1177.00 2423,00 0
9/83 - 2/84 4320 0 1177.00 3143.00 0
9/83 - 3/84 5040 0 1177.00 3863.00 0
9/83 - 4/84 5760 0 1177.00 4583.00 0
9/83 - 5/84 6480 0 1177.00 5303.00 0
9/83 - 6/84 7200 0 1177.00 6023.00 0

F. Dewpoint Sensor Data

Total Down Time

Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

9/83 720 720.00 0 0 1
9/83 - 10/83 1440 1440.00 0 0 l
9/83 - 11/83 2160 1632.00 0 528.00 1
9/83 - 12/83 2880 1632.00 312.00 936.00 1
9/83 ~ 1/84 3600 1632.00 720.00 1248.00 1
9/83 - 2/84 4320 1632.00 720.00 1968.00 1
9/83 ~ 3/84 5040 1632.00 720.00 2688.00 1
9/83 - 4/84 5760 1632.00 720.00 3408.00 1
9/83 - 5/84 6480 1632.00 720.00 4128.00 1
9/83 - 6/84 7200 1632.00 720.00 4848.00 1
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TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDEZ, ALASKA (CONTINUED)
C. Visibility Sensor Data
Total Down Time
Total Time to Due to System No. of
Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MTBF (hrs)
9/83 720 0 0 720.00 0
9/83 - 10/83 1440 0 145.00 1295.00 0
9/83 - 11/83 2160 0 145,00 2015.00 0
9/83 - 12/83 2880 0 457.00 2423.00 0
9/83 - 1/84 3600 0 865.00 2735.00 0 )
9/83 - 2/84 4320 0 865.00 3455.00 0
9/83 - 3/84 5040 0 865.00 4175.00 0
9/83 - 4/84 5760 0 865.00 4895.00 0
9/83 - 5/84 6480 0 865.00 5615.00 0
9/83 - 6/84 7200 0 865.00 6335.00 0
l: D. Wind Sensor Data
;7-. Total Down Time
- Total Time to Due to System No. of
‘ Period Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)
5 9/83 720 0 312,00 408.00 0
Eu 9/83 - 10/83 1440 0 457.00 983.00 0
;. 9/83 ~ 11/83 2160 0 457.00 1703.00 0
r : 9/83 - 12/83 2880 0 769 .00 2111.00 0
[?* 9/83 - 1/84 3600 0 1177.00 2423.00 0
;;‘ 9/83 - 2/84 4320 0 1177.00 3143.00 0
F_' 9/83 - 3/84 5040 264,00 1177.00 3599.00 2 1799.50
L
[ 9/83 - 4/84 5760 264.00 1177.00 4319.00 2 2159.50
.. 9/83 - 5/84 6480 264.00 1177.00 5039.00 2 2519.50
t 9/83 - 6/84 7200 264 .00 1177.00 5759.00 2 2879.50
‘ B="54
o
1
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9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 - 4/84

9/83 - 5/84

9/83 - 6/84

9/83

9/83 - 10/83
9/83 - 11/83
9/83 - 12/83
9/83 - 1/84

9/83 - 2/84

9/83 - 3/84

9/83 ~ 4/84

9/83 - 5/84

9/83 - 6/84

Ll S

TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDEZ, ALASKA
A. System Data
Total Total Time To No. of
Time (hrs) Restore (hrs) TOT (hrs) Failures MTBF (hrs)
720 312.00 408.00 1
1440 457.00 983.00 5 196.60
2160 457.00 1703.00 5 340.60
2880 969.00 2111.00 6 351.83
3600 1177.00 2423.00 6 403.83
4320 1177.00 3143.00 6 523.83
5040 1177.00 3863.00 6 643.83
5760 1177.00 4583.00 6 763.83
6480 1177.00 5303.00 6 883.83
7200 1177.00 6023.00 6 1003.83
B. Celling Sensor Data
Total Down Time
Total Time to Due to System . of
Time (hrs) Restore (hrs) Failure (hrs) TOT (hrs) Failures MIBF (hrs)

720 720,00 0 0 1

1440 816.00 145.00 479.00 1

2160 816.00 145,00 1199.00 1

2880 816.00 457,00 1607 .00 1

3600 816.00 865.00 1919.00 1

4320 816.00 865.00 2639.00 1

5040 816.00 865.00 3359.00 1

5760 816.00 865.00 4079.00 1

6480 816.00 865.00 4799.00 1

7200 816.00 865.00 $519.00 1
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. TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSQOR FAILURES BY SITE (CONTINUED)

Site Faillure Mo/Yr Mo/Yr
Artais 1D No. Occurred Resolved Causes of Failure/Corrective Action
Wwind PWT None i
SAF  None |
vDZ 1 3/84 3/84 Wind sensor error/defrost frozen sensor |
3/84 3/84 Wind sensor error/defrost frozen sensor |
|
|
Temperature  DCA None
|
HUM None
DBQ None
CMX None
PWT None
SAF 1 10/83 10/83 Temp miss/cleaned & dried moisture in temp
sensor
vDZ None
Dew Point DCA 1 5/84 6/84 Dewpoint sensor out/unresolved
HUM 1 12/83 12/83 Dewpoint miss/water in transmitter box dried,
cleaned
2 12/83 12/83 Dewpoint reading incorrect/self correcting
3 2/84 2/84 Dewpoint miss/dried moisture fror transmitter
box
4 2/84 3/84 Dewpoint erratic/cleaned & recharged dewpoint
cell
DBQ 1 11/83 11/83 Dewpoint miss/hardware reset
2 11/83 11/83 Dewpoint miss/replaced fuse to sensor fan motor
CMX 1 2/84 2/84 Dewpoint miss/replaced fuse to sensor fan motor
PWT 1 3/84 3/84 Dewpoint miss/problem self correcting
SAF None
VDZ 1 9/83 11/83 Sensor out of service/sensor adjusted
Precipitation DCA 1 2/84% 6/84 No precip/unresolved
," HUM 1 3/84 3/84 Precip errors/contaminated scotch tape on
] sensors, cleaned & replaced
2 3/84 3/84 Precip errors/contaminated scotch tape on
Y sensors, cleaned & replaced
®
DBQ None
C-10
@
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TABLE C-2. HISTORICAL ACCOUNT OF ARTALS SYSTEM AND SENSOR FAILUKES BY SITE (CONTINUED)

Site Failure Mo/Yr Mo/Yr
Artails 1D No. Occurred Resolved Causes of Failure/Corrective Action
Precipitation CMX 1 9/83 3/84 Sensor error/tipping bucket cover w/new type
heating element (installed)
2 5/84 6/84 Sensor error/bad wong sensor (unresolved)
PWT None
SAF None
VDZ None
- Altimeter DCA 1 10/83 10/83 Alt off by .05/alt correction made
HUM None
nBQ 1 1/84 1/84 Alt intermittently miss/loose connector

on alt equip

CMX 1 11/83 11/83 Alt miss/reset at master weather processor
(MWP)

PWT None

SAF None

vDZ None
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APPENDIX D

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM

AWOS VERSUS OFFICIAL COMPARISON ANALYSIOS
DATA TABLES AND FIGURES
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Results of the AWOS versus official comparison analysis for the nine
meteorclogical sensors and thirteen AWO! sites are given in tables D-1 through
D-~13 in this appendix. 1In addition, a complete set of plots for Washington,
D.C. (DCA), and Houston, Texas (HOU), is displayed in figures D-1 through D-30.
The following information is provided in the data tables:

1. AWOS site call letters or identifier "sta'.

[j 2. Sample size "N". Number of data pairs compared.

3. Linear correlation coefficient "r'" between AWOS and official values.

4, Linear regression slope "a" of AWOS on official values.

5. Linear regression y-intercept "b" of AWOS on official values.

6. Mean difference or bias '"d". Arithmetic sample mean value of differences
(AWOS minus official.)

7. Sample standard deviation "sq" of AWOS minus official values.

8. rms value "d,.p¢" of AWOS minus official values.
9. Reliability index "RI". Percentage of "N" differences within acceptance
limits described in table D-19.

Statistical significance tests were conducted on all linear correlation
coefficient, mean difference, sample standard deviation, and vreliability index
values. An asterisk "#*" following these estimates denotes that the computed
statistic 1s not statistically significant at the 95 percent confidence level
according to the prescribed acceptance intervals, i.e., insufficient sample
size.

The following additional information is also given for cross-reference:

1. Method used to obtain official sky and ceiling reports (table 3, text).
"RBC" means rotating beam ceilometer; "EST" means estimated by official
observer.

2. AWOS visibility sensor type (table 4, text).

3. AWOS site magnetic variation or compass declination (''Mag" in table D-8).
This is the angle, in degrees, between true north and magnetic north., It is
either "east" or "west" according to whether the compass needle points to the
east or west of true or geographic north. Generally, eastern AWOS sites have
west declinations while western AWOS sites have east declinations. To convert
wind direction from magnetic to true, add east declinations to the magnetic
direction, and subtract west declinations from the magnetic direction.
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TABLE D-1. CLOUD LAYER NUMBER

Sta Clear N Distribution im Percent
(N, -Ng) -3 -2 -1 o +1 +2 +3
[0, 1.4 953 1206 0.0 0.5 15.2 60.4 17.2 6.7 9.1
_— DBQ 584 633 0.0 0.8 16.9 42.3 32.4 7.1 0.3
b DCA 1331 1339 0.9 2.5 43.2 41.2 11.9 1.1 0.0
. HUM 3523 838 0.0 2.9 33.8 41.4 16.3 5.3 0.2
PWT 29 128 0.0 4.7 32.8 36.7 22.7 3.1 0.9
SAF 99 13 0.0 9.9 66.7 20.0 13.3 0.0 0.0
S vDZ 274 370 1.6 13.2 53.8 25.4 5.4 0.5 0.0
_ EEN 199 643 0.9 1.4 20.2 30.9 37.2 9.8 0.9
GAL <99 1993 0.1 2.4 27.1 29.4 28.0 11.3 1.7
. HOU 1538 2390 0.3 4.8 27.8 33.1 20.7 9.2 4.0
MIE 337 366 0.4 8.5 359.2 25.3 5.8 9.9 0.0
PSP 2693 127 0.9 2.4 30.7 14.2 435.7 7.1 0.0
- Spp 370 204 0.0 1.5 19.1 32.8 29.4 16.7 0.5

b
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- TABLE D~4.  CLOUD HEIGHT

. OVERALL

T Sta Sen N r a b T s s RI

O CMX EST @830 .73 0.71 27 -381 800 886 56

i DBQ@ RBC 236 0.84 1.02 -4t -19 600 599 70 %

] DCA RBC 575 0.89 0.90 -42 -164 411 442 80
HUM EST 472 0.77 0.81 343 -19 857 856 64
PWT  EST 75 ©0.92 0.96 199 133 * 568 * 580 64 *
VDZ - EST 110 ©.53 0.38 107 -1542 * 1224 *x 1966 20 *
EEN EST 390 0.69 0.72 981 406 * 1102 1173 42
CAL RBC 93  0.64 0.83 791 446 * 1069 *x 1153 62 *

. HOU RBC 855 0.65 0.99 G575 450 1012 1107 66

- MIE RBC 177 0.8l 0.84 208 ~-11 * 683 681 78 *

I PSP  EST 28 0.91 0.86 107 -225 * 663 % 688 46 *
SBP  EST 60 0.80 0.93 142 78 * 734 * 732 82 *
OFFICIAL > 1500 FEET
CMX EST 283 0.49 0.79 48 -730 * 1146 * 1357 32 *

) DBQ RBC 65 0.51 1.05 -137 -13 * 1095 * 1087 38 *

° DCA RBC 159 0.6l 0.99 -272 -305 x 665 730 74

4 HUM EST 234 0.49 0.59 1047 -105 * 1118 * 1120 58 %
PWT  EST 23  0.75 0.84 551 39 * 854 * 836 52 %
VDZ  EST 79 0.36 0.39 537 -1979 *x 1155 * 2288 10 *
EEN ©ST 189 0.358 0.72 958 58 x 1016 x 10135 49 *
CAL  IBC 66 0.35 0.78 929 362 x 857 x 924 64 *
HOU RBC 252 0.47 0.66 1205 335 * 819 883 60 *
MIE RBC 61 0.6l 0.72 563 -170 * 931 * 939 61 *

l PSP EST 14 0.84 1.04 -645 -307 * 594 % 764 43 *
OFFICIAL 1500 FEET
CMX ST 347 0.60 0.67 48 -201 445 488 57
PBQ NBC 171 ©0.90 1.97 -67 -21 214 214 82 *
DCA  BBC 416 0.82 0.88 -26 -111 233 258 83

5 HUML ST 218 0.82 1.18  -74 79 344 332 72 %

A PWT ST 32 .87 1.490 -120 175 * 384 419 69 k

- VDZ ST 31 0.38 0.235 204 —429 % 436 % 606 43 *

= EEN EST 201  0.28 0.77 942 733 * 1081 * 1304 36 *
GAL  RBC 27 0.26 ¥ 0.96 678 651 * 1464 * 1577 59
HOU  REC 603 0.39 1.08 437 498 1080 1188 68
MIE RBS 116 ©.533 0.96 il 72 492 495 87 *
PSP ST 14 0.68 1.68 =523 57 = 623 * 003 50

o SBP  LST 533  0.97 0.81 203 90 :x 764 * 763 83 *

i NO PRECIPITATION OR FOG
CIIX EST 308 0.81 0.79 189 210 754 781 67
pBQ  1BC 99  0.90 116 —52 D06 304 550 76
BCA  RBC 138  0.93 5.9 135 -77 293 302 683

- HUM  EST 805 0.73 N.73 0 65 o 883 483 03

o PWT  FNT 38 0.89 0.90  jud 20 641 * 077 33 %

B VDZ  FST 28 0.70 0.3+ 800 -1217 1012 * 1572 21 %
EEN EST 151 0.76 09.74 973 200 038 = 394 36
CAL  unc 30 0.93 1.t6 =4t 12 129 % 420 T4 =
HOU B¢ 384 0.68 0.87 "3 437 315 389 63
MIE  RIC 43 0.66 9.62 6Bl -79 069 862 7Tk
SBP ST 14 0.98 0.93 + -133 261 % 286 71 %

e
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TABLE D-4. CLOUD HEIGHT (CONTINUED)
PRECIPITATION
Sta Sen N r a b d 8 rms RI
CMxX EST 435 Q.42 0.34 212 -542 843 1001 44
DBQ RBC 110 Q.65 0.59 85 -269 * 653 * 704 64 *
DCA RBC 261 0.72 @.68 54 -262 333 593 69 x
HUM EST 57 0.72 0.77 51 -2356 * 816 * 848 63 *
PWT EST 20 0.68 0.65 258 -30 * 396 x 082 70 %
vDZ EST 79 0.37 0.20 311 -1635 x 1293 * 2079 20 *x
EEN EST 121 0.52 0.61 1495 977 * 1139 * 1512 28 *
GAL RBC 34 -06.01! x -0.01 30935 1014 * 1236 * 1600 41 *
HOU RBC 134 0.66 0.89 328 240 * 807 *x 839 70 *
MIE RBC 53 0.78 9.82 153 -62 * 726 * 722 72 X
FOG
CMX EST 138 0.55 0.36 208 -271 * 666 717 72 *
DBQ RBC 82 0.88 1.05 -63 -36 374 374 82 *
DCA RBC 342 0.83 0.80 13 -138 319 347 84
HUM FST 137 0.75 0.81 127 -192 * 792 % 736 FAE
PWT EST 33 0.90 0.83 151 37 212 216 82
VDZ EST 13 0.41 x 0.19 129 -2038 * 1140 x 2314 8 *
EEN EST 149 9.49 0.66 1143 761 x 1187 *x 1407 29 x
GAL RBC 10 -0.43 * -3.64 1929 630 * 1617 *x 1659 80
HOU RBC 366 9.47 Q.90 362 298 922 268 78
MIE RBC 66 0.73 .73 226 -36 * 724 x 721 TC ok
psp EST 14 0.67 0.74 248 =37 k 707 % 684 36 %
SBP EST 42 0.70 0.83 47 -40 287 286 90 x*
OFFICIAL CEILING VERSUS AWOS CEILING
CMX EST 648 0.76 0.76 -69 -372 704 793 38
DBA RBC 188 9.384 .90 -31 -28 215 314 73 %
DEA nRBC 474 0.90 0.89 =40 -162 384 417 82
HUM EsST 277 0.87 0.93 o2 14 043 642 74k
PWT ST 42 0.93 0.91 167 85 = 361 367 69 *
VDhZ ST 62 9.37 .43 -235 -1327 % 1142 % 1743 19 x
EEN =T 163 .67 0.68 TS5 175 1903 % 1018 49
GAL RBC +8 0.76 1.1t 232 +00 k 042 % 1013 63
Hou REC 417 9.94 1.03 <3 98 287 303 46
MIE _BLC 310 9.98 .39 L -1 122 121 95 *
PSP EST 13 9.488 0.85 205 -30 % N8y *x 662 Sebo
spp LsT 1] V.56 0.92 1 =36 106 174 21

N NS AN
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TABLE D-6. VISIBILITY

OVERALL 1
Sta Sensor N r a b d g rms RI }
CMX FWDSCAT 390 0.71 90.93 6.80 0.72 9.99 1.23 57 i
DBQ T(1000) 287 0.63 0.63 0.58. -0.22 1.24 1.26 64 -x
DCA FWDSCAT 310 0.66 0.76 9.66 0.13 1.29 1.26 67 *x
. HUM FWDSCAT 111 9.53 9.32 1.24 -0.12 * 1.37 1.37 65 x
PwT T(1000) 32 0.13 x 0.20 1.24 -1.02 * 2.06 x 2.27 41 *x
VDZ FWDSCAT a7 0.47 0.354 9.64 -0.32 *x 1.48 % 1.50 52 =x
EEN BCKSCAT 145 6.68 0.74 1.23 0.72 1.25 1.44 59 *
GAL BCKSCAT 164 .55 0.62 1.48 0.64 1.34 1.48 49 *x
HOU T(492) 759 0.61 0.48 1.51 -0.14 1.31 1.32 61
MIE T(492) 277 0.61 0.68 1.57 0.83 1.26 1.50 355 %
PSP T(492) 23 0.73 0.74 1.27 0.36 x 9.93 x 0.98 87 *x
sSBP T(492) 18 0.59 0.64 1.64 0.99 x 1.52 % 1.772 39 x
OFFICIAL > 2 MILES
CMX 1"DSCAT 31 0.28 0.34 2.65 0.32 x 1.06 * 1.10 78 *x
bDBQ TC1R00) 135 0.23 0.35 1.66 -0.66 1.41 1.33 39 *x
BCA FPWDSCAT 170 Q.17 0.30 2.2 -0.906 1.50 1.50 68 *
HUM FWDSCAT 71 0.16 % 0.20 2,46 ~0.498 * 1.41 * 1.48 69 x
PWT TC190G) 18 -0.19 *x -0.42 3.71 -1.71 % 2.16 x 2.71 44 *
vDZ FWDSCAT BB -0.02 x -0.04 2.66 -90.96 1.84 * 2.05 33 *
EEN PBEKSCAT 0 .07 V.06 3.86 0.18 *x 1.19 * 1.20 78 x
GAL BCKSCAT 73 0.09 x 0.13 3.135 0.18 * 1.49 * 1.44 63 *
[IOU T(492) 301 0.16 0.17 2.481 -90.63 1.21 1.36 67
MIE T292) 128 Q.15 *x 0.18 3.28 0.38 1.22 1.27 70 *
PSP TCE92) 18 0.38 * 0.43 2.60 0.28 x .96 *x .97 94 x
OFFICIAL ¢ 2 MILES
(09914 FUYDSCAT 339 0.68 1.34 9.42 0.78 0.97 1.24 34 *
DR TC"H0) 152 0.62 1.06 0.09 0.16 0.91 0.92 68 x
DCA FhbSCAT 40 0.72 1.29 0.15 0.36 0.81 0.88 66 *
HUM YEDSCAT a4 0.03 1.21 0.26 0.353 *x 1.02 = 1.14 58 *x
PWT TCIDOY) 1.4 0.37 *x 0.99 -0.12 -0.13 * 1.58 * 1.53 36 *
VD7Z I'WOSCAT 33 .53 1.00 0.08 0.08 *x 1.2 1.01 51
EIN . AT 99 9.58 1.97 -0.08 0.97 1.20 1.54 91 =
GAL 91 .50 1.18 0.77 1.00 1.13 1.52 38 *x
HOU 2358 0.69 1.3:% 0.40 9.82 0.91 1.23 90 *x
MEE TE492) L-+9 9.73 1.33 0.106 .21 1.16 1.68 41 *x
sBp 1T0:02) P2 Q.34 k 2.00 0.904 1.40 % 1.49 % 1.99 23 &
D-7
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TABLE D-6. VISIBILITY (CONTINUED)
PRECIPITATION
Sta Sensor .N r a b d s rms Rl
CMX FWDSCAT 352 0.71 0.96 9.80 0.74 0.95 1.20 35 x
DBa T(1000) 133 0.62 0.68 0.54 -90.13 1.09 1.099 65 *x
DCA FWDSCAT 194 0.57 0.65 Q.86 0.01 1.37 1.37 65 x
HUM FWDSCAT 29 .53 0.56 1.12 -0.01 x 1.28 x 1.26 62 *x
PWT T(1000) 18 -0.03 x -0.07 2.40 -0.63 * 2.00 x 2.04 39 x
VbZ FWDSCAT 79 9.52 .58 0.67 -0.21 * 1.42 *x 1.43 54 x
EEN BCKSCAT 920 0.66 0.73 1.19 0.69 % 1.26 1.43 66 *
CAL BCKSCAT . 92 0.57 0.59 1.85 0.71 1.12 1.31 39 %
HOU T(492) 145 0.64 0.53 1.45 9.42 1.11 1.18 36 *
MIE T(492) 132 0.63 0.77 1.23 9.76 1.18 1.49 59 x
FOG
CMX FWDSCAT 99 0.70 1.00 0.62 0.63 1.17 1.32 65 *
DBQ T(1000) 197 0.71 0.73 Q.47 -9.10 1.09 1.10 70 *x
DCA FWDSCAT 255 0.68 0.82 0.57 Q.17 1.2t 1.22 69 *
HUM FWDSCAT 93 0.57 0.39 1.15 0.03 x 1.29 1.28 67 *
PWT TC(1000) 32 0.13 * 0.20 1.24 -1.02 *x 2.06 % 2.27 41 *
VDZ FWDSCAT 1?7 0.17 *x 0.29 0.78 -0.54 % 1.67 x 1.71 41 *x
EEN BCKSCAT 122 9.69 0.79 1.18 0.77 1.22 1.44 38
GAL DEKSCAT T4 0.33 0.39 1.352 Q.32 x 1.58 * 1.66 39 *x
{iou T(492) 4836 Q.68 0.36 1.27 .07 1.13 1.15 66
MIE T(492) 173 0.62 Q.56 1.67 9.09 1.19 1.48 38 *
sBp T(492) 16 0.06 0.77 1.54 1.17 % 1.41 % 1.80 38 *
. D-8
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TABLE D-7. TEMPERATURE

Sta N r a b T s rms R1

CHY 2033 1.00 0.97 0.7 -0.2 1.7 1.7 96

[113(2] I 591 1.00 9.97 0.3 -0.7 1.3 1.7 97

BCA 2908 1.90 1.00 -1.2 -1.0 1.3 1.6 98

PwT 133 0.99 0.96 1.7 -0.2 1.4 1.4 97

SAF Tl 0.98 J.96 2.9 9.1 1.8 1.8 926

vz 393 9.99 3,96 -0.1 -1.4 1.9 2.4 89

EEN 847 0.99 0.97 9,6 -0.3 2.2 2.3 90

GAL 27T 6H2 1.60 1.04 -3 .-k -2.9 3.0 +.1 63

HOU EE0it1} 1.0 0.99 9.4 )0 i.0 1.0 99

MIE DS 1.00 9.98 0.4 -0.3 1.7 1.8 944

TABLE D-8. DEW POINT

Sta N r a b q s rms i

CIMY 1928 0.93 0.99 -2.8 -3.2 3.1 4.4 72

(R4} 15360 .99 .93 2.3 0.9 3.8 3.4 87

DCA 27335 0.99 .89 -1.1 -%.6 2.6 3.8 48

PWT 1290 0.92 1.10 -7.3 -2.7 2.9 3.7 82 *

AT [ 9,99 .93 1.7 -0.1 1.3 1.3 100

\2 174 333 .97 0.93 -2.3 -4, 3 3.4 3.4 a7

GAL 2073 [ .40 1.01 9.2 4 I 2.4 2.2 DEY

Hou 307 U.vY .93 2.7 -9.48 2.1 2.2 97

TABLE D-9. ALTIMETER SETTING
Sta N r a b qd s rms RI
CHMX 2041 1.00 1.02 -9.48 -0.002 0.008 0.008 106
DBQ 1504 1.00 1.06 -1.906 -0.9003 0.012 0.013 100
BCA 2979 @.97 0.98 9.51 -0.008 9.008 0.012 106
Aaum 1341 9.97 1.90 ~-9.03 -0.029 9.016 9.033 928
PWT 170 1.00 1.91 -0.36 9.020 0.009 9.022 100
SAF 114 9.98 1.00 9.00 -0.001 0.008 9.008 100
\"417/ 708 9.99 0.98 Q.67 -0.006 0.008 90.011 106
EEN 888 1.00 1.03 -4.95 -9.022 0.933 9.039 86
GAL 2777 9.97 9.99 9.20 -0.0035 0.009 0.010 100
HOU 4185 1.00 1.04 -1.31 0.009 90.010 0.9013 100
MIE 1831 1.00 1.03 -9.93 -0.0909 9.013 0.015 100
PSP 2564 1.00 1.01 -90.30 9.008 0.013 9.013 100
D=9
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TABLE D-10. WIND DIRECTION
Sta N r a b d s rms RI
CMX 1321 0.99 1.02 13 18 14 23 91
DBQ 1328 0.99 0.98 11 7 13 15 98
DCA 1945 0.99 0.99 6 4 16 17 96
HUM 1018 0.98 0.97 (%) -4 21 21 94
PWT 74 0.97 0.87 -7 -38 22 44 47 *
SAI 82 0.93 6.93 13 1 38 37 76 x
vDZ 112 0.86 0.68 30 -14 50 52 44 *
EEN 303 0.93 0.84 55 12 34 36 69 x
GAL 2235 0.97 0.95 2 -7 27 28 88
HOU 2742 0.99 0.99 4 2 15 13 97
MIE 1493 0.98 0.97 20 14 18 23 91
PSP 903 9.94 0.98 24 19 37 41 72
TABLE D-11. WIND SPEED
Sta N r a b d s rms RI
CMX 1533 0.82 0.92 0.3 -0.6 2.9 2.9 97
pBQ 1328 0. 8¢ 0.95 0.4 -0.3 2.1 2.1 99
nCA 1946 0.86 0.84 2.6 1.2 1.9 2.2 98
HUM 1018 0.76 0.76 2.6 0.0 2.7 2.7 95
PWT e ] 0.45 0,40 5.2 -1.0 3.8 3.9 81 *x
SAF 82 0.66 0.78 3.4 1.0 3.8 4.0 90 *
VDZ 141 0.66 0.31 3.4 0.3 3.4 3.4 92
EEN 303 0,42 0,36 3.9 -0.7 3.7 3.8 895
GAL 225 0.57 .41 4.7 -0.1 3.0 3.0 920
Hoy 2912 0.78 0.80 1.3 -1.0 2.4 2.6 96
MIE 1L06 0.78 .61 2.0 -3.7 3.0 4.8 74
PSP 903 0.64 V.37 3.8 -1.2 3.7 3.9 85
TABLE D-12. WIND GUST OCCURRENCE
Sta N Distribution in Percent
(A) no ves yes
o) yes ves no

CHMX 483 22.2 52.6 25.3

niw 32 16.9 38.8 44 .4

[EA 444 14,4 37.8 47 .7

QUM 60 8.3 31.7 60.90

PWT 12 0.0 16,7 83.3

SAF 31 6.3 3.2 990.3

v/ 26 61.5 13.4 23.1

18 Bt 93 7.3 14.0 78.5

AL B3 26.1 7.3 36.6

oy 310 8.6 30.8 60.6

TIE 23 8.7 34.8 36.3

Psp 93 0.0 24.7 73.3

PR G ST W
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TABLE D-13. WIND GUST SPEED

Sta N r a b 4 5 rms RI
CIIX 25 .01 0.81 3.0 -1.1 3.1 3.3 91
Pi) tot .36 0.43 3.8 -0.,2 3.0 2.9 94
DOA 153 .63 O.69 7.9 1.3 3.8 3.3 89
[RURR | [ 0,06 .36 11,4 D01 3.6 3.6 89 x
Fi 1 L3 ok 3,360 13.3 0.8 % 6.2 % 6.0 >4 K
oy 157 .07 V.36 1.+ =), 1 ) 4.4 85 x
P=p 23 0.26 % .17 21.4 0.0 6.2 * 6.1 37 %

TABLE D-14. PRECIPITATION CCCURRENCE

Sta N Distribution in Percent
(A) uo ves yes
(0) ves yes no
CMX 580 85.3 10.2. 4.3
DBQ 272 63.1 26.1 8.8
DCA 465 43.7 44 .7 11.6
HUM 73 80.8 6.8 12.3
PWT 34 41.2 32.4 26.3
vDZ 147 73.3 24.5 2.0
EEN 158 24,7 37.0 18.4
GAL 368 86.7 7.3 6.0
HOU 284 35.2 38.7 26.1
MIE 292 46.9 33.6 19.5
PSP 14 64.3 14.3 21 .4

TABLE D-15. PRECIPITATION DETECTION BY TYPE

Official fain Snow

Sta N RI N RI
MK 39 32.2 300 0.2
DiQ 167 47.7 148 4.9
DA 379 52.3 EX) 27 .8
HISM 64 7.8 3] 3,0
PHT 23 44.0 ()] 0.0
‘ALY 62 37.1 103 19.0
FEN T 70.1 33 TO.9
CAL 20 20.90 326 7.1
Hou 219 52.4 0} 0.0
MIFE 149 13 46 12.8
PSP It 18.2 5] 0.0

=11
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