
J. et al. 

984 

US Department of Trrn~<:nnrt,ntirm 

federal Avkrtioo Administration 

Program Engineering and Maintenance Service 
Washington, D.C. 20905 



NOTICE 

The Un States Government does not ts 
or manufacturers. Trade or turer 1 a names appear 
herein sole are cons essential to 
the ect 



1. Report No. 2. Government Accession No. 

/1 

AUTOMATED WEATHER OBSERVING SYSTEM (AWOS) 
DEMONSTRATION PROGRAM 

J. O'Brien et al. 

Performing Orgonizolion Nome ond Address 

Federal Aviation Administration 
Technical Center 
Atlantic C t, New Jersey Tl2-01A 

13. Type of Report ond f'<>riod 
~~~------------------~--------------------------------412. Sponsoring Agency Nom<> ond Addr., .. 

U. S. of tat ion 
Federal Aviation Administrat 

and Maintenance Service 
20590 

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

16. Ab•tro<:! 

The Federal Aviation Administration conducted an 1.ona demonstratio 
Automated Weather Observing System (AWOS). Fourteen units were proc 
installed at s in 12 states lud two units in Alaska and two 
California. The demonstration units consist of commercially ava lable e 
including sensors, processors, and auxiliary hardware. Sensors me s 
atmospher c variables: cloud hei t, visibility, wind speed wind di 
barometric pressure, temperature, dew point, precipitation 
prec1 tation occurrence. 

This report discusses the analyses and provides resul s, conclusi 
recommendations derived from source data for the period September 1983 
June 1984. Source data included pilot questionnaire responses, mai 
personnel failure logs, hour AWOS observations, and official observati 
available. 

It was concluded that, in general, the performance of the system and al 
at the 14 field sites was ac le exce for the ceilometer and preci 
sensors. 

17. K,.y Words 18. Distribution Sl.,tem®nl 

Weather Sensors Document is on file at the 
sized Voice Messages Center , Atlantic C 

AWOS New Jersey 08405 

19. S®curily Cl<>uil. (ol this 21. 

Unclassified Unclassified 

Form DOT F 1700.7 (8-121 





TABLE OF CONTENTS 

EXECUTIVE SUMMARY 

INTRODUCTION 1 

Purpose 1 

Reference Documents 2 
tern Description 2 

Technical 9 

DISCUSSION 3 

Pilot stionnaire Ana .LS 13 
MTBF and MTTR Analyses 24 
AwOS Versus Official .tson Analyses 38 

CONCLUSIONS 88 

RECOMMENDATIONS 89 

APPENDIXES 

A - Automated Weather Observing tern Demonstration Program -
Description of Data ity Control 

B - Automated Weather tern Demonstration Program -
Tables of Total Operat Time and Estimated Values of 
Mean-Time-Between-Failures 

C - Automated Weather Observing tern Demonstration Program -
lure Diagnosis Summary 

D - Automated Weather Ob System Demonstration 
AWOS Versus ison Analysis - Data Tables 
and s 

iii 



LIST OF ILLUSTRATIONS 

e of AWOS Field Site 3 

2 AWOS tern Block D 4 

3 AWOS Data sit tern 5 

4 e f AWOS Observations 

5 e of Official Observations 8 

6 AWOS Pi1o tionnaire 1 

AWOS Demonstrat 
r 

Performance, Fai ure, and 2 

8 Used Based on 420 t res 16 

Cat of Favorab 
Responses 

AWOS Responses Vs Number o 1 

10 Cat of Unfavorable AWOS 
Responses 

Responses Vs Number of 

11 Condition Difference 
Difference 

Vs Visibi i Condit 22 

ifference His 
1 is Greater Than 

for 2 

s Feet 
for Cei ters When 

or Less (2 Sheets) 
54 

AWOS ibili Increments 

His Sensors When Official 
2 Sheets) 

62 

Sensors When 
2 t ) 

fficial 

Less 
Sensors 

for Sensors When Official 

ure fference ( Sheets 1 

iv 



20 

21 

22 

23 

24 

25 

26 

F 

Overall AWOS 

Overall AWOS 

Washington, 

Overall AWOS 

Overal AWOS 

Overall AWOS 

Overall AWOS 

LIST OF ILLUSTRATIONS (Continued) 

rature Difference Histogram 73 

Dew Point Difference Histogram 75 

D.C Dew Point Difference 2 Sheets) 76 

Al imeter Sett Difference His 79 

Wind Direction Difference Histogram 82 

Wind Difference Histogram 84 

Wind Gust Difference Histogram 86 

v 



LIST OF TABLES 

Table 

1 Data for AWOS Versus Off cial :~_son Ana s:~_s 10 

2 AWOS Functional s 14 

3 Pilot t re Responsivenes stribution 1 

4 Unfavorable Voice Comments 19 

5 Descriptive Sta istics 20 

6 tern. Rat According to Visibi ity and Cei Differences 21 

7 Location Effec on Rat 21 

8 Rat Accord to tern. 23 

9 Access Effect on Rating 23 

Tel Versus Radio ess on Rat 

11 Voice Effect on Rat 24 

2 Total Number of Failures 28 

13 Estimated MTBF Values Confidence Limi ues 
True MTBF for WeatherMeasure 

14 Estimated MfBF Values Confidence t s 
True MTBF for Artais 

15 Cumulative tern. a Manufacturer 

16 tern. and Sensor Fai stribut on 
Manufacturer 

17 AWOS Site tern. Sensor Values ve 

18 AWOS Site tern. and Value 
Vs Cumu ve Number 

1 Limi s i ty :~_on 

20 Confidence Interval erances for Deviati 42 

21 Cloud Sensor 

22 Cloud Number Results 

23 Obscuration 48 

vi 



Table 

24 Ceil Occurrence 49 

25 Cloud 50 

26 Vis lity Sensor 58 

27 Visibili Occurrence 60 

Visibili 61 

29 rature 70 

30 Dew Point rature 74 

31 Altimeter Setting 78 

32 Wind Sensor 80 

Wind Direction 8 

34 Wind 83 

35 Wind Gust Occurrence 85 

36 Wind Gust 85 

37 Prec itation Occurrence 87 

38 Preci at ion Occurrence 

vii 



viii 



EXECUTIVE SUMMARY 

An operational demonstration of the Automated Weather tern (AWOS) 
was conducted by the Federal Aviation Administration t 14 airport installa­
tions i the contiguous United States and Alaska. The AWOS demonstration 
units were from two system manufacturers, WeatherMeasure and 

tais, and consisted of commercially available includ sensors, 
processors, and auxiliary hardware. The se sors were used to detect and 
measure nine atmos ric arameters: cloud height, vi ibili wind 
wind direction, barometric pressure, temperature, dew point, precipitation 
occurrence, and precipitation amount. These data were then digitized 
processed sized into voice messages, and u a ted each minute. Access 

o the voice messages pilots in fl ht was accomplished very 
( omnidirectional range ( or discrete VHF, and for prefli t 

purposes, tel access. 

Th s report discusses the analyses and provides results and conclusions 
derived from AWOS demonstration source data collected during the period 
September 1983 thr June 1984 Source data included lot quest re 
user responses, maintenance personnel failure , hourly AWOS observations 
and off cial observations when available 

The pr mary measure of importance in he questionnaire responses was the 
lots' rat of overall system performance. Based on a scale of (poor) o 

5 (excel ent) the average pilot rating was 3.64, which represents an above 
average system rating. The system rating was hi st (4 01) when pilots 
accessed AWOS discrete VHF. Availabili y and currency of AWOS were the 
pi ots 1 most favorable responses In contrast, the primary unfavorab e 
commen dealt with difficulties experience by pilots in he sized 
vo~ce message, 

Failure log data were used as a basis for computations of cumula ive 
mean-t lure ( for the 10-month 7, 200 hour demonstration 
period. customary, ac practices, overall system l'iTBF' s 
were y dividing the respective aggregate operating t s by the 
aggregate number of failures. The seven WeatherMeasure systems 

6 failures; whereas, the seven Artais systems experienced 184. failures. As a 
direct consequence the system MTBF value for WeatherMeasure was than 

,000 hours and than 250 hours for Artais. 

Fai ure log data were also used as a basis for computations of cumulative 
mean-time ( Calculation of MTTR values was performed in all 
instances either no failure occurred, or where a failure occurred 
but was not resolved the end of the demonstration period Cumulative MTTR 
system values for WeatherMeasure ranged from ess than 0.2 to greater than 
2.0 hou s, with the average for all sites being approximately 1.0 hours. 
Cumu ative HTTR system values for Artais from less than .3 to 
than 4.0 hours, with the average for all sites also being approximate y 
1.0 hours. 

AWOS and official observations were to determine differences between 
AWOS measurements and corres collocated official observations Based 
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on this comparison, the performance of AWOS in detecting and reporting 
visibili dew barometric pressure, wind direction, wind 
speed, and wind gust was acceptable. Performance in detect ng and report 
the number of cloud , cloud coverage, and c oud hei in the absence of 
precipitation was marg nal to good. Cloud element detection and i 
during precipitation was unacceptable. Precip tation detect was also 
unac le. 

X 



INTRODUCTION 

PURPOSE. 

The purpose of the Automated Weather Observing System (AWOS) Demonstration 
Program was to: 

Demonstrate to pilots, airport operators, air traffic control (ATC and 
maintenance ersonnel that by using commercially available equipment, the 
system engineering concept of AWOS would enable the required weather 
parameters t be reported to the lot in near real-time in an accurate and 
consistent manner. 

Closely monitor each AWOS demonstration unit at desi ed field sites and 
co lect and analyze data pertinent to performance, reliability, and 
maintainabili 

s and document user comments on the performance and usefulness of 
AWOS lOTI. 

The AWOS Demonst ation Program entailed the procurement, installation, and 
trial operation of commercially available units at 14 airports,. The 
operat on period of year consisted of a 2-month burn- n or 

period and a 10-month "useful. life" period. The burn-i period 
was used to establish the Data isition tern and allowed typical hi 
equ failure rates to stabilize. Consequent data were collected only 
ove 10-month period from l, 1983 to June 30, 1984. There were 
two system contractors: Artais, Incorpo ated of Co umbus, Ohio and 
Weathe Measure ( al imet ric s), Incorporated of Sacramento, ali fornia. Each 
contractor built and installed seven AWOS units at the foll locations. 

Artais 

Bremerton, Washington Keene New 1re 
dez, Alaska Galena, Alaska 

, Iowa Auburn, Alabama 
ton National, D.C. Houston, Texas 

, Michigan San Luis Obispo, California 
Houma Louisiana Muncie Indiana 
Santa Fe, New Mexico Palm California 

During the course of the data collection period, several types of data were 
acqu the Federal Aviation Administration ( Technical Center. These 
data were used to determine user acceptance, to detect e lerns, and 
to ana system performance. The FAA Technical Center was responsible for 
the distribution, collection, and analysis of maintenance logs; the collection 
and ana is of lot questionnaires; and retrieval and analysis of digital 
data from each AWOS and official observation site. 
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REFERENCE DOCUMENTS. 

ng he cou se of the emonstrat o program the fol documents were 
ssued are available from the Technical Center 

AWOS Demons Test Plan, DOT~on 

AWOS CT-TN83/60, December 1983. 

AWOS Demonstration Bimonthly , DOT 18-l' 
March 1984. 

4. AWOS Demonstration Bimonth DOT 18-2, 
1984. 

SYSTEM DESCRIPTION. 

L AWOS. The AWOS commercial avai 
measure ab es cloud 

re, wind 
amount. 

is in figure A 
2. 

Sensor ata we e c ed d a Data Collec ion (DCP) 
to the AWOS which reduced these data using 

NWS). The AWOS DPU 
message of served and 

The DPU also 
i were continuous 

screte very VHF) or VHF omnidirec-
e messages were also obtainable pilots 

controllers 
monit ed y 

t e isplay 
were automatics ly recorded a 

Read Only Memory These 
5 s of hourly reports and 

used in this invest 1on 

AWOS and officia 
recorded 

FAA 
this process 

ASCII 32 te 
ervice (WATS) 1ne at 

ical records, 
rate of 3 0 was 

The retr eve data were 
y means of spec al-purpose 

ng oding, r software programs. An e 
ved AWOS hour figure 4. 
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Temp Dew t Dir Speed Gust Den 
kt Remarks 

42 977 02 E53 BB p PRCP 

45 980 290 1 01 E59 p PRCP 

13 lS 55 45 42 981 290 8 Ol E24 p PRCP 

55 46 42 290 10 

MIE 1 s 55 41 982 270 9 

CLR 55 38 983 290 14 

55 38 983 270 9 15 

MIE 49 35 260 10 H 

2300 55 46 35 986 230 5 H 

0000 55 44 34 987 200 6 H 
01 

MIE CLR 55 45 35 210 9 H 

MIE 14 55 42 992 260 5 H 

30 42 37 993 250 15 26 08 830 p PRCP 

1014 55 40 36 993 230 8 00 El4 p PRCP 

MIE 0500 1014 CLR 55 39 34 994 240 10 

ID = Identi Alt = Altitude kt Knot 

GMT = Greenwich Time = Mercury Den Dens 

Temp Dir = Direction Prec = Prec tat ion 

FIGURE 4, EXAMPLE OF HOURLY AWOS 



human observers at each AWOS te were also 
collected, processed, and each at the FAA Techn cal Cen er. 
The observers at each airport were provided by either the NWS, Air Weather 
Service (AWS), FAA Fl Ser Station (FSS , Fixed-Based era tor FBO , 
or contracting activity. The hourly official weather observations are in 
surface aviation observation (SAO) format and consist of scheduled re o 
observations (SA's), unschedu ed special observations (SP s and scheduled 
record servations that also li as s c al observat RS' s). An 
example of archived offici 1 we ther obser ati and me eorol g c l 
parameters s 5 

ff i c l weather reports e ther the Weather Message Swi 
Center (WMSC) in Kansas City, Missour r transmitted o the Nat 
Mete ological Center (NMC) in land and, over an Automat of 

ations and Services (AFOS Offic al da a for the AWOS 
sites were first ac national data bases the MITRE 
Corporation in McLean transmitted WATS :tne to FAA 
Technical Center fo , and compari w1 
AWOS data. 

The 14 AWOS ites c rresp nding officfal observation sites and the r 
associated three-letter site fiers are shown below: 

L 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

lL 

13' 
14. 

AWOS Sites 

Galena 
Valdez (VD 
Dubuque (DBQ) 

ton ( 
on (CMX) 

Muncie (MIE) 
Palm s (PSP) 
Keene (EEN) 
Bremer on (P~JT 
Auburn (AUO) 

Houston HOU 
Houma ( 

Santa Fe (SAF) 
San Luis Obispo SBP 

Official Obs 

1 (PAG) 
2 
3. 
4. 
5 
6. Muncie 
7. Palm ) 
8. Keene EEN) 
9. Bremerton (PWT) 

10 Columbus (CSG) and 
( 

1. Houston (HOU 
2. Houma ( 

13. Santa Fe (SAF) 
14 Santa Maria ( , 

Paso Robles (PRB), and 
San Louis Obispo (SBP) 

More than 52,500 hour AWOS records and 52,000 hour 
off c servat ons were collected and archive or this s To ensure 

he ntegrity of these two data bases an exhaustive effort was devoted 
to data edit Data edi was 1n1t1a performed inspecting the data 
through a quality control program and er or-check routine designe to 
detect and flag any anomalous or spurious data points. The details of the 
AWOS data quality control program are in ix A. These 1 
control and edit programs primari 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, 1me 
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Station Time Visibility Dew Alt Dir ed Gust 
ID GMT "F in H£>:) ( 0) kt) (kt 

MIE 1345 1013 M5 OVC 5 45 M 974 020 10 

MIE 1445 13 M7 OVC 4 45 M 978 310 12 

MIE 3 M7 BKN 12 OVC 3 45 M 980 290 10 

1 101 M8 OVC ?1 I? 
"'-""!"'"" 981 280 1 ')

-'-"' 

ElO 6 47 M 981 270 12 

IvHE 1845 El5 BKN 25 OVC 7 46 M 270 

MIE 9!+5 13 E15 BKN 25 OVC 7 
! 47 M 983 0 14 BINOVC 

MIE 2145 1013 18 SCT E40 BKN 200 49 985 270 
(j) 

MIE 2245 13 SCT 2 47 986 230 

6, 43 200 08 

MIE M45 BKN 8 M 990 200 13 

MIE 0 42 M 2 280 10 

MIE 02LJ.5 ovc 41 M 993 230 15 25 Las 

m1 = Miles 
M 

FIGURE , OF OFFICIAL OBSERVATIONS 



ser~es of the raw data were plotted and visual inspected for anomalous data 
s which mi have been uncle ecte by e qu lity cont ol and e r 

checking programs. Manual edit of the data bases was carried out a ed on 
the results of the quali contro error and ott routines. 

One pose compu e program was des 
s used i the AWOS versus 

parameters compared we e: 
4) dew p i t temperature, 

sett (8 wind gust 
t on occurrence. f 
recor s we e ompared wi the 
time difference between them was thin 15 s 

intaine comparing AWOS dat only with a 
t, the AWOS demonstration s te at AUO was and 
the col ated officia data were used in comparison. 

A summary of the AWOS and officia data sets used in the comparison 
~s for 3 AWOS sites tab is table, N re 
number of paire h rly rec an 1 zed and 
average time difference between A 

s a resu AWOS measurements 
hour while the offici observations 

smal s le size fo SAF s 
the AWOS site the FAA Technical 

ta acquis were accomp 
Perk digit c 
Ramtek Gr ocated the 
Ce te 1 s 1 t 0 ' 

compar s 
language. 

Three s to 
respect to the ives stated section of 

rces onsisted of ilo questionnaires igure ), Pe 
and Repa r s figure 7), and at sets f AWOS 

obser tions which were discussed the "Dat i 
sect on of this report. 

e pi ot questi res were the pr means of assess 
of AWOS. The form coordinated and approve for 
Office of OMB). The forms were tributed 

t on groups the FAA. The 
revention groups were particular hel 1 <HS 

lots way of safe seminars which prov ded the 
exp ~ AWOS to the users. Jeppesen Sanders en Inc 
in the d stribution of the ilot questionnaires 
Brief Bulletin." 
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TABLE FOR v~RSUS OFFICIAL COMPARISON ANALYSIS 

Offic al 

Size 

Period N 

I I I 
I I I I PT I 14 30 I 2177 I 7 I 

I I PT I 1 1 - /21 I 1650 I 8. I 
T I of :ta I I FT I 

I I 5 ~ I 3031 I . I 
A ' I ' I FAA I PT I 1 02 /30 I 1383 I 2. 8 I 
I I PWT I Bremerton ton I FBO I PT I 07 - 30 I 173 I 10,6 I 

1-' 
0 I i i I FAA I PT I 13 - I 1 7 I 8.3 I 

I Keene New :tre I FBO I PT I 09 13 - 30 I 901 I 7 7 I 
X I GAL I Galena, Alaska I AWS I FT I 1 14 - 30 I I 4 9 I 
M I I Texas I FAA I FT I 6 I 4574 I . I 
E I MIE l Muncie, Ind I I I /14 - I 930 I 14. I 
A I I Palm Cali I I I /14 - I I 1 ' I 



-----------------------------------------------------------------

Expir<Jiion March 1985 

tion 
each 

use 

1 

or 

comments you on 

10 

11 comment 

CT FORM 7950-2 (10-83) 

FIGURE 6. AWOS PILOT QUESTIONNAIRE 
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LOCATION: 

AIRWAYS FACILITIES 
AUTOl'1ATED WEATHER OBSERVING SYSTEH 

DEMONSTRATION 
PERFORMANCE AND REPAIR LOG 

Actions 

2 

I-' 
1\j 

2 

ter Assistance: 
Dennis Steelman 

Paul ck 
, - Warren Smi 

--52 1 
482-4337 

2-4341 

PROGRAM , 



Perfo nee Failure, and Repa s were used fo calc 
mean-time-between failures TBF) ea - ime- o-rep 
e ch sy tem n e ch se sor. These forms were completed 

echn cian s o the Tech ic Ce ter 
compi lations The these nicians in 
duties cont ted to the success f the demons rat 

ly obser t o 

ement s fo e ch 
shown 

to e 
meet these 

ION 

s. 
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TABLE 2. A\ITOS 

Visibi 
Range 
Resolution 

Accuracy 

Cloud 
Range 

Accuracy 

Temperature 
Range 
Accuracy 

Dew Point 
Range 
Accuracy 

Wind Speed 
Range 
Accuracy 

Wind Direction 
Range 
Accuracy 

Wind Gus 

Altimeter Set 

Accuracy 

Occurrence 

Accuracy 

FUNCTIONAL 

<l/4 to 5+ miles 
1 ' l' 

1 1/2 2, 2 l/2, 3, 
4, 5, 5+ 

+ one le increment 
90% of data 

100 to 5,000 ft (visibi 
3 miles no 
100 to 3 000 ft 
in moderate rain 

ft to 1500 ft 
from 500 ft to 5,000 ft 

-60" F to 130° 
!" -40" F F) 

2° F (-60" 
20" F to 

-30" F to 90" F 
2" F 30" F to 

100% to 15% RH) 
F -10" F F, 

95% to 15% RH) 
-30" F -10" F, 

15% 

0-100 knots 
2 

10" (2-minute average) 

Same as wind speed accuracy, 
with 5-second average 

28-32 in Hg (-500 to 10,000 
feet s.L 

in Hg 

in 
incorrectly 

inches in 

inches for. rates less 
1 inch/hour. 

Reported each l, 6 and 24-hour. 
s 

m.s.l. mean sea level 
Hg inches of mercury 

14 



---

TABLE 3. PILOT STIONNAIRE RESPONSIVENESS DISTRIBUTION 

Location Count 

1 AUO 20 
2 HOU 28 
3 EEN 55 
4 MIE 32 
5 PSP 24 

SBP 52 
7 GAL 1 

DCA 29 
9 50 

10 HUM 36 
11 CMX 27 
12 PWT 29 

27 
4 VDZ 

A tabulat on was made of al questionnaire 
responses. Classification c tegories were estab­

responses as wel as to accommodate 
c ive comments that occurred A count of the 

y classification category was then performed and presented on 
bar agram. The tal of 52 favorable responses excee s the 

es analyzed se some pilots listed more than one 
resul s of the ~n figure 

Ava 1 ~ ~ are the or c 

le AWOS response 
al scheme as 

this s s 
le respon e 
) of the 27 
Thirty-f 

~n reveals an 
S egory ( 27) n 
prov~ e results of the 

each syst~m ontractor. A 
h the Artais total of 34 

e two the of unfavorable voice 
generated l s us the WeatherMeasure tern as opposed to the 
tern. However, it should e no e hat the WeatherMeasure site at 

which uses a Do pler VOR pr an excessive number of these 
le comments. Of the 28 total responses ce ve from Hous on, 

isted an unfavorable voice commen • This epresents of the 
lots who evaluated Houston AWOS. The reason for the low ating at Houston 

was due to the VOR 1 s 10 kilohertz (kHz) side-band modulation which masked the 
vo1ce message. Houston was the site to use ler VOR and the s de and 
modulation is characteristic of this VOR. 

15 
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TABLE 4. 

Period 

- December 

March 

il 

UNFAVORABLE VOICE COMMENTS 

WeatherMeasure 

7 

14 

8 

30 

2 

Artais 

3 

2 

5 3 

June 0 1 

Total 86 34 

5. Response elements of the 420 lot questionnaires 
ious sta sti al methods. These questionna r 

tern Rat 

AWOS Ceil ( ft) 

Pilot Cei ( ft) 

AWOS Visibility mi) 

Pilot sibi i nu 

Average Pilot ng Hours 

The etwe AWOS ei ing and pilot ceiling responses and A1tJUS 
and ot visibility responses 
of the 98 BMPD Stat s cal 

per the statis ical culations of 
the v iable i each instance 

, standard 

were similar analyzed. Computer 
S ftware Package were employed i 
the ana es Descri tive statis-

included the frequency of occurrence, 
erro of he mean, coefficient of 

i minimum lues. The ter-generated resu s for 
stat sties are presented in table 5. A referral to the 1983 BMPD statis--

tic software can be found Technical Note DOT 18-1. 

Overal rating of AWOS was establ shed as the 
tance in the lot questionnaire survey P ots 

giving a numerical rating from (poor) to 
lot rat s the 64 as cated n tab e 5; 

the tandard error of this mean value i.e., error) is 062. 
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TABLE 5 DESCRIPTIVE STATISTICS 

Standard Coefficient 
Standard Error of of Minimum Maximum 

Variables .~requen.£_Y Mean Deviation Mean Variation Value Value 
---·-

l. Rating 1,2o 3.64 l. 28 0.062 0.351 LOO 5.00 
2. AWOS Ceiling ( f t) 233 3221.03 1904.70 124.78! 0.591 roo. oo 5000.00 
3. Pilot Ceiling ( ft) 233 3373.09 1850.51 121.231 0.549 150.00 5000.00 
i,, AWOS Visibility (mi) 239 4.67 1.42 0.092 0.304 0.25 5.50 
5. Pilot Visibility (mi) 21,0 4.89 l. 27 0.082 0.260 0.38 5.50 
6. Average Pi lot Hours 412 386.88 322.56 15.891 0.834 10.00 11,00.00 
7. Sky Conditions Difference ( ft) 233 -152.06. 1298.99 85.099 -8. 543 -4900.00 4800.00 
8. Visibility Difference (mi) 239 -0.22 1.14 0.074 -5.280 --5.00 4. 50 

7 • AWOS and The AWOS reported 
ceil c mean o standard ia i 
1,904 The standard deviation 1s large e o the number 
observations at the extremes especial y a upper extreme. The 
report was 100 feet; the maximum was 5 feet. This maximum 
of 5,000 feet occurred in 106 45.5 percent) ases out of t e 2 
questionnaires that included information about the AWOS reported ceil 

The pilot ceil had very s1m1 ar statistics. The ar thmeti 
3,373 feet, indicating an average bias etween AWOS re orte 
reported ceiling of 152 feet The variable ceil difference i obtained 
subtracting the ilot report lowest clou level fr AWOS report 
lowest cloud leve The standard deviati fair close 
that of the AWOS ce1 A Student t 
the results indicate no stat etwee 
arithmetic mean of the AWOS and 

1es 
larger were treated as a maximum es. 
ence between the AWOS reporte ib ty 
maximum situations was zero. 

The AWOS reported vis bi ity had an a ithmetic 
standard deviation of 1 42 miles. The 1 
statistical values wi h a mean f 4. 
1.27 miles. The mean of the s b 
standard error of 0.074 miles. 

A two-factor 
visibili ce 
Each factor wa divi 

were as 200 feet or e 
differences were establishe 
than 0.5 miles. The 
variables identified 

The raw cell means of 
table 6. The table ows 
reporting ceilings which di 
observation in combination with Vl.S 

than 1/2 mile from the lots observation. 
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From an overall standpoint pilot ratings, as expected, are lowest when 
visibility differences exceed 0.5 miles and, at the same time, ceiling 
differences exceed a 200-foot threshold. Pilot rat are relative 
when either visibility or ceil (or both) are less than the threshold va ues 
shown in table 6. 

TABLE SYSTEM RATING ACCORDING TO VISIBILITY AND CEILING DIFFERENCES 

es 

ft )200 ft 

<0.5 miles .86 3.09 

>o.s miles 3.39 1.88 

~on 

ted 
ifferences are shown in figure 

~n 0,0 with 118 cases out of 
no differences in and visibili 

1 An ana is was performed to detect 
any pe sys em rat ng on ystem location. There we e 
s gnificant differences in system ra ings at the 14 different locations, 
shown in table 7. Several other multiple camp ison tests confirmed 
find Also, lot responses were to see if either of the two AWOS 

terns had any effect on system rat shown in table , system type had 
no s ficant effect on lot rat 

TABLE 7. LOCATION EFFECTS ON RATING 

Count Standard 
Location N lOll 

WeatherMeasure 

1. AUO 20 .45 0.6863 
2 HOU 28 2 75 1.5546 
3. EEN 55 3.45 '3953 
4. MIE 32 3.47 1 2439 
5 PSP 24 3 83 0.9168 
6 SBP 52 3.91 0.9788 
7. GAL l 2.00 0.0000 

Artais 

8. DCA 29 3.74 1. 2861 
9. 50 3.90 1.1429 

10. HUM 36 4.19 0. 
11 CMX 27 2.59 1.3085 
12. PWT 29 4.00 1..0690 
13. SAF 27 3.04 1. 427 3 
14 VDZ 6 4.33 0.8165 
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TABLE 8. RATING ACCORDING TO SYSTEM TYPE 

Count Mean Rat 

WeatherMeasure 212 3 61 
Artais 204 3.67 

1. cess. The methods of access to the AWOS recorded messages 
were: screte VHF dVHF), FSS Speci 1 st, ATC, and tele one. It was 
observed in the tabu 1ation of lot responses that some lots gave mult 
entries o this question of method f ac ess. Hence, certain ground les 
were es ablished in orde to focus the multiple responses to s le 
pr method of access. These rules were: radio access had riority 
over tele one and VOR had prio ity over dVHF. For example: in mul iple 
responses of VOR and te y rec or ; where VOR, d VHF and 
telepho e were all checke off, was recorded. Finally ~n the 
example where dVHF spec 1 and were both checked ff ly dVHF s 
recorded. 

A comparison was made o test the effect that method of system acce s had on 
the AWOS System Of the onna res, were evalu ted 
a sys y or throug the VOR frequency. 
Table re.sults. 

These d ta show that system st when the lot accessed AWOS 
VHF. This table ed to Studen t test comparison 

e made on radio versus includ both dVHlF and 
The resu ts c t system rating is presente in table 1 
est showed ly h g er mean rating for radio 3.70) than 

( 3 38 • 

TABLE ACCESS EFFECT ON RATING 

Count Standard 
Method of Access Deviation 

VOR .44 179 1 31+ 
dVHF 4.01 144 1.03 
Tel •38 83 1.40 

TABLE 10. TELEPHONE VERSUS RADIO ACCESS ON RATING 

Count Standard 
Method of Access Deviation 

Tel 3.38 83 1.40 
Radio 3 70 323 1.25 
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12. Another sis performed the effect 
of unfavorable comments to lot rat 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 f ice effect on 
rating is given in table ll. Results show system rat 
lower when the pilot had difficu ty with message i g ility such as 
"Voice Hard to Unders and "Poor Transmission. 11 

TABLE 11 VOICE EFFECT ON RATING 

tem 
Voice Effect Rat 

Too slow 3. 27 0.82 

.L •Hard to understand 3. 1 

Poor SS10n 3. 24 L 

13. 
compar son test was run 
against the 356 OMB 
found between the two groups 

14 

test the VFR effect. 
rat for VFR was 3.53. Consequen 
VFR had no s ficant effec on 

MTBF AND MTTR ANALYSES. 

General. Computatio 
each sensor each manufac 
14 AWOS sites. These 
data contained in Airways Fac 
periodical forwarded to the 
scope, these data overe 
June 1984. 
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The standard s followed in assess the s involved determinations 
as to completeness and applicabili of the data. When add tio 1 or 
clarifying information was needed, tele discussions were held with the 
technicians at those sites of concern Further, annotations were made 
adjacent to the entries to of failure category, i.e , system 
failure as defined in the AWOS or sensor failure. F ilures t 
were not appl cable (e.g., data were annotated as "OMITS." 

2 Two d i tinct methodo s were necessary 
for sensor MTBF s. One method was use f r 

ng the estimated MTBF, while the other lved calcula ing the 
conf limits of the true MTBF. Calculation of estimated MTBF va ue s was 
employed when two or more failures occurred. When one failure no failure 
occurred over the duration of the AWOS demonst ation program, the con 1 ence 
limits of the true MTBF were calculated. 

The basic reason for lementing two different calculating methodo 
stems from the inherent meaning of MTBF, i.e., mean-time-between-f 

tly, at least two failures must occur before normal c culat 
MTBF can take on practical 

Two or More Failures • Estimates of the MTBF 
or cu the system and each of 
at the fundamental expre sion: 

(1
TOT

MTBF 
n 

where TOT represents the total operating time and n the number of lures 
two or more) the period. 

In calculations of system MTBF for each s te 

TOT t (total time to restore + ve 
e ime) 

However, in calculations of sensor MTBF for each sensor for each s 
express was modified as follows: 

TOT Total period time :E(total t to restore + tive 
maintenance time) (down t due to a system failure) 

For sensors there are two t factors: 

a. Cases 1n which the system was operational but the sensor was 

b Cases ~n which the system itself was down and, consequent the 
sensors were not operational. 
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Further, in near all instances i ve did not occur 
This reduced the expression for TOT for calcu ating purposes of system MTBF 
to: 

TOT = Tot period time - 1:( total time to restore); 

and for sensor MTBF to: 

TOT = Total time [(total time to restore) + t due to a 
system failure) 

s a basic ground rule for the analysis. total period time, month 
month bas • establ as 720 hours. As a result overal tota cumula­
tive period time -month demonstration program was 200 hours. 

IfT=l: hours 
accumu in such a 
replacement two-sided 

( 

( 
2T < 2T 

-.,,------

/ 2·2r+2 X1 ;2r 

and the one-sided confidence limit at the same level :ts 

(3 
m 2::: 2T 

2r + 2 

Fur her, even if no fa 1 e occurs r = 0 
confidence imit can e ca cu a ed (Bazo Re iab 
Practice Prent ce-Hall, 1961 pg. 238) i.e 

4) 
2T 

= --,;---

; 2 

t ab s 
T" the total time, "r" 

numbe f f ai of s 
cance, 

The gene a for determi two confidence limits 
for the true ap ied those cases in which only one 
sys 8 during the 10-month AWOS demonstration 
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rogram. The confidence level selecte was 80 rc nee .20. 
Substitut and s i the specific expression resu ted 

2T < m < 2T 

;4 X 90;2 

Values fo the two denominators the expression were determined from stati 
l tables for percentiles the d s t s enab t 

llowing lne alit e a tual ompu t t i onal 
usage: 

2T < m < 
7. 

Consequently, o perform the needs to be known 
is the respective tota 
encing one failure. 
the true MTBF can be tuation. 

i which system or sensor experienced ) 
ime arne, lowe c fidence level 

a on 4 cited earlier percent; 
hence = 10. The value for x2 es was f o be 
4. 61. Subst t s val bas expression used for 
computat onal purposes: 

7 
2T 

4.61 

ln matri format, 
of fai ure occ r ences ring the 

each manufacturer (WeatherMeasure and 
l heading in eac ins ance, are the three-

characte i en if ers the seven associated AWOS sites. Listed vertical 
the irst column are system Entries in the b of 

each ma ri ef e s buti f failure occurrences To 
determine the actua number of f il e ccurrences or s tuation, read 
ac oss the r system r speci ic sensor) and own the si e column The 
number of failures appears the intersection of the row and column. 

An analysis of se failure distr revealed, ln general, that Weather­
Measure and Artais had almos the same total or more failu es 
( 3 versus 14 ln count) and one or failures 42 in count) respec­
tive This ion was particular! useful i of ringing i to 
focus the of MTBF calculat methodo be 

Contrast ng differences, however, were ted wit n these d s ributions. 
Artais had a substantial number of two or more failure cases than 
WeatherMeasure (208 versus 42, respective ). The contr tor to the 

Artais count was the arge number of system failures ( 84), most of 1iih ch 
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occurred at CMX and PWT. For WeatherMeasure, the highest count of two or 
more failures was for the sibility sensor failure at EEN (12). Insofar as 
the distribution of occurrences of one or no failures, WeatherMeasure had 10 
instances of one failure and 33 instances of no failures whereas, Artais had 
18 instances of one failure and 24 instances of no failure. 

The overall total counts of failure occurrences the 10-month time frame 
were for WeatherMeasure and 226 for Artais. At the termination of he AWOS 
Demonstr tion on June 1984 (i.e. last data collected on June 30) 
there were five instances in which failure situat ons had not been resolved, 
one at a WeatherMeasure site and four at Artais sites. These related a 
second ce 1 sensor failure at Muncie, of dew poi 
precipitation sensor failures at Wash sensor failure at 
Houma and a second preci 1on sensor on. 

6. Estimated MTBF and Limi affords 14 sets 
of es, one set for each seven WeatherMeasure Art i 
sites. Each consists of tables which , in order a 
record of the system data and corres sensor data computational resu ts 
for total operating time and number of fai ures The order of the sensor 
data is as fo lows: ceiling, sibi i nd tempe ature dew point, 
preci itation, and altimeter. The tabular data for WeatherMeasure are shown 
in tab es B-8, whi 1e tais data appear in tables B-9 B-
Resu ts are given cumu1at vely the time from 1983 June 
1984 

t is to be noted that cumulative operating time is ven 1n 
even when there are no failures. Inspection of the sensor data reveal 
ences n operating time s down t due to a system failure 
The calculated results of estimated MTBF for each time period are sh 

st c lumn of each able, when app icable. This pract ce adheres the 
thodology discussed earlier for calcul est MTBF 

a system or sensor incurred two more 
of each system and sensor table are the 
the 10-month AWOS Demonstration 

Tab es 13 and 14 overall ional results for Weatherl1easure 
Artais, respective for the 0-month AWOS Demonst ation Program 

forma of these tables is anal gous t table 12. Entries consi t o he 
numer a values 1) the ower confidence limits of the true MTBF a the 

perce t confidence level for cases of no failure occur ences· (2) the 
two-sided (lower and upper confidence 1 ts of the true MTBF at the 0 
percent confidence level f cases of ne failure occurrence· and (3) the 
est MTBF s corre ing to two or more failure situations. 

The designators "V' and "U" appear to the left of certain entrie n;:;pre 
sent that these numerical entries are the lower and upper confidence eve ls of 
the true MTBF In cases where a numerical value appears after an "L" des 
tor and a dash after the "U" designator, the numeric represents the lower 
confidence limit of the true MTBF, while the dash denotes there is no upper 
bound insofar as a confidence limit (i e., these app to no failure situa­
tions). Final when a numerical value appears without any des :3, this 
represents the est value of MTBF (i.e. the case for two or more failure 
occurrences). 
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TABLE 13, ESTIMATED HTBF VALUES AND CONFIDENCE LIMIT VALUES 
OF TRUE MTBF FOR WEATHERMEASURE 

EEN MIE SBP 

L 1851 L 1850 L 1842 
System 1362 2365 3599 23 

u 68334 u 68314 u 68002 

L 2975 L 1851 L 3123 L 1711 
Cei 3296 3599 742 

u u 68332 u 63189 

L 2984 L 3124 L 3123 L 1850 L 3108 
Visibility 594 2398 

u u u u 68303 u ----

T 
'-' 3106 L 1850 L 3079 L 3123 L 3123 L 1 3108 

Wind 
u ---- u 68315 u u u u u 

L 3094 L 3124 3079 L 31 L 3061 1 3108 
Temp. 3500 

u u u u u u 

T 
L< L 3124 L 3079 L 1849 L 31 L 3061 1 3108 

u u u u 68292 u u u 

L 3106 L 1851 L 3123 L 3061 L 3108 
Precip. 3584 3358 

u u u u u 

L 124 L 1844 L 3124 L 3124 L 3124 L 3124 
imeter 3572 

u u 5 u u u u 

NOTE: 
L = Lower Confidence Limi of T:rue MTBF 
U "' Upper Confidence Limit of True MTBF 
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TABLE 14. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES 
OF TRUE MTBF FOR ARTAIS 

SAF 

System 397 448 122 146 17 2 1431 1004 

L 1747 L 1690 L 1634 L 1704 L 3105 L 1419 
Ceiling 738 

u 64500 u 62386 u 60325 u 62919 u u 52387 

L 3097 L 1608 L 3039 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 64460 u u 6623 u u 

L 3098 L 2947 2860 L 3039 L 2943 L 1844 l3 
Temp. 

u ---- u u u u u 68090 u 

L 1555 L 1788 1 1731 L 3123 L 1246 
3395 1575 

u 57434 u 66032 u 63904 u ---- u 46018 

L 1068 L 2946 L 2943 T,, 3124 L 2748 
Prec 3285 420 

u 39453 u u u u 

L 1851 L 1850 L 3118 L 1851 L 3124 L 3124 L 2947 
Altimeter 

u 68339 u 68293 u u 68341 u u u 

NOTE: 
1 = Lower Confidence Limit of True MTBF 
U = Upper Confidence Limit of True MTBF 
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The source of data used for the various no failure and one failure computa-
tions of the conf limits of the true MTBF were the total times 
The respective related total operat times, in hours appear 1n the last row 
of the system and sensor tables f appendix B. The va ue or he var ous 
estimated MTBF' s were extracted from the last c as row entries of the 
respect B tables, as icable. 

7. Results. Tab e provides ompos e 
list cumu at ve operat ng number for the 
respective WeatherMeasure and Artai 
period of September 1983 - June t 
operating times and number of fai s f t e two manufacturer's 
systems are shown Fol customary ac p e p ac e s 
system MTBF's were compute dividing there pe tive aggregate 
times the number of fail es. calculated va ue o 
MTBF for WeatherMeasure was found to be ,107.54 and for Artais, 254. 

TABLE 15. CUMULATIVE SYSTEM DATA BY MANUFACTURER SITE 

No. 
Failure 

AUO 6 8 1.1 
HOU 7 199 00 
EEN 7 096.00 
MIE .93 l 
PSP 7, 95 
SBP 7 055.58 
GAL 7 64.00 l 

Totals 

No. of 
Artais Fai 

DCA 141.12 
277 40 

HUM 562.88 54 
CMX 7,001.37 48 
PWT 6,730.02 
SAF 7 156.22 
VDZ ,023.00 6 

Totals 

8. 

failures 
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Two sets f tables are presented in this 1x. Table C-1 covers Weather-
Measure failures and table C-2 covers Artais lures. The format of these 
sets of tab es are the same and essent ally follow the format of table 12. 
However, they differ in the de and scope of coverage require i e 
fai ure -failure accounting diagnosi process. Summary information is 
respective tabulated the cause s) of the fail re occurrence and 
correct ve action taken to restore the item (system or sensor) to operat on. 

those tances in which no failures occurred for a sens "none" appears 
as an e the failure number tabular lumn. Further, failures that 
remained unreso ved by the con lusion of the demonstration period are so 
indicated. 

Table l lists in a matrix type format a consolidated summarization of the 
system and sensor failures manufacturer for the 10-month AWOS demonstration 
pe iod. Data relative to cause( s of fa lure and corrective actions from 

tables C-1 and 2 were separate y analyzed, reduced, and g ouped 
into like fail re diagnosis distri ution categories. The respective 

appear in the first column of table 6. As wi 11 be oted, the e 
are 12 distributio categories for WeatherMeasure and 14 for Artais, some of 
which have the same descr tive title, while others differ D ssimi ar ties 

e att ib te to the differences in the manufacturer's AWOS de gn and 
methods for correct ve t to restore operation .. 

The resu nume 
each sensor is shown 

g 
sensors 

Ar a1 
He 

MTTR refers the time 

ac 

Specifically, MTTR ludes the time actions to: 
nose the failure· b) remove the failed item art, module, uni , assemb , 
etc.)· (c) repai the item, f n s warrante (d) replace the 
fai ed item th a spare, if ver1 cation o assure roper 
operation has been resumed. 

MTTR was calculate for the syste and each of the seven sensors at each 
the 14 AWOS sites means of the mathematical expression 

( 5) 
n 

iMTTR E 
i 1 n 

where n 1s the number of failures during the time per 
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TABLE 16. SYSTEH AND SENSOR FAILURE DIAGNOSES DISTRIBUTION 
CATEGORIES BY MANUFACTURER 

s c v w T D p A 

CPU fault 3 

Defective 8 1 1 1 1 

1 1 

Erroneous clean sensor l 1 3 

Erroneous calibrate sensor 2 1 5 

Short 1 

Loose 1 3·· 

Sensor malfunc 1 1 1 5 

Rack fau 2 1 12 l 16 

Defective power 1 

Indeterminate sel correc 1 

Unresolved at end of test 

Total 16 1 2 3 



Similar to he analysis for MTBF, total per od time was es ablished a 
month month basis, as 720 hours. 

Hence, for ional purposes on a month month basis 1.11 general 

MTTR = 

for any system or sensor. 

MTTR was calculated month as well a cumulative basis, for each sys em 
and sensor for the 10-month AWOS D s rat on Program Mathemat ca 
cumulative MTTR is expressed as follows: 

( 6) 
10 
r 

r 
j=1 Tot Number of Failures 

where represents the number of riods 

Table 17 matrix 1.ons of 
cumu ve WeatherMeasure and Artai for the 
0-month period as entries of 

two matrices, des there wer o currences f 
e. S te sys em ock numerical value ours), liTh le 
are s ibuted different locks for the seven sensors. 

t y i site blocks denotes that each 
of the res t the e fai es were not 

o In these instances, 
sk appearing in the 

fies that this sensor experienced 
a ure res ved e end of the AWOS 
ation pe i e try in this b , however 

the cumula ive MTTR fo this precipita ion sensor att ibutable to 
vement of an earlier failure which had occurred 

Tab e 1 affords ementary t data in matrix format, as 
the actual values used in c ng the cor esponding WeatherMeasure and 

Art s cumulative MTTR' s shown previously in 1e 17. In those instances 
where one or more failures occurred and were resolvable, the blocks of the two 
matrices contain ratios The numera or in each ns ance represents the 
cumulat tota time to repai ·the de nator ndicates he cumulative 
ot 1 number of failures. Divis o of the upper value by the lower value 

results in all cases, in the cumulat MTTR of table 17. Ent ies of 
11 NF" and asterisks in table retain the same s as table 17. 
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TABLE 17. AWOS SITE SYSTEM AND SENSOR VALUES FOR CUMULATIVE MTTR 

WeatherMeasure AUO HOU EEN MIE PSP SBP GAL 

tem 1.23 l 00 2.08 0.17 1.02 0.67 

Ceil NF 1.25 0.50 0. 25** NF 0. 

Visibili NF NF 0.76 NF 3.00 .39 NF 

Wind NF 3. NF NF NF NF 

NF NF NF 5. NF NF NF 

Dew Point NF NF NF 0.33 NF NF NF 

Prec at ion NF L 3. 25 NF NF NF 

Alt NF • 20 3. NF NF NF NF 

Artais--- HUM PWT SAF 

tem 0.40 1.23 0.38 .28 •25 

Ceil 2.00 * 75 8.00 NF 00 

Visibi1i NF .12 NF 

Wind NF 0.25 NF o. NF 

NF NF NF NF NF 

Dew *' .22 0.58 0 NF 6. 

Preci :ton "k NF L 1. 00** NF NF NF 

Altimeter 0. 4. NF 0.30 NF NF 

Note: 
NF No failure occurence 

* = Failure occurred, but not resolved 
** = Second failure occurred but resolved 
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TABLE 18. AYvOS SITE SYSTEM AND SENSOR VALUES CUMULATIVE TOTAL 
TIME TO REPAIR VS CUMULATIVE NUMBER OF FAILURES 

NF 

NF 

Wind NF NF NF. 

Temperature NF 

Dew Point NF NF NF 

NF NF 

Altimeter NF 

NF 

NF 

Temperature NF NF NF 

ion NF 

Altimeter 

Note: 
NF = 

= 

SC = 

No failure occurences 
Failure occurred but not resolved 
Second failure occurred, but not resolved 
Self , failure did not time 
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SON ANALYSES. 

Data Reduction Methods. 

is se t on outlines dat reducti me sed to 
the agreement betwee AWO measurement 

off c The two gene a 
ial ata for ea h 

are a correlat on 
ferences (AWOS minus 

1_n test the statistics curacy or 

b. of relation­
sh (or official observa­
t on was es In thi 
subsection var1_ taken as 
be ng representat measurement and corres c 1 obser-
vation respec 

between AWOS and official 
correlat coefficie 
oefficient between the 

e betwe and y are their 
The acre ation i ient was 

The 1_0n 1.s also known as 
1_on coefficient. 

ve va ues 
larger values of 

y are ssociated with 
a favorable relat 

e ati is linear, strong and 
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Once the degree of agreement and of e between AWOS measure-
ments and official observations are discerned throu the sample li 
correlation coefficient it is customary to employ a regress ana i 
determine the under relationsh between the two a sets. A techn 

ommonly sed n finding a linear relat onship is a least-squares 
which ovides the best-fit s line ( regress line) hr 
paired meas ements The of the regre sion line for 
measurements of y on x is y ax + where the coefficients 

9 

a = 

and 

(10) 

EYi -
b 

N 

of the linear regression l In 
e linear relationship etween x 

s to one and the 

Another useful way of compar the AWOS data 
to describe the oral variation of AWOS devi 

esponding f 1-c l observations. s "1\ras out 
e 1-es f i tan ane s ifferences (or res dual 

(H) 
( t t t) 

where t fference is defined as the AWOS measurement 
minus the official observation 

11 d 11The d fference s n solute measurement of the error in AWOS 
the reference value 1-s not necessar1. a precise or accurate standard 
th s investigat ver, the ser ions were assumed to be 

iab e and therefore, the ime se ies of differe ces is essentially 
resentative of the undesired error or oise) :tn AWOS. The theoretical 

ity distribution which ical desc s these random errors is the 
well-known normal or Gaussian distribution. 

The objective of the time series is is to express the overall amount and 
distribution of this no se in terms of suitable statis ical parameters. our 
statistica estimators sel cted for descr the error characteristics are 
the mean difference, standard deviation, rms value, and reliabil ty index .. 
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The sample mean difference the arithmetic mean of differences over 
the time series and was c each parameter ace to the sample 
mean value relationship 

(12) 

l
d 

N 

where the size N is the number of differences and i 
instantaneous diffe ence va ue given by equ T e 
difference d is also calle a mean ias value representat ve 
static or systematic c of the noise. For , large as 
usual indicates that the sensor be may be out of calibrat 

The c or fluctuat c of the noise about the bias 
standard deviation. This is the mos 

used for estimating variation C tat 
standard deviation, defined 

) 
s 

was carried out means of a more ional effi ient formu 

(14 
s 

The rms value is a suitable statistic s1nce ibutes a combined me 
of both the static and fluctuat ise ab t 
level of zero error se rms value of 
(rms error) 1s provided n u 
deviation the relat 

rms [ -
N-1 

(s 2 + 
N 

In this equation, the f st te f rm f t 
var1ance. A desirable characte d ffe e e, 
deviation, and rms ha of these stat 
the same as the 

The reliability inde ar 
P l an • It is de fi ned a of f 
which falls withi sp ci an e 
reliability index is given 

( 
RI N 

1 
z < e 

-- 0 > e 

where the value of e for eac meteorologic 1 parameter 1s ided 1n 
table 19. 
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The values of e in table 19 are based primari on the sensor functional rms 
error ts stated 1n the AWOS Test Plan A e iab li y index for 
pre ipitation is defined as the perce tage of times AWOS and the official 
observer joint reported yes or no for prec itati occurrence 

TABLE 19 ACCEPTANCE LH1ITS FOR RELIABILITY INDEX .COMPUTATION 

Parameter e 

Cloud He t ( ft) 200 for official < 1500 
400 for official > 1500 

Visibili (mi) 0.5 for official < 2 
LO for offic al > 2 

ature (oF) 3 
Dew Point ( ) 4 
Altimeter 1n ) 0.05 
Wind Direction ( ) 35 
Wind (kt) 5 
Wind Gust ( kt) 5 

After a sample st 1s computed t s 
tomary the sample value est s he true po 1 a i 

1 This is carried out eithe statistical pothesis testi g or 
interval construction In this section, the procedures used o 
he accuracy of the sample ar orrelation coeffic ent, mean 

rd deviation, and re iab lity index a e ou ined. These 
teste s1nce are the statis ics used 

As a ru e, a 5 percent onfidence 

The accuracy f he correlati c eff c ent estimate the 
true correlation coefficient xy s often evaluated test ng hesis 

Rejection of this othesis as a result of the signi 
ies that the correlation coefficient estimate r , a s gnificant 

e a ionship indeed exists between the andom var1 es x and An 
acceptance interval for the s1s s given 

17) 
-z. 9 5 .:;_ w .:;_ 2 .975 

where the sample size N is the number of paired measurements and z is the 
standardized normal random variable (see Technical Note 
In this relati p, w is a transformation function of 

18 

This function facilitates the use f the ac ance interval in lOU 17 
s1nce w has the convenient property of being approximately 
distr ted. 
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A statistica correlation occurs when the value of w falls 
side the 1 ion 17 In other words, when the absolute 

val e of w is greater 1 96, ect the sis and say 
that we are 95 percent confident that a ficant correlation exis s between 
x and y. 

orde to de erm1ne the accuracy of the s bias and standard deviation, 
1 is desirab to examine these estimates 1n li i ervals 
constructe for their lation c s. distribu-
tions for the sample bias and standard deviat s, when N observa ions are 
made from a po ti with unknown mean ~ and standard deviation cr, are 
Student-t and chi-square distrib tions respectively. Then the percent 
conf intervals are 

19 

s 
jl = d + 

and 

1 
2 

s 

975] < a < 
s f 

t a d 2 are t e Stu e t-t and wit 
of freedom, virtue of the distribu-

centered exact within its confidence interval, while 
ts typi a skewed awards 

on 20 s the sample s 
population. This assumption is reasonable 

f residual difference s 
1. 

I s t as and st ard deviati were 
significan only when the r respec ive 5 per ent 

rely contained within a prescribed tolerance 
e 1 te st be within the acceptance 

mit E for each meteor ogical 
parameter 

20. MEAN AND STANDARD DEVIATION 

Parameter E 

100 
0 25 
1 0 
2.0 
0.01 

10 
2 
2 
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The ntervals in table 20 were selected based on the accuracy and quanti 
increment of the particular atmos eric parameter. As an e le if he 
computed confi ence interval for dew is J1 = d 1.2 °F, then the sample 
bias ~s ace as be ca ly significant ly greater 
than 95 ercent c s the of the confidence 1 is less 
than the prescribed limit of +2 °F in table 20. 

The accuracy of t e reliab lity index RI estimate may so be determined 
establish a confidence interval for ts population counterpar p Since 
t e stat tic RI is app oximately normal y distri te the 95 percent 
confidence interval for ~s 

2.1) 

p = Rl + z.975 

In this st , computed values of RI were accepted as being statis cal 
f at the 95 percent level when the conf interval in 

was within RI +5 

Inspection of the foregoing formulas fo s ficance test on the sample 
orrelation coefficient bias value, standard deviation, and reliabil ty ndex 

show that the curacy of a computed statist increases as the size N 
~ncreases, level of onfidence laxed ent rejection of 
a computed s atistic cause of s c 1 at a certain 
confidence level, s a resul of an 

common method of s ze obt s atisti­
cal s fidence interval for the true 
~ s. the 

desi e accuracy; 
at least 95 

s e equation 
required sample ze 

2) 

where E is the to erance given i tab e 20 Analogous , a 
reliability index estimate of de ired accuracy can be 

the confidence. interval formu a in equation 2 

Data Disp 

a. A set of gener 1-purpose ott routines were deve 
for gr of the comparison ana s results. These tines 
sed to construct for each meteoro a parameter and particular case s 

t series plots of residual d fferences, scattergrams of AWOS on observed 
values, and re ative and cumulative histograms of residuals. As a 
samp e, a complete set of plots fo si es at Washing on D.C., and 

~s g~ven in figures D-1 hr D-30 of D These f s 
p s plots, scat histograms for each of the e t 

meteoro les 
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b. The time series ots ct the residuals (AWOS 
m~nus as a funct on of time over the 10-month s These time 
ser~es plots were very useful in the ident fication and of anamolous 
data s ~n the raw data. Time series p the ei meteorolog ca 
variables are for DCA and HOU in f of ix D. 
As additional information, the samp e s as value, rms value d 
reliability index are annat ted 1me series plot. 
horizontal lines represent the prescr interva for re i 

ion (see table 20 • 

c. A sea ergram or scat p i a pract 
results of a co e tion reg ess 

Scattergrams were constructed pl tting the AWOS 
corres observed values. In , the s see 

the relative scatter in these data, while onship 
between the AWOS and observed values i typifie the tren 1n these da a 
points. Scattergrams for the e meteorol DCA and HOU are 
disp in D-11 D-20 i ap each atum 
point in the scattergrams may represent more than one event due t the 
discrete i intervals of the data. As resul s tergrams c lou 
hei t and visibili the relative number 
of reportable i rements. linear 
correlation coefficient '"R,t~ and the s of the 
linear regression equation y = Ax + , where y 
is the corres ing officia value .~re 
linear regression equation is depicted in scat e gram 
strai t line sed thr these dat A perfec s 
shown as the dotted line at 45". 

Hi 
1 ty d stribution of es 

distribution. Relative frequency 
(normalized relative to t ta 
takes on within the samp e 
histogram on the other ha 1s a mo e useful 
probability distribution of residuals s are 

tude absolute value of the errors. 

Histograms of residua 
HOU are 1n 
shows both the re ative 
probability distributions 
midpoint) denot~d on the 

icted the shaded rec 
the left-hand side of the 
residual differences which 
relative cumulative frequency 
line extending from the port 
Relative cumulative frequenc s line are g 
the y-axis at the ri t-hand side o relative mulati 
frequency indicates the of the time the ab te value of the 
residual error was less than or equal to that of the class mark. 
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I istogram, he residual sample s~ze N, bias value, rms value, and 
index are A normal il function was fitted to t 

samp e st tion This function, which is ted the 
smooth dotted 1 lied based on the sample me lue 

t ard deviation of the The vertical dotted line represent 
presc tole i ex computation (s e 
able 20), Hence lative f equency a he 

intersect of the vertical dotted line is ~ve f he rel ab 1 

3. Results. 

a. GeneraL Detailed results of the AWO versus official comparison 
ana ysis or each meteorologi al arameter and AWOS site are given in 
appendix D. The results are surnmar zed accord to overall AWOS performance, 
the two system contractors, and the sensor types. 

A total of 22,992 s of hour AWOS and officia s ''"ere and 
ana The s atistics presented in this section are based on averages 

according to individual sample size in order to account for the 
sizes for each parameter and site. sizes less than 1 

were di 

b and Ceil 

A consider e effort was 
state he s most 

t indicator CHI 
Impuls ik ceilometers, 

Meisei ceilometers. 
oud elements 

e ce a hie 
algor is 

tandar surface aviation weather observat 

ffic obser ati s ceil follow the s 1n the Federal 
al Handbook No. 1 FMH-1) The hei t and cover of eac oud 

ayer is est mate y a cer fied weather observer who visual surveys 
whole from horizon to horizon. The of subject veness and i s n 
the cl hei t and cover estimates differs from one observer to the next. 

many weather stations, fficial observations of s a d ceiling a e 
conducted with the aid of a rotat beam ceilometer (RBC The RBC consis s 
of a rotat intensi tter and a vertical ting 
rece ver which are normally se arated about 400 or 800 feet apar • U 
s tr lation pr ciple, the RBC measu es the hei t of individu 1 
c oud elements passing directly over the receiver. The nominal he range 
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of the RBC is about 10 t of its RBC data is 
to a s chart and ana a weather observer The hei 
each cloud layer is rdinari however, clo cover 
estimates from RBC s charts are usual vis 1 inspection of 
the 

An outline of the di ferent systems wh AWOS and officia of 
and 1 reports were obtained for each AWOS site is 21. 

The official measurement type indicated in this table repres s the most 
common method used det and 1 at that s te 

In summary, rtant to compare and evaluate AWOS cei perfor-
mance :tn :t ac uracy o subject veness of the AWOS officia 
observations, advantage o e human ob erver over AWOS is that the 
observer can scan the l€~ These o observations o cloud hei t 
and cover, however are subject est to the human element of 
bias and li RBC measurements rs p 
the subjecti means f la 

The accuracy o s 
accura the eilometer in detec c 

the cloud algorithm to process eilomete 
fixed point in space. the al thm 
time to cloud cover AWOS response to 
may be compromised. This condition is corroborated 
tech ic ans and p Conse nt the nical te current 
conduct a st to the respons s of the cloud al thm. 

TABLE 21. CLOUD HEIGHT SENSOR SETUP 

1 Measurement 
Site AWOS Ceilometer RBC Base Distance to AWOS ft 

CMX ik EST 3300 

ik RBC 1320 

DCA ik RBC 350 660 

HUM ik EST 3000 

PWT ik EST 3500 

SAF ik RBC 400 500 

VDZ ls ik EST 

EEN l'ieisei EST 6000 

GAL Meisei RBC 400 

Meisei RBC 550 2000 

MIE Meisei RBC 800 1320 

PSP Meisei EST 1320 

SBP Meisei EST 990 
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( 2) For each r of 
the number of s was compared 

laye s reported by the ial server 
the fo irrelevant situations ( 

occurrences of c ear elow 0 feet; 
cover the ayers. Results of the is are presented for each 
in table D-1. A summary of these results y system sensor t pe 
outlined in table 22 The e tab s the d stribut on of N cl 
number ifference (AWOS mi s cial) accord to seven screte classe • 
The number of joint c ear skies below , 000 feet not i lud 
in this lS 1S 

TABLE 22. CLOUD LAYER NUMBER RESULTS 

N Distributi 1n Percent 

( -3 -2 -1 0 1 2 

AWOS 10' 13 10 454 30 37 21 7 

ls ik 3,984 4 529 0 3 31 45 7 4 () 

se1 6,147 925 0 4 30 31 24 10 2 

Ab t one-half o 20 585 pai s o ceil s collected 
were occurrences of le 5, 000 I re 

e e 1n1ng half f he sample, AWOS ais and WeatherMeasure data 
combined) perfec the number of of ic al eported c oud 
layer 7 cent of the time. When a layer difference of one or less 

s considered AWOS ficial 88 percent of the time. 

mpu sphy i 1 er etter than the Me s i 
lometers. feet agreement with the 

f en han Me se e lometers, The 
wi one and 85 percent for s s ik and 

spect vely. em underestimates the number of cloud 
13 percent more often ove stimates, le the latter system 

ere imates he cl u layer mber two percent more o ten han t 
underestimates it. eilometers display even better performance 
when the abnormally poor results from VDZ are disregarded. A prel 

ion revealed no iable ifference in the resu ts when 
AWOS were comp ed of c1 obser ati differentiat bet1.veen 
sites and without RBC's, 

3) The frequency f occurrence of 
obscurations were c and off 1 for four case studies. A 
total obscuration the FMH- as surface-based obscu ing 

that hides obscurat is when 0.1 to 0.9 
is hidden. result from preci tation, 

smoke, and other weather enomena substantia ly reduce ver 
visibi i There is no known sensor which quantitative measures the extent 
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of a partial obscuration, total obscuration, or verti~al visibility. 
Consequent the AWOS cloud algorithm estimates obscurations using a 
combination of cloud measurements horizontal visibil a:tr 

S pe c i a 1 c a s e s in which AWOS d d not report an obscurat whi e the official 
observer a partial obscuration we e d sregarded from the anal sis. 
This was done because A\vOS e lome ers nt vertica · whereas, offi 
observers survey the whole 

Results are presented table 23. four case 
studies are according to g weather, AWOS 
generally reported more obscu a when 
was no prec itation or fog When 
falsely reported an obscu a 53 
observer did not report even a 
false de teet ions by AWOS is attributed 
cloud ithm on AWOS visibilities le than 2 eed 
with the official 62 of the time. 

events was sli tly better ere AWOS the 
official observations 71 and 67 percent of 

TABLE 23. SKY 

str ent 
AWOS No AWOS Yes 

Case tern N Offic Yes 

AWOS 1009 17 62 21 
Overall l ik 684 1 62 21 

Meisei 325 22 

No Preci at ion AWOS 35 53 
or ik 34 53 

27 44 52 

AWOS 470 20 7 
Free at ion ls ik 385 19 

Meisei 85 24 66 

AWOS 471 17 67 16 
1 ik 257 16 18 

Meisei 214 19 68 g 

( 4) The frequency of occurrence of joint s 
of a ceil i ial observations was examined for four case 
studies. A ceiling is defined 1 the FMH-l as the he of the lowest cloud 

or obscur na aloft which is at least broken or overcast in 
cover (i.e., 0.6- 1.0 total s cover); or the vertical visibili into a 
surface-based obscur that hides all the The comparison was 
carried out counting the j int frequency of occurrence f ceil s and 
clear skies below 5,000 feet. As a result, this ce ling occurrence analysis 
can be considered as a gross cloud cover comparison. Scattered cloud layers 
and the difference between ceil s is not taken into account. 
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Results of the comparison are g~ven AWOS site and case 
are summarized f he AWOS systems and four 

feature f the res lts s he marked 

events, 
performance was 

that poor conditions 
of a ce Meise e 

more often s ik. 

TABLE 24. CEILING 

tion Per 

tem N 

AWOS 5345 
277 

Meisei 22 

No Prec tat 2421 24 
sik 1 

1 

t ik 1042 
Meisei 9 75 

AWOS 7 
1 s 822 2 96 3 

Meise 

5 s s was conducted 
the di with the hei t o 
AWOS scat e rc st layer. Th s was carried out 

studies RBC measured versus estimated off cial ce ngs. 
he esult s s for each site are given i t le D-4. 

these tables on measured offici eil were cons ered for he 
si es. A summary of the results s given by system in tab e 25. In 
table the AWOS summar es conside all estimated and RBC measured official 
ceilings. On the other hand summar s system contractor i.e, ce ter 

are based sole on measured ceilings obtained at official RBC s tes, 
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. 

Case Svstem N r-- s rms RI 

Overall 
AWOS 

ls 
Meisei 

ik 
. 
' . 

821 5 
488 

1044 

63 
77 
68 

Ceil > 1500 
Meisei 

224 
. 
. 
, 

980 
834 

9 

54 
64 
61 

Ceil - ft sik 
2449 68 

71 

U1 
0 

No 
or 

Preci 
Fog 

tat 
AWOS 

ik 
' .!. 

228 
739 

6 
1 

400 80 
65 

rec1pi 
Meisei 

1 24 

221 

0, 
. . 

81 

857 928 
68 
66 

Fog 
AWOS 

1s 
sei 

687 
330 
908 

746 
352 
9Lf7 

73 

78 

AWOS 
Ceil 324 

1 

85 



Classification 1s based on the ffici repor s. For the 
purposes of this s an c1a ceiling of 0 feet s used o 
differentiate between low and ceil s. 

1S ased on a samp e when the AWOS 1 nearest 
ct, an AWOS ceiling. 1s subset of the 
percent of the time AWOS c t 

AWOS cei Cor e 
numbers 

s s th 
Meise 

ams 

cases are 

he e al AWOS ex fo loud hei t s 3 
percent and 895 feet Essential ted 

the vari e between official cloud 
the rms va ue AWOS ac 4 
pe etter than 

2 percent less than those cases 
per e t ess the overall c 

agreement was e t er the othe rms value and 
reliab ty index of 

RBC co ls were clearly better 
noted for every case 

sta bad 
ite. relations smaller 

as values, h the Meisei ceilometers. The overall 
performance o the is 488 and 1,044 

fo spec 1ve feature of the 
ls superior perf rmance over the Meisei 

ls. In fact, the average 
rms these weather events is about 2 9 

ee opposed 021 feet and 75 percent 
for Meise formance sik ceilometers appear even more 
favorable when the ab s are excluded 

are fur her exam1 ed in erms of aviation safety, 
ik ceilometers appear to be more suitable han Meisei ceilometers. 

he i t differences or 1 s s ik are favorab inc lined to be more 
than Me is e i . B as v a 1u e s o he 1 p y s i s ens or B are 

sys emati a ly neg ti e and smalle in ab u e value, while Meisei 
ce ometers cal have pos tive bias value with arger abso ute values. 
This means that s ysik agreeably underestimates l , while 
Me se overestimates 1 height. Fur hermore, the Im hysik 
underestimate are regu rly sma er magnit de than Meisei 
overestimates 
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c. Visibility. 

v~st­( 1 The different methods ch AWOS 
bilities are ned limit t a certain degree, ivity o a 
comparison based on s statistics. Then, in order to evaluate 
AWOS visibility performance it s ortant to point diffe e 

sibility measurement techniques used AWOS and offic a 

AWOS measures touchdown-zone visibi us s le-sensor visib ity devices 
located about 6 feet above ground. Four di f fe e isibil ty s n 
used n the AWOS Demonstration These sensors are denoted 
for convenience as: (a) 1,000-foo eansm~ssome 

(b) forward scatter (FWDSC (c) e (BCKSCAT) · 
baseline transmissometer ( 492)), Artais s tes 
or a T(lOOO), while WeatherHeasure sites use 

492). Because the AWOS visibili 
of air, AWOS visibilities 
localized ng snow. 

A prevailing ficial observat 
To 

integrates visu 1 ranges thr 
observation. Individua visual 

ibility markers located 
of visibili markers are usua 

rport to the next Then, the bias and 
sibil obviously differs depend 

conditions, and airport. Official 
of an average visibili over a much arger area 
the official observer is conside ab 
Localized obscuring nomena 
averaged-out by the observers 
located at some distance from the observer. 
increment of visibility for AWOS and off c a 
f 14. 

In view of the varying and different resolut on scale for AWOS and of 
le visibil increments and di tributions of visibility marker 

sensor functional re of +2 rements is not considered an appropr 
ate cho for reliability index estimation. Consequen 1 , a re iabi ity 
index of 60 percent was as a basis for j AWOS s i sens 

e. 

A summary of the AWOS and official visibility systems is outlined in table 26. 
This table gives the hei t of the official observer above ground and the 
distance of the observer to AWOS. Numbers in ses are the s 
control towers from which accord to the FMH- visibi i ies of less than 
4 miles are reported. 

(2) Since AWOS reportable visibi i y 
increments exte first step n the a aly s was to 
categorize AWOS data into basic lasses of visibili 
greater than 5 miles, and discrete visibilities less than or equal to 5 miles. 
This was done for each AWOS site, sensor and cases a 
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26' VI 

a ervat1 

tance to 
Site AWOS Sensor Tvoe ft ( t 

CMX Scatter 

ssometer ft 

DCA Foward Scat 

HUM Scatter 

PWT someter 1000 ft) 0 

\.J1 
co SAF ssometer (1000 ft 

VDZ Foward Scat 

Back Scatter 7 

GAL Back ter 

HOU Transmissometer (492 ft) 2000 

MIE Transmissometer (492 ft 

PSP ssometer 492 ft) 1320 

SBP Transmissometer ( 2 ft 



frequency of occurrence distribution based on th toff va ue. 
Detailed results AWOS site, sensor, and case s ed in tab e 
D-5 of ap ix D. The results summarized sensor 1es are 

in table 27 This table shows the number of over l currences 
of visibili greater than 5 miles as , and the visibili distr 
ution given in percent with respect to the 

Overal , approximately 68 22,384 rs of visibili observa·-
ions were joint currences greater than 5 miles The joint 

occurrence of AWOS and less than 5 miles prec a-
tion or conditions is In general, the FWDSCAT device 
sig f c t y ove estimate frequent than the other sensors. 

ased on the jo ess than or equal o 5 mi es, the 
1000 performed better than the ors dur condit of prec a-

tion and/or fog. This sens pe forme articularly well in fog with 9 
percent joint occurrences e the FWDSCAT sensors showed the lowest 
ance at 64 perc when the 

ficial visibi ty sensors 
visibi i than en than the 
In fog wit fficial vis the 

l ) FWDSCAT re 
les was 8 35 

) J t occurrences of visibi les 
than o ex mi e for screte isi ili 

This was carried out for each site 
on methods tlined pr 

table 28 Overall 
cy histograms o visibilit 

than 2 mJles is 1n 
t e same situat on i 

figu e a stograms of and FWDSCAT sensors when 
al visib ity s e s han or 2 les is presented 1n 

Histograms for BCKSCAT and L!-9 are 18. 

The es t show a general close agreement between the different sensors 
case studies. Overal AWOS had rms lue of 1. miles and reliabil 
i ex of rcent. ral performan e is a few perc n ess when 
official erver report prec tation occurrence or a visibi less than 
2 miles. 

al se sor performance 1s discerni le when the results are examined 
case s The and SCAT sensors are significantly 

better performers when fog co offici sibilities less than or 
equa to les prevai , u e nts, the T 1000) an 
BCKSCAT sensors perform about 5 percent han the other two sensors. 
The case in which the 1000) displays performance with respect 
to he other sensors is when the observed visibil is than 
2 miles. Most of this error is not a result of the variance but attributed to 

large bias value of about -0.8 mi e • In fact, the 1000) generally was on 
the conservative side sl underestimat lities while the other 
sensors showed positive bias values indicat overes imation. 
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TABLE 27. VISIBILITY OCCURRENCE 

Case N -

AWOS 
Offi 

Distribution in Percent 
>5 Joint AWOS 

>5 

Overall AWOS 
1000 

FWD SCAT 
BCKSCAT 

1. n I)\
'+::1L) 

15159 
1042 
5501 
2688 
5928 

7225 
857 

1619 
977 

3772 

15 
5 

34 
10 
11 

36 
37 
56 
32 
29 

49 
58 
10 
59 
61 

()\ 
0 

No Prec tat ion AWOS 
) 

FWD SCAT 
BCKSCAT 

2 

3540 
506 
325 

8 

57 

3 

7 

86 
91 
36 

Precioitat AWOS 
1000) 

FWDSCAT 
BCKSCAT 

492 

1776 

403 

18 

14 

72 
77 
75 

69 11 

AWOS 
1000 

FWD SCAT 
BCKSCAT 

25 

35 

24 69 

4 
2 

4 
7 
I 



TABLE . VISIBILITY 

Sensor r - rms RI 

Overall 

AWOS 
1000) 

FWDSCAT 
BCKSCAT 

492) 

0.58 
65 
61 

0 61 

'3 
1 

2 
1 3 

3 

.3 
1 4 
1.3 

5 
1 4 

62 
61 
54 
60 

Official 
Visibil tv >2 mi 

AWOS 
1000) 

FWDSCAT 
BCKSCAT 

492) 

1245 
53 

326 
1 

647 

.4 
1 7 
1 5 
1.3 
1.3 

67 
57 
68 
69 
68 

()1 

f-' Official 
Visibilitv:::;2 mi 1000) 

FWD SCAT 
BCKSCAT 

492 

347 
166 
572 
190 
419 

. 
0 

1 
1 5 

.4 

53 
65 
57 
45 
46 

Preci tat ion AWOS 

FWDSCAT 
BCKSCAT 

492 

1286 
73 

654 
182 

7 

.62 
55 

0.64 
' . 

.4 
1. 

. l 

'2 
• 1 

1. 
1.2 
1.3 
1.4 
1.3 

59 
62 
58 
62 
57 

AWOS 
) 

FWD SCAT 
BCKSCAT 

492 

1564 
229 
464 
196 
675 

0.64 
0.63 

,64 
0 55 
0.66 

{\ " V-..k. 

.2 
0.2 
. 
.3 

1.2 
1.2 
'2 
4 

• 2 

1 '}
!.-oJ 

1.3 
1.3 
1.5 
1.2 

63 
66 
67 
5 
63 
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Detailed results of the visibili ana 1s for each AWOS site and case s 
are presented in appendix D Th s table shows that the rela-
t vely sma N=3 of the 1 is based on data from and 

Most of DBQ which showed one o overall 
PWT disp the least e iable overall 
is relevant to point out hat he T(lOOO) 

to a nmen and stabil lems as a 
resu t foundations. These turn 
normal affect iance values 1n the 

lb is, cate-
site, is p :tn D-7 Sites 

at the comparison s official observers at 
these Official data from 
PS 1S S found that the 
off exposed. The acceptance of 
AWOS rms error "F 

able are all s 
f the large sample s elatively 

observer correla­
s exhib ted 

s 4 428 

which had 
nation f 

irements is 
This accuracy 

"F to 5 "F 
of he 

ince 

A of the resu ts g ven An overal AWOS 
t difference togram i 

TABLE 

N s rms RI 

AWOS 6503 L -0. 7 2.0 91 
Artais 2 .00 -0 7 1 5 1.7 96 
\>VxMeasure l LOO -1. 1.8 2.2 87 
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According to the reliab ity 91 of the 16,503 of AVIJOS and 
off cial eratures diffe e no more than +3 °F. Artais temperature 
se sors (RI = 9 per en we e in agreement th offic a 

percent more often WeatherMeasure sensors were Based on 
sensor functi equirement of "F, AWOS 
as good with an rms ue f 2. "F. W th th AL AWOS 
emperature performance at all i sites was acceptable 

GAL st ias and rms error of and "F 
res the difference between AWOS and reased 
as the temperature decreased below zero 

( int rature ven 1n 
table 7 and AWOS dew point emperature 

e ce istogr 1n Officia observations of dew 
were not taken at HUM, EEN MIE, PSP and SBP. AWOS dew point 

performance wa out 11 pe cen less than the corres ing temperature 
performance. 

TABLE 30. DEW POINT TEMPERATURE 

N r d s RI-

AWOS .99 2 6 4 80 
Artais -2 2 65 
WxMeasure 6760 .99 -0 4 2 2 2.3 96 

es ove 1 AWOS dew was 
"F and a reliab li of 80 percent 

better than the 
Much of the Artais difference 

dis ayed the best overall 
and Z showed considerably 

ormance, main arge negat bias values. These bias 
values alone almos functional 

The with a 
and A time-series plot 

rature 
basical 

ature is e s ted by AWOS 
Thi behavioral trend LS cal of the other sites. 

Three t is general erratic dew 
is: ( the officia (or AWOS) dew point sensor; 
( ) AWOS or of calibration; and (c moisture 
reservo1.r 1.n cells 
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Results of altimeter sett for each AWOS 
S:l are appendix D These results are summarized 
AWOS type in An overal histogram of altimeter set di ferences 

AWOS is 23 

31. ALTIMETER SETTING 

N r s rms 

AWOS 2 2 .99 -0 0.011 .015 99 
a:l 0.98 -0. .010 014 100 

WxMeasure 0.99 0 001 0.013 o. 5 99 

A he statistic show that sett :ts reliable. 
The rms values of 0.014 and 0 are ercent prescribed 
rms error sensor functional of .05 st disagree­
ment between AWOS effie was at EEN and HUM. problems of 

ic pressure sensor at EEN were noted ear the experi­
ment. Des r.e atively weak performance when compar with other 
site the rms e ror of EEN and HUM altimeter sett s i st 1 le 
s:tnce were both thin the 0.05 1n tolerance. 

of the AWOS altimeter s s-· 
AWOS processor ontinuo samples and 
e sensors (b) A\rJOS cial pressure 

s ting and e are ot er 
(c) AWOS and o ensors do not 

outine mai on all of the 
function :lS 

the mos 

( 

e 32 des hac round information on the 
AWOS This tab e gives the followi g 

iation or compass declination, 
( 2 on acco ing to true or magnetic no 
( ave ground distance of official wind 
sens and exposure of offic al wind sensor. 

( 33 feet 
from 10 to 

had cial 

extend into the 
are reporte with 

Data from those 
magnet c wind 

ing or subtract the site c variation. 
rom magnetic to true winds is outlined in 
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TABLE 32. WIND SENSOR SETUP 

Site 
tic 

Variation ( ) AWO~~i~£ Hei2ht 

ial 

(ft) 

Sensor 
Distance to 

AWOS (ft 

CMX True 3300 Partially Obstructed 

East True 20 1320 Centerfield 

nrA 
U\Jl:k 

7 
f 
u~~ 
UC:o.::J 

Mn~ 
.l'J.Q.J;:::.. 

?~ 
4.J 

ann 
,/'VV 

ran~arF 
V~t..-!-"-..._.4.. .a.. 

1~ 
..._._.. 

4000 Centerfield 

struc 

::.0 
0 

True 2640 Partial Obstructed 

t 

Eas True 2 Parti tructed 

HOU 8 Center 

t 7 13 s 

East Unob ructed 



The airfie location of the official wind sensors varied from one 
next. P tial obstructed off cia wind sensors were cal ocat 

on top of buildings. The influence these 
offic al wind sensors is more evalent for cer ec 1ons 

AWOS wi se s s are u al y more ta ve o 
ince these sensors are cal we a 

Resul s. Results for wind direction are given in tab D-10 
each AWOS site. A summary of these resu s by system are given i t le 

overa 1 wind di ect on ifference histogra1n for ATNOS is give in 
f Wind direction data were c for moderate to strong wind 
cases i.e., AWOS wind greater than 5 knots. 

TABLE 33. WIND DIRECTION 

N r 
-

d s rms 

AWOS 
s 

WxMeasure 

11686 
1 

557 o. 
6 

19 

23 

m1 
e ror and 

tr o 
part al y obst wind sensor at 
arge standard o Overall ity of offici 

is n ertain since wind sock is sometimes used at this site. 
arge bias and standard deviation was observed for PSP. It was 

the ff al wind ensor 1s ften influenced local mount 
AWOS sensor, located about 2 mile away, is not affected. 
1me fferential surface heat 1s ent at PSP. 
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34. SPEED 

N rms RI 

AWOS 1 87 7 2.6 93 
Art s 1 2.3 97 
WxMeasure 5749 

formance wi 
rginal 

of 

speed e ror 
the other 

found at the 
ibuted 

The 2 and summarized 
e t y than the 

off server thm 
onverse was true for the AWOS Specifica 

AWOS reported nd gusts percent more frequent than of icial observers. 
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Abo perce t of the time 
Due the intrinsic charac 

more sens tive to 
wind gusts from dial 

TABLE 35 WIND 

1 observers reported gusts while 
tics of the AWOS gus algorithm, 

than human observers who sub 
recorders. 

GUST OCCURRENCE 

Distribut in Percent 

AWOS No Yes Yes 
tern N Offi 1 Yes Yes No 

AWOS 21 
s 1376 

WxMeasure 798 

oc urrences o wind gusts 
The resu ts are dis lay 

of these resul 
difference 

TABLE 36 WIND 

tern N 

s 565 
WxMeasure 193 

tes 
WeatherMeasure 

rms error of 2 

15 36 
42 
26 

49 

65 

GUST SPEED 

d s 

.6 
3 2 

rms 

ion sensor for p ec 
cy distribution f recipitation occurrence 

in table D-14 and summarized in table 
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TABLE 37. PRECIPITATION OCCURRENCE 

Dis 

N 
AWOS 

ial 
No 
Yes 

Yes 
Yes 

Yes 
No 

AWOS 
Art a is 
WxMeasure 

2687 
157 
11 6 

62 
67 
54 

27 
25 

2 
8 

17 

he results show t at AWOS signif cant lacks in the detection lities 
o precipitation occurrences. Overall about 62 percent of the time AWOS doe 

t detect he presence of ecipi 27 percent of the AWOS 
and official observers j i tly repor occur ences. The best 
etec ion c ilities were EEN and DCA. WeatherMeasure 

sensors were be ter s sensors. 

precL tat 
These tab es 

tee occurrence ac to 
official preci 

TABLE 38. PRECIPITATION OCCURRENCE BY TYPE 

Off c Percent Detected 
Occurrences AWOS 

Rai AWOS 17 
Artais 701 
WxMeasure 2 56 

Snow AWOS 264 
Artais 
WxMeasure 

t , but detect 
Lme. The clearly 

mostly attr ted o 
he est performance 

ed ecipitati 
of the Lme tive WeatherMeas 

performance than Artais and 

p i t e icte in e eg ing t 
WeatherMeasure than aLB. This 1.s1ng result 

s terns employ an sensor which 
spe if ca t on occurrence tection. 
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CONCLUSIONS 

Based on the results of the data analyzed during the 10-month Automated 
Weather Obs tern (N;.JOS) demonstration od of Se tember 1983 - ne 
1984, it is concluded that: 

1. P i 1 o t s genera 1 1 y were favor a b 1 e in the i r rea c t ion to the AI·JOS 
especially its availabili and currency in the report of aviat on weathe 
parameters and the performance of the system which accorded an above 
average rat of 3.64 on a scale of one to five. 

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

3. Doppler VOR is inadequate as a means of access to AWOS Pi ots who s 
the Houston, Texas, D er VOR site accorded the AWOS 1 sys em ting of 
2.75. The principle difficu s attributed to the 1 kiloher 
side-band modulation, of er VOR. 

4. Pilots experienced diff th 
reflected in 44 percent of the 1 
pre ominant with WeatherMeasure 
to Artais which had 34 unfavorable comments. 
this was attributed to the who 
was without variation and pitch. 

This difficulty is not cons dered ou as a ve y spec c s andard 
voice quality exists in the AWOS ction spec ficat o A ~s 

WeatherMeasure were not w~ s standard. 

5. The Artais tern expe ienced 184 fai ures wh c we e s 
greater than the 16 failures experienced wi the WeatherMeasure em. 

s considered to be principal due to system software s differences. 
a direct consequence, the system mean-t me-betwee failure (L'1TBF) va ue 
Artais was greater than 250 e e e syste L'1TBF lue 
WeatherMeasure was greater than 

6. Performance of AWOS in detect ng and visibili 
dew , barometric pressure, wind irection, wind s 
acceptable. In each case :sensor functional irements were 

Performance of AWOS etec g ec:L 
unacceptable. The poor e formance pr~mar y ete t on 
conditions, was attributable to inadequate heating elements. 

Performance of AWOS n dete ng a rep lement ng 
preci tation was unaccep le. Pe f rmance i re r ing he 
number of cloud layers, cl coverage, and the absence 
prec~ tation was marginal to 
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RECOMMENDATIONS 

Based on t e conclusions it is recommended that: 

1. Dop er VOR s t be use for b oadc st of AWOS. As a result of this 
s the FAA sh d rev1.e1r1 he a p icat on of othe alternatives for 
broadcast of AWOS. 

reci tation sensor studies be continued particular alternat ves to 
detectors. The FAA is now funding such a stu and expects HSS 

to issue a February 1985. 

oud algorithm development studies be conducted to ave algorithm 
response and accuracy particu arly during precipitation. The Technical 
Ce te is now con ucting such a study and wi 1 produce a repo t by 
February 1985. 
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APPENDIX A 

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM 

DESCRIPTION OF DATA CONTROL PROGRAM 





AWOS DATA ITY CONTROL 

This data s1.s validates hour s received the Technical Center from 
the 14 AWOS s es and ascert whether or not data fall u1 limits as defined 
1n the AWOS Test Plan. It generates printed reports hav the follow 

Information the retrieval of the data from the AWOS site the 
Technical Center. 

2. Hour observations conta errors, with the errors f or coded. 

Summaries hav counts of al flagged and coded er ors, with the error 
codes defined, and counts of the set et condition of flags. 

It so creates an intermediate file cont data and error f from ich 
further sis can be done, 

THE 

printout is A-L The header f the printout 
1 status information etion of data ion 

is printed at the run s. This sect ion 
includes the ate and collection, the amount of data re rieved 
internal error 1on inent to data 

fo information is shown the intout under the appropriate h 

that contains an error is inted 
control, or system fault 
Individual data 

ional explanation 

conditions internal status codes, and counters 
f data at the Technica Center are printed 

which relate. file such 
hourly we er reports a e races ed a ed 

information is included with the same unit. Each e in an hour 
has been f dur has an asterisk printed below it. Internal 
status odes and are defined in Note A-3. 

Remarks and Status. Remarks status are coded system fault diagnostic 
ssages added automat ical to the hour the AWOS 

sites prior to r The messages s sensor problems. 
are des facilitate Remote Maintenance Monitor A e 

1s of codes as relate to each sensor is contained in Note A-4. 

A-1 



3. Each field of weather data is examined to validate the 
e.g. numeric fields should have numer1.c content. 

of data is 

4. 1 checks are accordance with 
the AI<JOS Test Plan. were added 

control checks is listed 1.n 

Wnen a occurs, an error code specific 
failure and is scheduled 1 
each smnmary information 

a. Counts of each i conrol failure. 

count of the number of times each field had invalid data, i.e., 
le. 

c. RMM status counts. 

The number of times an RMM flag 1s set versus e er of 1.mes 
not set. 

THE INTERMEDIATE FILE. 

I add tion to the printed repor • an intermediate file 1s generated. The 
intermediate file stores the fo fields for each hour 

The Julian date for the hour's data. 

2. That hour s data in format. 

3. Cloud he t (based hour 1 s condition dat 

4. Remarks status fault characters. 

va idat characters. 

Informat stored :tn the intermediate file can be used to 1S 

as the AWOS 0 i is 3 1.n 

e Data Element of Printed 

\'leather 

Format 

recorded 

ite send a 3 a 

GM TM Greenwich Mean Time 2 Num 

A-2 



Field 

JUL DAT 

SKY CDND 

vs 

PRS 

TEMP 

DEvJ 

WND DIR 

WND SPD 

WND GST 

DNS ALT 

PCP AMT 

PCP TIM 

Field 

DP 

PR 

WD 

ws 

Descr Format~on 

Julian Date 3 Num (DDD 

condition (See item 2 be 11 

Visibil units m~ es and 2 Num~n 

ers of a mile. ex: 
1 1/4 mile 

32 = 3 2 ffil. es 
Less than 1/4 mile ~s 
Greater than 5 miles is '55 

Pressure (altimeter sett 3 Num 
hundredths of inches of mercury 

ln Fahrenheit 
either a s or blank 

Dew Point in ees 3 
either a s or a blank 

Wind direction in 3 Num 

Wind s ln knots 3 Num 

Wind gusts ln knots 3 Num 

Dens altitude in hundreds of feet 3 Num 

Prec itation amount since las 3 Num 
in hundredths of inches 

time ln minutes 3 
e where 

E = end 

See Note 

Des lOll Format 

rature 1 

Dew point 

Pressure 

Wind direction 

Wind s 

A-3 



Field 

vs 

CH 

PC 

SY 

3. 

Field 

HR 

MN 

vs 

PR 

TP 

DP 

WD 

ws 

WG 

DA 

PA 

PT 

v-

V+ 

c­

c+ 

CH 

Descr 10n Format 

Visibil 

Cloud he t 

Prec it at ion 

Validation 

Descr 1on Content 

Hour of or 

Minute of report or F* 

Visibil T or F* 

Pressure F* 

T or p'< 

Dew point F* 

Wind direction 

Wind s T or 

Wind gusts T or F* 

Dens altitude 

Prec itation amount 

Prec ation time 

Variable vis ibi ity m1.n1mum 

Variable visibil max1mum 

Variable ceil m1.n1.mum 

Variable ceil e max1.mum 

Cloud he t T 

A-4 



4. 

Field Descr lOU Format 

ity abetic codes indicat failure 15 Num 
control of data to meet specific qual contra 
failures parameters (see Note A-5) 

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

Note A-2: 

condition consists of eleven r1.c positions with data left jus 
fied and unused es blanks. 

les follow: 

Column 9 10 11 12 13 14 15 16 17 18 19 
0 s M 4 5 B 

5 s 5 s E 4 0 0 
L R 

c F E w 4 5 
w 2 X 
X 1 2 s 2 6 s M 3 5 

c rs are XYC where: 

he t 1.11 thousands of feet 
y he t in hundreds of feet 
c s Scattered 

Broken 
0 Overcast 

Cloud can also have a prefix: 

E Estimated 
M Measured 

obscured will have ' 1.n the first position and total obscur-
Wl have 'W' in the first position. 

Tot a obscured be represented WAX where: 

A l if visibi is less than or l/4 mile 
2 if visibility is greater than and 

less than 1 1/2 miles 
7 if isibili is greater than or l l/2 miles and 

less than 2 miles and the air temperature is 
less than or to 36 °F. 
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1s 
1s the vertical visibi 

considered the cei he 
1n hundreds 
t. 

of feet and 

Order of cloud 

Lowes 
Lowest 

Note A-3: Internal Status Codes. 

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

A dot ted line the and Status" column also indicates an 
error was found on rece the data from the site. 

To the r t of the dotted line, and on succeed lines, if necel3 , wil 
be: 

STATUS 
800 AWOS STATION PROCESSOR ERROR 
8002 FRAMING DATA LIMIT ERROR 
8004 FRAMING DATA PARITY ERROR 
8008 STATION ID ERROR 
8010 END OF S DATA CODE 
8020 TIME-OUT CODE 
8040 BAD DATA CODE 

PARITY ERROR COUNT 
DATA LIMI ERROR COUNT 
TOTAL DATA ERROR COUNT 
FIRST ERROR BYTE SLOT AND CODE 
SECOND ERROR BYTE SLOT AND CODE 
SECOND ERROR BYTE SLOT ~~D CODE 
SECOND ERROR BYTE SLOT ~~D CODE 
SECOND ERROR BYTE SLOT ~~D CODE 
EIGHTY-FOURTH ERROR BYTE SLOT CODE 

ERROR BYTE SLOT CODE FORNAT: 

lXXX ERROR COLUJ\1N XXX 
2XXX MATCH ERROR COLUHN XXX 
4XXX COL UI1l'J XXX 

Columns s at have asterisks under them 
to line coded errors. 
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Note A-4: Remarks and Status 

Field Status Codes and Meanings 

TP 

A Sensor data not within limits 
B Insufficient data to a recorded value 
C sensor error detected since last report 
D Greater than 6 oF 1n minute since 

last report. 

DP Dew Point 

A, B, C, D same as for 
E Dew Point greater than 1 oF or 2 oF 

F Dew Point greater than temperature more than 
2 oF 

PR Pressure 

A B, C same as for , sensor l 
D, E, F same as A, B, for sensor 2 
G Pressure from both sensors not within 0.04 

inches of read s1nce last report 
P Prec itation occurrence timeter sett 

WD Wind Direction 

A, B, same as for 

ws Wind 

A B C same as for 

vs Visibili 

, B C same as for 
V = Variable 

Cloud He t 

A, B c same as for 
D "HIR CLDS 
E 11 BKN VRBL 
F BKN VRBL 
G "OVC VRBL BKN" 

PC Prec tion 

A, B. c same as for temoerature, orecinitation occurrence sensor 
D, H' F same as for A, B, C but prec itation amount sensor"-"• 
P = Prec itation occurrence 
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SY Proces System 

A Power 1 out of tolerance 
B Power 2 out of tolerance 
c Power 3 out of tolerance 
D Power 4 out of tolerance 
E Communication failure sensor group 
F Communication failure to sensor 2 
G Communication failure to sensor 
H too h 
I too low 
J RAM memory failure 
K Archive device failure 

Code ' decreases as successive letters of 
the a code wil be used. 

Note A-5: Control Failures. 

Code 

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

B Altimeter change between current 1 hour 
earlier 1s er than 0.05 inches. 

c e between current and hour 
earlier is than 6 oF. 

D Dew Point between current and hour 
earlier 1.s er than 3 °F 

E Wind s between current and 1 
earlier 1.s than 0 knots. 

F Wind direction change between current and 1 hour 
earlier is er than while wind s of both 
current and prior s is greater than 10 knots. 

G Prec itation lS greater than .5 inches. 

H Wind gusts change between current hour 
earlier 1.s greater than 20 knots. 

I 

J 

L 
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M Cloud height is less 
er than 1 mile. 

than 500 feet and visibili 1s 

N Cloud he 
less than 

t is greater 
l mile. 

than 500 feet and visibil lS 

0 Dens altitude change 
earlier is greater than 

between current report 
or equal to 300 feet. 

and l hour 

p ure exceeds dew 
is less than or 

point 
to 

12° or more 
500 feet. 

and 

rature exceeds 
obscured, or 

dew point 
visibili lS 

2o or more and 
less than or 

the 
to 

R More 
less 
4 mi 

than 
than 
es. 

two 
or 

consecutive hour 
to 200 feet and 

s 
visibil 

ceil he 
than 

t 

s "E" for estimated 
condition. 

clear or scattered 

Wind less than 6 knots gusts. 

u Obscuration with visibil 
3 miles. 

greater than or to 

v Pressure less than 26.00 or than 32.99 inches .. 
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SYSTHfE = !2:37:28 SfSDATE ·- 4HV24/M LIIST SECTOR = 13 TOTAL OK = 0 
TOTAL TRIES HE1HND (0 = YESJ l NIH VIDUAL REPORT PO!JITF-B 
REPOHTS FOR MESSAGES I TlllW FOLLOW IN UEXA!JEC HIAL: 
liJl (:1 140 0 140 0 140 I 0 140 I 0 140 3002 0 

0 0 0 0 0 0 0 0 () () 0 0 0 0 0 0 
0 0 0 0 () 0 0 0 0 () 0 0 0 () 0 
0 0 0 0 0 0 0 0 () () 0 0 () 0 

W E A T H E E P OR l'I A G E REl'It\RKS 
ENIHNG 05/24/M 12:3?:28 8 STATUS 

ST CPI JUL lfflll lfflD wrm DNS PCP PCP TDPWi'tVCI'S 
DATE Tl'I DI\.T sKY cmm vs PRS TEMP DEW DIR SPD GST ALT AMT TIM PPRDSS!lCY 

2 2 2 3 3 4 4 4 5 5 6 
4 6 l 4 8 ? I 5 9 3 7 l 

()(l/23 

C!'!Xl4523CLR 55 999 51 31 310 
CNX15523 000 BB BBBBBE 
C!'!XI6523CLR 55 999 54 30 290 15 21 
CNXI7523CLR 55 000 57 29 260 16 

Cf1Xl8523CLR 55 998 59 29 270 15 22 
Cf<L'<l 9523CLR ~5 996 62 27 250 6 26 !5 
CNX20523CLR 55 994 64 :m 250 19 25 16 
CNX21523CLR t)G 992 66 31 260 13 29 18 
C11X22523CLR 5U 991 64 31 260 I 21 
CHX23523CLR 55 99! 66 32 260 5 22 IB 

05/24 

crmoo524CLR 55 992 64 31 270 12 22 I? 
OL'<O I 524CLR 5U 61 32 270 ll 16 15 
cmS:02524CLR 55 59 3a 290 06 
CNXO:J524CLll 55 993 57 32 2'?0 oa 
CrL'{0··>524CL!t ~5 9?:1 56 33 2'?0 07 
CHX05524CLR 55 993 57 33 270 06 
Cr!XOf,521CLR J5 993 ::\6 34 270 0? 
CNX0'?521CLH G5 991 57 :33 260 07 
crmou524CLR uu 9.0? ua 33 270 05 
crmo?524CLR 55 987 53 35 00 ()() 

20 HOURLY REPORTS PROCESSED ***** 
UUI\.LITY CONTROL ~'AILUilES AWOS REPORTS 

EllllOR 
COUNT CODE ri.EANH!G 

A TH!.E DJF < 50 OR > 75 1'1LN. 
2 C TEN? CHANGE > 6 DEG I•' , 

!l lJP C!IAI'!GE > 3 DEC F. 
E W!Nl.l SPii CHI\fiCE 10 KNOTS 

HIND GST CHANCE > 20 KTS' 
J TnlP fiOT IWRNAL 1\.l1F..A 
0 DNS ALT Cl!G EQ Oll. > 300 IT 

--·---
INPUT VALHIATIOl'! ERROFIS 

COUNT DATA FIELD 
VAR CElL HT 

REi'!:OTE MA.!NTENANCE l'WNITO!HNG (RF..MARKS B STATUS> 
SENSOR COUNT CODE MEJLl'llNG 

TErli' DATI\. TO GENERATE A VALUE 
n r DATA TO GENEHATE A V,\LUE
W D B DATA TO GENElli\,TE A V,\LUE 
j'{ s B D:\T,~ TO GENEH.l\TE A VALUE 
VIeS TO GENE!lATE A VALUE 
CLH B DXrll. TO GENEllATE A V,\LUE
Pm;c B OCCU!ffi.ENCE SENSOH INSUFFICIENT DATA GENE 
S'YS CmJH FAILURE SENSOU GHOUP I 

COUliTS 
UNSET 

I I 'I 
!.) 1 !'I 
PRES 0 20 
1i D 19 

s 
VIS l'l 
CLD l'l 
Pl\EC 19 
SYS 

OF AWOS l'HOCESSING, •. NO riORE DATA 
ABSLOUTE END OF li.WOSQ2 !'HOCHA!'i, HO HOllE DATA 
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APPENDIX 

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PR~;RAM 

TABLES OF TOTAL OPERATING TIME 
AND 

ESTIMATED VALUES OF MEAN-TIME-BETWEEN-FAILURES 







TABLE B-

Total 

720 

l·!r40 

2160 

83 2880 

84 3600 

4:320 

84 5040 

5760 

M-80 

84 7200 

Total 

no 

g4Q 

83 - 2160 

83 - 83 

4320 

83 - 84 60 

M-80 

83 - 7200 

SYSTEM AND SENSOR DATA FOR AUBURN, 

(' Vis i Sensor Data 

Total 
Time to 

v 

0 0 

0 0 

0 0 

0 7.08 

0 7 08 

0 7 08 

0 321.08 

321 08 

0 321.08 

0 321.08 

Wind Sensor Data 

Total 

Restore 

0 40.00 

40.00 

0 40.00 

00 

.00 

0 .00 

0 00 

40 00 

40.00 

0 40.00 

R-2 

ALA. ( 

720.00 0 

1440. 0 

2160.00 0 

2 92 0 

3592 0 

4312 92 0 

4718. 0 

5438. 

6158. 0 

6878 92 0 

No. of 

680.00 0. 

1400 00 

2120.00 0 

2840.00 0 

3560. 0 

4280.00 

5000.00 0 

5720.00 0 

6440.00 0 

7160.00 0 



TABLE B-L SYSTEM AND SENSOR DATA FOR AUBURN • CONTINUED) 

E. Sensor Data 

Total Down 

Total Time to 

9 720 40 00 680.00 0 

83 1440 00 1400.00 0 

83 - 2160 40.00 2120.00 0 

2880 0 40.00 .oo 0 

84 3600 40.00 3560 00 0 

.00 0 

83 5040 0 40.00 5000 0 

84 5760 0 5720 00 

40 00 6440.00 

7200 67 50 7132 50 0 

F. Dew Sensor Data 

Total 
Total of 

0 40 00 680.00 0 

1440 40 00 1400.00 0 

2160 40.00 2120.00 0 

83 40 00 .oo 0 

84 3600 40 3560 00 0 

43 0 40 00 .oo 0 

84 5040 40.00 5000 0 

83 5760 40.00 5720.00 0 

6480 40. 6440.00 0 

83 - 84 7 67.50 7 2 50 0 

B--3 



TABLE B-L SYSTEM AND SENSOR DATA FOR AUBURN, ALA. (CONTINUED 

G tat Sensor Data 

Total Time 
Total Time to 

Restore 

no 0 40.00 680 00 

llj-40 0 40.00 1400.00 0 

- 1 83 2160 0 40.00 21 00 

2880 0 00 2840 00 

3600 0 40.00 3560 00 0 

4320 40 00 4280 00 0 

9 84 5040 40.00 5000.00 

84 5760 0 40.00 5720 00 0 

64f80 0 40 00 6440. 

83 - 7200 00 60 00 0 

H. Alt ter Sensor Data 

Total 
Total 

Fai----
720 0 0 720 00 0 

llj.40 0 0 1440. 0 

- 11/83 2160 0 00 0 

2880 0 0 00 0 

3600 0 0 3600 0 

4320 0 0 4320 00 

84 5040 0 0 5040 00 

83 - 84 5760 0 0 5760' 0 

83 - 6LJ.80 0 0 6480.00 0 

7200 0 0 7200.00 0 
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---

TAJ3l,E B-2. SYSTEM AND SENSOR DATA FOR 

A. tern Data 

Total Total Time To 
Period 

83 720 0 720.00 

83 - 1440 0 1440.00 

- 1/83 21&0 0 60.00 

2880 0 2880.00 

83 - 3600 1.00 3599.00 

4320 1 00 4319 

83 - 5040 1.00 5039.00 

84 5760 1 00 5759.00 

84 6480 00 6479. 

7200 1.00 7199.00 

B. Cei Sensor Data 

Total 
Total to 

720 

1440 1 00 

2160 1 00 

83 - 83 2880 LOO 0 

84 3600 • 00 

83 - 84 4320 1.00 

84 5040 L 

84 5760 346.00 0 

6480 607.25 

83 - 84 7200 607. 25 0 

B-5 

HOUSTON TEXAS 

No. 
Fai 

of 

0 

0 

1 

1 

1 

1 

No. of 

720 

1439.00 

2159 00 

2879.00 

3599 . 

4319 00 

5039.00 

5414. 

5872 75 

6592.7 

0 

1 

1 

1 

1 

2 

2 

2 

.00 

36.38 

3296 



TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON. TEXAS (CONTINUED) 

c. li Sensor Data 

Total 
Total to No 

Restore lures MTBF 

720 0 0 720.00 0 

83 - 83 1440 0 1440.00 0 

- 11 83 2160 0 60 00 0 

0 0 2880 00 0 

83 - 84 3600 0 0 3600. 0 

84 4320 0 0 4320.00 0 

5040 0 .00 0 

84 5760 0 0 5760.00 0 

83 - 6480 0 .00 0 

84 7200 0 0 7200.00 0 

D. Wind Sensor Data 

Down Time 
Total No. of 

83 720 0 0 720.00 0 

1440.00 0 

- 11 83 2160 0 2157.00 1 

83 2880 0 2877. 1 

3600 0 3597.00 1 

20 3 4317.00 1 

83 0 5037.00 

3 - 3 5757.00 1 

6480 6477 .oo 1 

7200 3 0 7197 00 1 



TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS ( 

E. Sensor Data 

Total 
Total Time to No. of 

9 83 720 0 0 720.00 0 

1440 0 1440.00 0 

- l/83 2160 0 0 2160.00 0 

83 2880 0 2880.00 0 

83 - 3600 0 0 3600.00 0 

4320 0 4320.00 0 

84 5040 5040.00 0 

84 5760 0 0 5760.00 0 

6480 0 6480.00 0 

83 - 7200 0 0 7200.00 0 

F Dew Sensor Data 

Down Time 
Total Time to No. of 

720.00 0 

0 0 1440 00 0 

60 0 2160 00 0 

2880 0 0 00 0 

84 3600 00 0 

83 - 84 4320 00 0 

I 84 0 5040 00 0I 

83 5760.00 0 

0 6480.00 0 

7200.00 083 - 84 7200 0 0 
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TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED) 

G. tat ion Sensor Data 

Total 
Total Time to 

83 720 1 0 719 00 

14lt0 1 1439. 

- 11/83 2160 0 2159.00 

2880 2879.00 1 

84 3600 1 0 3599.00 1 

4320 1 4319. 

so~~o 1 5039 00 1 

84 5760 1 5759. 1 

6480 1 0 6479.00 1 

84 7200 1 0 7199.00 1 

H.. imeter Sensor Data 

Total Down Time 
Total to 

720 0 720.00 0 

14lt0 0 0 1440 00 0 

- 11/83 2160 0 0 2160.00 

2880 0 .00 0 

83 - 3600 0 1 3599.00 

83 - 84 4320 0 43 9.00 0 

3 - 5040 1 

84 5760 0 5759 

6480 0 1 6479.00 0 

84 7200 25.20 1 11 3. 1 
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TABLE B-3. SYSTEM AND SENSOR DATA FOR KEENE, N. H. 

Total Total 

A. 

To 

tem Data 

No. 
Fai 

of 

83 

83 

83 

83 

83 

83 

-

-

-

-

-

-

83 

1 83 

83 

84 

84 

84 

84 

84 

720 

2160 

2880 

3600 

4320 

5040 

5760 

6480 

7200 

0 

25.25 

102.50 

102. 50 

102.50 

104.00 

104.00 

104.00 

104 

104.00 

720 .oo 

.75 

2057.50 

2777. so 

3497.50 

4216.00 

4936.00 

5656.00 

6376.00 

7096.00 

0 

2 

3 

3 

3 

3 

3 

3 

3 

3 

707. 

685.83 

925. 

165 83 

1405.33 

1645.33 

1885 

2125 33 

2365 

Total 

B. 1 

Total 
Time to 

Sensor Data 

Down Time 
No. of 

9 

83 

83 

83 

-

-

1 83 

83 

84 

84 

720 

1440 

2160 

2880 

3600 

4320 

0. 25 

0. 25 

1.00 

1.00 

1.00 

1.00 

0 

0 

0 

0 

0 

719.75 

1439.75 

2159.00 

2879 00 

3599 00 

4319.00 

1 

2 

2 

2 

2 

1079.50 

• 50 

1 99 50 

2159 50 

9 

83 

83 

-

-

84 

84 

84 

84 

5040 

5760 

6480 

7200 

1.00 

1.00 

1.00 

2.17 

0 

0 

0 

0 

00 

5759 00 

6479.00 

7197.83 

2 

2 

2 

2 

2519.50 

.so 

3239.50 

3598 92 
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TABLE B-3. SYSTEM AND SENSOR DATA FOR KEENE, N. H (CONTINUED 

E. Sensor Data 

Total Down Time 
Total No. of 

9 720 0 0 720.00 

83 1440 25.00 1415.00 0 

83 - 11/83 2160 102. 25 2057.75 0 

83 83 2880 102. 25 2777.75 0 

84 3600 0 102. 25 .75 0 

4320 102.25 4217.75 0 

83 - 84 5040 0 102 25 4937.75 0 

83 84 5760 0 102 25 5657 75 0 

83 - 6480 0 102. 25 6377.75 0 

83 84 7200 0 102.25 7097.50 0 

F. Dew Point Sensor Data 

Total Down Time 
Total Time to No. of 

Restore 

720 0 0 720.00 0 

1440 0 25 .oo 1415.00 0 

2160 0 102. 25 2057 75 0 

83 2880 0 102. 25 2777 7.5 0 

83 - 84 3600 102 25 3497 75 0 

84 43 102.25 4217 75 0 

83 - 5040 0 102 25 4937 15 0 

83 - 84 5760 0 102 25 5657 75 0 

83 - 84 6480 0 102 25 63 7.75 0 

83 - 84 7200 0 102.25 7097.50 0 
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TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. 

A. tern Data 

Total Total Time To No. of 
Fai MTBF 

83 720 2.17 717.83 1 

83 1440 2.17 1437 83 1 

83 2160 2. 17 2157 83 1 

83 2880 2.17 2877.83 l 

3600 2.17 3597 83 1 

84 4320 2. 17 4317.83 1 

83 84 5040 2.17 5037.83 1 

83 - 5760 2 7 5757.83 1 

6480 2.17 6477.83 1 

83 - 84 7200 3 07 7196.93 1 

B. Ceil Sensor Data 

Total Down 
Total Time to Due to No. of 

Period Restore Failure 

720 0 720.00 0 

83 - 83 1440 0. 25 0 1439.75 

- 1/83 2160 676.25 0 1483 75 2 .88 

83 - 2880 1396.25 1483.75 2 741.88 

3600 21 6. 25 0 1483.75 2 741.88 

83 - 84 4320 2836 25 0 1483.75 2 741.88 

83 - 84 5040 3556.25 0 1483 75 2 .88 

83 - 84 5760 4276.25 1483.75 741.88 

83 - 6480 4996 25 0 1483.75 2 741.88 

83 - 84 7200 5716.25 0 1483.75 2 741.88 
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TABLE AND SENSOR DATA FOR MUNCIE IND. (CONTINUED 

Data 

8 

57 

6480 

0 

0 

0 

1 

1 

00 

0 

0 

0 

0 

0 

431 

00 

00 

.oo 

00 

00 

.00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Data 



TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. ( 

E. Sensor Data 

Total Down Time 
Total No. of 

720 2.17 717.83 0 

83 1440 0 2.17 1437.83 0 

83 - 11/83 2160 0 2.17 2157. 0 

83 - 2880 0 2.17 2877.83 0 

9/83 - 3600 0 2.17 3597.83 0 

I 84 4320 0 2.17 4317.83 

I 84 5040 0 2.17 5037.83 0 

83 - 84 5760 0 2.17 5757.83 0 

6480 196. 2 17 • 25 2 3140.63 

83 - 7200 196 88 2 17 7000.95 2 3500.48 

F. Dew Point Sensor Data 

Total Down Time 
Total Time to No. of 

720 • 17 17.83 0 

I 83 0 2.17 1437.83 0 

83 21 0 2.17 2157.83 0 

83 - 83 2880 3.00 2. 2874.83 1 

83 - 3600 3.00 .17 3594.83 1 

83 - 84 4320 00 2.17 4314.83 1 

83 - 84 5040 .00 2.17 5034.83 1 

83 - 84 5760 2. 17 5754.83 1 

84 6480 3.00 2.17 6474.83 1 

3 - 84 7200 3.30 2.17 1194.53 1 
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TABLE B-5. SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF. 

Total 

720 

1440 

83 11/83 2160 

83 2880 

84 3600 

4320 

83 - 5040 

5760 

83 - 6480 

200 

Total 

1440 

- 1 83 2160 

83 2880 

3600 

84 4320 

83 - 84 5040 

83 - 84 5760 

I 6480 

84 7200 

A. tem Data 

Total Time To 

0 720.00 

0 1440.00 

2.05 2157.95 

2.05 2877. 

2.05 3597.95 

.05 4317.95 

2.05 5037.95 

2.05 5757.95 

2 OS 6477.95 

2 05 7197.95 

B. 1 Sensor Data 

Total Down 
Time to Due to 

Failure 

0 0 

0 l. 

1.05 

05 

1 05 

0 

1.05 

0.10 1.05 

0 10 1.05 

No. of 
lures---
0 

0 

2 1078.98 

2 1438. 

2 .98 

2 2 98 

2 2518.98 

2878. 

2 3238.98 

3598. 

No. of 

720 00 0 

1440.00 0 

2158.95 

2878.95 

3598 95 

4318.95 

5038.95 0 

57 58 95 

6478.85 1 

7198.85 1 
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TABLE B-5. DATA PALM SPRINGS, CALIF. ( 

83 0 .00 0 

0 .00 0 

3. 55 95 

2880 .oo 1 2875 

00 .95 1 

83 .00 .05 

83 84 00 L .95 1 

60 3. 5755 95 

3. 1 

84 LOS 1 

Down 

--·-
83 00 

0 0 1440.00 0 

60 00 0 

83 - .00 0 

1 00 0 

83 - .oo 

.00 0 

.00 0 

9 83 84 1 00 0 

83 - 84 7200 0 1 199.00 

B-18 





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

G. Prec tat Sens 

Total 



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

A. tem Data 

Total No. of 
Fai s MTBF 

720 49.42 670. 1 

83 - 83 1440 144.42 5.58 3 431.86 

83 - 1 /8 2160 144.42 2015.58 3 671.86 

83 2880 144 42 2735.58 3 9 1.86 

83 - 3600 144.42 3455. 3 1151.86 

83 84 4320 144.42 4175.58 3 391.86 

5040 144.42 4895. 3 631.86 

84 5760 144 42 5615.58 3 1871.86 

83 - 6480 144 42 6335.58 3 21 l. 86 

83 - 84 7200 144.42 7055 58 3 235 .86 

B. Cei Sensor Data 

Total Down Time 
Total No. of 

720 0 0 720.00 0 

1440 0 . 67 1439.33 0 

60 67 2159.33 0 

3 2880 0.67 287 .33 0 

83 - 84 3600 0 0 67 3599.33 0 

20 0 0 67 19 33 0 

9 83 - 84 5040 . 67 5039.33 0 

84 5760 0 0.67 5759.33 0 

83 - 0 0.67 6479.33 0 

83 - 84 7200 0 0. 67 7199.33 0 
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TABLE B-6. SENSOR FOR SAN LOUIS OBISPO, CALIF. 

1 Data 



TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO CALIF. CONTINUim) 

E. Sensor Data 

Total Down 
Total Due to No. of 

Failure 

720 0 49.42 670 58 0 

83 83 1440 0 143.75 1296.25 0 

- 11/83 2160 0 143.75 2016.25 

83 - 1 83 2880 0 143' 75 2736.25 0 

83 - 84 3600 0 143.75 3456.2:5 0 

84 4320 0 143.75 4176.25 0 

83 - 84 5040 0 143.75 4896 25 0 

83 - 84 5760 0 143 75 5616.25 0 

83 - 84 6480 0 143.75 6336.25 0 

84 7200 0 143.75 7056.25 0 

F. Dew Sensor Data 

Total 
Total No. of 

Time 

720 0 49.42 670.58 0 

83 - 83 1440 0 143.75 1296.25 0 

83 - 11/83 2160 0 143 75 2016 25 0 

9/83 - 3 2880 143.75 2736.25 0 

/83 - 84 3600 0 143.75 3456.25 0 

83 - 4320 0 143 75 4176.25 0 

9/ 84 5040 143.75 4896.25 0 

83 - 84 5760 143.75 5616.25 0 

83 - 84 6480 0 143 75 6336.25 0 

83 - 84 7200 0 143. 7 5 7056.25 0 

R-23 



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

G, Prec tat Sensor Data 

Total Down Time 
Total 

720 

83 - 83 1440 1 

- 1 83 2160 

2880 0 

3600 0 

84 4320 

83 - 84 5040 0 

5760 0 

6480 

83 - 7200 

Total 

720 

1440 1440, 

83 - 11 83 2160 0 0 

83 - 83 0 

3600 0 

84 4320 0 0 

83 - 5040 0 

5760 0 

6480 

84 7200 0 7200 0 

B-2!, 



TABLE B-7. 

Total 

83 720 

83 - 1440 

83 - 60 

83 - 83 2880 

83 - 84 3600 

84 4320 

84 5040 

84 60 

6480 

84 7200 

1440 

21 

3600 

5040 

84 5760 

84 6480 

83 - 84 200 

SYSTEM AND SENSOR DATA FOR 

Total 

A. 

To 

tem Data 

36.00 

36.00 

36.00 

36.00 

36 00 

36.00 

00 

36.00 

36.00 

36 

684 00 

1404.00 

24.00 

2844.00 

3564.00 

4284.00 

5004.00 

24.00 

6444 

64.00 

B. Cei 

Total 

Sensor Data 

Down Time 

00 

507 00 

507.00 

507.00 

.00 

507. 

507.00 

507.00 

507. 

507 00 

36. 

36.00 

36. 

36. 

36.00 

36.00 

36 00 

B-25 

ALASKA 

No. of 
MTBF 

1 

1 

1 

No. of 

324.00 

897. 1 

1617.00 1 

2337.00 1 

305 7. 00 1 

377 .00 1 

4497.00 

5217.00 1 

5937 00 

6657 00 1 



TABLE B-7. AND SENSOR DATA FOR ALASKA (CONTINUED) 



TABLE B-7. SYSTEM AND SENSOR DATA FOR ALASKA (CONTINUED) 

E. Sensor Data 

Total 
Total No. of 

720 0 36.00 684.00 0 

83 1440 0 36.00 .00 0 

83 - 11/83 2160 36.00 2124.00 0 

83 - 83 2880 36.00 2844.00 0 

9 84 3600 0 36.00 3564.00 0 

83 - 84 4320 0 36.00 4284 00 0 

9/83 - 84 5040 0 36.00 .oo 0 

83 - 84 5760 0 36 00 5724. 0 

9/83 - 6480 0 36.00 .oo 0 

83 - 84 7200 36.00 7164.00 0 

F. Dew Sensor Data 

Total 
Total to No. of 

83 720 36 00 684.00 0 

83 1440 36 00 1404.00 0 

3 - 1 83 2160 36.00 2124 00 0 

83 - 83 2880 36. 2844.00 0 

83 84 3600 0 36.00 3564.00 0 

84 4320 36.00 4284.00 0 

/83 - 84 5040 36.00 5004.00 0 

83 - 84 5760 36.00 5724 00 0 

/83 - 84 6480 0 36.00 6444.00 0 

/83 - 84 7200 0 36.00 7164.00 0 
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TABLE B-7. SYSTEM AND SENSOR DATA FOR ALASKA (CONTINUED 

G. Prec ion Sensor Data 

Total 
Total 

Period Time 

720 0 .00 0 

83 - 14.!+0 0 

2160 

83 - 83 2880 .00 

83 - 84 3600 36 .00 0 

4320 0 

84 50i+0 0 .00 5004 00 

84 0 .00 57 

6480 .00 

0 0 

H. A1t 

Total 

72:0 0 

1440 00 0 

- 1 83 2160 60 00 

83 - 83 00 0 

84 3600 0 

4320 0 43 

5040 0 0 

84 5160 0 

83 - 6480 0 

1200 0 0 7200.00 
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TABLE B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. 

A. tem Data 

Total No. of 
Time Fai 

720 l. 27 718 73 5 143. 7:> 

83 - 83 1440 9.98 1430.02 5 95.33 

83 - 11/ 2160 11.38 .62 7 126 39 

- 1 83 2880 11.38 2868.62 7 168. 7/+ 

83 - 84 3600 11.38 3588.62 17 211 

83 - 84 4320 58.88 4261.12 18 236 73 

83 - 84 5040 58.88 1.12 18 276.73 

84 5760 58.88 5701 12 18 31 73 

6480 58.88 6421 12 18 356.73 

84 7200 58.88 141.12 18 396.73 

B Ceil Sensor Data 

Total Down Time 
Total Time to No. of 

83 7 0 1 27 718.73 0 

1440 0 9.98 1430 02 0 

1 83 2160 0 11.38 2148.62 

2880 343.33 11.38 25 29 1 

83 - 84 3600 343.33 ll 38 3245 '29 

84 4320 345 23 58.88 3915. 1 

84 5040 345. 63 58.58 4635.49 1 

84 5760 345.63 58. 5355.49 1 

83 - 84 6480 346.03 58.58 6075.09 1 

83 - 84 7200 346.03 58.88 6795.09 1 
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TABLE DATA FOR WASHINGTON~ D.C. CONTINUED) 

Vis ili Data 

0 718. 0 

0 0 

83 ~ 

0 

0 

0 1.12 

0 58. 0 

0 88 570 .12 0 

83 - 6421.12 

84 7200 0 58.88 7141.12 

B-30 





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

G. at Sensor Data 

Total 

0 0 0 

83 0 0 

- 11 83 60 0 1 

83 - 83 2880 

83 - 3600 0. 

83 - 84 0.50 

5040 

83 - 84 57 

83 - 6480 .50 1 

83 - 84 7200 0.50 7199.50 1 
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TABLE B-9. 

Total 

720 

8 21 

3600 

84 

84 

6480 

7200 

Total 

83 

83 ·- 84 5040 

57 

83 84 7200 

SYSTEM AND SENSOR DATA FOR , IOWA 

A. 

Total Time To 

273.16 

58 

918.83 

19. 

919 00 

19.00 

19 00 

.oo 

.00 

2 

tem Data 

446.84 

1054 42 

1241.17 

1961.00 

2681 00 

3401.00 

412 .00 

4841 00 

7.40 

No. of 
Fai 

8 

10 

1 

1 

1 
A 

3 

14 

MTBF 

63. 

131. 

124. 

78. 

243.73 

309.18 

374 

427.62 

38 

B 

Total 

1 Sensor Data 

375.50 

694. 

801. 

292 16 

404. 

937 

52. 

420 

806. 

806. 

1358. 

1829. 1 

1829. 

1829 71 

•66 

937 

66 

939.66 

94 • 26 

2576 . 

2992. 

37 •63 

4429.03 

8 

8. 

B-)3 



TABLE SENSOR DATA FOR • IOWA (CONTINUED) 

Total 

Sensor Data 

83 -

0 

0 

0 

0 

292.16 

• 66 

937 

.66 

427. 

.34 

2662 

0 

0 

0 

0 

0 

84 

84 

84 

5760 

3. 

.oo 

.66 

66 

66 

4099 

5537 

6254 1 

Data 

---

83 - 84 

2880 

60 

7200 

0 

0 

0. 

0. 

0. 

0.50 

B-34 

16 

404 

.91 

08 

.08 

405 08 

•08 

405 

.08 

408.68 

.84 

1035 34 

17 .59 

.42 

3914 42 

4634.42 

5354.42 

6072.42 

6790.82 

0 

1 

1 

1 

1 

1 

1 





TABLE B-9. SYSTEM AND 

G. 

SENSOR DATA 

tat 

FOR 

Sensor Data 

IOWA (CONTINUED 

Total 
Total 

83 

83 

83 

83 

83 

83 

83 

-

-

-

-

-

-

-

83 

84 

84 

720 

1440 

2160 

2880 

3600 

4320 

5040 

5760 

6480 

7200 

0 

0 

0 

0 

0 

0 

0 

404. 

404. 

66 

66 

• 66 

408. 

.34 

95 34 

39 5. 

4635 34 

5355 34 

3 • 

L 

0 

0 

0 

0 

Total 

H. 

Total 

Sensor a 

83 

83 

83 

-

-

-

84 

84 

84 

720 

1440 

2160 

2880 

3600 

4320 

5040 

5760 

6480 

7200 

0 

0 

0 

5. 

5. 

5. 

5 33 

5.33 

0 

0 

0 

0 

00 

00 

60 00 

54.67 

6474 

7194.67 

0 

0 

1 

1 

B-36 



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

A. tem Data 

Total No. of 
lures 

83 720 • 65 381.35 11 34.67 

83 1440 .82 951 18 28 33.97 

- 11/83 2160 622.85 1537.15 50 30.74 

83 2880 622.85 2257.15 50 45 .14 

83 - 84 3600 622.85 2977.15 50 59. 

84 4320 626.65 3693.35 51 72 

84 5040 626.65 4413 35 51 54 

84 5760 627 45 5132 55 53 96 84 

627 45 2.55 53 110. 

83 - 84 7200 637.12 • 88 54 12 • ~53 

B. Cei Sensor 

Total 
Total Time to No. of 

720 0 313 35 406.65 0 

1440 .52 976. 

2160 597 55 562 45 0 

83 - 83 2880 0 597.55 2282.45 0 

83 - 3600 597.55 3002.45 

83 - 84 4320 597.55 3722.45 

5040 7.55 4442.45 0 

84 5760 597 95 5162 OS 

83 - 84 6480 00 597 95 587 .05 

83 - 7200 20 00 607 62 65 7 2 38 1 
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TABLE B-10. SENSOR DATA FOR LA. CONTINUED 

c ibili Data 

0 0 

0 

83 0 l 

•59 

50 .55 5 

• 90 .55 

84 6 

1 

6480 90 .15 

200 • 90 1. 

D Sensor 

1'20 

0 1.18 0 

60 .15 0 

0 

5137 15 0 

5857.15 0 

7200 632.52 6567.48 
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TABLE B-10. 

Total 

720 

83 1440 

60 

83 2880 

83 - 84 3600 

4320 

5040 

84 60 

6480 

83 - 84 200 

Total 

83 -

83 

83 - 3600 

84 20 

84 

84 57 

83 -

83 - 84 7200 

SYSTEM AND SENSOR DATA FOR 

E. Sensor Data 

Total 
Time to 

3. 35 

463.52 

0 597.55 

0 597.55 

597 55 

0 597.55 

0 597 55 

597.55 

0 .55 

22 

F. Sensor Data 

Total 
Time to 

Restore 

• 35 

597 55 

50 59 • 55 

597. 

.55 

59 55 

293 40 • 22 

3-39 

LA. (CONTINUED) 

No. of 

406.65 

976.48 

1562. 

2282.45 

3002.45 

3722.45 

4442.45 

5162.45 

5882.45 

6592.78 

0 

0 

0 

0 

0 

0 

0 

0 

0 

No. of 

406.65 

.48 

1562.45 

2230 95 

.95 

6.05 

4149 

4869.05 

5589.05 

6299 • 

0 

0 

0 

2 

2 

4 

4 

4 

4 

4 

1 5.48 

1475.48 

869.01 

• 26 

Jl217.26 

397.26 

1574.85 



TABLE B-1 SYSTEM AND SENSOR DATA FOR LA. (CONTINUED 

G Prec tat Data 

Total 

Period 

720 0 

1440 0 

2160 0 

2880 

3600 55 3002 

83 - 4320 0 59 0 

5040 22 70 

84 5760 22. 

83 - 6480 22 88 

H. 

Total 

720 0 .oo 0 

83 0 0 

83 21 

83 2880 0 0 

3600 0 .00 

43 0 6. 

504.0 3. 

84 57 0 

6480 0 

7200 0 13.47 7186.53 0 

B-40 



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

83 

9 

84 

84 

84 

84 

84 

Total 

720 

1440 

21 

2880 

3600 

60 

7200 

A. 

57.39 

140.12 

195.30 

198. 63 

.63 

63 

.63 

63 

•63 

tem Data 

662.61 

1299.88 

1964.70 

2681.37 

3401 37 

412 

4841. 

628 .37 

7001.37 

No. of 
Failures 

30 

41 

48 

48 

48 

48 

48 

48 

48 

28. 

43. 

92 

55.86 

70 86 

100.86 

5 86 

30. 

145.86 

Total 

B. Cei 

Total 
Time to 

Sensor Data 

Down Time 
No. of 

83 -

83 

3 

84 

84 

84 

3600 

4320 

5040 

7200 

0 

0 

0 

650 

00 

650. 

650.00 

650 00 

650. 

650 

136. 

19 •46 

94 

94 

94 

194. 

303 72 

2035.24 

2755.24 

347 • 24 

4195 24 

5635.24 

6355.24 

0 

0 

1 

1 

1 

1 

B-41 



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

c. li Sensor Data 

Total 
Total 

Time 

720 

Vi-40 136.53 

- 1 83 2160 191.71 

2880 0 195.01 

84 3600 0 .01 

4320 0 195. 

195 01 

83 - 5760 0 .01 

MBO 0 .01 

0 195.01 

Wind Sensor Data 

0 56.52 

0 139.50 

83 - 60 0 194 68 

83 • 98 

24 19 • 98 

84 43 .oo 97 98 

84 00 98 

60 24.00 

6480 24.00 197.98 

83 - 84 7200 24.00 197. 

666 

1303.47 0 

1968 29 0 

.99 

0 

4124. 0 

4844.99 0 

0 

6284. 

7004.99 0 

No. of 

663.48 0 

1300.50 

.32 

2658.02 

1 

4098.02 1 

4818.02 1 

.02 1 

6258.02 1 

6978.02 1 
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TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON~ MICH. 

E. Sensor Data 

Total 
Total No. of 

Period 

720 53 30 666 70 0 

83 - 136. 1303.72 0 

11 83 0 19 46 1968.54 0 

83 - 83 2880 0 .76 .24 0 

84 3600 .76 

4320 0 194.76 4125 24 

5040 76 • 24 

5760 0 194 76 5565.24 

83 - 6480 0 194 76 24 0 

84 7200 0 194.76 7005.24 0 

Sensor Data 

Total 
Total No. of 

7 53 .OS 0 

136. .10 0 

83 - 21 0 92.08 92 0 

83 195 38 .62 0 

83 - 0 • 38 • 62 0 

4320 48. • 38 .45 1 

83 - 5040 •38 1 

84 57 195.38 

7 195.38 6236. 

83 - 84 7200 48.17 • 38 6956.45 1 
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TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON MICH. CONTINUED) 

Total 

720 

1<~40 

- 11/83 2160 

2880 

84 3600 

4320 

5040 

5760 

6l}80 

7200 

Total 
Period 

720 

1440 

- 1 83 2160 

83 2880 

3600 

83 - 84 4320 

84 5040 

3 - 84 5760 

6480 

84 7200 

G. 

Total 

tat Sensor Data 

Down Time 

no oo 

11~40 .00 

2160 00 

2880 00 

3600 00 

4320.00 

4920.00 

4920 00 

5640.00 

6360 

H. Altimeter 

Total 

0 

0 

0 

0 

0 

Dat 

1 

0 

0 

0 

0 

0 

00 

1 

1 

2 

.oo 

0 

0. 

o. 

.30 

0 

0.30 

0. 30 

B-44 

0 

0 

0 

0 

0 

0 

.00 

00 

431 

5039. 

5759 

6479.70 

71 .70 

1 

1 

1 



TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. 

A. tem Data 

Total No. of 
TOT Fai MTBF 

83 720 15 73 704.27 8 • 03 

1440 34.11 1405 89 5 93.73 

- 1 83 2160 86 28 2073 72 25 82.95 

2880 86.33 2793.67 26 7.45 

3600 340.58 3259.42 27 20.72 

4320 411.08 3908.92 30 130.30 

5040 415.83 4624.17 31 149 17 

84 5760 416.08 5343 92 35 2. 68 

6480 457.48 6022.52 38 .49 

83 - 200 469 6730.02 39 72 56 

B. Ceil Sensor Data 

Total 
Total to No. of 

Restore Failures MTBF 

0 1. 

23 78 1416 22 

2160 31 78 2128 22 0 

83 2880 1 31. 2692. 

3600 56 00 286.08 31 .92 1 

84 4320 56. 356.58 3807 42 1 

5040 56.00 l. 4522 67 

84 5760 156. 361.58 5242 42 

6480 5 .00 402.98 5921.02 

84 7200 156.00 415.48 6628.52 1 

l3-45 



0 1 35 0 

83 - 1411 97 0 

83 60 0 0 

3 0 .08 .92 

84 .33 

83 - 84 3959 0 

84 0 .58 4674.42 0 

84 365.83 5394 17 0 

84 407.23 6072.71 0 

83 - 84 7200 419 73 6780.27 0 
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TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED) 

E. Sensor Data 

Total Time 
Total Time to No. of 

720 0 11.40 708.60 0 

83 - 83 1440 0 23.78 1416.22 0 

8 - 11/83 2160 0 31 78 2128 22 0 

83 - 83 2880 0 31. 2848.17 0 

83 - 84 3600 0 .08 3313 92 0 

83 - 84 4320 356.58 3963.42 0 

83 84 5040 361.33 4678 67 

83 - 84 5760 0 361.58 .42 0 

84 6480 402.98 6077 02 0 

83 - 84 200 0 415.48 6784.52 0 

F. Sensor Data 

Total 
Total to 

720 1.48 .52 0 

83 - 29 86 1410 14 0 

83 60 82.03 2077.97 0 

83 - 83 2880 0 82.08 2797.92 0 

83 - 3600 0 336 33 3263.67 0 

84 4320 406 3913.17 0 

84 5040 1 58 4626. 1 

83 - 84 2.00 411.83 5346 17 1 

6480 2 453 23 6024.77 1 

83 - 84 7200 .00 465.73 6732.27 1 

B-1+ 7 



TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED) 

G. Prec at Sensor Data 

Total 
Total Time No. of 

9 720 0 11. 708. 

83 0 6.22 

2160 31 21 .22 

2880 0 0 

84 3600 286 08 33 0 

4320 356. 3963.42 0 

84 SOl1-0 361.33 4678.67 

83 - 84 5760 0 361 5398. 0 

6480 0 402 98 0 

84 7200 0 

H. Alt Sensor Data 

Total 
Total 

720 0 

83 14~f0 0 

2160 0 2160.00 

2880 0 2880. 

83 - 84 3600 0 0 

84 4320 0 20. 

5040 5040 00 

84 5760 5760 

3 - 0 6480. 

83 - 84 7200 0 0 7200.00 0 
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TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N, MEX. 

A. tem Data 

Total 
TOT MTBF 

83 720 0 720.00 0 

83 - 1440 0.70 1439.30 2 719.65 

2160 0.95 21 .05 4 539.76 

83 - 83 2880 0.95 2879.05 4 19.76 

83 - 3600 43.78 3556.22 5 7l • 24 

43.78 4276.22 5 855.24 

5040 43.78 4996.22 5 999.24 

84 5760 43.78 5716.22 5 143.24 

83 - 6480 43.78 6436.22 5 • 24 

7200 43.78 7156 22 5 1431. 

1 Sensor Data 

Total 
Total Time to No. of 

720 0 720.00 

1440 0 1440.00 

83 - 2160 0 0.08 2159.92 0 

83 - 2880 0 0.08 .92 

3600 0 42 91 3557.09 

83 - 84 4320 42. 1 4277.09 

84 5040 0 42.91 4997.09 

83 - 5760 0 42.91 571 .09 0 

42.91 6437.09 

83 84 7200 42 91 157.09 0 
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TABLE B-13, SYSTEM AND SENSOR DATA FOR SANTA FE) 

c. Sensor Data 

Total 
Total 

720 0 

0 

21 0 0.08 

2880 0 0 08 

83 - 84 3600 .91 

84 0 42.91 

3 - 84 0 •91 

84 0 42. 

6480 0 

0 42. 

Sensor 

Down Time 

0 

83 14<'!.0 0.20 

83 0.28 

0 

83 - 0 

0. 

0 0.28 

83 - 0 28 

83 6480 • 28 

83 - 84 7200 0 0.28 

B-·50 

N. MEX. 

No. of 

720 00 0 

1440.00 0 

2159.92 0 

2879.92 0 

.09 0 

4277 0 

0 

5717.09 0 

0 

7157.09 0 

No. of 

720 00 

1439.80 0 

2159.72 0 

2879 72 

3599. 

4319. 0 

5039.72 0 

5759.72 0 

.72 0 

7199.72 0 



TABLE B-13. SYSTEM AND SENSOR DATA FOR SANTA FE, N. MEX. 

E. Sensor Data 

Total 
Total 

Time 

83 720 0 720.00 0 

83 - 83 1440 • 50 1413 50 1 

- 11 83 2160 26 so 0.25 2133.25 1 

83 - 83 2880 26.50 • 25 2853.25 1 

84 3600 26 50 o. 25 3573.25 1 

83 - 4320 •50 0.25 4293 25 1 

84 5040 . so 0 25 5013.2.5 1 

84 5760 26.50 5733.25 

6480 .50 0.25 6453.25 1 

26 50 0 25 13. 2~) 1 

F. Sensor Data 

Total 
Total Time to 

9 83 0 0 720.00 0 

0 0 50 .50 0 

2160 0 15 2159.25 0 

83 - 83 2880 0 0.15 2879.25 0 

83 - .75 25 0 

83 - 84 20 43 9 25 0 

83 - 5040 .15 5039. 0 

5760 0. 5759.25 0 

83 - 6480 0.75 • 25 0 

83 - 0 75 99.25 0 
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TABLE B-14. 

Total 
Time 

720 

83 1440 

83 - 1 83 2160 

2880 

3600 

4320 

84 5040 

5760 

84 7200 

Total 

83 - 1440 

83 60 

83 

84 3600 

84 4320 

84 

83 - 84 5760 

6480 

83 - 84 7200 

SYSTEM AND 

A. 

312.00 

457 

457.00 

969.00 

1 77.00 

77.00 

1 77 00 

11 

77.00 

77 00 

B. Ceil 

Total 

20.00 

816.00 

1 .00 

6 00 

816.00 

6.00 

816.00 

6 00 

816.00 

816.00 

SENSOR DATA FOR 

tem Data 

TOT 

408.00 

983.00 

1703.00 

2111.00 

2423 00 

3143.00 

3863.00 

4583.00 

5303.00 

6023.00 

Sensor Data 

0 

145.00 

145 00 

457 00 

865 00 

865 00 

865.00 

865.00 

865.00 

865 00 

B-'13 

VM"DEZ, ALASKA 

No. of 
s 

l. 

5 196. 

5 340.60 

6 351.83 

6 403 83 

6 523.83 

6 643 83 

6 7 

6 83 

6 1003.83 

. of 

1 

479.00 1 

119 00 1 

1607.00 1 

1919 00 

2639 00 

3359.00 l 

4079 00 

4799.00 

5519 00 1 



TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 

c0 Visibi Sensor Data 

Total Down Time 
Total Time to 

Time 

83 720 0 0 720.00 

1440 0 145.00 1295.00 0 

- 11/83 2160 0 145 00 2015.00 0 

83 2880 0 457.00 2423 00 0 

84 3600 0 865.00 2735.00 0 

84 4320 0 865.00 00 0 

83 - 84 5040 0 .00 75 00 

84 60 0 .00 0 

6480 0 865 00 5615. 0 

83 - 84 7200 0 865. 6335.00 0 

D. Wind Sensor Data 

Total Down Time 

0 .00 .00 0 

0 457 .oo 0 

2160 0 .00 1703.00 

2880 0 .00 2111.00 0 

3600 0 1177 00 2423.00 

84 4320 0 1 .00 3143.00 0 

84 00 11 1 00 359 • 00 2 1799.50 

•00 1177 00 4319.00 2 59.50 

6480 264.00 1177.00 5039.00 2 2519.50 

83 - 84 7200 264 00 1177 .oo 5759.00 2 2879.50 
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TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 

E. Sensor Data 

Total Down 
Total Time to 

Period 

/83 120 312.00 408.00 0 

83 - 83 1440 0 457.00 983.00 

83 - 2160 0 457.00 1703.00 0 

83 - 83 2880 769.00 211 .oo 0 

83 84 3600 0 177.00 2423.00 

8 84 4320 1177 00 3143.00 

83 - 5040 0 17 •00 3863.00 () 

83 - 84 5760 77.00 00 0 

83 - 6480 0 1177.00 5303.00 0 

83 - 84 7200 177.00 6023.00 0 

F. Sensor Data 

Total 
Time to 

Per---
9 720 720. 0 0 1 

83 - 83 1440 1440 00 0 0 1 

- l 83 60 1632.00 528.00 

83 2880 1632.00 312.00 936 00 1 

3600 1632.00 720.00 1248.00 1 

3 - 84 4320 1632.00 720.00 1968.00 1 

84 5040 1632.00 720.00 2688.00 1 

83 - 84 5760 632.00 720.00 3408 00 1 

83 84 6480 1632. 720.00 4128 00 l 

83 - 84 7200 1632.00 720 00 4848 00 1 
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APPENDIX C 

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM 

FAILURE DIAGNOSIS SUMMARY 





TABLE C-1. HISTORICAL ACCOUNT OF WEATHERJvlEASURE SYSTEM AND SENSOR FAILURES BY SITE 

Site 
ID 

tern ADO 

HOU 

EEN 

MIE 

PSP 

SBP 

Cei AUO 

HOU 

EEN 

HIE 

PSP 

SBP 

GAL 

Failure 
No. 

2 
3 
4 
5 

1 

l 
2 

3 

1 

1 

2 

l 

2 

3 

None 

l 
2 

l 

2 

l 
2 

1 

None 

1 
i 

Mo/Yr 

83 

10/83 
12/83 

84 
6/84 

l/84 

l 83 

83 

ll/83 

11/83 

83 

10/83 

10/83 

83 
84 

83 

11/83 

10/83 
ll/83 

83 

9 83 

9/83 

83 
12/83 
3/84 
6/84 

l/84 

83 
10/83 

ll/83 

83 

11/83 

11/83 

83 

83 

10/83 

10/83 
84 

83 

11/83 

10/83 
ll/83 

83 

10 83 

No info from met rack/replaced defective 
S-12 module 

Wx info IDlSS from lOT sc reset CPU 
Visibility miss/reset racks 
Visibility miss/replaced S-12 board module 
Ceil temp, dew pt mlSS /reset CPU

' 
Barometric press miss/replaced S-12 

board module 

Visibility & wind miss/reset racks 
, dew pt, wind errors/replaced l2V 

power ln (M733 NP) CPU 
wind ffil ss & dew pt error/replaced S-12

' board module 

Het 'J box power failure/replaced fuse 

No reports from met rack if /defective module 

visibility errors/cleaned lens 
& glass windows 

Wind, temp, dew pt miss/re aced faulty 
S-12 board in met box 

Cei & visibility miss/defective s--12 
module 

No met box aced S-12 module 

Sunshutter wrre broken 
Ceilometer sensor out/ SCR 

Ceilometer error/increased HDC level from 
10 to 12 

Ceilometer error/decreased HDC level 

Ceilometer error/reset rack 1r3 
Ceilometer error/continuous till 84, 

unresolved 

Ceilometer error/cleaned windows 

Ceilometer sensor out 
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TABLE C-1, HISTORICAL 

Site 
ID 

Visibi ity AUO 

HOU 

EEN 

MIE 

PSP 

SBP 

Wind AUO 

HOU 

EEN 

MIE 

PSP 

SBP 

ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

Failure 

None 

None 

1 83 83 Visibility from backscatter miss/software 
reset on rack 4t3 

2 Visibility from backscatter miss/software 
reset on rack {f2 & 3 

3 Visibility from backscatter miss/software 
reset on rack 

4 83 Visibility report miss( code I 
reset on rack 1t2 & 3 

5 Visibility report miss(code I 
reset on rack 1!3 

6 Visibility report ffilSS t rack il3 
7 Visibi ity report miss/reset rack 4t3 
8 Visibility report miss/reset rack 
9 Visibility report filS t rack 4!3 

10 Visibility rack 113 
l Visibi ity report filS reset rack 1f3 
12 Backscatter sensor saturates limiter & 

recalibrate s conv board 

None 

11 11/83 Visibility not stable/ detector 
assemb 

1 Visibi ity miss ted transmissometer 
Visibility miss/reset rack #3 

3 Visib lity miss sensor correct 
(self corrected 

L 

None 

1 11 11 Wind direction 100 °-180 ° 1n 
replaced part 

None 

None 

None 

None 
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C~l. HISTORICAL 

Site 
WeatherMeasure ID 

rature AUO 

HOU 

EEN 

MIE 

PSP 

SBP 

GAL 

Dew Point AUO 

HOU 

EEN 

Mil:': 

PSP 

SBP 

GAL 

Precip tat ion AUO 

HOU 

EEN 

MIE 

PSP 

SBP 

ACCOUNT 

Failure 
No. 

None 

None 

None 

2 

None 

None 

None 

None 

None 

None 

l 

None 

None 

None 

l 
2 

l 

2 

None 

None 

OF WEATHERMEASURE 

Resolved 

84 

84 84 

l 83 l 83 

83 83 

ll/83 11/83 
1/84 /84 

10/83 83 

l 83 12/83 

SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

Sensor erratic/fixed loose connection to 
box 

Sensor erratic/fixed bad connec :!.On on 
terminal board 

error/ program module 

Precipsensor sture shor 12V 
to chassis 

No precip report se rack 
False prec report, ra1n gauge full of 

ad ted s to funnel-cone heater 

Bucket not webs 
bucket movement 

performance/sensor frozen, funnel 
heater failure, replaced 
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TABLE C-1. HISTORICAL ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

Site Failure Mo/Yr 
ID No. Occurred Causes of Failure tive Action 

Altimeter AUO None 

HOU 1 84 S-12 board ~n rack 4fi2 of service/replace 

EEN l ll l 83 Alt ffilSS sensor outpu s di 
replace them 

2 1/84 l/84 t report too ted switches on 
program card 

MIE None 

PSP None 

SBP None 
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TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE 

Site Failure 
s ID No. Occurred Resolved 

tern DCA l FDC error software reset 
2 FDC error software reset 
3 FDC error software reset 
4 FDC error software reset 
5 FDC error software reset 
6 FDC error reset 
7 FDC error reset 
8 FDC error reset 
9 FDC error reset 

10 FDC error reset 
1 FDC error reset 
12 FDC error reset 

3 Main CPU reset ma1n CPU 
14 Main CPU /reset ma1n CPU 
15 Main CPU -up/reset ma1n CPU 
16 Date/time incorrect/reset manually 
l7 FDC error hardware reset 
18 Broken switch on board 1n CPU/replace 

HUM 1 Wind direction miss fault/reset 
2 Wind direction miss fault/reset 
3 CPU CPU 
4 Altitude fault/reset 
5 83 Voice hoard revised 
6 83 CPU system CPU 
7 83 CPU sy tem CPU 
8 83 CPU system CPU 
9 83 CPU system CPU 

10 83 CPU system CPU 
11 83 CPU system CPU 
12 10/83 CPU system CPU 
13 10/83 CPU system CPU 

4 83 CPU system CPU 
5 CPU system CPU 

16 CPU system CPU 
17 CPU system CPU 
18 CPU system CPU 
19 10/83 CPU system CPU 
20 10/83 CPU system CPU 
21 10/83 CPU system CPU 
22 l0/83 10/83 CPU system CPU 
23 10/83 10/83 CPU system CPU 
24 10/83 83 CPU system CPU 
25 10/83 83 CPU system CPU 
26 10/83 10/83 CPU system CPU 
27 83 10/83 CPU system CPU 
28 10/83 CPU system CPU 
29 11/83 ll/83 CPU system CPU 
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TABLE C-2. STORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE ( 



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

Site Failure 
Artais ID No. Causes of Fai 1ve Action 

tem CMX 8 FDC comm software reset 
9 FDC comm software reset 

10 FDC comm hardware reset 
11 FDC comm reset FDC 
12 FDC comm error hardware reset 
13 9/83 FDC comm error software reset 
4 FDC comm error/reset FDC 

15 FDC comm reset FDC 
16 FDC comm error/reset FDC 
17 FDC comm software reset 
18 FDC comm software reset 
19 FDC comm set FDC 
20 FDC comm error/reset FDC 

l FDC comm reset FDC 
22 FDC comm FDC 
23 FDC comm reset 
24 FDC comm hardware reset 
25 FDC comm FDC 
26 FDC comm FDC 
27 FDC comm reset FDC 
28 83 FDC comm error/reset FDC 
29 83 FDC comm FDC 
30 83 FDC comm FDC 
31 l /83 ll/83 FDC comm FDC 
32 l/83 ll/83 FDC comm reset FDC 

'} 
J /83 l/83 FDC comm error/reset FDC 

34 ll/83 ll/83 FDC comm error/reset FDC 
35 ll/83 ll/83 FDC comm error/reset FDC 
36 ll/83 ll/83 FDC comm error set FDC 
37 l /83 ll/83 FDC comm error/reset FDC 
38 l /83 11/83 FDC comm error/reset FDC 
39 11/83 1/83 FDC comm error set FDC 
!+0 ll/83 ll/83 FDC comm error/reset FDC 
41 ll 11/83 FDC comm error/reset FDC 
42 1 83 1 FDC comm error/reset FDC 
43 l 83 1 FDC comm reset FDC 
44 83 FDC comm error set FDC 
45 l 83 FDC comm error/reset FDC 
46 1 83 FDC comm error/reset FDC 
47 1 83 FDC comm error/reset FDC 
48 12/83 FDC comm error/reset FDC 

PWT l FDC comm error/reset FDC 
2 FDC comm error/reset FDC 
3 FDC comm error/reset FDC 
!+ FDC comm error/reset FDC 
5 FDC comm error/reset FDC 
6 FDC comm error/reset FDC 
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TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

Site Failure 
Artais ID No, 

System PWT 7 FDC comm error/reset FDC 
8 FDC comm error/reset FDC 
9 FDC comm error/rese FDC 

10 FDC comm error/reset FDC 
ll FDC comm error t FDC 
12 FDC comm error/reset FDC 
13 le, no ca l reset FDC 
14 le, except pressure reports/ 

reset FDC 
15 
16 
17 le/reset FDC 
18 le/reset FDC 
19 set fiber optic modem 

20 11 11/83 mlSS t FDC 
21 ll/83 /83 miss/reset FDC 
22 11/83 1 /83 It/reset FDC 
23 11 11/83 le/reset fiber modem 

(power failure) 
24 11 1 /83 FDC error/rese fiber optic modem 

(no power failure) 
25 l FDC 
26 1 FDC comm reset fiber optic modem 
27 Fiber opt c com ink between FDC &. 
28 FDC comm resolder s FDC board 
29 FDC comm error/reset FDC 
30 FDC comm FDC 
31 FDC comm FDC 
32 FDC comm t fiber optic modem 
33 FDC comm e.rror /reset fiber opti modem 
34 FDC comm reset fiber optic modem 
35 FDC comm reset fiber optic modem 
36 FDC comm reset fiber opt modem 
37 FDC comm error/reset fiber optic modem 
38 CPU reset CPU 
39 Ceil set F'DC 

SAF 1 miss/reset CPU 
2 t CPU 
3 ll/83 set CPU 
4 ll/83 system CPU 
5 l/84 Vis & ceilometer real tasker 

VDZ l wind wind irection 
out FDC comm error/reset FDC 

2 CPU reset CPU 
3 CPU reset CPU 
4 CPU hang et CPU 
5 CPU -up/reset CPU 
6 12/83 FDC failure/ aced board lD F'DC 
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TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

Site 
ID 

Failure 
No. Causes of Fai tive Action 

DCA l 83 Ceil out 
board 

of service/rep aced ce1 processor 

HUM 1 84 84 mlSS at 1801 olved 

l 
2 
3 

4 

5 
6 

10/83 
11/83 

l 83 

84 
84 

83 
10/83 
ll/83 

1 

l/84 
84 

Ceilograph failure/sensor ou of al 
miss/replaced 807 board 1n ceil 

Sky intermittent/ 807 board 1n 
ceilograph 

Ceil incorrect/reset ceilometer 
cycl 

missing adjust sensor 
Ceilometer failure/replaced power d ode 

CMX l 1 /83 1 Sensor gets 
boards 

stuck on 'M60VC' /replaced rece ver 

PWT ' 1. l /83 l 83 Read mlSS 
coupler 

dusk to dawn/replace bad optic a 

SAF None 

1 

Visibility DCA None 

HUM 1 
2 
3 
4 
5 
6 

11/83 
12/83 
1 83 
1 83 
l 83 

84 

11/83 
12/83 
12/83 
12/83 
12/83 

84 

Low read 
Low readings 
Low read 
Low read s 
Low readings 
Low readings 

due 
due 
due 
due 
due 
due 

to 
to 
to 
to 
to 
to 

cobwebs 
cobwebs 
cobwebs 
cobwebs 
cobwebs 
cobwebs 

on 
on 
on 
on 
on 
on 

sensor/removed 
sensor/removed 
sensor/removed 
sensor/removed 
sensor/removed 
sensor/removed 

DBQ 1 2/84 2/84 Reading incorrect/ aced defective module 

CM.X None 

PWT l 4/84 84 Visibili.ty not /reset rnaLn 
breaker on transmitter 

power 

SAF None 

VDZ None 

Wind DCA None 

HUM None 

DBQ l 11/83 ll/83 Wind speed miss rdware reset 

CMX 12/83 83 Wind dir miss/lowered voltage 
problem 

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

Site Failure 
~on 

Wind PWT None 

SAF None 

VDZ l 
2 

rature DCA None 

HUM None 

None 

CMX None 

PWT None 

SAF l m~ s/cleaned 
sensor 

& ied moisture in temp 

None 

Dew Point DCA 1 5/84 84 sensor out 

HUM 

2 
3 

4 

12/83 

1 l 

miss in transmitter box dried 
cleaned 

read incorrect/self correc 
mlSS ied moisture from transmitter 

box 
erratic/cleaned & 

cell 

1 
2 

11/83 
ll/83 

11 
11/83 

reset 
fuse to sensor fan motor 

CMX l mlSS laced fuse to sensor fan motor 

PWT 1 miss/ lem self correct 

SAF None 

VDZ 1 83 Sensor out of 

Preci tat ion DCA 1 84 No prec 

HUM 

2 

84 

84 

Precip errors/contaminated scotch 
sensors, cleaned & 

Prec p errors/contaminated scotch 
sensors, cleaned & aced 

tape 

tape 

on 

on 

DBQ None 
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TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

s 
Site 

ID 
Failure 

No. Resolved Causes of Fai 

Prec tat ion CMX 1 

2 

83 84 

84 

Sensor 
heat 

Sensor 

error/ti bucket cover type 
element (installed) 

error wong sensor (unresolved) 

PWT None 

SAF None 

VDZ 

Altimeter DCA 83 83 Alt off .05/alt correction made 

HUM None 

l 84 1/84 Alt intermittent 
on alt 

miss/loose connector 

CMX l ll/83 ll/83 Alt miss/reset 
( MWP) 

at master weather processor 

PWT None 

SAF None 

VDZ 
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APPENDIX D 

AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION .PROGRk~ 

AWOS VERSUS OFFICIAL COMPARISON ANALYSIS 
DATA TABLES AND FIGURES 





Results of the AWOS versus official compar son analysis for the nine 
meteorological sensors and thirteen AWOS sites tables D- thr 

-13 is appendix. In addition, a c s for Wash 
D.C. ( , and Houston, Texas (HOU), 1.s disp 1n D--1 
The foll 10n 1.s 1n the data tables: 

AWOS call letters or identifier "sta". 

le s1ze N". Number of data c 

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

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

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

6. Mean d fference or bias "d". Arithme 1c e mean value of differences 
AWOS m1.nus official,) 

e standard deviation " of AWOS m1nus official values. 

rms value " of AWOS official values. 

Reliability index "RI". Percentage of "N" differences within ance 
limits described in table D-19. 

Statistical significance tests were conducted on all linear correlation 
coef fie , mean difference, standard deviation and reliability index 
values, An asterisk "*" foll these estimates denotes that the computed 
statist is not statist s ant at the 95 percent confidence level 
ace d to the prescribed acceptance intervals, .e. insufficient sample 
S1Ze~ 

The fol additional information is also for cross-reference: 

Method used to obtain official s and ceiling reports (table 3, text). 
"RBC" means rotating beam ceilometer; 11 EST" means estimated by officia 
observer. 

2. AWOS visibili sensor (table 4, text). 

3. AWOS site magnetic variation or compass declination(" ~n table D-8). 
This is the angle in , between true north and magnetic north. It 
either "eas or "wes accord to whether the compass needle s to the 
east or west of true or ic north. General , eastern AWOS sites have 
west declinations while western AWOS sites have east declinations. To convert 
wind d tion from magnetic to true, add east declinations to the magneti 
direction, and subtract west declinations from the magnetic direction. 
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CLOUD LAYER NUMBER 

Sta Clear N Distribution in; Percent 

) -3 -2 -1 0 +2 +3 

CMX 953' 1206 0.0 0.5 15. 60. 17.2 .7 0. 
DOO 584 633 0.0 0. 16.9 42.5 32.4 . 1 0.3 
DCA 531 1339 0.0 2.. 5 43.2 4L2 11.9 Ll o.o 
HUM 838 .o 2.9 ' 41.4 16.5 5.3 0.2 

20 128 .o 4.7 32.8 36.7 22.7 3. .0 
SAF 15 .0 o. 66.7 20.0 13.3 0.0 .o 
VDZ 274 370 .6 .2 53. 25.4 5.4 0.5 o.o 
EEN 199 643 o.o L4 20.2 30.9 37.2 9.8 0.5 
GAL 995 0.1 2.4 27.1 29.4 28. 11.5 1. 
HOU 1538 2390 0.3 4.8 27.8 33.1 20. 9.2 4.0 
MIE 557 566 0.4 8.5 59.2 25.3 5.8 0.9 0.0 
PSP 2693 127 0. 2.4 30.7 14.2 45. 7.1 0.0 
SBP 370 204 1.5 19. 32.8 29.4 6.7 0.5 
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TJI.BLE SKY OBSCURATION OCCURRENCE 

No Prec Fog Prec t On' Fog 

(0) 
no 

yes 
yes 
yes 

yes 
no 

N 
no 

yes 
yes 
yes 

yes 
no 

N 

yes 
yes 
yes 

yes 
no 

N 
no 

yes 
yes 
yes 

yes 
no 

CMX 
DOO. 
DCA 
HUM 
VDZ 
EEN 
GAL 
HOU 
MIE 
PSP 

327 
190 

92 
37 
38 
72 
82 

134 
u 
26 

22.9 
11 .1 
12.0 
21.6 
0.0 

22.2 
4.9 

23.9 
9. 
5.4 

73.7 
35. 
77.2 
32. 
64.2 
76. 
63 ,4, 
59.0 
31. 
7.7 

3.4 
53.2 
10.9 
45.9 
15.8 
L4 

31.7 
17.2 
9. 1 

76.9 

77 
1 

10 
5 

3 
1 

33. 
0. 
0.0 
0.0 
0. 

00.0 
3.7 
0.0 

. 0 
0.0 

62.7 
.0 

0. 
20.0 
60.0 
0.0 

0.0 
.0 

33.3 

3.4 
87.0 

100.0 
80. 
40. 
0.0 

5L9 
100.0 

~}. 

66.7 

231 
79 
44 

3 
31 
40 
15 
30 

2 
0 

21 .2 
25.3 
6.8 
0. 

.0 
12.5 
20.0 
40.0 

0. 
.0 

75. 
50.6 
79.5 
aa~3 
87.1 
85.0 
66.7 
40. 

.0 
0.0 

.0 
24.1 
13.6 
66.7 
12.9 
2Q5 
~a 

20.0 
0.0 
0.0 

69 

00 
27 

6 

40 
lla 

1 
2 

.8 
1 
12.5 
29.6 

0. 
9.7 
0.0 

24. 

00.0 

75.4 
55o6 
00.0 
37.0 
00.0 
00.3 
75.0 
5!J.4 

100 . 
0. 

5.8 
3:3 3 
7.5 

33.3 
0.0 
0.0 

25. 
16.0 
0.0 
0.0 

tJ 
I 

w 

TABLE D-3. CEILING OCCURRENCE 

. Case Overal No Precip or Fog l'rec:lpi tat ion 

Sta N 
CIU clr 
(O)ce 1 

ceil 
eel 

ce l 
clr 

N 
cl 

ce l 
cell 
ceil 

ce l 
clr 

N 
c r 

ceil 
eel 
ceil 

cell 
clr 

N 
clr 

ceil 
ee 
ceil 

ceil 
clr 

CMX 
DOO 
DCA 
HUM 
PWI' 
VDZ 
EEN 
GAL 

·.uou 
MIE 

<I:'SP 
SBP 

8M 
420 
837 
439 

63 
136 
283 
669 

U92 
289 

5.0 
9.5 
9.9 

HL5 
12.7 

.9 
11.7 
14.6 
25.9 
79.2 
,18.8 

0.0 

93.2 
75. 
86.6 
83.1 
82.5 
57.4 
86.2 
40.5 
58.1 
27.3 
3:::.4 
64.7 

1.8 
HL5 
3.5 
L4 
4.8 
0.7 
2.1 

44.8 
HL9 
2.4 

45. 
35.3 

338 
~16 
332 
285 

22 
6:J 

1 
4tH 
425 
133 

14 
41 

9.8 
16.2 
21.1 
20.4 
27.3 
54.0 
19.8 
13. l 
34.8 
91.0 
2L4 
0.0 

88.5 
56.9 
72.0 
79.3 
72.7 
44.4 
79.2 
30 2 
64.5 
9.0 

28.6 
36.6 

1.8 
26.9 

6.9 
0.4 
0.0 
L6 

.0 
56. 
0.7 
0. 

50.0 
63.4 

465 
147 
304 

44 
:15 
67 
62 

142 
50 

7 

2.4 
2.7 
4.3 
6.8 
6.7 

31.:l 
1 •) 

20.7 
16.9 
50.0 
4.a 
0.0 

95.7 
9tL2 
95. 
90.9 
86.7 
68.7 
97. 
66.5 
33.1 
50.0 
35.7 
0.0 

1. 9 
2.0 
0.7 
2.3 
6.7 
0.0 
1.2 

12.8 
0.0 
0.0 
0.0 
0.0 

146 
1 8 
378 
l:Hi 
a a 
10 

105 
32 

39 
6B 
11 
44 

0. 
L7 
0, 
5~9 
2~9 

20. 
1. 
0.0 

u.o 
55"9 
0. 

97.3 
94. 
97.9 
90.4 
9L4 
130.0 

31 .3 
85.7 
44.1 

100.0 
90. 

2. 
4 ., 
·~ 

! . 
.7 

G.'? 
0.0 
1. 0 

6B. 
3. 
0.0 
0.0 
9. 



TABLE D-4. CLOUD HEIGHT 

OVERALL 

Sta Sen If r a b d !!! :Mil!!I 

CMX 
DBQ 
DCA 
HUM 
PWT 
VDZ 
EEN 
GAL 
HOU 
MIE 
PSP 
SBP 

EST 
RBC 
RBC 
EST 
EST 
EST 
EST 
RBC 
RBC 
RBC 
EST 
EST 

8~JO 
2a6 
575 
4't2 
·~5 

1ll0 
3~~0 
~~3 

8~i5 
n7 
28 
(i0 

0.73 
0.84 
0.89 
0.77 
0.92 
0.53 
0.69 
0.64 
0.65 
0.81 
0.91 
0.80 

0.71 
1.02 
0.90 
0.81 
0.96 
0.38 
0.72 
0.83 
0.90 
0.84 
0.86 
0.93 

27 
-·4 
-·42 
343 
199 
107 
981 
791 
575 
208 
107 
142 

-381 
-19 

-164 
-19 
133 * -1542 * 406 * 446 
450 * 
-11 

-225 * 
* * 

800 
600 
411 
857 
568 

1224 
02 * 1 

1069 * 1012 
683 
663 * 734 * 

886 
599 
442 
856 
580 

1 
173 
153 

1 
681 
688 
732 

56 

80 * 
64 
64 
20 * 42 
62 * 66 

46 * 82 

OFFICIAL ) 15€10 FEET 

CJ1:1X 
DBQ. 
DCA 
HUM 
PWT 
VDZ 
EEN 
GAL 
HOU 
JIIIE 
PSP 

EST 
HBC 
H.BC 
EST 
EST 
EST 
EST 
RBC 
nne 
rmc 
EST 

203 
65 

159 
2:34 
~~3 
'('9 

189 
66 

2tli2 
61 
14 

0.49 
0.51 
0.61 
0.49 
0.?5 
0.36 
0.58 
0.55 
0.47 
0.61 
0.84 

0.70 
1.05 
0.99 
0.59 
0.84 
0.39 
0.72 
0.78 
0.66 
0.72 
1.04 

48 
-137 
-272 
1047 

55 
57 

929 
1205 

563 
-645 

-730 
- 3 * 

-305 * * -105 

* 979 * 58 * 362 * 335 
-170 
-507 * 

1146 
1095 

665 
1 18 
854 

1155 
01 
857 

9 
1 

594 

* 

* 
* 
* 
* 

1357 
1087 
730 
120 
836 

01 

883 

* 38 * 74 * 58 * 52 * 1 * 49 * 
* 60 

61 * * 43 * 
OFFICIAL ~ 1500 FEET 

Cl'IX 
DBQ. 
DCA 
HUi'I 
PWT 
VDZ 
EEN 
GAL 
HOU 
mE 
PSP 
SBP 

EST 
RBC 
llBC 
EST 
ESff 
EST 
EST 
HDC 
HIJC 
HDC 
EST 
EST 

54·? 
17' 1 
416 
218 

52, 
31 

201 
27 

603 
116 

4 
53 

0.60 
0.90 
0.82 
0.82 
0.87 
0.38 
0.28 
0.26 * 0.39 
0.55 
0.68 
0.37 

0.67 
1.07 
0.88 
1.13 

.40 
0.25 
0.77 
0.96 
1.08 
0.96 
1. 68 
0.31 

-67 
-26 
-74, 

-120 
224 

673 

101 
-:3:23 

20'J 

-20 
-2 

- 11 

175 
-4~29 

733 
65 
498 

72 
::!7 
90 

* 
* 
:1: 

)~ 

214 
233 
344 
384 

492 
623 
764 * 

488 
1 

258 
352 
4 

1577 
1 
495 
603 
763 

69 

59 

87 
50 

* 
* * * * 
* 
·t~.,, 

NO PRECIPITATION OR FOG 

OIX 
DBQ 
DCA 
HUM 
PWT 
VDZ 
EEN 
GAL 
HOU 
NIE 
SBP 

EST 
nne 
HBC 
EST 
EST 
EST 
EST 
JliJC 
HDC 
llDC 
EST 

308 
90 

138 
305 

38 
23 

151 
::>o 

384 
43 
14 

0.81 
0.90 
0.93 
0.73 
0.39 
0.70 
0.76 
0.95 
0.68 
0.66 
0.98 

0.79 
1 . 16 
0. 
fJ. 
0.90 
0.54 
0.76 

'16 
0.87 
0.62 
0. 

-•) 
-<J~ 

3G 
6G~~ 

464 
~300 
973 

-~Hl 

:J93 
6a1 

4 

-2 0 
226 
-77 

39 
2<-t2 

- 217 
292 
1~ 

357 
-79 

-13(} 

::;~ 

.,. 

.,. 

* 
:!:; 

* 

304 
293 
885 
64 

10 2 * 
343 *:;~ 
439 
815 * 

* 261 * 

731 
550 
302 
885 
677 

1572 
394 
425 
389 
362 
286 

76 
83 
''0tlv 

53 
21 
56 

63 
77 

1 

~ft ,,, 

.,, 

*,,..,. 

* * 
.,. 

* 
* 
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TABLE D-4. CLOUD HEIGHT (CONTINUED) 

PRECIPITATION 

Sta Sen N r a b d IS rm!!l RI 

CMX EST 455 .42 0.34 212 -542 843 1001 
DBQ RBC 110 0.65 0.59 85 -269 * 653 704 64* * DCA RBC 261 0.72 0.68 54 -262 533 593 * HUM EST 57 0.72 .77 51 -256 816 * 848 65* * P"WT EST 20 .68 0.65 258 -30 596 582 70 ** * VDZ EST 79 0.37 0.20 311 -1635 1293 * 2079 20 ** EEN EST 121 0.52 0.61 1495 977 1159 5 2 28 ** * GAL RBC 34 -0.0 * -0.01 3095 HH4 1256 * 1600 4* * HOU RBC 0.66 0.89 328 240 807 839 70* * * MIE RBC 53 0.78 0.82 153 -62 * 726 722 72* * 
FOG 

CJIIX 138 0.55 0.36 208 -271 666 7 72 
DBQ RBC 82 0.88 .05 -65 -36 * 374 374 82 * 

* DCA RBC 342 0.85 .80 13 - 38 319 347 84 
HU1'1 EST 137 0.75 .81 127 -102 752 756 7* * * PWT EST 33 0.90 0.33 151 57 212 2 6 132 * VDZ EST 13 0.41 0.19 129 -2033 * 1140 2314 3* * * EEN ESrf 49 0.49 0.66 1143 761 1187 1407 29* * * GAL RBC 10 -0.43 * -3.64 929 630 1617 1659 30* * * HOU nne 366 0.47 .90 362 298 922 068 78 
NIE nne 66 0.73 0.75 226 -56 724 :K 721 77* * PSP EST 4 0.67 0.74 248 -57 707 684 a6* * * SBP EST 42 0.70 0.83 47 -40 237 286 90 * 
OFFICIAL CEILING VERSUS AliOS CEILING 

c~rn: EST 648 0.76 0.76 -69 -372 704 795 58 
DBQ HBC 183 9.34 1 .00 -31 -28 515 514 7:3 
DCA HBC 4'?4 0.90 0.39 -40 -162 384 417 82 * 
HUl'l I<:ST 277 0.37 0.95 92 4 643 642 74 * PWT EST 42 0.95 0.91 167 35 361 a67 69 
VDZ EST 62 0.57 0.43 -25 -1327 * 1'12 1?45 9 *.,.~·* * ,.EEN ESrf 65 0.67 0.68 715 17G lOOG 1018 49 .,. 
GAL nne 48 0.76 .11 232 400 ;g_ ')42 * 1015 65 ~~~* HOU RBC 447 0.94 1 .03 73 98 287 303 86 
f'IIE n.uc 66 0.98 .00 1 -1 !22 21 95 
PSP Es·r 13 O.BB O.B5 205 -30 630 * 662 jL) *::':::* SBP EST "16 0.96 0.92 1 -G6 66 174 91 '•' 
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TABLE D-5. VISIBILITY OCCURRENCE 

·. Ca~Ye Overa or Prec ta on Fog 

8tl!! Sensor Clear N 
<AJ 
(0) 

>5 
~5 

N 
>5 /re 

~d 

> 
>5 
~5 

~5 
~5 

"!)
>5 

>5 
~5 ~5 >5 

tJ 
I 

(5; 

t;.!'IK FWDSCAT 
IDOO T( 1000) 
DCA F'WDSCAT 
HUM FWDSCAT 
PWT T< 1000) 
SAF T< 000) 
VDZ FWDSCAT 
EEN BCKSCAT 
GAL BCKSCAT 
HOU T<492)
KIE T(492 
PSP Tf492) 
SDP T<492) 

!52 
864 

2471 
970 

0 
77 

539 
363 

2325 
638 

70 
2655 

5 

751 
536 
381 

68 
:m 
92 

IH1 
466 

2823 
688 
124 
l.31 

.6 
4 ~ 1 

37.3 
62.2 

o. 
7.0 

10.6 
8.4 
3.5 

35.3 
o. 1 

31.4 

76.5 
38.2 
57.8 
29.1 
47. 

.0 
45.3 
23.4 
35.2 
26.9 
40. 
0.5 

• 1 

2. 
57.7 
4.9 

.7 
4 .2 

100.0 
46.9 
6Ll 
56 A 
69.6 
24.4 
73.4 
55~5 

6 
448 

69 

35 
75 

294 
219 
861 
202 

58 
75 

25.0 
2.2 

.5 
76. 
0.0 
0. 
~a 
.3 

0.9 
0.B 

25.2 
5~2 

2.7 

37.5 
8.0 
6.2 
5. 
0. 
0.0 
4.0 
L0 
0.0 
8.5 
3. 

13. 
0. 

.5 
8'}. 7 

430 
201 
273 

56 
25 

3 
110 
H9 

59 
200 
20::1 

5 

6.3 

HL7 
7.0 

a2.5 
12.5 

.9 .9 
77. A 
7 4. 
51.8 5e4 
72. I .o 
0.0 10i).0 

71.0 6.4 
75.6 12.6 
57.9 26.4 
72.5 20.5 
65.0 2~!3 
87.5 0.0 

.o .o 

144 
214 
379 
1!14 

41 
0 

23 
150 

91 
569 
320 

14 
57 

29.9 
5.6 

31.7 
48.9 

.5 
0.0 

w. 
Hl.3 
14, .a 
n. 1 

4:J.a 
ar>.7 
7 .') 

(,1],1] 

9;~. I 
67.3 
50.5 
711.0 
0.0 

7:3.9 
m.a 
B! .a 
n:~. u 
~)2. 7 
fA.a 

• 1 

1.4 
2.:1 
l • 1 
0~5 

2.4 
0.0 

l<l.O 
a.a 
4.4 
9.3 
4.11 
0.0 
o.o 



TABLE D-6. VISIBILITY 

OVERALL 

Sta Sensor N r a b d s rms HI 

CMX FWDSCAT 390 0.71 0.95 0.80 0.72 0.99 .23 11;'7 
DBQ. 
DCA 
HUM 
PWT 
VDZ 

T 1000) 
FWDSCAT 
FWDSCAT 
T( 1000) 
FWDSCAT 

287 
310 

11 
32 
87 

0.63 
.66 

0.53 
0.15 * .47 

0.65 
0.76 
0.52 
0.20 
0.54 

0.58. 
0.66 
1.24 

.24 
0.64 

-0.22 
0.13 

-0.12 * - .02 * -0.32 * 

.24 
1.25 
1.37 
2.06 * 1.48 * 

1.26 
L26 

.37 
2.27 
1.50 

~14·::1': 
67 *(:,5 * 4·1 
~)2 * * EEN 

GAL 
BCKSCAT 
BCKSCAT 

145 
164 

0.68 
0.55 

0.74 
0.62 

1.23 
1.48 

0.72 
0.64 

1.25 
.34 

1.44 
1.48 

59 *4,9 * HOU 
MIE 
PSP 
SBP 

T(492) 
T(492) 

(492) 
T(492) 

759 
277 

23 
18 

0.6 
0.6 
0.73 
0.59 

0.48 
0.68 
0.74 
0.64 

1. 51 
1.57 
1.27. 
1.64 

-0.14 
0.83 
0.36 * 0.99 * 

1.31 
1.26 
0.93 * 1.52 * 

L32 
1.50 
tL98 

.77 

~i 1 
!:i5 * 87 * ::t9 * 

OFFICIAL > 2 MILES 

CMX 
DBQ. 
DCA 
HUN 
P"WT 
VDZ 
EEN 
GAL 
HOU 

FHDSCAT 
T<lDOO) 
nmscAT 
FWDSC;\T 
T( 1000) 
F\WSCAT 
llCKSCAT 
DCKSCAT 
T(492) 
T(492) 
T\<:1>92) 

51 
135 
17{) 
71 
18 
3·'1< 
c)<6 

73 
501 
128 

18 

0.28 
0.23 
0. 17 
0.16 * -0. 19 * -0.02 * 0.07 ~r.: 

0.09 * i). 16 
o. 5 * 0.38 * 

0.34 
(}.35 
0.30 
0.20 

-0.42 
-0.04 
0.06 
0.15 
0.17 
0.18 
0.43 

2.65 
.66 

2.27 
2c46 
3.71 
2.66 
3.86 
3. 15 
2.81 
3.28 
2.60 

0.32 * -0.66 
-0.06 
-0.48 * -1.71 
-0.96 * * 0.18 * {). 18 * -0.63 
0.38 
0.28 * 

1.06 * 1.41 
1.50 
1.41 * 2.16 * 1.84 * L 19 * 1.44 * 1.21 
1. 
~. * 

1.10 
1.55 
1.50 
1.48 
2.71 
2.05 
1.20 
1.44 
1.36 
1.27 
0.97 

<'8 
ti9 * * 68 * 69 * 44 *()3 * 1;'8 * 63 
67 * 
<?0 * 94 * 

OFF CIAL ~ 2 HILES 

Cl'lX FWDSCAT 339 0.68 1.34 0.42 0.78 0.97 1.24 !)4 * DilQ. 
DCA 
HUU 

T(i<>DO) 
F\1DSC;\T 
F\IDSCAT 

132 
40 
"~0 

0.62 
0.72 
0.63 

1.06 
1.20 

.21 

0.09 
0. 15 
0.26 

0. 16 
0.36 
0.53 * 

0.91 
0.81 

.02 * 

0.92 
0.88 

.14 

ft8 
66 * 

* 58 * Plfr 
VDZ 

(!000) 
F1\'DSCAT 

l4 
53 

0.37 
.53 * 0.99 

1.00 
-0. 2 
0.08 

-0.13 * 0.08 * 
1.58 * 1.02 

1.53 
1.01 

:36 
51 * 

* EEN 
GAL 

UCKSCAT 
BCKSCAT 

')9 
91 

O.GB 
0.30 

1. 97 
1.18 

-0.08 
0.77 

0.97 
1.00 

1.20 
1.15 

1.54 
1.52 

51 * :38 * HOU T(,~<)~2) 2t53 0.69 . 3,~ 0.40 0.82 0.91 1.23 50 * NIE 
SBP 

T(492) 
T(492) 

H9 
2 

0.73 
0.34 * 

1.U3 
2.00 

0. 16 
0.34 

1.. 21 
.40 * 

1. 16 
.49 * 

1.68 
1.99 

41 
25 * * 
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TABLE D-6. VISIBILITY ( 

PRECIPITATION 

St.a Sensor N r a RI 

CMX 
DBQ 
DCA 
HUM 
Pwr 
VDZ 
EEN 
GAL 
HOU 
MIE 

FWDSCAT 
T< 1000) 
FWDSCAT 

) 

FWDSCAT 
BCKSCAT 
BCKSCAT. 
T<492) 
T<492) 

352 
155 
194 
29 
18 
79 
90 
92 
45 

132 

0.7 
0.62 
0.57 
0.53 

-0.03 * 0.52 
0.66 
0.57 
0.64 
0.63 

0.96 
0.68 
0.65 
0.56 

-0.07 
0.58 

.73 
0.59 
0.53 
0.77 

0.80 
0.54 
0.86 
1.12 
2.40 

.67 
1 . 19 
1.85 
1 .45 
1.25. 

-0.15 
0. l 

.01 * -0.63 
-0.2 * .69 * 0.71 
0.42 

.76 

.95 
1.09 

.37 

.28 * 
2.00 
L42 * .26 
L 2 

. 1 
Ll 

1.20 
.09 

L37 
1.26 

.04 
L43 

.43 

.3 

.18 

.40 

55 * 
65 * * 62 * 

* 54 
66 * 59 * 56 

FOG 

CMX 
DBQ 
DCA 
HIDt 
PWT 
VDZ 
EEN 
GAL 
HOU 
MIE 
S.BP 

FWDSCAT 
TU000) 
FWlJSCAT 
FWDSCAT 
T( 1000) 
F\VDSCAT 
BCKSCAT 
BCKSCAT 
T(492) 
T(492) 
T(492 

99 
197 
255 

93 
32 
17 
22 
74 

486 
173 

6 

0.70 
0. 1 

.68 
0.5'7 

. 15 * 0.17 * 0.69 
0.:33 
0.68 
0.62 
0.66 

.00 
0. 
0.82 
0.59 
0 . 
0.29 
0. 
0. 

.56 
0.66 
0. 

0.62 
0.47 
0.57 

5 

0.78 
. 18 
.52 

1.27 
1. 
1.54 

0.63 7 

.21 
L 

. 06 
1.67 * .22 
1. 58 * 

. 15 
L 

.4 * 

.32 
• 1 

L22 

2.27 
.7 
.44 

L66 
5 

.411 

.30 
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TABLE D-7. TEMPERATURE 

Sta N r a b s rms RI 

crm 3033 1.00 0.97 0.7 -0.2 .7 1.7 96 
DBQ MH 1.00 0.97 0.3 -0.7 1 '5 1.7 97 
DCA 29GB 1.00 1.00 D2 -1 .0 .3 1. 6 98 
PWT 1:33 0.99 0.96 l. 7 -0.2 1. 4 1.4 97 
SAF 114< 0.98 .96 2 .. 9 0. 1 1 .8 1.8 96 
VDZ 593 0.99 0.96 -0.1 -1 .4 1. 9 2.3 89 
EEN B37 0.99 0.97 0.6 -0.5 2.2 2.3 90 
GAL 2763 1.00 1.04 -3.4 -2.9 3.0 4. 1 63 
HOU
mE 

4<<28 
'H34 

1. 00 
1.00 

0.99 
0.98 

0.4 
0.4 

0.0 
-0.5 

.0 

.7 
1. 0 
1.3 

99 
94 

TABLE D-8. DEW POINT 

Sta N r a b d s rnts HI 

C~lX 923 0.98 0.99 -2~8 -3.2 3. 1 .·4 72 
DBCl 1566 .99 0.93 2.3 0.9 3.3 3.4 37 
DCA 2735 0.99 0.39 - • 1 -4.6 2.6 .3 43 
P'i'IT 
SAF 
VDZ 

:j<(j 

l. 1 
333 

0.92 
0.99 
0.97 

. 10 
0.95 
0.93 

-7.3 .., . ' 
-2.:3 

~:2 .. 7 
-0. 1 
-4~3 

2.,5 
.3 

:3.4 

3.7 

5.4 

32 * 00 
37 

GAL 2!.173 l .00 1 . 01 0.2 o. 2.4 2.4 94 
HOU -:i<.til7 0.99 0.93 '7. ' -0.3 2.1 2.2 97 

TABLE D- 9. AL'riMETER SETTING 

Sta, .N b !!! :Mill!!¥ lU 

2041 1.00 .02 -0.45 -0.002 0.003 .003 10& 
;US04 ,00 1.06 -1 .90< -0.003 0.012 0.013. 100 
:2979 0.97 0.93 0.51 -0.003 0.003 0.012 103 

·li'UM: 1341 .97 1.00 -0.03 -0.029 0.016 0.033 98 
PWT 170 1.00 1.01 -0.36· 0.020 ~).009 0.022 100 
SAF 114 0.98. 1.00 0.00 -0.001 0.008 0.008 100 
VDZ 703 0.99 0.93 0.67 -0.006 0.008 0.011 00 
EEN 888 1.00 1.03 -0.95 -0.022 0.033 0.039 86 
GAL 2777 0.97 0.99 0.20 -0.005 0.009 0.010 00 
HOU 4185 1.00 1.04 -1 .31 0.009 0.010 0.013 100 

E 1831 1.00 .03 -0.93 -0.009 0.013 0.015 100 
PSP 2564 1.00 1.01 -0.30 0.008 0.013 0.015 00 
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TM3LE D-10. WIND DIRECTION 

Sta N r a b d s rms RI 

CMX 52 0.99 1.02 13 18 14 23 9 
DBQ 1328 0.99 0.98 11 7 13 15 98 
DCA. 1945 0.99 0.99 6 16 17 96 
HUM 
PWT 
SAF 
VDZ 
EEN 

HH 
74 
82 

142 
303 

0.98 
0.97 

.93 
0.86 
0.93 

0.97 
0.87 
0.93 
0.68 
0.84 

0 
-7 
15 
50 
55 

-4 
-38 

-14 
12 

21 
22 
38 
50 
34 

2 
44 
37 
52 
36 

94 
47 
76 
44 
69 

* 
* * 

GAL 225 0.97 0.95 2 -7 27 28 88 
HOU 2:742 0.99 0.99 4 2 15 15 97 
I'UE 1403 0.98 0.97 20 4 18 23 9 
PSP 903 0.94 0.98 24 9 37 4 72 

TM3LE D-11. WIND SPEED 

s a N r a b d s rms 

CMX 1 .3 2.5 2.5 97 
DBQ 1328 0.4 2.1 99 
DCA 946 0.84 2.6 1 .9 2.2 98 
HUJI1 0 8 .76 2.6 2.7 2.7 95 
PWT 0.45 0.40 5.2 3.8 3. * SAF 82 0.66 o. 3. 3.8 4.0 90 * VDZ 141 0. o. 5. 3.4 3.4 92 
EEN 303 0.42 0.35 5.9 .7 3.8 85 
GAL :225 el.57 0.4 4.7 3.0 3.0 90 

29 IL78 0.80 2.4 2.6 96 
rnE 0.61 .0 3.0 4.8 74 
PSP o. .3 3.7 85 

TM3LE D-1 . WIND GUST OCCURRENCE 

N Distr on Percent 
(A) no yes yes 

yes yes no 

cux 483 22.2 52.6 25.3 
DBQ 320 16. 38. 44.4 
DCA 14. 37.8 47.7 
HUN 60 8.3 31.7 60. 
PlvT 2 0. 16.7 83.3 
SAF 31 6.5 3.2 90.3 
VDZ 26 61.5 HL4 23.1 
EEN 93 6;.5 14.0 78.5 
CAL 4 56. 1 7.3 36.6 
HOU 510 8. 30.8 60.6 
T'IIE 2a 8.7 34.8 56.5 
l'SP 93 o.o 24.7 75.3 
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TABLE D-13. WIND GUST SPEED 

Sta N r a h d s rms RI 

CHX 
DBQ 
DCA 
HUl'I 
EEH 
HOU 
PSP 

254 
;_>~ 

68 
19 

3 
37 
23 

O.l.H 
0.86 
0.65 
0.56 
0.33 * 0.67 
0.26 * 

0.81 
0.85 
0.69 
0.56 
0. ~)6 
0.56 

. 17 

3.5 
3.8 
?.9 

11.4 
15.5 
0.4; 

2 .4 

-1.1 
-0.2 

.3 
0. 1 
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3.5 
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6. 1 

9 
94 
89 
89 * 54 * 85 * 57 * 

TABLE D-14. PRECIPITATION OCCURRENCE 

Sta 
(A) 
(0) 

Dl9tri.but ion in Percent •. 
no yes yes 

yel!l yes. no 

CMX 
DOO 
DCA 
HUM 
P'WT 
VDZ 
EEN 
GAL 
HOU 
MIE 
PSP 

580 
272 
465 

73 
34 
47 

158 
368 
284 
292 

14 

85.3 
65. 
43. 
80.8 
41.2 
73.5 
24. "{ 
86. 
35. 
46. 
64.3 

0.2. 
26.1 
44.7 
6.8 

32.4 
24.5 
57.0 
7.3 

38.7. 
33.6 
14.3 

4.5. 
8.8 
1.6 

12.3 
26.5 
2.0 

18.4 
6.0 

26. 
19.5 
21. 

TABLE D-15. PRECIPITATION DETECTION BY TYPE 

ficial Rain Snow 

St N RI N RI 

C~!X 
DllQ 
DCA 
HUrl 
PWT 
VDZ 
EEN 
GAL 
HOU 
mE 
PSP 

59 
107 
379 

64 
25 
62 
77 
20 

210 
149 

1 

32.2 
47.7 
52.5 
7.8 

44.0 
37.1 
?0. 1 
20.0 
52.4 
53.4 
13.2 

500 
148 
44 

0 
0 

105 
55 

326 
0 

36 
0 

8.2 
14.9 
27.3 

0.0 
0.0 

19.0 
~?0. 9 
7. 1 
0.0 
2.8 
0.0 
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	EXECUTIVE SUMMARY 
	An operational demonstration of the Automated Weather tern (AWOS) was conducted by the Federal Aviation Administration t 14 airport installa­tions i the contiguous United States and Alaska. The AWOS demonstration units were from two system manufacturers, WeatherMeasure and 
	tais, and consisted of commercially available includ sensors, processors, and auxiliary hardware. The se sors were used to detect and measure nine atmos ric arameters: cloud height, vi ibili wind wind direction, barometric pressure, temperature, dew point, precipitation occurrence, and precipitation amount. These data were then digitized processed sized into voice messages, and u a ted each minute. Access 
	o the voice messages pilots in fl ht was accomplished very 
	( omnidirectional range ( or discrete VHF, and for prefli t purposes, tel access. 
	Th s report discusses the analyses and provides results and conclusions derived from AWOS demonstration source data collected during the period September 1983 thr June 1984 Source data included lot quest re user responses, maintenance personnel failure , hourly AWOS observations and off cial observations when available 
	The pr mary measure of importance in he questionnaire responses was the 
	lots' rat of overall system performance. Based on a scale of (poor) o 5 (excel ent) the average pilot rating was 3.64, which represents an above average system rating. The system rating was hi st (4 01) when pilots accessed AWOS discrete VHF. Availabili y and currency of AWOS were the pi ots most favorable responses In contrast, the primary unfavorab e commen dealt with difficulties experience by pilots in he sized vo~ce 
	1 
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	Failure 
	Failure 
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	lure 
	( 
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	hour 
	demonstration 
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	aggregate number of failures. The seven WeatherMeasure systems 6 failures; whereas, the seven Artais systems experienced 184. failures. As a direct consequence the system MTBF value for WeatherMeasure was than ,000 hours and than 250 hours for Artais. 
	Fai ure log data were also used as a basis for computations of cumulative mean-time ( Calculation of MTTR values was performed in all instances either no failure occurred, or where a failure occurred but was not resolved the end of the demonstration period Cumulative MTTR system values for WeatherMeasure ranged from ess than 0.2 to greater than 
	2.0 hou s, with the average for all sites being approximately 1.0 hours. Cumu ative HTTR system values for Artais from less than .3 to than 4.0 hours, with the average for all sites also being approximate y 
	1.0 hours. 
	1.0 hours. 
	AWOS and official observations were to determine differences between AWOS measurements and corres collocated official observations Based 
	ix 
	on this comparison, the performance of AWOS in detecting and reporting visibili dew barometric pressure, wind direction, wind speed, and wind gust was acceptable. Performance in detect ng and report the number of cloud , cloud coverage, and c oud hei in the absence of 
	precipitation 
	precipitation 
	precipitation 
	was 
	marg 
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	to 
	good. 
	Cloud 
	element 
	detection and 
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	during 
	during 
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	was 
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	detect 
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	INTRODUCTION 
	PURPOSE. 
	The purpose of the Automated Weather Observing System (AWOS) Demonstration Program was to: 
	Demonstrate to pilots, airport operators, air traffic control (ATC and maintenance ersonnel that by using commercially available equipment, the system engineering concept of AWOS would enable the required weather parameters t be reported to the lot in near real-time in an accurate and consistent manner. 
	Closely monitor each AWOS demonstration unit at desi ed field sites and co lect and analyze data pertinent to performance, reliability, and maintainabili 
	s and document user comments on the performance and usefulness of AWOS lOTI. 
	The AWOS Demonst ation Program entailed the procurement, installation, and 
	trial operation of commercially available units at 14 airports,. The 
	operat on period of year consisted of a 2-month burn-n or 
	period and a 10-month "useful. life" period. The burn-i period was used to establish the Data isition tern and allowed typical hi equ failure rates to stabilize. Consequent data were collected only ove 10-month period from l, 1983 to June 30, 1984. There were two system contractors: Artais, Incorpo ated of Co umbus, Ohio and Weathe Measure ( al imet ric s), Incorporated of Sacramento, alifornia. Each contractor built and installed seven AWOS units at the foll locations. 
	Artais 
	Bremerton, Washington Keene New 1re 
	dez, Alaska Galena, Alaska 
	, Iowa Auburn, Alabama 
	ton National, D.C. Houston, Texas 
	, Michigan San Luis Obispo, California 
	Houma Louisiana Muncie Indiana 
	Santa Fe, New Mexico Palm California 
	During the course of the data collection period, several types of data were acqu the Federal Aviation Administration ( Technical Center. These data were used to determine user acceptance, to detect e lerns, and to ana system performance. The FAA Technical Center was responsible for the distribution, collection, and analysis of maintenance logs; the collection and ana is of lot questionnaires; and retrieval and analysis of digital data from each AWOS and official observation site. 
	1 
	REFERENCE DOCUMENTS. ng he cou se of the emonstrat o program the fol documents were ssued are available from the Technical Center AWOS Demons Test Plan, DOT
	~on 
	AWOS CT-TN83/60, December 1983. 
	AWOS Demonstration Bimonthly , DOT 18-l' March 1984. 
	4. AWOS Demonstration Bimonth DOT 18-2, 1984. 
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	FIGURE 1. EXA:tviPLE OF Al'J AWOS FIELD SITE 
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	FIGURE 3. AWOS DATA ACQUISITION SYSTEM 
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	FIGURE 4, EXAMPLE OF HOURLY AWOS 
	human observers at each AWOS te were also collected, processed, and each at the FAA Techn cal Cen er. The observers at each airport were provided by either the NWS, Air Weather Service (AWS), FAA Fl Ser Station (FSS , Fixed-Based erator FBO , or contracting activity. The hourly official weather observations are in surface aviation observation (SAO) format and consist of scheduled re o observations (SA's), unschedu ed special observations (SP s and scheduled record servations that also li as s c al observat 
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	The 14 AWOS ites c rresp nding officfal observation sites and the r associated three-letter site fiers are shown below: 
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	ser~es of the raw data were plotted and visual inspected for anomalous data 
	s which mi have been uncle ecte by e qu lity cont ol and e r checking programs. Manual edit of the data bases was carried out a ed on the results of the quali contro error and ott routines. 
	One pose compu e program was des s used i the AWOS versus parameters compared we e: 
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	intaine comparing AWOS dat only with a t, the AWOS demonstration s te at AUO was and the col ated officia data were used in comparison. 
	A summary of the AWOS and officia data sets used in the comparison ~s for 3 AWOS sites tab is table, N re number of paire h rly rec an 1 zed and average time difference between A 
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	FIGURE 6. AWOS PILOT QUESTIONNAIRE 
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	Table
	TR
	LOCATION: 
	AIRWAYS FACILITIES AUTOl'1ATED WEATHER OBSERVING SYSTEH DEMONSTRATION PERFORMANCE AND REPAIR LOG 

	TR
	Actions 

	TR
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	2 
	2 
	2 

	TR
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	PROGRAM , 
	Perfo nee Failure, and Repa s were used fo calc 
	mean-time-between failures TBF) ea -ime-o-rep 
	e ch sy tem n e ch se sor. These forms were completed echn cian s o the Tech ic Ce ter compi lations The these nicians in duties cont ted to the success f the demons rat 
	ly obser t o 
	ement s fo e ch shown 
	to e meet these 
	ION 
	s. 
	13 
	TABLE 2. A\ITOS 
	Visibi Range Resolution 
	Accuracy 
	Cloud Range 
	Accuracy 
	Temperature Range Accuracy 
	Dew Point Range Accuracy 
	Wind Speed Range Accuracy 
	Wind Direction Range Accuracy 
	Wind Gus 
	Altimeter Set 
	Accuracy 
	Accuracy 
	Occurrence 

	Accuracy 
	FUNCTIONAL 
	<l/4 to 5+ miles 1 ' l' 
	1 1/2 2, 2 l/2, 3, 4, 5, 5+ + one le increment 90% of data 
	100 to 5,000 ft (visibi 3 miles no 100 to 3 000 ft in moderate rain 
	ft to 1500 ft from 500 ft to 5,000 ft 
	-60" F to 130° !" -40" F F) 2° F (-60" 20" F to 
	-30" F to 90" F 2" F 30" F to 100% to 15% RH) F -10" F F, 95% to 15% RH) -30" F -10" F, 15% 
	0-100 knots 
	2 
	10" (2-minute average) 
	Same as wind speed accuracy, with 5-second average 
	28-32 in Hg (-500 to 10,000 feet s.L in Hg 
	in incorrectly inches in 
	inches for. rates less 1 inch/hour. Reported each l, 6 and 24-hour. s 
	m.s.l. mean sea level Hg inches of mercury 
	14 
	TABLE 3. PILOT STIONNAIRE RESPONSIVENESS DISTRIBUTION 
	Location Count 
	1 AUO 20 2 HOU 28 3 EEN 55 4 MIE 32 5 PSP 24 SBP 52 7 GAL 1 DCA 29 9 50 10 HUM 36 11 CMX 27 12 PWT 29 
	27 4 VDZ 
	A tabulat on was made of al questionnaire 
	responses. Classification c tegories were estab­responses as wel as to accommodate c ive comments that occurred A count of the 
	y classification category was then performed and presented on 
	bar agram. The tal of 52 favorable responses excee s the es analyzed se some pilots listed more than one resul s of the ~n figure 
	Ava 1 ~ ~ are the or c 
	le AWOS response al scheme as 
	this s s le respon e ) of the 27 Thirty-f 
	~n reveals an S egory ( 27) n prov~ e results of the 
	each syst~m ontractor. A h the Artais total of 34 e two the of unfavorable voice generated l s us the WeatherMeasure tern as opposed to the tern. However, it should e no e hat the WeatherMeasure site at which uses a Do pler VOR pr an excessive number of these le comments. Of the 28 total responses ce ve from Hous on, isted an unfavorable voice commen • This epresents of the lots who evaluated Houston AWOS. The reason for the low ating at Houston 
	was due to the VOR s 10 kilohertz (kHz) side-band modulation which masked the 
	1 

	vo1ce message. Houston was the site to use ler VOR and the s de and 
	modulation is characteristic of this VOR. 
	15 
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	TR
	OF RESPONSES 

	TR
	FIGURE 
	9. 
	CATEGORIES OF FAVORABLE VS Nill1BER OF RESPONSES 
	RESPONSES 


	f-' CD 
	"' VOICE 
	FIGURE CATEGORIES OF UNFAVORABLE RESPONSES VS NUMBER OF RESPONSES 
	TABLE 4. 
	Period -December 
	March il 
	UNFAVORABLE 
	UNFAVORABLE 
	UNFAVORABLE 
	VOICE 
	COMMENTS 

	WeatherMeasure 7 14 8 30 2 
	WeatherMeasure 7 14 8 30 2 
	Artais 3 2 


	5 3 June 0 1 
	Total 86 34 
	5. Response elements of the 420 lot questionnaires ious sta sti al methods. These questionna r 
	tern Rat AWOS Ceil ( ft) Pilot Cei ( ft) AWOS Visibility mi) Pilot sibi i nu Average Pilot ng Hours 
	The etwe AWOS ei ing and pilot ceiling responses and A1tJUS 
	and ot visibility responses of the 98 BMPD Stat s cal per the statis ical culations of the v iable i each instance , standard 
	were similar analyzed. Computer S ftware Package were employed i the ana es Descri tive statis
	-

	included the frequency of occurrence, erro of he mean, coefficient of 
	i minimum lues. The ter-generated resu s for stat sties are presented in table 5. A referral to the 1983 BMPD statis-tic software can be found Technical Note DOT 18-1. 
	-

	Overal rating of AWOS was establ shed as the tance in the lot questionnaire survey P ots giving a numerical rating from (poor) to lot rat s the 64 as cated n tab e 5; the tandard error of this mean value i.e., error) is 062. 
	19 
	TABLE 5 DESCRIPTIVE STATISTICS 
	Standard Coefficient Standard Error of of Minimum Maximum Variables .~requen.£_Y Mean Deviation Mean Variation Value Value 
	---·
	-

	l. Rating 1,2o 3.64 l. 28 0.062 0.351 LOO 5.00 2. AWOS Ceiling ( f t) 233 3221.03 1904.70 124.78! 0.591 roo. oo 5000.00 3. Pilot Ceiling ( ft) 233 3373.09 1850.51 121.231 0.549 150.00 5000.00 i,, AWOS Visibility (mi) 239 4.67 1.42 0.092 0.304 0.25 5.50 5. Pilot Visibility (mi) 21,0 4.89 l. 27 0.082 0.260 0.38 5.50 6. Average Pi lot Hours 412 386.88 322.56 15.891 0.834 10.00 7. Sky Conditions Difference ( ft) 233 -152.06. 1298.99 85.099 -8. 543 -4900.00 4800.00 
	11,00.00 

	8. Visibility Difference (mi) 239 -0.22 1.14 0.074 -5.280 --5.00 4. 50 
	7 • AWOS and The AWOS reported ceil c mean o standard ia i 1,904 The standard deviation 1s large e o the number observations at the extremes especial y a upper extreme. The report was 100 feet; the maximum was 5 feet. This maximum of 5,000 feet occurred in 106 45.5 percent) ases out of t e 2 questionnaires that included information about the AWOS reported ceil 
	The pilot ceil had very s1m1 ar statistics. The ar thmeti 3,373 feet, indicating an average bias etween AWOS re orte reported ceiling of 152 feet The variable ceil difference i obtained subtracting the ilot report lowest clou level fr AWOS report lowest cloud leve The standard deviati fair close that of the AWOS ce1 A Student t the results indicate no stat etwee arithmetic mean of the AWOS and 
	1es larger were treated as a maximum es. ence between the AWOS reporte ib ty maximum situations was zero. 
	The AWOS reported vis bi ity had an a ithmetic standard deviation of 1 42 miles. The 1 statistical values wi h a mean f 4. 
	1.27 miles. The mean of the s b standard error of 0.074 miles. 
	A two-factor visibili ce Each factor wa divi 
	were as 200 feet or e differences were establishe than 0.5 miles. The variables identified 
	The raw cell means of table 6. The table ows reporting ceilings which di observation in combination with Vl.S 
	than 1/2 mile from the lots observation. 
	20 
	From an overall standpoint pilot ratings, as expected, are lowest when visibility differences exceed 0.5 miles and, at the same time, ceiling differences exceed a 200-foot threshold. Pilot rat are relative when either visibility or ceil (or both) are less than the threshold va ues shown in table 6. 
	TABLE SYSTEM RATING ACCORDING TO VISIBILITY AND CEILING DIFFERENCES es 
	ft )200 ft <0.5 miles .86 3.09 >o.s miles 3.39 1.88 
	Table
	TR
	~on 

	TR
	ted 

	ifferences 
	ifferences 
	are 
	shown 
	in 
	figure 

	TR
	~n 
	0,0 
	with 
	118 cases 
	out 
	of 

	no differences 
	no differences 
	in 
	and 
	visibili 


	1 An ana is was performed to detect any pe sys em rat ng on ystem location. There we e s gnificant differences in system ra ings at the 14 different locations, shown in table 7. Several other multiple camp ison tests confirmed find Also, lot responses were to see if either of the two AWOS 
	terns had any effect on system rat shown in table , system type had no s ficant effect on lot rat 
	TABLE 7. LOCATION EFFECTS ON RATING 
	Count Standard lOll 
	Location N 

	WeatherMeasure 
	1. AUO 20 .45 0.6863 2 HOU 28 2 75 1.5546 3. EEN 55 3.45 '3953 4. MIE 32 3.47 1 2439 5 PSP 24 3 83 0.9168 6 SBP 52 3.91 0.9788 7. GAL l 2.00 0.0000 
	Artais 
	8. DCA 29 3.74 1. 2861 
	9. 50 3.90 1.1429 10. HUM 36 4.19 0. 11 CMX 27 2.59 1.3085 12. PWT 29 4.00 1..0690 13. SAF 27 3.04 1. 427 3 14 VDZ 6 4.33 0.8165 
	21 
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	FIGURE 11. 
	SKY CONDITION DIFFERENCE VS VISIBILITY CONDITION DIFFERENCE 
	TABLE 8. RATING ACCORDING TO SYSTEM TYPE 
	Count Mean Rat 
	WeatherMeasure 212 3 61 
	Artais 204 3.67 
	1. cess. The methods of access to the AWOS recorded messages were: screte VHF dVHF), FSS Speci 1 st, ATC, and tele one. It was observed in the tabu 1ation of lot responses that some lots gave mult entries o this question of method f ac ess. Hence, certain ground les were es ablished in orde to focus the multiple responses to s le pr method of access. These rules were: radio access had riority over tele one and VOR had prio ity over dVHF. For example: in mul iple responses of VOR and te y rec or ; where VOR,
	A comparison was made o test the effect that method of system acce s had on the AWOS System Of the onna res, were evalu ted a sys y or throug the VOR frequency. Table re.sults. 
	These d ta show that system st when the lot accessed AWOS VHF. This table ed to Studen t test comparison e made on radio versus includ both dVHlF and The resu ts c t system rating is presente in table 1 est showed ly h g er mean rating for radio 3.70) than ( 3 38 • 
	TABLE ACCESS EFFECT ON RATING 
	Count Standard Method of Access Deviation 
	VOR .44 179 1 31+ dVHF 4.01 144 1.03 Tel •38 83 1.40 
	TABLE 10. TELEPHONE VERSUS RADIO ACCESS ON RATING 
	Count Standard Method of Access Deviation 
	Tel 3.38 83 1.40 Radio 3 70 323 1.25 
	23 
	12. Another sis performed the effect of unfavorable comments to lot rat 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 f ice effect on rating is given in table ll. Results show system rat lower when the pilot had difficu ty with message i g ility such as "Voice Hard to Unders and "Poor Transmission.
	11 

	TABLE 11 VOICE EFFECT ON RATING 
	tem Voice Effect Rat 
	Too slow 3. 27 0.82 
	.L •
	Hard to understand 3. 
	1 

	Poor SS10n 3. 24 L 
	13. compar son test was run against the 356 OMB found between the two groups 
	14 
	test the VFR effect. rat for VFR was 3.53. Consequen VFR had no s ficant effec on 
	MTBF AND MTTR ANALYSES. 
	General. Computatio each sensor each manufac 14 AWOS sites. These data contained in Airways Fac periodical forwarded to the scope, these data overe June 1984. 
	24 
	The standard s followed in assess the s involved determinations as to completeness and applicabili of the data. When add tio 1 or clarifying information was needed, tele discussions were held with the technicians at those sites of concern Further, annotations were made adjacent to the entries to of failure category, i.e , system failure as defined in the AWOS or sensor failure. F ilures t were not appl cable (e.g., data were annotated as "OMITS." 
	2 Two d i tinct methodo s were necessary for sensor MTBF s. One method was use f r 
	ng the estimated MTBF, while the other lved calcula ing the conf limits of the true MTBF. Calculation of estimated MTBF va ue s was employed when two or more failures occurred. When one failure no failure occurred over the duration of the AWOS demonst ation program, the con 1 ence limits of the true MTBF were calculated. 
	The basic reason for lementing two different calculating methodo stems from the inherent meaning of MTBF, i.e., mean-time-between-f tly, at least two failures must occur before normal c culat MTBF can take on practical 
	Two or More Failures • Estimates of the MTBF or cu the system and each of at the fundamental expre sion: 
	(1
	TOT
	MTBF 
	n 
	where TOT represents the total operating time and n the number of lures two or more) the period. 
	In calculations of system MTBF for each s te 
	TOT t (total time to restore + ve e ime) 
	However, in calculations of sensor MTBF for each sensor for each s express was modified as follows: 
	TOT Total period time :E(total t to restore + tive maintenance time) (down t due to a system failure) 
	For sensors there are two t factors: 
	a. Cases 1n which the system was operational but the sensor was 
	b Cases ~n which the system itself was down and, consequent the sensors were not operational. 
	25 
	Further, in near all instances i ve did not occur This reduced the expression for TOT for calcu ating purposes of system MTBF to: 
	TOT = Tot period time -1:( total time to restore); 
	and for sensor MTBF to: 
	TOT = Total time [(total time to restore) + t due to a system failure) 
	s a basic ground rule for the analysis. total period time, month month bas • establ as 720 hours. As a result overal tota cumula­tive period time -month demonstration program was 200 hours. 
	IfT=l: hours accumu in such a replacement two-sided 
	( 
	( 
	2T < 2T 
	-.,,-----
	-

	/ 2·2r+2 X1 ;2r 
	and the one-sided confidence limit at the same level :ts 
	(3 m 2::: 2T 
	2r + 2 
	Fur her, even if no fa 1 e occurs r = 0 confidence imit can e ca cu a ed (Bazo Re iab Practice Prent ce-Hall, 1961 pg. 238) i.e 
	4) 2T 
	= --,;--
	-

	; 2 
	t ab s T" the total time, "r" numbe f f ai of s cance, 
	The gene a for determi two confidence limits for the true ap ied those cases in which only one 8 during the 10-month AWOS demonstration 
	sys 

	26 
	rogram. The confidence level selecte was 80 rc nee .20. Substitut and s i the specific expression resu ted 
	2T < m < 2T 
	;4 X 90;2 
	Values fo the two denominators the expression were determined from stati l tables for percentiles the d s t s enab t llowing lne alit e a tual ompu t t i onal usage: 
	2T < m < 7. 
	Consequently, o perform the needs to be known is the respective tota encing one failure. the true MTBF can be tuation. 
	i which system or sensor experienced ) ime arne, lowe c fidence level a on 4 cited earlier percent; hence = 10. The value for x2 es was f o be 
	4. 61. Subst t s val bas expression used for computat onal purposes: 
	7 2T 
	4.61 
	ln matri format, 
	of fai ure occ r ences ring the 
	each manufacturer (WeatherMeasure and 
	l heading in eac ins ance, are the threecharacte i en if ers the seven associated AWOS sites. Listed vertical 
	-

	the irst column are system Entries in the b of each ma ri ef e s buti f failure occurrences To determine the actua number of f il e ccurrences or s tuation, read ac oss the r system r speci ic sensor) and own the si e column The number of failures appears the intersection of the row and column. 
	An analysis of se failure distr revealed, ln general, that Weather­Measure and Artais had almos the same total or more failu es ( 3 versus 14 ln count) and one or failures 42 in count) respec­tive This ion was particular! useful i of ringing i to focus the of MTBF calculat methodo be 
	Contrast ng differences, however, were ted wit n these d s ributions. Artais had a substantial number of two or more failure cases than WeatherMeasure (208 versus 42, respective ). The contr tor to the Artais count was the arge number of system failures ( 84), most of 1iih ch 
	27 
	28 
	occurred at CMX and PWT. For WeatherMeasure, the highest count of two or more failures was for the sibility sensor failure at EEN (12). Insofar as the distribution of occurrences of one or no failures, WeatherMeasure had 10 instances of one failure and 33 instances of no failures whereas, Artais had 18 instances of one failure and 24 instances of no failure. 
	The overall total counts of failure occurrences the 10-month time frame were for WeatherMeasure and 226 for Artais. At the termination of he AWOS Demonstr tion on June 1984 (i.e. last data collected on June 30) 
	there were five instances in which failure situat ons had not been resolved, 
	one 
	one 
	one 
	at 
	a 
	WeatherMeasure 
	site 
	and 
	four 
	at 
	Artais 
	sites. 
	These 
	related 
	a 

	second 
	second 
	ce 
	1 
	sensor 
	failure 
	at 
	Muncie, 
	of 
	dew 
	poi 

	precipitation 
	precipitation 
	sensor 
	failures 
	at 
	Wash 
	sensor 
	failure 
	at 

	Houma 
	Houma 
	and 
	a 
	second 
	preci 
	1on 
	sensor 
	on. 


	6. Estimated MTBF and Limi affords 14 sets of es, one set for each seven WeatherMeasure Art i sites. Each consists of tables which , in order a record of the system data and corres sensor data computational resu ts for total operating time and number of fai ures The order of the sensor data is as fo lows: ceiling, sibi i nd tempe ature dew point, preci itation, and altimeter. The tabular data for WeatherMeasure are shown in tab es B-8, whi 1e tais data appear in tables B-9 B-Resu ts are given cumu1at vely t
	t is to be noted that cumulative operating time is ven 1n even when there are no failures. Inspection of the sensor data reveal ences n operating time s down t due to a system failure The calculated results of estimated MTBF for each time period are sh 
	st c lumn of each able, when app icable. This pract ce adheres the 
	thodology discussed earlier for calcul est MTBF a system or sensor incurred two more of each system and sensor table are the the 10-month AWOS Demonstration 
	Tab es 13 and 14 overall ional results for Weatherl1easure 
	Artais, respective for the 0-month AWOS Demonst ation Program forma of these tables is anal gous t table 12. Entries consi t o he numer a values 1) the ower confidence limits of the true MTBF a the 
	perce t confidence level for cases of no failure occur ences· (2) the two-sided (lower and upper confidence 1 ts of the true MTBF at the 0 percent confidence level f cases of ne failure occurrence· and (3) the est MTBF s corre ing to two or more failure situations. 
	The designators "V' and "U" appear to the left of certain entrie n;:;pre 
	sent that these numerical entries are the lower and upper confidence eve ls of the true MTBF In cases where a numerical value appears after an "L" des 
	tor and a dash after the "U" designator, the numeric represents the lower confidence limit of the true MTBF, while the dash denotes there is no upper bound insofar as a confidence limit (i e., these app to no failure situa­tions). Final when a numerical value appears without any des :3, this represents the est value of MTBF (i.e. the case for two or more failure occurrences). 
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	TABLE 13, ESTIMATED HTBF VALUES AND CONFIDENCE LIMIT VALUES 
	OF 
	OF 
	OF 
	TRUE MTBF 
	FOR WEATHERMEASURE 

	TR
	EEN 
	MIE 
	SBP 

	TR
	L 
	1851 
	L 
	1850 
	L 
	1842 

	System 
	System 
	1362 
	2365 
	3599 
	23 

	TR
	u 
	68334 
	u 
	68314 
	u 
	68002 

	TR
	L 
	2975 
	L 
	1851 
	L 
	3123 
	L 
	1711 

	Cei 
	Cei 
	3296 
	3599 
	742 

	u 
	u 
	u 
	68332 
	u 63189 

	TR
	L 
	2984 
	L 
	3124 
	L 
	3123 
	L 
	1850 
	L 
	3108 

	Visibility 
	Visibility 
	594 
	2398 

	u 
	u 
	u 
	u 
	u 
	68303 
	u 
	---
	-


	T '-' 
	T '-' 
	3106 
	L 
	1850 
	L 
	3079 
	L 
	3123 
	L 
	3123 
	L 
	1 
	3108 

	Wind 
	Wind 

	TR
	u 
	---
	-

	u 
	68315 
	u 
	u 
	u 
	u 
	u 

	TR
	L 
	3094 
	L 
	3124 
	3079 
	L 
	31 
	L 
	3061 
	1 
	3108 

	Temp. 
	Temp. 
	3500 

	TR
	u 
	u 
	u 
	u 
	u 
	u 

	TR
	T L< 
	L 
	3124 
	L 
	3079 
	L 
	1849 
	L 
	31 
	L 
	3061 
	1 
	3108 

	TR
	u 
	u 
	u 
	u 68292 
	u 
	u 
	u 

	TR
	L 
	3106 
	L 
	1851 
	L 
	3123 
	L 
	3061 
	L 
	3108 

	Precip. 
	Precip. 
	3584 
	3358 

	TR
	u 
	u 
	u 
	u 
	u 

	TR
	L 
	124 
	L 
	1844 
	L 
	3124 
	L 
	3124 
	L 
	3124 
	L 
	3124 

	imeter 
	imeter 
	3572 

	TR
	u 
	u 
	5 
	u 
	u 
	u 
	u 

	NOTE: 
	NOTE: 

	L = Lower 
	L = Lower 
	Confidence 
	Limi 
	of 
	T:rue 
	MTBF 

	U "' 
	U "' 
	Upper 
	Confidence 
	Limit 
	of 
	True 
	MTBF 
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	TABLE 14. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES 
	TABLE 14. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES 
	TABLE 14. ESTIMATED MTBF VALUES AND CONFIDENCE LIMIT VALUES 

	OF 
	OF 
	TRUE 
	MTBF 
	FOR ARTAIS 

	SAF 
	SAF 

	System 
	System 
	397 
	448 
	122 
	146 
	17 2 
	1431 
	1004 

	TR
	L 
	1747 
	L 
	1690 
	L 
	1634 
	L 
	1704 
	L 
	3105 
	L 
	1419 

	Ceiling 
	Ceiling 
	738 

	u 
	u 
	64500 
	u 
	62386 
	u 
	60325 
	u 
	62919 
	u 
	u 52387 

	TR
	L 
	3097 
	L 
	1608 
	L 
	3039 
	1744 
	L 
	3105 
	L 
	2748 

	Visibility 
	Visibility 
	1091 

	u 
	u 
	u 59371 
	u 
	---
	-

	u 64396 
	u 
	u 

	TR
	L 
	3098 
	L 
	1746 
	L 
	2849 
	L 
	1794 
	L 
	2942 
	L 
	3124 

	Wind 
	Wind 
	2880 

	TR
	u 
	64460 
	u 
	u 
	6623 
	u 
	u 

	L 
	L 
	3098 
	L 
	2947 
	2860 
	L 
	3039 
	L 
	2943 
	L 
	1844 
	l3 

	Temp. 
	Temp. 

	u 
	u 
	---
	-

	u 
	u 
	u 
	u 
	u 
	68090 
	u 

	L 
	L 
	1555 
	L 
	1788 
	1 
	1731 
	L 
	3123 
	L 
	1246 

	TR
	3395 
	1575 

	u 
	u 
	57434 
	u 
	66032 
	u 63904 
	u 
	---
	-

	u 
	46018 

	TR
	L 
	1068 
	L 
	2946 
	L 
	2943 
	T,, 
	3124 
	L 
	2748 

	Prec 
	Prec 
	3285 
	420 

	u 39453 
	u 39453 
	u 
	u 
	u 
	u 

	L 
	L 
	1851 
	L 
	1850 
	L 
	3118 
	L 
	1851 
	L 
	3124 
	L 
	3124 
	L 
	2947 

	Altimeter 
	Altimeter 

	u 68339 
	u 68339 
	u 
	68293 
	u 
	u 
	68341 
	u 
	u 
	u 

	NOTE: 
	NOTE: 

	1 
	1 
	= Lower 
	Confidence 
	Limit 
	of 
	True 
	MTBF 

	U = Upper 
	U = Upper 
	Confidence 
	Limit 
	of 
	True 
	MTBF 
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	The source of data used for the various no failure and one failure computa
	-

	tions of the conf limits of the true MTBF were the total times The respective related total operat times, in hours appear 1n the last row of the system and sensor tables f appendix B. The va ue or he var ous estimated MTBF' s were extracted from the last c as row entries of the respect B tables, as icable. 
	7. 
	7. 
	7. 
	Results. 
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	systems 
	systems 
	are 
	shown 
	Fol 
	customary 
	ac 
	p 
	e 
	p 
	ac 
	e s 


	system MTBF's were compute dividing there pe tive aggregate times the number of fail es. calculated va ue o MTBF for WeatherMeasure was found to be ,107.54 and for Artais, 254. 
	TABLE 15. CUMULATIVE SYSTEM DATA BY MANUFACTURER SITE 
	No. Failure 
	AUO 6 8 1.1 HOU 7 199 00 EEN 7 096.00 MIE .93 l PSP 7, 95 SBP 7 055.58 GAL 7 64.00 l 
	Totals 
	No. of Artais Fai 
	DCA 141.12 
	277 40 HUM 562.88 54 CMX 48 PWT SAF 7 156.22 VDZ ,023.00 6 
	7,001.37 
	6,730.02 

	Totals 
	8. 
	failures 
	32 
	Two sets f tables are presented in this 1x. Table C-1 covers Weather-Measure failures and table C-2 covers Artais lures. The format of these sets of tab es are the same and essent ally follow the format of table 12. However, they differ in the de and scope of coverage require i e fai ure -failure accounting diagnosi process. Summary information is respective tabulated the cause s) of the fail re occurrence and correct ve action taken to restore the item (system or sensor) to operat on. 
	those tances in which no failures occurred for a sens "none" appears as an e the failure number tabular lumn. Further, failures that remained unreso ved by the con lusion of the demonstration period are so indicated. 
	Table l lists in a matrix type format a consolidated summarization of the system and sensor failures manufacturer for the 10-month AWOS demonstration pe iod. Data relative to cause( s of fa lure and corrective actions from 
	tables C-1 and 2 were separate y analyzed, reduced, and g ouped into like fail re diagnosis distri ution categories. The respective 
	appear in the first column of table 6. As wi 11 be oted, the e are 12 distributio categories for WeatherMeasure and 14 for Artais, some of which have the same descr tive title, while others differ D ssimi ar ties 
	e att ib te to the differences in the manufacturer's AWOS de gn and methods for correct ve t to restore operation .. 
	The resu nume each sensor is shown 
	g 
	sensors Ar a1 
	He 
	MTTR refers the time 
	ac 
	Specifically, 
	Specifically, 
	Specifically, 
	MTTR 
	ludes 
	the 
	time 
	actions 
	to: 

	nose 
	nose 
	the 
	failure· 
	b) 
	remove 
	the 
	failed 
	item 
	art, 
	module, 
	uni 
	, 
	assemb 
	, 

	etc.)· 
	etc.)· 
	(c) 
	repai 
	the 
	item, 
	f 
	n 
	s 
	warrante 
	(d) 
	replace 
	the 

	fai 
	fai 
	ed 
	item 
	th 
	a 
	spare, 
	if 
	ver1 
	cation 
	o assure 
	roper 

	operation has 
	operation has 
	been 
	resumed. 


	MTTR was calculate for the syste and each of the seven sensors at each the 14 AWOS sites means of the mathematical expression 
	( 5) 
	n i
	MTTR E i 1 
	n 

	where n 1s the number of failures during the time per 
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	TABLE 
	TABLE 
	TABLE 
	16. 
	SYSTEH AND 
	SENSOR FAILURE DIAGNOSES 
	DISTRIBUTION 

	TR
	CATEGORIES 
	BY MANUFACTURER 

	TR
	s 
	c 
	v 
	w 
	T 
	D 
	p 
	A 

	CPU 
	CPU 
	fault 
	3 

	Defective 
	Defective 
	8 
	1 
	1 
	1 
	1 

	TR
	1 
	1 

	Erroneous 
	Erroneous 
	clean 
	sensor 
	l 
	1 
	3 

	Erroneous 
	Erroneous 
	calibrate 
	sensor 
	2 
	1 
	5 

	Short 
	Short 
	1 

	Loose 
	Loose 
	1 
	3·· 

	Sensor malfunc 
	Sensor malfunc 
	1 
	1 
	1 
	5 

	Rack 
	Rack 
	fau 
	2 
	1 
	12 
	l 
	16 

	Defective 
	Defective 
	power 
	1 

	Indeterminate 
	Indeterminate 
	sel 
	correc 
	1 

	Unresolved 
	Unresolved 
	at 
	end 
	of 
	test 

	Total 
	Total 
	16 
	1 
	2 
	3 


	Similar to he analysis for MTBF, total per od time was es ablished a month month basis, as 720 hours. Hence, for ional purposes on a month month basis 1.11 general MTTR = 
	for any system or sensor. 
	MTTR 
	MTTR 
	MTTR 
	was 
	calculated month 
	as 
	well 
	a 
	cumulative basis, 
	for 
	each 
	sys 
	em 

	and 
	and 
	sensor 
	for 
	the 
	10-month 
	AWOS 
	D 
	s 
	rat 
	on 
	Program 
	Math
	emat 
	ca 

	cumulative 
	cumulative 
	MTTR 
	is 
	expressed 
	as 
	follows: 


	( 6) 10 
	r 
	r 
	j=1 Tot Number of Failures 
	where represents the number of riods 
	Table 17 matrix 1.ons of cumu ve WeatherMeasure and Artai for the 0-month period as entries of two matrices, des there wer o currences f 
	e. S te sys em ock numerical value ours), liTh le are s ibuted different locks for the seven sensors. 
	t y i site blocks denotes that each of the res t the e fai es were not 
	o In these instances, sk appearing in the 
	fies that this sensor experienced a ure res ved e end of the AWOS ation pe i e try in this b , however 
	the cumula ive MTTR fo this precipita ion sensor att ibutable to vement of an earlier failure which had occurred 
	Tab e 1 affords ementary t data in matrix format, as 
	the actual values used in c ng the cor esponding WeatherMeasure and Art s cumulative MTTR' s shown previously in 1e 17. In those instances where one or more failures occurred and were resolvable, the blocks of the two matrices contain ratios The numera or in each ns ance represents the cumulat tota time to repai ·the de nator ndicates he cumulative 
	ot 1 number of failures. Divis o of the upper value by the lower value results in all cases, in the cumulat MTTR of table 17. Ent ies of NF" and asterisks in table retain the same s as table 17. 
	11 
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	TABLE 17. AWOS SITE SYSTEM AND SENSOR VALUES FOR CUMULATIVE MTTR 
	TABLE 17. AWOS SITE SYSTEM AND SENSOR VALUES FOR CUMULATIVE MTTR 
	TABLE 17. AWOS SITE SYSTEM AND SENSOR VALUES FOR CUMULATIVE MTTR 

	WeatherMeasure 
	WeatherMeasure 
	AUO 
	HOU 
	EEN 
	MIE 
	PSP 
	SBP 
	GAL 

	tem 
	tem 
	1.23 
	l 
	00 
	2.08 
	0.17 
	1.02 
	0.67 

	Ceil 
	Ceil 
	NF 
	1.25 
	0.50 
	0. 25** 
	NF 
	0. 

	Visibili 
	Visibili 
	NF 
	NF 
	0.76 
	NF 
	3.00 
	.39 
	NF 

	Wind 
	Wind 
	NF 
	3. 
	NF 
	NF 
	NF 
	NF 

	TR
	NF 
	NF 
	NF 
	5. 
	NF 
	NF 
	NF 

	Dew Point 
	Dew Point 
	NF 
	NF 
	NF 
	0.33 
	NF 
	NF 
	NF 

	Prec 
	Prec 
	ation 
	NF 
	L 
	3. 
	25 
	NF 
	NF 
	NF 

	Alt 
	Alt 
	NF 
	•20 
	3. 
	NF 
	NF 
	NF 
	NF 

	Artais--
	Artais--
	-

	HUM 
	PWT 
	SAF 

	tem 
	tem 
	0.40 
	1.23 
	0.38 
	.28 
	•25 

	Ceil 
	Ceil 
	2.00 
	* 
	75 
	8.00 
	NF 
	00 

	Visibi1i 
	Visibi1i 
	NF 
	.12 
	NF 

	Wind 
	Wind 
	NF 
	0.25 
	NF 
	o. 
	NF 

	TR
	NF 
	NF 
	NF 
	NF 
	NF 

	Dew 
	Dew 
	*' 
	.22 
	0.58 
	0 
	NF 
	6. 

	Preci 
	Preci 
	:ton 
	"k 
	NF 
	L 
	1. 00** 
	NF 
	NF 
	NF 

	Altimeter 
	Altimeter 
	0. 
	4. 
	NF 
	0.30 
	NF 
	NF 

	Note: 
	Note: 

	NF 
	NF 
	No 
	failure 
	occurence 

	* = Failure occurred, but 
	* = Failure occurred, but 
	not 
	resolved 

	** 
	** 
	= Second 
	failure 
	occurred 
	but 
	resolved 
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	TABLE 
	TABLE 
	TABLE 
	18. 
	AYvOS 
	SITE SYSTEM AND 
	SENSOR VALUES 
	CUMULATIVE 
	TOTAL 

	TR
	TIME 
	TO 
	REPAIR VS 
	CUMULATIVE NUMBER OF 
	FAILURES 

	TR
	NF 

	TR
	NF 

	Wind 
	Wind 
	NF 
	NF 
	NF. 

	Temperature 
	Temperature 
	NF 

	Dew Point 
	Dew Point 
	NF 
	NF 
	NF 

	TR
	NF 
	NF 

	Altimeter 
	Altimeter 
	NF 


	NF 
	NF 
	NF 

	NF 
	NF 

	Temperature 
	Temperature 
	NF 
	NF 
	NF 

	ion 
	ion 
	NF 

	Altimeter 
	Altimeter 

	Note: NF = = SC = 
	Note: NF = = SC = 
	No failure occurences Failure occurred but not resolved Second failure occurred, but not resolved Self , failure did not 
	time 
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	37 


	SON ANALYSES. 
	Data Reduction Methods. 
	is 
	is 
	is 
	se 
	t 
	on 
	outlines 
	dat 
	reducti 
	me 
	sed 
	to 

	the 
	the 
	agre
	ement 
	betwee 
	AWO 
	measurement 

	off 
	off 
	c 
	The 
	two 
	gene 
	a 

	TR
	ial 
	ata 
	for 
	ea 
	h 

	TR
	are 
	a 
	correlat 
	on 

	TR
	ferences 
	(AWOS 
	minus 

	TR
	1_n 
	test 
	the 
	statistics 
	curacy 
	or 


	b. of relation­sh (or official observa­t on was es In thi subsection var1_ taken as be ng representat measurement and corres c 1 observation respec 
	-

	between AWOS and official 
	correlat coefficie 
	oefficient between the 
	e betwe and y are their The acre ation i ient was 
	The 1_0n 1.s also known as 1_on coefficient. 
	ve va ues larger values of y are ssociated with a favorable relat e ati is linear, strong and 
	38 
	Once the degree of agreement and of e between AWOS measurements and official observations are discerned throu the sample li correlation coefficient it is customary to employ a regress ana i determine the under relationsh between the two a sets. A techn 
	-

	ommonly sed n finding a linear relat onship is a least-squares which ovides the best-fit s line ( regress line) hr paired meas ements The of the regre sion line for measurements of y on x is y ax + where the coefficients 
	9 
	a = 
	and 
	(10) EYi 
	-

	b 
	N 
	of the linear regression l In e linear relationship etween x s to one and the 
	Another useful way of compar the AWOS data to describe the oral variation of AWOS devi esponding f 1-c l observations. s "1\ras out e 1-es f i tan ane s ifferences (or res dual 
	(H) ( t t t) 
	where t fference is defined as the AWOS measurement minus the official observation 
	1111
	d

	The d fference s n solute measurement of the error in AWOS the reference value 1-s not necessar1. a precise or accurate standard th s investigat ver, the ser ions were assumed to be 
	iab e and therefore, the ime se ies of differe ces is essentially resentative of the undesired error or oise) :tn AWOS. The theoretical ity distribution which ical desc s these random errors is the 
	well-known normal or Gaussian distribution. 
	The objective of the time series is is to express the overall amount and distribution of this no se in terms of suitable statis ical parameters. our statistica estimators sel cted for descr the error characteristics are the mean difference, standard deviation, rms value, and reliabil ty index.. 
	39 
	The sample mean difference the arithmetic mean of differences over the time series and was c each parameter ace to the sample mean value relationship 
	(12) 
	l
	d 
	N 
	where the size N is the number of differences and 
	i instantaneous diffe ence va ue given by equ T e difference d is also calle a mean ias value representat ve static or systematic c of the noise. For , large as usual indicates that the sensor be may be out of calibrat 
	The c or fluctuat c of the noise about the bias 
	standard deviation. This is the mos used for estimating variation C tat standard deviation, defined 
	) 
	s 
	was carried out means of a more ional effi ient formu 
	(14 s 
	The rms value is a suitable statistic s1nce ibutes a combined me of both the static and fluctuat ise ab t level of zero error se rms value of (rms error) 1s provided n u deviation the relat 
	N-1 N 
	rms 
	[ 
	-
	(s 
	2 + 

	In this equation, the f st te f rm f t var1ance. A desirable characte d ffe e e, deviation, and rms ha of these stat the same as the 
	The reliability inde ar P l an • It is de fined a of f which falls withi sp ci an e reliability index is given 
	( 
	RI N z < e --0 > e 
	1 

	where the value of e for eac meteorologic 1 parameter 1s ided 1n table 19. 
	40 
	The values of e in table 19 are based primari on the sensor functional rms error ts stated 1n the AWOS Test Plan A e iab li y index for pre ipitation is defined as the perce tage of times AWOS and the official observer joint reported yes or no for prec itati occurrence 
	TABLE 19 ACCEPTANCE LH1ITS FOR RELIABILITY INDEX .COMPUTATION 
	Parameter e 
	Cloud He t ( ft) 200 for official < 1500 400 for official > 1500 Visibili (mi) 0.5 for official < 2 LO for offic al > 2 
	ature (oF) 3 Dew Point ( ) 4 Altimeter 1n ) 0.05 Wind Direction ( ) 35 Wind (kt) 5 Wind Gust ( kt) 5 
	After a sample st 1s computed t s tomary the sample value est s he true po 1 a i 
	1 This is carried out eithe statistical pothesis testi g or interval construction In this section, the procedures used o he accuracy of the sample ar orrelation coeffic ent, mean 
	rd deviation, and re iab lity index a e ou ined. These teste s1nce are the statis ics used As a ru e, a 5 percent onfidence 
	The accuracy f he correlati c eff c ent estimate the true correlation coefficient xy s often evaluated test ng hesis Rejection of this othesis as a result of the signi ies that the correlation coefficient estimate r , a s gnificant e a ionship indeed exists between the andom var1 es x and An acceptance interval for the s1s s given 
	17) 
	-z. 9 5 .:;_ w .:;_ 2.975 
	where the sample size N is the number of paired measurements and z is the standardized normal random variable (see Technical Note In this relati p, w is a transformation function of 
	18 
	This function facilitates the use f the ac ance interval in lOU 17 s1nce w has the convenient property of being approximately distr ted. 
	41 
	A statistica correlation occurs when the value of w falls 
	side the 1 ion 17 In other words, when the absolute val e of w is greater 1 96, ect the sis and say that we are 95 percent confident that a ficant correlation exis s between x and y. 
	orde to de erm1ne the accuracy of the s bias and standard deviation, 1 is desirab to examine these estimates 1n li i ervals constructe for their lation c s. distributions for the sample bias and standard deviat s, when N observa ions are made from a po ti with unknown mean ~ and standard deviation cr, are Student-t and chi-square distrib tions respectively. Then the percent conf intervals are 
	-

	19 s 
	jl 
	= d + 
	and 
	1 2 
	1 2 
	1 2 

	s 
	s 
	975] 
	< 
	a 
	< 
	s 
	f 

	t 
	t 
	a 
	d 
	2 
	are 
	t 
	e 
	Stu 
	e 
	t-t 
	and 
	wit 

	TR
	of 
	freedom, 
	virtue 
	of 
	the 
	distribu
	-


	TR
	centered 
	exact 
	within its confidence 
	interval, 
	while 

	TR
	ts 
	typi 
	a 
	skewed 
	awards 

	TR
	on 
	20 
	s 
	the 
	sample 
	s 

	TR
	population. 
	This 
	assumption 
	is 
	reasonable 

	TR
	f 
	residual 
	difference 
	s 

	1. 
	1. 


	I s t as and st ard deviati were 
	significan only when the r respec ive 5 per ent rely contained within a prescribed tolerance e 1 te st be within the acceptance mit E for each meteor ogical 
	parameter 
	20. MEAN AND STANDARD DEVIATION 
	Parameter E 
	100 0 25 1 0 2.0 0.01 
	10 2 
	2 
	42 
	The ntervals in table 20 were selected based on the accuracy and quanti increment of the particular atmos eric parameter. As an e le if he computed confi ence interval for dew is J1 = d 1.2 °F, then the sample bias ~s ace as be ca ly significant ly greater than 95 ercent c s the of the confidence 1 is less than the prescribed limit of +2 °F in table 20. 
	The accuracy of t e reliab lity index RI estimate may so be determined establish a confidence interval for ts population counterpar p Since t e stat tic RI is app oximately normal y distri te the 95 percent confidence interval for ~s 
	2.1) 
	p = Rl + z.975 
	In this st , computed values of RI were accepted as being statis cal f at the 95 percent level when the conf interval in was within RI +5 
	Inspection of the foregoing formulas fo s ficance test on the sample 
	orrelation coefficient bias value, standard deviation, and reliabil ty ndex show that the curacy of a computed statist increases as the size N ~ncreases, level of onfidence laxed ent rejection of a computed s atistic cause of s c 1 at a certain confidence level, s a resul of an 
	common method of s ze obt s atisti­cal s fidence interval for the true ~ s. the desi e accuracy; 
	at least 95 s e equation required sample ze 
	2) 
	where E is the to erance given i tab e 20 Analogous , a reliability index estimate of de ired accuracy can be the confidence. interval formu a in equation 2 
	Data Disp 
	a. A set of gener 1-purpose ott routines were deve for gr of the comparison ana s results. These tines 
	sed to construct for each meteoro a parameter and particular case s t series plots of residual d fferences, scattergrams of AWOS on observed values, and re ative and cumulative histograms of residuals. As a samp e, a complete set of plots fo si es at Washing on D.C., and 
	~s g~ven in figures D-1 hr D-30 of D These f s p s plots, scat histograms for each of the e t meteoro les 
	43 
	b. The time series ots ct the residuals (AWOS m~nus as a funct on of time over the 10-month s These time ser~es plots were very useful in the ident fication and of anamolous data s ~n the raw data. Time series p the ei meteorolog ca variables are for DCA and HOU in f of ix D. As additional information, the samp e s as value, rms value d reliability index are annat ted 1me series plot. horizontal lines represent the prescr interva for re 
	i ion (see table 20 • 
	c. A sea ergram or scat p i a pract 
	results of a co e tion reg ess Scattergrams were constructed pl tting the AWOS corres observed values. In , the s see 
	the relative scatter in these data, while onship between the AWOS and observed values i typifie the tren 1n these da a points. Scattergrams for the e meteorol DCA and HOU are disp in D-11 D-20 i ap each atum point in the scattergrams may represent more than one event due t the discrete i intervals of the data. As resul s tergrams c lou hei t and visibili the relative number of reportable i rements. linear correlation coefficient '"R,t~ and the s of the linear regression equation y = Ax + , where y is the co
	Hi 
	Hi 
	Hi 

	1 
	1 
	ty 
	d 
	stribution 
	of 
	es 

	distribution. 
	distribution. 
	Relative 
	frequency 

	(normalized 
	(normalized 
	relative 
	to 
	t 
	ta 

	takes 
	takes 
	on 
	within 
	the 
	samp 
	e 

	histogram 
	histogram 
	on 
	the 
	other 
	ha 
	1s 
	a 
	mo 
	e 
	useful 

	probability 
	probability 
	distribution of 
	residuals 
	s 
	are 

	tude 
	tude 
	absolute 
	value 
	of 
	the 
	errors. 


	Histograms of residua HOU are 1n shows both the re ative probability distributions midpoint) denot~d on the 
	icted the shaded rec the left-hand side of the residual differences which relative cumulative frequency line extending from the port Relative cumulative frequenc s line are g the y-axis at the ri t-hand side o relative mulati frequency indicates the of the time the ab te value of the residual error was less than or equal to that of the class mark. 
	44 
	istogram, he residual sample s~ze N, bias value, rms value, and 
	index are A normal il function was fitted to t samp e st tion This function, which is ted the smooth dotted 1 lied based on the sample me lue 
	t ard deviation of the The vertical dotted line represent presc tole i ex computation (s e able 20), Hence lative f equency a he intersect of the vertical dotted line is ~ve f he rel ab 1 
	3. Results. 
	a. GeneraL Detailed results of the AWO versus official comparison ana ysis or each meteorologi al arameter and AWOS site are given in appendix D. The results are surnmar zed accord to overall AWOS performance, the two system contractors, and the sensor types. 
	A total of 22,992 s of hour AWOS and officia s ''"ere and ana The s atistics presented in this section are based on averages according to individual sample size in order to account for the 
	sizes for each parameter and site. sizes less than 1 were di 
	b and Ceil 
	A consider e effort was state he s most 
	t indicator CHI Impuls ik ceilometers, Meisei ceilometers. oud elements 
	e ce a hie algor is tandar surface aviation weather observat 
	ffic obser ati s ceil follow the s 1n the Federal al Handbook No. 1 FMH-1) The hei t and cover of eac oud 
	ayer is est mate y a cer fied weather observer who visual surveys whole from horizon to horizon. The of subject veness and i s n the cl hei t and cover estimates differs from one observer to the next. 
	many weather stations, fficial observations of s a d ceiling a e conducted with the aid of a rotat beam ceilometer (RBC The RBC consis s of a rotat intensi tter and a vertical ting rece ver which are normally se arated about 400 or 800 feet apar • U s tr lation pr ciple, the RBC measu es the hei t of individu 1 c oud elements passing directly over the receiver. The nominal he range 
	45 
	of 
	of 
	of 
	the 
	RBC 
	is 
	about 
	10 
	t 
	of its 
	RBC 
	data is 

	to 
	to 
	a 
	s 
	chart and 
	ana 
	a 
	weather 
	observer 
	The 
	hei 

	each 
	each 
	cloud 
	layer 
	is 
	rdinari 
	however, 
	clo 
	cover 

	estimates 
	estimates 
	from 
	RBC 
	s 
	charts 
	are 
	usual 
	vis 
	1 
	inspection of 

	the 
	the 


	An outline of the di ferent systems wh AWOS and officia of and 1 reports were obtained for each AWOS site is 21. 
	The official measurement type indicated in this table repres s the most common method used det and 1 at that s te 
	In summary, rtant to compare and evaluate AWOS cei performance :tn :t ac uracy o subject veness of the AWOS officia observations, advantage o e human ob erver over AWOS is that the observer can scan the l€~ These o observations o cloud hei t and cover, however are subject est to the human element of bias and li RBC measurements rs p the subjecti means f la 
	-

	The accuracy o s accura the eilometer in detec c 
	the cloud algorithm to process eilomete fixed point in space. the al thm time to cloud cover AWOS response to may be compromised. This condition is corroborated tech ic ans and p Conse nt the nical te current conduct a st to the respons s of the cloud al thm. 
	TABLE 21. CLOUD HEIGHT SENSOR SETUP 
	1 Measurement Site AWOS Ceilometer RBC Base Distance to AWOS ft 
	CMX ik EST 3300 
	ik RBC 1320 
	DCA ik RBC 350 660 
	HUM ik EST 3000 
	PWT ik EST 3500 
	SAF ik RBC 400 500 
	VDZ ls ik EST 
	EEN l'ieisei EST 6000 
	GAL Meisei RBC 400 
	Meisei RBC 550 2000 
	MIE Meisei RBC 800 1320 
	PSP Meisei EST 1320 
	SBP Meisei EST 990 
	46 
	( 2) For each r of the number of s was compared laye s reported by the ial server the fo irrelevant situations ( 
	occurrences of c ear elow 0 feet; cover the ayers. Results of the is are presented for each in table D-1. A summary of these results y system sensor t pe outlined in table 22 The e tab s the d stribut on of N cl number ifference (AWOS mi s cial) accord to seven screte classe • The number of joint c ear skies below , 000 feet not i lud in this lS 1S 
	TABLE 22. CLOUD LAYER NUMBER RESULTS 
	N Distributi 1n Percent 
	( -3 -2 -1 0 1 2 
	AWOS 10' 13 10 454 30 37 21 7 
	ls ik 3,984 4 529 0 3 31 45 7 4 () 
	se1 6,147 925 0 4 30 31 24 10 2 
	Ab t one-half o 20 585 pai s o ceil s collected were occurrences of le 5, 000 I re 
	e e 1n1ng half f he sample, AWOS ais and WeatherMeasure data combined) perfec the number of of ic al eported c oud layer 7 cent of the time. When a layer difference of one or less 
	s considered AWOS ficial 88 percent of the time. 
	mpu sphy i 1 er etter than the Me s i lometers. feet agreement with the f en han Me se e lometers, The wi one and 85 percent for s s ik and spect vely. em underestimates the number of cloud 13 percent more often ove stimates, le the latter system 
	ere imates he cl u layer mber two percent more o ten han t underestimates it. eilometers display even better performance when the abnormally poor results from VDZ are disregarded. A prel 
	ion revealed no iable ifference in the resu ts when AWOS were comp ed of c1 obser ati differentiat bet1.veen sites and without RBC's, 
	3) The frequency f occurrence of obscurations were c and off 1 for four case studies. A total obscuration the FMH-as surface-based obscu ing 
	that hides obscurat is when 0.1 to 0.9 
	is hidden. result from preci tation, smoke, and other weather enomena substantia ly reduce ver visibi i There is no known sensor which quantitative measures the extent 
	47 
	of a partial obscuration, total obscuration, or verti~al visibility. Consequent the AWOS cloud algorithm estimates obscurations using a combination of cloud measurements horizontal visibil a:tr 
	S pe c i a 1 c a s e s in which AWOS d d not report an obscurat whi e the official observer a partial obscuration we e d sregarded from the anal sis. This was done because A\vOS e lome ers nt vertica · whereas, offi observers survey the whole 
	Results are presented table 23. four case 
	studies are according to g weather, AWOS generally reported more obscu a when was no prec itation or fog When falsely reported an obscu a 53 
	observer did not report even a 
	false de teet ions by AWOS is attributed 
	cloud ithm on AWOS visibilities le than 2 eed with the official 62 of the time. 
	events was sli tly better ere AWOS the official observations 71 and 67 percent of 
	TABLE 23. SKY 
	str ent AWOS No AWOS Yes Case tern N Offic Yes 
	AWOS 
	AWOS 
	AWOS 
	1009 
	17 
	62 
	21 

	Overall 
	Overall 
	l 
	ik 
	684 
	1 
	62 
	21 

	TR
	Meisei 
	325 
	22 


	No Preci ation AWOS 35 53 or ik 34 53 27 44 52 
	AWOS 470 20 7 Free ation ls ik 385 19 
	Meisei 85 24 66 
	AWOS 471 17 67 16 1 ik 257 16 18 Meisei 214 19 68 g 
	( 4) The frequency of occurrence of joint s of a ceil i ial observations was examined for four case 1 the FMH-l as the he of the lowest cloud 
	studies. A ceiling is defined 

	or obscur na aloft which is at least broken or overcast in cover (i.e., 0.6-1.0 total s cover); or the vertical visibili into a surface-based obscur that hides all the The comparison was carried out counting the j int frequency of occurrence f ceil s and clear skies below 5,000 feet. As a result, this ce ling occurrence analysis can be considered as a gross cloud cover comparison. Scattered cloud layers and the difference between ceil s is not taken into account. 
	48 
	Results of the comparison are g~ven AWOS site and case 
	are summarized f he AWOS systems and four feature f the res lts s he marked 
	events, performance was that poor conditions of a ce Meise e more often s ik. 
	TABLE 24. CEILING 
	tion Per 
	tem N 
	AWOS 
	AWOS 
	AWOS 
	5345 

	TR
	277 

	Meisei 
	Meisei 
	22 


	No Prec tat 2421 24 sik 1 1 
	t ik 1042 Meisei 9 75 
	AWOS 7 1 s 822 2 96 3 Meise 
	5 s s was conducted the di with the hei t o AWOS scat e rc st layer. Th s was carried out 
	studies RBC measured versus estimated off cial ce ngs. 
	he esult s s for each site are given i t le D-4. these tables on measured offici eil were cons ered for he si es. A summary of the results s given by system in tab e 25. In table the AWOS summar es conside all estimated and RBC measured official ceilings. On the other hand summar s system contractor i.e, ce ter 
	are based sole on measured ceilings obtained at official RBC s tes, 
	49 
	. 
	Case 
	Case 
	Case 
	Svstem 
	N 
	r-
	-

	s 
	rms 
	RI 

	Overall 
	Overall 
	AWOS ls Meisei 
	ik 
	. ' . 
	821 
	5 488 1044 
	63 77 68 

	Ceil 
	Ceil 
	> 1500 
	Meisei 
	224 
	. . , 
	980 
	834 9 
	54 64 61 

	Ceil 
	Ceil 
	-
	ft 
	sik 
	2449 
	68 71 

	U1 0 
	U1 0 
	No or 
	Preci Fog 
	tat 
	AWOS 
	ik 
	' .!. 228 
	739 6 
	1 400 
	80 65 

	TR
	rec1pi 
	Meisei 
	1 24 221 
	0, . . 
	81 857 
	928 
	68 66 

	TR
	Fog 
	AWOS 1s sei 
	687 330 908 
	746 352 9Lf7 
	73 78 

	TR
	AWOS Ceil 
	324 
	1 85 


	Classification 1s based on the ffici repor s. For the purposes of this s an c1a ceiling of 0 feet s used o differentiate between low and ceil s. 
	1S ased on a samp e when the AWOS 1 nearest ct, an AWOS ceiling. 1s subset of the percent of the time AWOS c t 
	AWOS cei Cor e numbers s s th Meise 
	ams 
	cases are 
	he 
	he 
	he 
	e 
	al 
	AWOS 
	ex 
	fo 
	loud 
	hei 
	t 
	s 
	3 

	percent 
	percent 
	and 
	895 feet 
	Essential 
	ted 

	the 
	the 
	vari 
	e 
	between 
	official 
	cloud 

	the 
	the 
	rms 
	va 
	ue 
	AWOS 
	ac 
	4 

	pe 
	pe 
	etter 
	than 

	2 percent 
	2 percent 
	less 
	than 
	those 
	cases 

	per 
	per 
	e 
	t 
	ess 
	the 
	overall 
	c 

	agreement 
	agreement 
	was 
	e t 
	er 
	the 
	othe 
	rms 
	value 
	and 

	reliab 
	reliab 
	ty 
	index of 


	RBC co ls were clearly better noted for every case sta bad 
	ite. relations smaller as values, h the Meisei ceilometers. The overall performance o the is 488 and 1,044 fo spec 1ve feature of the ls superior perf rmance over the Meisei ls. In fact, the average rms these weather events is about 2 9 
	ee opposed 021 feet and 75 percent for Meise formance sik ceilometers appear even more favorable when the ab s are excluded 
	are fur her exam1 ed in erms of aviation safety, ik ceilometers appear to be more suitable han Meisei ceilometers. he i t differences or 1s s ik are favorab inc lined to be more 
	than Me ise i . B as v a 1u e s o he 1 p y s i s ens or B are sys emati a ly neg ti e and smalle in ab u e value, while Meisei ce ometers cal have pos tive bias value with arger abso ute values. This means that s ysik agreeably underestimates l , while Me se overestimates 1 height. Fur hermore, the Im hysik underestimate are regu rly sma er magnit de than Meisei overestimates 
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	c. Visibility. 
	v~st­
	( 1 The different methods ch AWOS 
	bilities are ned limit t a certain degree, ivity o a comparison based on s statistics. Then, in order to evaluate AWOS visibility performance it s ortant to point diffe e 
	sibility measurement techniques used AWOS and offic a 
	AWOS measures touchdown-zone visibi us s le-sensor visib ity devices located about 6 feet above ground. Four di f fe e isibil ty s n used n the AWOS Demonstration These sensors are denoted for convenience as: (a) 1,000-foo e
	ansm~ssome 
	(b) forward scatter (FWDSC (c) e (BCKSCAT) · baseline transmissometer ( 492)), Artais s tes or a T(lOOO), while WeatherHeasure sites use 
	492). Because the AWOS visibili of air, AWOS visibilities localized ng snow. 
	A prevailing ficial observat 
	To integrates visu 1 ranges thr observation. Individua visual 
	ibility markers located 
	of visibili markers are usua rport to the next Then, the bias and sibil obviously differs depend 
	conditions, and airport. Official of an average visibili over a much arger area the official observer is conside ab Localized obscuring nomena averaged-out by the observers located at some distance from the observer. increment of visibility for AWOS and off c a f 14. 
	In view of the varying and different resolut on scale for AWOS and of 
	le visibil increments and di tributions of visibility marker sensor functional re of +2 rements is not considered an appropr ate cho for reliability index estimation. Consequen 1 , a re iabi ity index of 60 percent was as a basis for j AWOS s i sens 
	e. 
	A summary of the AWOS and official visibility systems is outlined in table 26. This table gives the hei t of the official observer above ground and the distance of the observer to AWOS. Numbers in ses are the s control towers from which accord to the FMH-visibi i ies of less than 4 miles are reported. 
	(2) Since AWOS reportable visibi i y increments exte first step n the a aly s was to categorize AWOS data into basic lasses of visibili greater than 5 miles, and discrete visibilities less than or equal to 5 miles. This was done for each AWOS site, sensor and cases a 
	56 
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	tance 
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	Site 
	Site 
	AWOS 
	Sensor Tvoe 
	ft 
	( 
	t 

	CMX 
	CMX 
	Scatter 

	TR
	ssometer 
	ft 

	DCA 
	DCA 
	Foward 
	Scat 

	HUM 
	HUM 
	Scatter 

	PWT 
	PWT 
	someter 
	1000 
	ft) 
	0 

	\.J1 co 
	\.J1 co 
	SAF 
	ssometer 
	(1000 
	ft 

	TR
	VDZ 
	Foward 
	Scat 

	TR
	Back 
	Scatter 
	7 

	TR
	GAL 
	Back 
	ter 

	TR
	HOU 
	Transmissometer 
	(492 ft) 
	2000 

	TR
	MIE 
	Transmissometer 
	(492 
	ft 

	TR
	PSP 
	ssometer 
	492 ft) 
	1320 

	TR
	SBP 
	Transmissometer 
	( 
	2 
	ft 


	frequency of occurrence distribution based on th toff va ue. Detailed results AWOS site, sensor, and case s ed in tab e D-5 of ap ix D. The results summarized sensor 1es are 
	in table 27 This table shows the number of over l currences of visibili greater than 5 miles as , and the visibili distr ution given in percent with respect to the 
	Overal , approximately 68 22,384 rs of visibili observa·
	-

	ions were joint currences greater than 5 miles The joint occurrence of AWOS and less than 5 miles prec ation or conditions is In general, the FWDSCAT device sig f c t y ove estimate frequent than the other sensors. 
	-

	ased on the jo ess than or equal o 5 mi es, the 
	1000 performed better than the ors dur condit of prec ation and/or fog. This sens pe forme articularly well in fog with 9 percent joint occurrences e the FWDSCAT sensors showed the lowest ance at 64 perc when the 
	-

	ficial visibi ty sensors visibi i than en than the In fog wit fficial vis the 
	l ) FWDSCAT re les was 8 35 
	) J t occurrences of visibi les than o ex mi e for screte isi ili This was carried out for each site on methods tlined pr table 28 Overall cy histograms o visibilit than 2 mJles is 1n t e same situat on i figu e a stograms of and FWDSCAT sensors when al visib ity s e s han or 2 les is presented 1n Histograms for BCKSCAT and L!-9 are 18. 
	The es t show a general close agreement between the different sensors case studies. Overal AWOS had rms lue of 1. miles and reliabil i ex of rcent. ral performan e is a few perc n ess when official erver report prec tation occurrence or a visibi less than 2 miles. 
	al se sor performance 1s discerni le when the results are examined 
	case s The and SCAT sensors are significantly better performers when fog co offici sibilities less than or equa to les prevai , u e nts, the T 1000) an BCKSCAT sensors perform about 5 percent han the other two sensors. The case in which the 1000) displays performance with respect to he other sensors is when the observed visibil is than 2 miles. Most of this error is not a result of the variance but attributed to 
	large bias value of about -0.8 mi e • In fact, the 1000) generally was on the conservative side sl underestimat lities while the other sensors showed positive bias values indicat overes imation. 
	59 
	TABLE 
	TABLE 
	TABLE 
	27. 
	VISIBILITY OCCURRENCE 

	Case 
	Case 
	N -
	AWOS Offi 
	Distribution in Percent >5 Joint AWOS 
	>5 

	Overall 
	Overall 
	AWOS 1000 FWD SCAT BCKSCAT 1. n I)\'+::1L) 
	15159 1042 5501 2688 5928 
	7225 857 1619 977 3772 
	15 5 34 10 11 
	36 37 56 32 29 
	49 58 10 59 61 

	()\ 0 
	()\ 0 
	No 
	Prec 
	tat ion 
	AWOS ) FWD SCAT BCKSCAT 2 
	3540 506 325 
	8 57 3 
	7 
	86 91 36 

	TR
	Precioitat 
	AWOS 1000) FWDSCAT BCKSCAT 492 
	1776 403 
	18 14 
	72 77 75 69 
	11 

	TR
	AWOS 1000 FWD SCAT BCKSCAT 
	25 35 24 
	69 
	4 2 4 7 I 


	TABLE 
	TABLE 
	TABLE 
	. 
	VISIBILITY 

	Sensor 
	Sensor 
	r 
	-
	rms 
	RI 

	Overall 
	Overall 
	AWOS 1000) FWDSCAT BCKSCAT 492) 
	0.58 65 61 0 61 
	'3 1 2 1 3 3 
	.3 1 4 1.3 5 1 4 
	62 61 54 60 

	Official Visibil tv >2 mi 
	Official Visibil tv >2 mi 
	AWOS 1000) FWDSCAT BCKSCAT 492) 
	1245 53 326 1 647 
	.4 1 7 1 5 1.3 1.3 
	67 57 68 69 68 

	()1 f-' 
	()1 f-' 
	Official Visibilitv:::;2 mi 
	1000) FWD SCAT BCKSCAT 492 
	347 166 572 190 419 
	. 0 1 1 5 .4 
	53 65 57 45 46 

	TR
	Preci 
	tat ion 
	AWOS FWDSCAT BCKSCAT 492 
	1286 73 654 182 7 
	.62 55 0.64 ' . 
	.4 
	1. . l '2 • 1 
	1. 1.2 1.3 1.4 1.3 
	59 62 58 62 57 

	TR
	AWOS ) FWD SCAT BCKSCAT 492 
	1564 229 464 196 675 
	0.64 0.63 ,64 0 55 0.66 
	{\ " V-..k. .2 0.2 . .3 
	1.2 1.2 '2 4 • 2 
	1 '}!.-oJ 1.3 1.3 1.5 1.2 
	63 66 67 5 63 
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	Detailed results of the visibili ana 1s for each AWOS site and case s 
	are presented in appendix D Th s table shows that the rela
	-

	t vely sma N=3 of the 1 is based on data from and 
	Most of DBQ which showed one o overall 
	PWT disp the least e iable overall 
	is relevant to point out hat he T(lOOO) 
	to a nmen and stabil lems as a 
	resu t foundations. These turn 
	normal affect iance values 1n the 
	lb is, cate
	-

	site, is p :tn D-7 Sites at the comparison s official observers at these Official data from PS 1S S found that the off exposed. The acceptance of AWOS rms error "F 
	able are all s 
	f the large sample s elatively 
	observer correla­
	s exhib ted 
	s 4 428 
	which had nation f 
	irements is This accuracy "F to 5 "F of he ince 
	A of the resu ts g ven An overal AWOS t difference togram i 
	TABLE 
	N s rms RI 
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	According to the reliab ity 91 of the 16,503 of AVIJOS and off cial eratures diffe e no more than +3 °F. Artais temperature se sors (RI = 9 per en we e in agreement th offic a 
	percent more often WeatherMeasure sensors were Based on sensor functi equirement of "F, AWOS as good with an rms ue f 2. "F. W th th AL AWOS 
	emperature performance at all i sites was acceptable GAL st ias and rms error of and "F res the difference between AWOS and reased as the temperature decreased below zero 
	( int rature ven 1n table 7 and AWOS dew point emperature e ce istogr 1n Officia observations of dew 
	were not taken at HUM, EEN MIE, PSP and SBP. AWOS dew point performance wa out 11 pe cen less than the corres ing temperature performance. 
	TABLE 30. DEW POINT TEMPERATURE 
	N r d s RI
	-
	AWOS .99 2 6 4 80 Artais -2 2 65 WxMeasure 6760 .99 -0 4 2 2 2.3 96 
	es ove 1 AWOS dew was "F and a reliab li of 80 percent better than the Much of the Artais difference 
	dis ayed the best overall and Z showed considerably ormance, main arge negat bias values. These bias values alone almos functional 
	The with a and A time-series plot rature 
	basical ature is e s ted by AWOS Thi behavioral trend LS cal of the other sites. 
	Three t is general erratic dew is: ( the officia (or AWOS) dew point sensor; ( ) AWOS or of calibration; and (c moisture reservo1.r 1.n cells 
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	Results of altimeter sett for each AWOS 
	S:l are appendix D These results are summarized 
	AWOS type in An overal histogram of altimeter set di ferences AWOS is 23 
	31. ALTIMETER SETTING 
	N r s rms 
	AWOS 
	AWOS 
	AWOS 
	2 
	2 
	.99 
	-0 
	0.011 
	.015 
	99 

	a:l 
	a:l 
	0.98 
	-0. 
	.010 
	014 
	100 

	WxMeasure 
	WxMeasure 
	0.99 
	0 001 
	0.013 
	o. 
	5 
	99 


	A he statistic show that sett :ts reliable. The rms values of 0.014 and 0 are ercent prescribed rms error sensor functional of .05 st disagree­ment between AWOS effie was at EEN and HUM. problems of 
	ic pressure sensor at EEN were noted ear the experi­ment. Des r.e atively weak performance when compar with other site the rms e ror of EEN and HUM altimeter sett s i st 1 le s:tnce were both thin the 0.05 1n tolerance. 
	of the AWOS altimeter s s-· AWOS processor ontinuo samples and e sensors (b) A\rJOS cial pressure s ting and e are ot er 
	(c) AWOS and o ensors do not outine mai on all of the 
	:lS the mos 
	function 

	( 
	e 32 des hac round information on the AWOS This tab e gives the followi g 
	iation or compass declination, ( 2 on acco ing to true or magnetic no ( ave ground distance of official wind sens and exposure of offic al wind sensor. 
	( 33 feet from 10 to had cial 
	extend into the are reporte with Data from those 
	magnet c wind ing or subtract the site c variation. rom magnetic to true winds is outlined in 
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	FIGURE 23. OVERALL AWOS SETTING DIFFERENCE HISTOGRAM 
	TABLE 
	TABLE 
	TABLE 
	32. 
	WIND 
	SENSOR 
	SETUP 

	Site 
	Site 
	tic Variation ( 
	) 
	AWO~~i~£ 
	Hei2ht 
	ial (ft) 
	Sensor Distance to AWOS (ft 

	CMX 
	CMX 
	True 
	3300 
	Partially Obstructed 

	TR
	East 
	True 
	20 
	1320 
	Centerfield 

	nrA U\Jl:k 
	nrA U\Jl:k 
	7 f 
	u~~ UC:o.::J 
	Mn~ .l'J.Q.J;:::.. 
	?~ 4.J 
	ann ,/'VV 
	ran~arF V~t..-!-"-..._.4.. .a.. 
	1~ ..._._.. 

	TR
	4000 
	Centerfield 

	TR
	struc 

	::.0 0 
	::.0 0 
	True 
	2640 
	Partial 
	Obstructed 

	TR
	t 

	TR
	Eas 
	True 
	2 
	Parti 
	tructed 

	TR
	HOU 
	8 
	Center 

	TR
	t 
	7 
	13 
	s 

	TR
	East 
	Unob 
	ructed 


	The airfie location of the official wind sensors varied from one next. P tial obstructed off cia wind sensors were cal ocat on top of buildings. The influence these offic al wind sensors is more evalent for cer ec 1ons AWOS wi se s s are u al y more ta ve o ince these sensors are cal we a 
	Resul s. Results for wind direction are given in tab D-10 each AWOS site. A summary of these resu s by system are given i t le 
	overa 1 wind di ect on ifference histogra1n for ATNOS is give in f Wind direction data were c for moderate to strong wind cases i.e., AWOS wind greater than 5 knots. 
	TABLE 33. WIND DIRECTION 
	N 
	N 
	N 
	r -
	d 
	s 
	rms 

	AWOS s WxMeasure 
	AWOS s WxMeasure 
	11686 1 557 
	o. 
	6 
	19 
	23 


	m1 
	m1 
	m1 

	e 
	e 
	ror 
	and 

	TR
	tr 
	o 

	part 
	part 
	al 
	y 
	obst 
	wind 
	sensor 
	at 

	arge 
	arge 
	standard 
	o 
	Overall 
	ity 
	of 
	offici 

	is 
	is 
	n 
	ertain since 
	wind 
	sock 
	is 
	sometimes 
	used 
	at 
	this 
	site. 


	arge bias and standard deviation was observed for PSP. It was 
	the ff al wind ensor 1s ften influenced local mount AWOS sensor, located about 2 mile away, is not affected. 1me fferential surface heat 1s ent at PSP. 
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	34. SPEED 
	N rms RI 
	AWOS 1 87 7 2.6 93 Art s 1 2.3 97 WxMeasure 5749 
	formance wi rginal of 
	speed e ror the other found at the 
	ibuted 
	The 
	The 
	The 
	2 and 
	summarized 

	TR
	e 
	t 
	y 
	than 
	the 

	off 
	off 
	server 
	thm 

	onverse 
	onverse 
	was 
	true 
	for 
	the 
	AWOS 
	Specifica 

	AWOS 
	AWOS 
	reported 
	nd 
	gusts 
	percent 
	more 
	frequent 
	than 
	of 
	icial 
	observers. 
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	L[) 
	N I 
	0 
	N l 
	~ 
	ro 
	U) 
	N 
	Abo perce t of the time Due the intrinsic charac more sens tive to wind gusts from dial 
	TABLE 35 WIND 
	1 observers reported gusts while tics of the AWOS gus algorithm, than human observers who sub 
	recorders. 
	GUST OCCURRENCE 
	Distribut in Percent 
	AWOS No Yes Yes 
	tern N Offi 1 Yes Yes No 
	AWOS 21 s 1376 WxMeasure 798 
	oc urrences o wind gusts 
	The resu ts are dis lay 
	of these resul 
	difference 
	tern N 
	s 565 WxMeasure 193 
	tes WeatherMeasure rms error of 2 
	TABLE 36 WIND 
	TABLE 36 WIND 
	TABLE 36 WIND 

	15 
	15 
	36 42 26 
	49 65 

	GUST SPEED 
	GUST SPEED 

	d 
	d 
	s .6 3 2 
	rms 


	ion sensor for p ec cy distribution f recipitation occurrence in table D-14 and summarized in table 
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	FIGURE 26. OVERALL AWOS WIND GUST SPEED DIFFERENCE HISTOGRAM 
	TABLE 37. PRECIPITATION OCCURRENCE 
	TABLE 37. PRECIPITATION OCCURRENCE 
	TABLE 37. PRECIPITATION OCCURRENCE 

	Dis 
	Dis 

	N 
	N 
	AWOS ial 
	No Yes 
	Yes Yes 
	Yes No 

	AWOS Arta is WxMeasure 
	AWOS Arta is WxMeasure 
	2687 157 11 6 
	62 67 54 
	27 25 
	2 8 17 


	he results show t at AWOS signif cant lacks in the detection lities 
	o precipitation occurrences. Overall about 62 percent of the time AWOS doe t detect he presence of ecipi 27 percent of the AWOS and official observers j i tly repor occur ences. The best 
	etec ion c ilities were EEN and DCA. WeatherMeasure sensors were be ter s sensors. 
	precL tat These tab es tee occurrence ac to official preci 
	TABLE 38. PRECIPITATION OCCURRENCE BY TYPE 
	Off c Percent Detected Occurrences AWOS 
	Rai AWOS 17 
	Artais 701 
	WxMeasure 2 56 
	Snow AWOS 264 Artais WxMeasure 
	t 
	t 
	t 
	, 
	but detect 

	Lme. 
	Lme. 
	The 
	clearly 

	mostly 
	mostly 
	at
	tr 
	ted 
	o 

	he 
	he 
	est 
	performance 

	TR
	ed 
	ecipitati 

	of 
	of 
	the 
	Lme 
	tive 
	W
	eatherMeas 

	performance than Artais and 
	performance than Artais and 


	p i t e icte in e eg ing t WeatherMeasure than aLB. This 1.s1ng result s terns employ an sensor which spe if ca t on occurrence tection. 
	F37 
	CONCLUSIONS 
	Based on the results of the data analyzed during the 10-month Automated Weather Obs tern (N;.JOS) demonstration od of Se tember 1983 -ne 
	1984, it is concluded that: 
	1. 
	1. 
	1. 
	P i 1 o t s genera1 1 y were favor a b 1 e in the i r reac t ion to the AI·JOS especially its availabili and currency in the report of aviat on weathe parameters and the performance of the system which accorded an above average rat of 3.64 on a scale of one to five. 

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

	3. 
	3. 
	Doppler VOR is inadequate as a means of access to AWOS Pi ots who s the Houston, Texas, D er VOR site accorded the AWOS 1 sys em ting of 


	2.75. The principle difficu s attributed to the 1 kiloher side-band modulation, of er VOR. 
	4. Pilots experienced diff th reflected in 44 percent of the 1 pre ominant with WeatherMeasure to Artais which had 34 unfavorable comments. this was attributed to the who was without variation and pitch. 
	This difficulty is not cons dered ou as a ve y spec c s andard 
	voice quality exists in the AWOS ction spec ficat o A ~s 
	WeatherMeasure were not w~ s standard. 
	5. The Artais tern expe ienced 184 fai ures wh c we e s greater than the 16 failures experienced wi the WeatherMeasure em. 
	s considered to be principal due to system software s differences. a direct consequence, the system mean-t me-betwee failure (L'1TBF) va ue Artais was greater than 250 e e e syste L'1TBF lue WeatherMeasure was greater than 
	6. Performance of AWOS in detect ng and visibili dew , barometric pressure, wind irection, wind s acceptable. In each case :sensor functional irements were 
	Performance of AWOS etec g ec:L unacceptable. The poor e formance pr~mar y ete t on conditions, was attributable to inadequate heating elements. 
	Performance of AWOS n dete ng a rep lement ng preci tation was unaccep le. Pe f rmance i re r ing he number of cloud layers, cl coverage, and the absence prec~ tation was marginal to 
	88 
	RECOMMENDATIONS 
	Based on t e conclusions it is recommended that: 
	1. 
	1. 
	1. 
	Dop 
	er 
	VOR 
	s 
	t 
	be 
	use 
	for b oadc 
	st 
	of 
	AWOS. 
	As 
	a 
	result 
	of 
	this 

	s 
	s 
	the 
	FAA 
	sh 
	d 
	rev1.e1r1 
	he 
	a 
	p 
	icat 
	on 
	of 
	othe 
	alte
	rnativ
	es 
	for 

	broadcast 
	broadcast 
	of 
	AWOS. 


	reci tation sensor studies be continued particular alternat ves to detectors. The FAA is now funding such a stu and expects HSS to issue a February 1985. 
	oud algorithm development studies be conducted to ave algorithm response and accuracy particu arly during precipitation. The Technical Ce te is now con ucting such a study and wi 1 produce a repo t by February 1985. 
	89 
	Figure
	APPENDIX A AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM DESCRIPTION OF DATA CONTROL PROGRAM 
	Figure
	AWOS DATA ITY CONTROL 
	This data s1.s validates hour s received the Technical Center from the 14 AWOS s es and ascert whether or not data fall u1 limits as defined 1n the AWOS Test Plan. It generates printed reports hav the follow 
	Information the retrieval of the data from the AWOS site the Technical Center. 
	2. Hour observations conta errors, with the errors f or coded. 
	Summaries hav counts of al flagged and coded er ors, with the error codes defined, and counts of the set et condition of flags. 
	It so creates an intermediate file cont data and error f from ich further sis can be done, 
	THE 
	printout is A-L The header f the printout 
	1 status information etion of data ion 
	is printed at the run s. This sect ion includes the ate and collection, the amount of data re rieved internal error 1on inent to data 
	fo information is shown the intout under the appropriate h 
	that contains an error is inted 
	control, or system fault 
	Individual data 
	ional explanation 
	conditions internal status codes, and counters 
	f data at the Technica Center are printed 
	which relate. file such 
	hourly we er reports a e races ed a ed information is included with the same unit. Each e in an hour has been f dur has an asterisk printed below it. Internal status odes and are defined in Note A-3. 
	Remarks and Status. Remarks status are coded system fault diagnostic ssages added automat ical to the hour the AWOS sites prior to r The messages s sensor problems. are des facilitate Remote Maintenance Monitor A e 
	1s of codes as relate to each sensor is contained in Note A-4. 
	A-1 
	3. Each field of weather data is examined to validate the 
	e.g. numeric fields should have numer1.c content. of data is 
	4. 1 checks are accordance with 
	the AI<JOS Test Plan. were added control checks is listed 1.n 
	Wnen a occurs, an error code specific failure and is scheduled 1 each smnmary information 
	a. Counts of each i conrol failure. 
	count of the number of times each field had invalid data, i.e., le. 
	c. RMM status counts. 
	The number of times an RMM flag 1s set versus e er of 1.mes not set. THE INTERMEDIATE FILE. I add tion to the printed repor • an intermediate file 1s generated. The 
	intermediate file stores the fo fields for each hour The Julian date for the hour's data. 
	2. 
	2. 
	2. 
	That hour s data in format. 

	3. 
	3. 
	Cloud he t (based hour s condition dat 
	1 


	4. 
	4. 
	Remarks status fault characters. va idat characters. 


	Informat stored :tn the intermediate file can be used to 1S as the AWOS 0 i is 3 1.n 
	e Data Element of Printed \'leather 
	Format recorded ite send a 3 a 
	GM TM Greenwich Mean Time 2 Num 
	A-2 
	Field JUL DAT SKY CDND 
	vs 
	PRS 
	TEMP 
	DEvJ 
	WND DIR WND SPD WND GST DNS ALT PCP AMT 
	PCP TIM 
	Field 
	DP PR WD 
	ws 
	Descr Format
	~on 
	Julian Date 3 Num (DDD condition (See item 2 be 11 
	Visibil units m~ es and 2 Num
	~n 
	ers of a mile. ex: 
	1 1/4 mile 32 = 3 2 ffil. es Less than 1/4 mile ~s Greater than 5 miles is '55 
	Pressure (altimeter sett 3 Num hundredths of inches of mercury 
	ln Fahrenheit either a s or blank 
	Dew Point in ees 3 either a s or a blank 
	Wind direction in 3 Num Wind s ln knots 3 Num Wind gusts ln knots 3 Num Dens altitude in hundreds of feet 3 Num 
	Prec itation amount since las 3 Num in hundredths of inches 
	time ln minutes 3 e where E = end 
	See Note 
	Des lOll Format 
	rature 1 Dew point Pressure Wind direction Wind s 
	A-3 
	Field 
	vs 
	CH PC SY 3. Field HR 
	MN 
	vs PR TP DP WD 
	ws WG DA PA PT v-
	V+ 
	c­
	c+ 
	CH 
	Descr 
	Descr 
	Descr 
	10n 
	Format 

	Visibil 
	Visibil 

	Cloud he 
	Cloud he 
	t 

	Prec 
	Prec 
	itat ion 

	Validation 
	Validation 

	Descr 
	Descr 
	1on 
	Content 

	Hour 
	Hour 
	of 
	or 

	Minute 
	Minute 
	of report 
	or 
	F* 

	Visibil 
	Visibil 
	T 
	or 
	F* 

	Pressure 
	Pressure 
	F* 

	TR
	T 
	or 
	p'< 

	Dew 
	Dew 
	point 
	F* 

	Wind 
	Wind 
	direction 

	Wind 
	Wind 
	s 
	T or 

	Wind 
	Wind 
	gusts 
	T or 
	F* 

	Dens 
	Dens 
	altitude 

	Prec 
	Prec 
	itation amount 

	Prec 
	Prec 
	ation 
	time 

	Variable vis ibi 
	Variable vis ibi 
	ity 
	m1.n1mum 

	Variable visibil 
	Variable visibil 
	max1mum 

	Variable 
	Variable 
	ceil 
	m1.n1.mum 

	Variable 
	Variable 
	ceil 
	e 
	max1.mum 

	Cloud he 
	Cloud he 
	t 
	T 


	A-4 
	4. 
	Field Descr lOU Format 
	ity abetic codes indicat failure 15 Num control of data to meet specific qual contra failures parameters (see Note A-5) 
	*True/False flags in the form of 'T' or 'F indicat the presence of valid or invalid data. Used when one or more fields are invalid. 
	Note A-2: 
	condition consists of eleven r1.c positions with data left jus fied and unused es blanks. 
	les follow: 
	Column 
	Column 
	Column 
	9 
	10 
	11 
	12 
	13 
	14 
	15 
	16 
	17 
	18 
	19 

	TR
	0 
	s 
	M 
	4 
	5 
	B 

	TR
	5 
	s 
	5 
	s 
	E 
	4 
	0 
	0 

	TR
	L 
	R 

	TR
	c 
	F 
	E 
	w 
	4 
	5 

	TR
	w 
	2 
	X 

	TR
	X 
	1 
	2 
	s 
	2 
	6 
	s 
	M 
	3 
	5 


	c rs are XYC where: 
	he t 1.11 thousands of feet y he t in hundreds of feet c s Scattered 
	Broken 0 Overcast 
	Cloud can also have a prefix: 
	E Estimated M Measured 
	obscured will have ' 1.n the first position and total obscur-Wl have 'W' in the first position. 
	Tota obscured be represented WAX where: 
	A l if visibi is less than or l/4 mile 2 if visibility is greater than and less than 1 1/2 miles 
	7 if isibili is greater than or l l/2 miles and less than 2 miles and the air temperature is less than or to 36 °F. 
	A-5 
	1s 
	1s 
	1s 
	1s the vertical visibi considered the cei he 
	1n hundreds t. 
	of 
	feet 
	and 

	Order of 
	Order of 
	cloud 

	Lowes Lowest 
	Lowes Lowest 


	Note A-3: Internal Status Codes. 
	Asterisk (*) under any field indicates invalid that was discovered upon rece of the data at the Technical Center. 
	A dot ted line the and Status" column also indicates an error was found on rece the data from the site. 
	To the r t of the dotted line, and on succeed lines, if necel3 , wil be: 
	STATUS 800 AWOS STATION PROCESSOR ERROR 8002 FRAMING DATA LIMIT ERROR 8004 FRAMING DATA PARITY ERROR 8008 STATION ID ERROR 8010 END OF S DATA CODE 8020 TIME-OUT CODE 8040 BAD DATA CODE 
	PARITY ERROR COUNT DATA LIMI ERROR COUNT TOTAL DATA ERROR COUNT FIRST ERROR BYTE SLOT AND CODE SECOND ERROR BYTE SLOT AND CODE ~~D CODE ~~D CODE ~~D CODE EIGHTY-FOURTH ERROR BYTE SLOT CODE 
	SECOND ERROR BYTE SLOT 
	SECOND ERROR BYTE SLOT 
	SECOND ERROR BYTE SLOT 

	ERROR BYTE SLOT CODE FORNAT: 
	lXXX ERROR COLUJ\1N XXX 2XXX MATCH ERROR COLUHN XXX 4XXX COL UI1l'J XXX 
	Columns s at have asterisks under them to line coded errors. 
	A-·6 
	Note A-4: Remarks and Status 
	Field Status Codes and Meanings 
	TP 
	A Sensor data not within limits B Insufficient data to a recorded value C sensor error detected since last report D Greater than 6 oF 1n minute since 
	last report. 
	DP Dew Point 
	A, 
	A, 
	A, 
	B, 
	C, 
	D 
	same 
	as 
	for 

	E 
	E 
	Dew Point 
	greater 
	than 
	1 
	oF 
	or 
	2 
	oF 

	F 
	F 
	Dew Point greater 
	than temperature more 
	than 

	TR
	2 
	oF 


	PR Pressure 
	A B, C same as for , sensor l D, E, F same as A, B, for sensor 2 G Pressure from both sensors not within 0.04 
	inches of read s1nce last report P Prec itation occurrence timeter sett 
	WD Wind Direction 
	A, B, same as for ws Wind A B C same as for vs Visibili 
	, B C same as for V = Variable Cloud He t A, B c same as for 
	D "HIR CLDS E BKN VRBL F BKN VRBL G "OVC VRBL BKN" 
	11 

	PC Prec tion A, B. c same as for temoerature, orecinitation occurrence sensor D, F same as for A, B, C but prec itation amount sensor
	H' 

	"-"• 
	P = Prec itation occurrence 
	A-7 
	SY Proces System 
	A Power 1 out of tolerance B Power 2 out of tolerance c Power 3 out of tolerance D Power 4 out of tolerance E Communication failure sensor group F Communication failure to sensor 2 G Communication failure to sensor H too h I too low J RAM memory failure K Archive device failure 
	Code ' decreases as successive letters of the a code wil be used. 
	Note A-5: Control Failures. 
	Code 
	Time difference between current report and that of hour earlier is less than 50 or greater than 75 minutes. 
	B Altimeter change between current 1 hour earlier 1s er than 0.05 inches. 
	c e between current and hour earlier is than 6 oF. 
	D Dew Point between current and hour earlier 1.s er than 3 °F 
	E Wind s between current and 1 earlier 1.s than 0 knots. 
	F Wind direction change between current and 1 hour earlier is er than while wind s of both current and prior s is greater than 10 knots. 
	G Prec itation lS greater than .5 inches. 
	H Wind gusts change between current hour earlier 1.s greater than 20 knots. 
	I 
	J 
	L 
	A-8 
	M 
	M 
	M 
	Cloud height is less er than 1 mile. 
	than 500 
	feet 
	and 
	visibili 
	1s 

	N 
	N 
	Cloud he less than 
	t is greater l mile. 
	than 500 
	feet 
	and 
	visibil 
	lS 

	0 
	0 
	Dens altitude change earlier is greater than 
	between current report or equal to 300 feet. 
	and 
	l 
	hour 

	p 
	p 
	ure exceeds dew is less than or 
	point 
	to 
	12° or more 500 feet. 
	and 

	TR
	rature exceeds obscured, or 
	dew point visibili 
	lS 
	2o or more and less than or 
	the 
	to 

	R 
	R 
	More less 4 mi 
	than than es. 
	two or 
	consecutive hour to 200 feet 
	and 
	s visibil 
	ceil 
	he than 
	t 

	s 
	s 
	"E" for estimated condition. 
	clear 
	or 
	scattered 

	TR
	Wind 
	less 
	than 6 knots 
	gusts. 

	u 
	u 
	Obscuration with visibil 3 miles. 
	greater 
	than 
	or 
	to 

	v 
	v 
	Pressure 
	less 
	than 26.00 
	or 
	than 32.99 
	inches .. 


	A-9 
	SYSTHfE = !2:37:28 SfSDATE ·-4HV24/M LIIST SECTOR = 13 TOTAL OK = 0 TOTAL TRIES HE1HND (0 = YESJ l NIH VIDUAL REPORT PO!JITF-B REPOHTS FOR MESSAGES I TlllW FOLLOW IN UEXA!JEC HIAL: liJl (:1 140 0 140 0 140 I 0 140 I 0 140 3002 0 
	0 0 0 0 0 0 0 0 () () 0 0 0 0 0 0 0 0 0 0 () 0 0 0 0 () 0 0 0 () 0 0 0 0 0 0 0 0 0 () () 0 0 () 0 
	W E A T H E E P OR l'I A G E REl'It\RKS ENIHNG 05/24/M 12:3?:28 8 STATUS 
	ST CPI JUL lfflll lfflD wrm DNS PCP PCP TDPWi'tVCI'S DATE Tl'I DI\.T sKY cmm vs PRS TEMP DEW DIR SPD GST ALT AMT TIM PPRDSS!lCY 2 2 2 3 3 4 4 4 5 5 6 4 6 l 4 8 ? I 5 9 3 7 l 
	()(l/23 
	C!'!Xl4523CLR 55 999 51 31 310 CNX15523 000 BB BBBBBE C!'!XI6523CLR 55 999 54 30 290 15 21 CNXI7523CLR 55 000 57 29 260 16 
	Cf1Xl8523CLR 55 998 59 29 270 15 22 Cf<L'<l 9523CLR ~5 996 62 27 250 6 26 !5 CNX20523CLR 55 994 64 :m 250 19 25 16 CNX21523CLR t)G 992 66 31 260 13 29 18 C11X22523CLR 5U 991 64 31 260 I 21 CHX23523CLR 55 99! 66 32 260 5 22 IB 
	05/24 
	crmoo524CLR 55 992 64 31 270 12 22 I? OL'<O I 524CLR 5U 61 32 270 ll 16 15 cmS:02524CLR 55 59 3a 290 06 CNXO:J524CLll 55 993 57 32 2'?0 oa CrL'{0··>524CL!t ~5 9?:1 56 33 2'?0 07 CHX05524CLR 55 993 57 33 270 06 Cr!XOf,521CLR J5 993 ::\6 34 270 0? CNX0'?521CLH G5 991 57 :33 260 07 crmou524CLR uu 9.0? ua 33 270 05 crmo?524CLR 55 987 53 35 00 ()() 
	20 HOURLY REPORTS PROCESSED ***** 
	UUI\.LITY CONTROL ~'AILUilES AWOS REPORTS EllllOR COUNT CODE ri.EANH!G 
	A TH!.E DJF < 50 OR > 75 1'1LN. 
	2 C TEN? CHANGE > 6 DEG I•' , !l lJP C!IAI'!GE > 3 DEC F. E W!Nl.l SPii CHI\fiCE 10 KNOTS 
	HIND GST CHANCE > 20 KTS' J TnlP fiOT IWRNAL 1\.l1F..A 0 DNS ALT Cl!G EQ Oll. > 300 IT 
	--·--
	-

	INPUT VALHIATIOl'! ERROFIS 
	COUNT DATA FIELD VAR CElL HT 
	REi'!:OTE MA.!NTENANCE l'WNITO!HNG (RF..MARKS B STATUS> SENSOR COUNT CODE MEJLl'llNG 
	TErli' DATI\. TO GENERATE A VALUE n r DATA TO GENEHATE A V,\LUEW D B DATA TO GENElli\,TE A V,\LUE 
	j'{ s 
	B D:\T,~ TO GENEH.l\TE A VALUE 
	VIeS 
	TO GENE!lATE A VALUE CLH B DXrll. TO GENEllATE A V,\LUE
	Pm;c 
	B OCCU!ffi.ENCE SENSOH INSUFFICIENT DATA GENE S'YS 
	CmJH FAILURE SENSOU GHOUP I 
	COUliTS UNSET I I 'I 
	!.) 
	1 !'I PRES 0 20 1i D 19 
	s 
	VIS l'l CLD l'l Pl\EC 19 SYS 
	OF AWOS l'HOCESSING, •. NO riORE DATA ABSLOUTE END OF li.WOSQ2 !'HOCHA!'i, HO HOllE DATA 
	A-10 
	APPENDIX 
	PR~;RAM 
	AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION 

	TABLES OF TOTAL OPERATING TIME AND ESTIMATED VALUES OF MEAN-TIME-BETWEEN-FAILURES 
	Figure
	Figure
	TABLE B-
	Total 
	720 l·!r40 2160 83 2880 84 3600 4:320 84 5040 5760 M-80 84 7200 
	Total 
	no 
	g4Q 83 -2160 83 -83 
	4320 
	83 -84 60 M-80 83 -7200 
	SYSTEM AND SENSOR DATA FOR AUBURN, 
	(' 
	Vis i Sensor Data 
	Total Time to 
	v 
	0 0 0 0 0 0 0 7.08 
	0 7 08 0 7 08 0 321.08 
	321 08 0 321.08 0 321.08 
	Wind Sensor Data Total Restore 
	0 40.00 40.00 0 40.00 00 .00 0 .00 0 00 40 00 40.00 
	0 40.00 R-2 
	ALA. ( 
	720.00 
	720.00 
	720.00 
	0 

	1440. 
	1440. 
	0 

	2160.00 
	2160.00 
	0 

	2 
	2 
	92 
	0 

	3592 
	3592 
	0 

	4312 
	4312 
	92 
	0 

	4718. 
	4718. 
	0 

	5438. 
	5438. 

	6158. 
	6158. 
	0 

	6878 
	6878 
	92 
	0 

	TR
	No. 
	of 

	680.00 
	680.00 
	0. 

	1400 00 
	1400 00 

	2120.00 
	2120.00 
	0 

	2840.00 
	2840.00 
	0 

	3560. 
	3560. 
	0 

	4280.00 
	4280.00 

	5000.00 
	5000.00 
	0 

	5720.00 
	5720.00 
	0 

	6440.00 
	6440.00 
	0 

	7160.00 
	7160.00 
	0 


	TABLE B-L SYSTEM AND SENSOR DATA FOR AUBURN • CONTINUED) 
	E. 
	E. 
	E. 
	Sensor Data 

	Total 
	Total 
	Down 

	TR
	Total 
	Time 
	to 

	9 
	9 
	720 
	40 00 
	680.00 
	0 

	TR
	83 
	1440 
	00 
	1400.00 
	0 

	TR
	83 
	-
	2160 
	40.00 
	2120.00 
	0 

	TR
	2880 
	0 
	40.00 
	.oo 
	0 

	TR
	84 
	3600 
	40.00 
	3560 00 
	0 

	TR
	.00 
	0 

	TR
	83 
	5040 
	0 
	40.00 
	5000 
	0 

	TR
	84 
	5760 
	0 
	5720 00 

	TR
	40 00 
	6440.00 

	TR
	7200 
	67 
	50 
	7132 
	50 
	0 

	TR
	F. 
	Dew 
	Sensor 
	Data 

	TR
	Total 

	TR
	Total 
	of 

	TR
	0 
	40 
	00 
	680.00 
	0 

	TR
	1440 
	40 
	00 
	1400.00 
	0 

	TR
	2160 
	40.00 
	2120.00 
	0 

	TR
	83 
	40 00 
	.oo 
	0 

	TR
	84 
	3600 
	40 
	3560 00 
	0 

	TR
	43 
	0 
	40 00 
	.oo 
	0 

	TR
	84 
	5040 
	40.00 
	5000 
	0 

	83 
	83 
	5760 
	40.00 
	5720.00 
	0 

	TR
	6480 
	40. 
	6440.00 
	0 

	83 
	83 
	-
	84 
	7 
	67.50 
	7 
	2 50 
	0 

	TR
	B--3 


	TABLE 
	TABLE 
	TABLE 
	B-L 
	SYSTEM 
	AND 
	SENSOR DATA FOR 
	AUBURN, 
	ALA. 
	(CONTINUED 

	TR
	G 
	tat 
	Sensor Data 

	TR
	Total 
	Time 

	Total 
	Total 
	Time 
	to 

	TR
	Restore 

	no 
	no 
	0 
	40.00 
	680 00 

	llj-40 
	llj-40 
	0 
	40.00 
	1400.00 
	0 

	-
	-
	1 
	83 
	2160 
	0 
	40.00 
	21 
	00 

	TR
	2880 
	0 
	00 
	2840 
	00 

	TR
	3600 
	0 
	40.00 
	3560 
	00 
	0 

	TR
	4320 
	40 
	00 
	4280 
	00 
	0 

	9 
	9 
	84 
	5040 
	40.00 
	5000.00 

	TR
	84 
	5760 
	0 
	40.00 
	5720 00 
	0 

	TR
	64f80 
	0 
	40 00 
	6440. 

	TR
	83 
	-
	7200 
	00 
	60 00 
	0 

	TR
	H. 
	Alt 
	ter Sensor Data 

	TR
	Total 

	TR
	Total 

	TR
	Fai---
	-


	TR
	720 
	0 
	0 
	720 00 
	0 

	TR
	llj.40 
	0 
	0 
	1440. 
	0 

	TR
	-
	11/83 
	2160 
	0 
	00 
	0 

	TR
	2880 
	0 
	0 
	00 
	0 

	TR
	3600 
	0 
	0 
	3600 
	0 

	TR
	4320 
	0 
	0 
	4320 00 

	TR
	84 
	5040 
	0 
	0 
	5040 00 

	TR
	83 
	-
	84 
	5760 
	0 
	0 
	5760' 
	0 

	TR
	83 
	-
	6LJ.80 
	0 
	0 
	6480.00 
	0 

	TR
	7200 
	0 
	0 
	7200.00 
	0 

	TR
	B-4 


	A. tern Data Total Total Time To 
	Period 83 720 0 720.00 83 -1440 0 1440.00 
	-1/83 21&0 0 60.00 2880 0 2880.00 83 -3600 1.00 3599.00 
	4320 1 00 4319 
	83 -5040 1.00 5039.00 84 5760 1 00 5759.00 84 6480 00 6479. 
	7200 1.00 7199.00 
	B. Cei Sensor Data 
	Total Total to 
	720 1440 1 00 2160 1 00 
	83 -83 2880 LOO 0 84 3600 • 00 
	83 -84 4320 1.00 84 5040 L 84 5760 346.00 0 
	6480 607.25 83 -84 7200 607. 25 0 
	B-5 
	TAJ3l,E B-2. SYSTEM AND SENSOR DATA FOR 
	TAJ3l,E B-2. SYSTEM AND SENSOR DATA FOR 
	TAJ3l,E B-2. SYSTEM AND SENSOR DATA FOR 

	HOUSTON 
	HOUSTON 
	TEXAS 

	No. Fai 
	No. Fai 
	of 0 

	0 
	0 

	1 1 1 
	1 1 1 

	1 
	1 

	TR
	No. 
	of 

	720 1439.00 2159 00 2879.00 3599 . 4319 00 5039.00 5414. 5872 75 6592.7 
	720 1439.00 2159 00 2879.00 3599 . 4319 00 5039.00 5414. 5872 75 6592.7 
	0 1 1 1 1 2 2 2 
	.00 36.38 3296 


	TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON. TEXAS (CONTINUED) 
	c. li Sensor Data Total Total to No Restore lures MTBF 720 0 0 720.00 0 83 -83 1440 0 1440.00 0 -11 83 2160 0 60 00 0 0 0 2880 00 0 83 -84 3600 0 0 3600. 0 84 4320 0 0 4320.00 0 5040 0 .00 0 84 5760 0 0 5760.00 0 
	83 -6480 0 .00 0 84 7200 0 0 7200.00 0 
	D. Wind Sensor Data 
	Down Time Total No. of 
	83 720 0 0 720.00 0 1440.00 0 -11 83 2160 0 2157.00 1 83 2880 0 2877. 1 3600 0 3597.00 1 20 3 4317.00 1 
	83 0 5037.00 3 -3 5757.00 1 6480 6477 .oo 1 7200 3 0 7197 00 1 
	TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS ( 
	E. Sensor Data 
	Total Total Time to No. of 
	9 83 720 0 0 720.00 0 1440 0 1440.00 0 -l/83 2160 0 0 2160.00 0 83 2880 0 2880.00 0 83 -3600 0 0 3600.00 0 4320 0 4320.00 0 84 5040 5040.00 0 84 5760 0 0 5760.00 0 6480 0 6480.00 0 83 -7200 0 0 7200.00 0 
	F Dew Sensor Data 
	Down Time Total Time to No. of 
	720.00 0 0 0 1440 00 0 60 0 2160 00 0 2880 0 0 00 0 84 3600 00 0 83 -84 4320 00 0 84 0 5040 00 0
	I 

	I 
	83 5760.00 0 0 6480.00 0 7200.00 0
	83 -84 7200 0 B--7 
	0 

	TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED) 
	TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED) 
	TABLE B-2. SYSTEM AND SENSOR DATA FOR HOUSTON, TEXAS (CONTINUED) 

	G. 
	G. 
	tation 
	Sensor Data 

	Total 
	Total 

	Total 
	Total 
	Time 
	to 

	83 
	83 
	720 
	1 
	0 
	719 00 

	TR
	14lt0 
	1 
	1439. 

	TR
	-
	11/83 
	2160 
	0 
	2159.00 

	TR
	2880 
	2879.00 
	1 

	TR
	84 
	3600 
	1 
	0 
	3599.00 
	1 

	TR
	4320 
	1 
	4319. 

	TR
	so~~o 
	1 
	5039 00 
	1 

	TR
	84 
	5760 
	1 
	5759. 
	1 

	TR
	6480 
	1 
	0 
	6479.00 
	1 

	TR
	84 
	7200 
	1 
	0 
	7199.00 
	1 

	TR
	H.. 
	imeter 
	Sensor 
	Data 

	TR
	Total 
	Down 
	Time 

	TR
	Total 
	to 

	TR
	720 
	0 
	720.00 
	0 

	TR
	14lt0 
	0 
	0 
	1440 00 
	0 

	TR
	-
	11/83 
	2160 
	0 
	0 
	2160.00 

	TR
	2880 
	0 
	.00 
	0 

	83 
	83 
	-
	3600 
	0 
	1 
	3599.00 

	83 
	83 
	-
	84 
	4320 
	0 
	43 
	9.00 
	0 

	3 
	3 
	-
	5040 
	1 

	TR
	84 
	5760 
	0 
	5759 

	TR
	6480 
	0 
	1 
	6479.00 
	0 

	TR
	84 
	7200 
	25.20 
	1 
	11 
	3. 
	1 


	B--8 
	TABLE 
	TABLE 
	TABLE 
	B-3. 
	SYSTEM AND 
	SENSOR DATA FOR 
	KEENE, 
	N. H. 

	Total 
	Total 
	Total 
	A. 
	To 
	tem Data 
	No. Fai 
	of 

	83 83 83 83 83 83 
	83 83 83 83 83 83 
	------
	83 1 83 83 84 84 84 84 84 
	720 2160 2880 3600 4320 5040 5760 6480 7200 
	0 25.25 102.50 102. 50 102.50 104.00 104.00 104.00 104 104.00 
	720 .oo .75 2057.50 2777. so 3497.50 4216.00 4936.00 5656.00 6376.00 7096.00 
	0 2 3 3 3 3 3 3 3 3 
	707. 685.83 925. 165 83 1405.33 1645.33 1885 2125 33 2365 

	TR
	Total 
	B. 1 Total Time to 
	Sensor Data Down Time 
	No. 
	of 

	9 
	9 
	83 83 83 
	--
	1 83 83 84 84 
	720 1440 2160 2880 3600 4320 
	0. 25 0. 25 1.00 1.00 1.00 1.00 
	0 0 0 0 0 
	719.75 1439.75 2159.00 2879 00 3599 00 4319.00 
	1 2 2 2 2 
	1079.50 •50 1 99 50 2159 50 

	9 
	9 
	83 83 
	--
	84 84 84 84 
	5040 5760 6480 7200 
	1.00 1.00 1.00 2.17 
	0 0 0 0 
	00 5759 00 6479.00 7197.83 
	2 2 2 2 
	2519.50 .so 3239.50 3598 92 

	TR
	B-9 


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

	TR
	E. 
	Sensor Data 

	TR
	Total 
	Down 
	Time 

	TR
	Total 
	No. 
	of 

	9 
	9 
	720 
	0 
	0 
	720.00 

	TR
	83 
	1440 
	25.00 
	1415.00 
	0 

	83 
	83 
	-
	11/83 
	2160 
	102. 25 
	2057.75 
	0 

	83 
	83 
	83 
	2880 
	102. 25 
	2777.75 
	0 

	TR
	84 
	3600 
	0 
	102. 25 
	.75 
	0 

	TR
	4320 
	102.25 
	4217.75 
	0 

	83 
	83 
	-
	84 
	5040 
	0 
	102 25 
	4937.75 
	0 

	83 
	83 
	84 
	5760 
	0 
	102 25 
	5657 
	75 
	0 

	83 
	83 
	-
	6480 
	0 
	102. 25 
	6377.75 
	0 

	83 
	83 
	84 
	7200 
	0 
	102.25 
	7097.50 
	0 

	TR
	F. 
	Dew Point 
	Sensor Data 

	TR
	Total 
	Down Time 

	TR
	Total 
	Time 
	to 
	No. 
	of 

	TR
	Restore 

	TR
	720 
	0 
	0 
	720.00 
	0 

	TR
	1440 
	0 
	25 .oo 
	1415.00 
	0 

	TR
	2160 
	0 
	102. 25 
	2057 
	75 
	0 

	83 
	83 
	2880 
	0 
	102. 25 
	2777 
	7.5 
	0 

	83 
	83 
	-
	84 
	3600 
	102 25 
	3497 
	75 
	0 

	TR
	84 
	43 
	102.25 
	4217 
	75 
	0 

	83 
	83 
	-
	5040 
	0 
	102 25 
	4937 
	15 
	0 

	83 
	83 
	-
	84 
	5760 
	0 
	102 25 
	5657 
	75 
	0 

	83 
	83 
	-
	84 
	6480 
	0 
	102 25 
	63 
	7.75 
	0 

	83 
	83 
	-
	84 
	7200 
	0 
	102.25 
	7097.50 
	0 

	TR
	B-11 


	Figure
	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. 
	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. 
	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. 

	A. 
	A. 
	tern Data 

	Total 
	Total 
	Total Time To 
	No. 
	of 

	TR
	Fai 
	MTBF 

	83 
	83 
	720 
	2.17 
	717.83 
	1 

	TR
	83 
	1440 
	2.17 
	1437 83 
	1 

	83 
	83 
	2160 
	2. 17 
	2157 83 
	1 

	TR
	83 
	2880 
	2.17 
	2877.83 
	l 

	TR
	3600 
	2.17 
	3597 83 
	1 

	TR
	84 
	4320 
	2. 17 
	4317.83 
	1 

	83 
	83 
	84 
	5040 
	2.17 
	5037.83 
	1 

	83 
	83 
	-
	5760 
	2 
	7 
	5757.83 
	1 

	TR
	6480 
	2.17 
	6477.83 
	1 

	83 
	83 
	-
	84 
	7200 
	3 07 
	7196.93 
	1 

	TR
	B. 
	Ceil 
	Sensor Data 

	TR
	Total 
	Down 

	TR
	Total 
	Time 
	to 
	Due 
	to 
	No. 
	of 

	Period 
	Period 
	Restore 
	Failure 

	TR
	720 
	0 
	720.00 
	0 

	83 
	83 
	-
	83 
	1440 
	0. 25 
	0 
	1439.75 

	-1/83 
	-1/83 
	2160 
	676.25 
	0 
	1483 
	75 
	2 
	.88 

	83 
	83 
	-
	2880 
	1396.25 
	1483.75 
	2 
	741.88 

	TR
	3600 
	21 6. 25 
	0 
	1483.75 
	2 
	741.88 

	83 
	83 
	-
	84 
	4320 
	2836 
	25 
	0 
	1483.75 
	2 
	741.88 

	83 
	83 
	-
	84 
	5040 
	3556.25 
	0 
	1483 
	75 
	2 
	.88 

	83 
	83 
	-
	84 
	5760 
	4276.25 
	1483.75 
	741.88 

	83 
	83 
	-
	6480 
	4996 
	25 
	0 
	1483.75 
	2 
	741.88 

	83 
	83 
	-
	84 
	7200 
	5716.25 
	0 
	1483.75 
	2 
	741.88 

	TR
	B-1'3 


	TABLE 
	TABLE 
	TABLE 
	AND 
	SENSOR 
	DATA 
	FOR 
	MUNCIE 
	IND. 
	(CONTINUED 

	TR
	Data 

	8 
	8 
	57 6480 
	0 0 0 1 1 
	00 
	0 0 0 0 0 
	431 
	00 00 .oo 00 00 .00 
	0 0 0 0 0 0 0 0 0 0 

	TR
	Data 


	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. ( 
	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. ( 
	TABLE B-4. SYSTEM AND SENSOR DATA FOR MUNCIE, IND. ( 

	E. 
	E. 
	Sensor Data 

	Total 
	Total 
	Down 
	Time 

	Total 
	Total 
	No. 
	of 

	720 
	720 
	2.17 
	717.83 
	0 

	83 
	83 
	1440 
	0 
	2.17 
	1437.83 
	0 

	83 
	83 
	-
	11/83 
	2160 
	0 
	2.17 
	2157. 
	0 

	83 
	83 
	-
	2880 
	0 
	2.17 
	2877.83 
	0 

	9/83 
	9/83 
	-
	3600 
	0 
	2.17 
	3597.83 
	0 

	I 
	I 
	84 
	4320 
	0 
	2.17 
	4317.83 

	I 
	I 
	84 
	5040 
	0 
	2.17 
	5037.83 
	0 

	83 
	83 
	-
	84 
	5760 
	0 
	2.17 
	5757.83 
	0 

	TR
	6480 
	196. 
	2 
	17 
	•25 
	2 
	3140.63 

	83 
	83 
	-
	7200 
	196 88 
	2 17 
	7000.95 
	2 
	3500.48 

	TR
	F. 
	Dew 
	Point 
	Sensor 
	Data 

	TR
	Total 
	Down 
	Time 

	TR
	Total 
	Time 
	to 
	No. 
	of 

	TR
	720 
	•17 
	17.83 
	0 

	I 
	I 
	83 
	0 
	2.17 
	1437.83 
	0 

	TR
	83 
	21 
	0 
	2.17 
	2157.83 
	0 

	83 
	83 
	-
	83 
	2880 
	3.00 
	2. 
	2874.83 
	1 

	83 
	83 
	-
	3600 
	3.00 
	.17 
	3594.83 
	1 

	83 
	83 
	-
	84 
	4320 
	00 
	2.17 
	4314.83 
	1 

	83 
	83 
	-
	84 
	5040 
	.00 
	2.17 
	5034.83 
	1 

	83 
	83 
	-
	84 
	5760 
	2. 17 
	5754.83 
	1 

	TR
	84 
	6480 
	3.00 
	2.17 
	6474.83 
	1 

	3 
	3 
	-
	84 
	7200 
	3.30 
	2.17 
	1194.53 
	1 

	TR
	13-15 


	Figure
	TABLE B-5. SYSTEM AND SENSOR DATA FOR PALM SPRINGS, CALIF. 
	Total 
	720 1440 83 11/83 2160 83 2880 84 3600 4320 83 -5040 5760 83 -6480 200 
	Total 
	1440 -1 83 2160 83 2880 3600 84 4320 83 -84 5040 83 -84 5760 I 6480 84 7200 
	A. 
	A. 
	A. 
	tem Data 

	Total Time To 
	Total Time To 

	0 
	0 
	720.00 

	0 
	0 
	1440.00 

	2.05 
	2.05 
	2157.95 

	2.05 
	2.05 
	2877. 

	2.05 
	2.05 
	3597.95 

	.05 
	.05 
	4317.95 

	2.05 
	2.05 
	5037.95 

	2.05 
	2.05 
	5757.95 

	2 OS 
	2 OS 
	6477.95 

	2 05 
	2 05 
	7197.95 

	B. 
	B. 
	1 
	Sensor Data 

	Total 
	Total 
	Down 

	Time 
	Time 
	to 
	Due 
	to 

	TR
	Failure 

	0 
	0 
	0 

	0 
	0 
	l. 

	TR
	1.05 

	TR
	05 

	TR
	1 05 

	0 
	0 

	TR
	1.05 

	0.10 
	0.10 
	1.05 

	0 10 
	0 10 
	1.05 


	No. of 
	No. of 
	No. of 

	lures--
	lures--
	-


	0 
	0 

	0 
	0 

	2 
	2 
	1078.98 

	2 
	2 
	1438. 

	2 
	2 
	.98 

	2 
	2 
	2 
	98 

	2 
	2 
	2518.98 

	TR
	2878. 

	2 
	2 
	3238.98 

	TR
	3598. 


	No. of 
	720 00 0 1440.00 0 2158.95 2878.95 3598 95 4318.95 5038.95 
	0 57 58 95 6478.85 
	1 7198.85 
	1 
	B-17 
	TABLE B-5. DATA PALM SPRINGS, CALIF. ( 
	TABLE B-5. DATA PALM SPRINGS, CALIF. ( 
	TABLE B-5. DATA PALM SPRINGS, CALIF. ( 

	83 
	83 
	0 
	.00 
	0 

	TR
	0 
	.00 
	0 

	TR
	3. 
	55 
	95 

	TR
	2880 
	.oo 
	1 
	2875 

	TR
	00 
	.95 
	1 

	83 
	83 
	.00 
	.05 

	83 
	83 
	84 
	00 
	L 
	.95 
	1 

	TR
	60 
	3. 
	5755 95 

	TR
	3. 
	1 

	TR
	84 
	LOS 
	1 

	TR
	Down 

	--·
	--·
	-


	83 
	83 
	00 

	TR
	0 
	0 
	1440.00 
	0 

	TR
	60 
	00 
	0 

	83 
	83 
	-
	.00 
	0 

	TR
	1 
	00 
	0 

	83 
	83 
	-
	.oo 

	TR
	.00 
	0 

	TR
	.00 
	0 

	9 
	9 
	83 
	84 
	1 
	00 
	0 

	TR
	83 
	-
	84 
	7200 
	0 
	1 
	199.00 

	TR
	B-18 


	Figure
	B-5. 
	B-5. 
	B-5. 
	AND 
	SENSOR 
	DATA 
	FOR 
	PALM 
	SPRINGS, 
	CALIF. 
	(CONTINUED 

	TR
	G. 
	Prec 
	tat 
	Sens 

	TR
	Total 


	TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO, CALIF. 
	A. tem Data Total No. of Fai s MTBF 
	720 49.42 670. 1 
	83 -83 1440 144.42 5.58 3 431.86 
	83 -1 /8 2160 144.42 2015.58 3 671.86 
	83 2880 144 42 2735.58 3 9 1.86 
	83 -3600 144.42 3455. 3 1151.86 
	83 84 4320 144.42 4175.58 3 391.86 
	5040 144.42 4895. 3 631.86 84 5760 144 42 5615.58 3 1871.86 83 -6480 144 42 6335.58 3 21 l.86 83 -84 7200 144.42 7055 58 3 235 .86 
	B. Cei Sensor Data 
	Total Down Time Total No. of 
	720 0 0 720.00 0 1440 0 . 67 1439.33 0 60 67 2159.33 0 3 2880 0.67 287 .33 0 83 -84 3600 0 0 67 3599.33 0 20 0 0 67 19 33 0 9 83 -84 5040 . 67 5039.33 0 84 5760 0 0.67 5759.33 0 83 -0 0.67 6479.33 0 83 -84 7200 0 0. 67 7199.33 0 
	B-21 
	TABLE B-6. SENSOR FOR SAN LOUIS OBISPO, CALIF. 1 Data 
	TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO CALIF. CONTINUim) 
	TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO CALIF. CONTINUim) 
	TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO CALIF. CONTINUim) 

	E. 
	E. 
	Sensor Data 

	Total 
	Total 
	Down 

	Total 
	Total 
	Due 
	to 
	No. 
	of 

	TR
	Failure 

	720 
	720 
	0 
	49.42 
	670 58 
	0 

	83 
	83 
	83 
	1440 
	0 
	143.75 
	1296.25 
	0 

	TR
	-
	11/83 
	2160 
	0 
	143.75 
	2016.25 

	83 
	83 
	-
	1 
	83 
	2880 
	0 
	143' 75 
	2736.25 
	0 

	83 
	83 
	-
	84 
	3600 
	0 
	143.75 
	3456.2:5 
	0 

	TR
	84 
	4320 
	0 
	143.75 
	4176.25 
	0 

	83 
	83 
	-
	84 
	5040 
	0 
	143.75 
	4896 
	25 
	0 

	83 
	83 
	-
	84 
	5760 
	0 
	143 75 
	5616.25 
	0 

	83 
	83 
	-
	84 
	6480 
	0 
	143.75 
	6336.25 
	0 

	TR
	84 
	7200 
	0 
	143.75 
	7056.25 
	0 

	TR
	F. 
	Dew 
	Sensor Data 

	TR
	Total 

	TR
	Total 
	No. 
	of 

	TR
	Time 

	TR
	720 
	0 
	49.42 
	670.58 
	0 

	83 
	83 
	-
	83 
	1440 
	0 
	143.75 
	1296.25 
	0 

	83 
	83 
	-
	11/83 
	2160 
	0 
	143 75 
	2016 
	25 
	0 

	9/83 
	9/83 
	-
	3 
	2880 
	143.75 
	2736.25 
	0 

	/83 
	/83 
	-
	84 
	3600 
	0 
	143.75 
	3456.25 
	0 

	83 
	83 
	-
	4320 
	0 
	143 75 
	4176.25 
	0 

	9/ 
	9/ 
	84 
	5040 
	143.75 
	4896.25 
	0 

	83 
	83 
	-
	84 
	5760 
	143.75 
	5616.25 
	0 

	83 
	83 
	-
	84 
	6480 
	0 
	143 75 
	6336.25 
	0 

	83 
	83 
	-
	84 
	7200 
	0 
	143. 7 5 
	7056.25 
	0 

	TR
	R-23 


	TABLE B-6. SYSTEM AND SENSOR DATA FOR SAN LOUIS OBISPO, CALIF. (CONTINUED 
	G, 
	G, 
	G, 
	Prec 
	tat 
	Sensor Data 

	TR
	Total 
	Down Time 

	Total 
	Total 

	720 
	720 

	83 
	83 
	-
	83 
	1440 
	1 

	TR
	-
	1 83 
	2160 

	TR
	2880 
	0 

	TR
	3600 
	0 

	TR
	84 
	4320 

	83 
	83 
	-
	84 
	5040 
	0 

	TR
	5760 
	0 

	TR
	6480 

	83 
	83 
	-
	7200 

	TR
	Total 

	TR
	720 

	TR
	1440 
	1440, 

	83 
	83 
	-
	11 83 
	2160 
	0 
	0 

	83 
	83 
	-
	83 
	0 

	TR
	3600 
	0 

	TR
	84 
	4320 
	0 
	0 

	83 
	83 
	-
	5040 
	0 

	TR
	5760 
	0 

	TR
	6480 

	TR
	84 
	7200 
	0 
	7200 
	0 

	TR
	B-2!, 


	TABLE B-7. 
	Total 
	83 720 83 -1440 83 -60 83 -83 2880 83 -84 3600 84 4320 84 5040 84 60 6480 84 7200 
	1440 
	21 
	3600 
	5040 
	84 5760 
	84 6480 
	83 -84 200 
	SYSTEM AND 
	SYSTEM AND 
	SYSTEM AND 
	SENSOR DATA FOR 

	Total 
	Total 
	A. 
	To 
	tem Data 

	36.00 36.00 36.00 36.00 36 00 36.00 00 36.00 36.00 36 
	36.00 36.00 36.00 36.00 36 00 36.00 00 36.00 36.00 36 
	684 00 1404.00 24.00 2844.00 3564.00 4284.00 5004.00 24.00 6444 64.00 

	B. Cei Total 
	B. Cei Total 
	Sensor Data Down Time 

	00 507 00 507.00 507.00 .00 507. 507.00 507.00 507. 507 00 
	00 507 00 507.00 507.00 .00 507. 507.00 507.00 507. 507 00 
	36. 36.00 36. 36. 36.00 36.00 36 00 

	TR
	B-25 


	ALASKA 
	No. of 
	MTBF 
	1 
	1 
	1 
	No. of 
	324.00 
	324.00 
	324.00 

	897. 
	897. 
	1 

	1617.00 
	1617.00 
	1 

	2337.00 
	2337.00 
	1 

	305 7. 00 
	305 7. 00 
	1 

	377 .00 
	377 .00 
	1 

	4497.00 
	4497.00 

	5217.00 
	5217.00 
	1 

	5937 
	5937 
	00 

	6657 
	6657 
	00 
	1 


	TABLE B-7. AND SENSOR DATA FOR ALASKA (CONTINUED) 
	TABLE B-7. SYSTEM AND SENSOR DATA FOR ALASKA (CONTINUED) 
	TABLE B-7. SYSTEM AND SENSOR DATA FOR ALASKA (CONTINUED) 
	TABLE B-7. SYSTEM AND SENSOR DATA FOR ALASKA (CONTINUED) 

	E. 
	E. 
	Sensor Data 

	Total 
	Total 

	Total 
	Total 
	No. 
	of 

	720 
	720 
	0 
	36.00 
	684.00 
	0 

	83 
	83 
	1440 
	0 
	36.00 
	.00 
	0 

	83 
	83 
	-
	11/83 
	2160 
	36.00 
	2124.00 
	0 

	83 
	83 
	-
	83 
	2880 
	36.00 
	2844.00 
	0 

	9 
	9 
	84 
	3600 
	0 
	36.00 
	3564.00 
	0 

	83 
	83 
	-
	84 
	4320 
	0 
	36.00 
	4284 00 
	0 

	9/83 
	9/83 
	-
	84 
	5040 
	0 
	36.00 
	.oo 
	0 

	83 
	83 
	-
	84 
	5760 
	0 
	36 
	00 
	5724. 
	0 

	9/83 
	9/83 
	-
	6480 
	0 
	36.00 
	.oo 
	0 

	83 
	83 
	-
	84 
	7200 
	36.00 
	7164.00 
	0 

	TR
	F. 
	Dew 
	Sensor Data 

	TR
	Total 

	TR
	Total 
	to 
	No. 
	of 

	83 
	83 
	720 
	36 00 
	684.00 
	0 

	TR
	83 
	1440 
	36 00 
	1404.00 
	0 

	3 
	3 
	-
	1 
	83 
	2160 
	36.00 
	2124 00 
	0 

	83 
	83 
	-
	83 
	2880 
	36. 
	2844.00 
	0 

	83 
	83 
	84 
	3600 
	0 
	36.00 
	3564.00 
	0 

	TR
	84 
	4320 
	36.00 
	4284.00 
	0 

	/83 
	/83 
	-
	84 
	5040 
	36.00 
	5004.00 
	0 

	83 
	83 
	-
	84 
	5760 
	36.00 
	5724 00 
	0 

	/83 
	/83 
	-
	84 
	6480 
	0 
	36.00 
	6444.00 
	0 

	/83 
	/83 
	-
	84 
	7200 
	0 
	36.00 
	7164.00 
	0 

	TR
	B-27 


	TABLE 
	TABLE 
	TABLE 
	B-7. 
	SYSTEM AND 
	SENSOR 
	DATA 
	FOR 
	ALASKA 
	(CONTINUED 

	TR
	G. 
	Prec 
	ion 
	Sensor 
	Data 

	TR
	Total 

	Total 
	Total 

	Period 
	Period 
	Time 

	TR
	720 
	0 
	.00 
	0 

	83 
	83 
	-
	14.!+0 
	0 

	TR
	2160 

	83 
	83 
	-
	83 
	2880 
	.00 

	83 
	83 
	-
	84 
	3600 
	36 
	.00 
	0 

	TR
	4320 
	0 

	TR
	84 
	50i+0 
	0 
	.00 
	5004 00 

	TR
	84 
	0 
	.00 
	57 

	TR
	6480 
	.00 

	TR
	0 
	0 

	TR
	H. 
	A1t 

	TR
	Total 

	TR
	72:0 
	0 

	TR
	1440 
	00 
	0 

	-1 
	-1 
	83 
	2160 
	60 
	00 

	83 
	83 
	-
	83 
	00 
	0 

	TR
	84 
	3600 
	0 

	TR
	4320 
	0 
	43 

	TR
	5040 
	0 
	0 

	TR
	84 
	5160 
	0 

	83 
	83 
	-
	6480 
	0 

	TR
	1200 
	0 
	0 
	7200.00 

	TR
	B-28 


	TABLE B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. 
	TABLE B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. 
	TABLE B-8. SYSTEM AND SENSOR DATA FOR WASHINGTON, D.C. 

	TR
	A. 
	tem 
	Data 

	TR
	Total 
	No. 
	of 

	TR
	Time 
	Fai 

	TR
	720 
	l.27 
	718 73 
	5 
	143. 7:> 

	83 
	83 
	-
	83 
	1440 
	9.98 
	1430.02 
	5 
	95.33 

	83 
	83 
	-
	11/ 
	2160 
	11.38 
	.62 
	7 
	126 39 

	TR
	-
	1 
	83 
	2880 
	11.38 
	2868.62 
	7 
	168. 7/+ 

	83 
	83 
	-
	84 
	3600 
	11.38 
	3588.62 
	17 
	211 

	83 
	83 
	-
	84 
	4320 
	58.88 
	4261.12 
	18 
	236 73 

	83 
	83 
	-
	84 
	5040 
	58.88 
	1.12 
	18 
	276.73 

	TR
	84 
	5760 
	58.88 
	5701 
	12 
	18 
	31 
	73 

	TR
	6480 
	58.88 
	6421 
	12 
	18 
	356.73 

	TR
	84 
	7200 
	58.88 
	141.12 
	18 
	396.73 

	TR
	B 
	Ceil 
	Sensor Data 

	TR
	Total 
	Down Time 

	TR
	Total 
	Time 
	to 
	No. 
	of 

	83 
	83 
	7 
	0 
	1 27 
	718.73 
	0 

	TR
	1440 
	0 
	9.98 
	1430 02 
	0 

	TR
	1 83 
	2160 
	0 
	11.38 
	2148.62 

	TR
	2880 
	343.33 
	11.38 
	25 
	29 
	1 

	83 
	83 
	-
	84 
	3600 
	343.33 
	ll 38 
	3245 '29 

	TR
	84 
	4320 
	345 23 
	58.88 
	3915. 
	1 

	TR
	84 
	5040 
	345. 63 
	58.58 
	4635.49 
	1 

	TR
	84 
	5760 
	345.63 
	58. 
	5355.49 
	1 

	83 
	83 
	-
	84 
	6480 
	346.03 
	58.58 
	6075.09 
	1 

	83 
	83 
	-
	84 
	7200 
	346.03 
	58.88 
	6795.09 
	1 


	B-29 
	TABLE DATA FOR WASHINGTON~ D.C. CONTINUED) 
	Vis ili Data 
	0 
	0 
	0 
	718. 
	0 

	0 
	0 
	0 

	83 
	83 
	~ 

	TR
	0 

	TR
	0 

	TR
	0 
	1.12 

	TR
	0 
	58. 
	0 

	TR
	0 
	88 
	570 .12 
	0 

	83 
	83 
	-
	6421.12 

	TR
	84 
	7200 
	0 
	58.88 
	7141.12 

	TR
	B-30 


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

	TR
	G. 
	at 
	Sensor 
	Data 

	TR
	Total 


	0 
	0 
	0 
	0 
	0 

	83 
	83 
	0 
	0 

	-
	-
	11 
	83 
	60 
	0 
	1 

	83 
	83 
	-
	83 
	2880 

	83 
	83 
	-
	3600 
	0. 

	83 
	83 
	-
	84 
	0.50 

	TR
	5040 

	83 
	83 
	-
	84 
	57 

	83 
	83 
	-
	6480 
	.50 
	1 

	83 
	83 
	-
	84 
	7200 
	0.50 
	7199.50 
	1 

	TR
	B-32 


	TABLE B-9. 
	Total 720 
	8 21 
	3600 84 
	84 6480 7200 
	Total 
	83 
	83 ·-84 5040 57 
	83 84 7200 
	SYSTEM AND 
	SYSTEM AND 
	SYSTEM AND 
	SENSOR DATA FOR 
	, 
	IOWA 

	A. Total Time To 273.16 58 918.83 19. 919 00 19.00 19 00 .oo .00 2 
	A. Total Time To 273.16 58 918.83 19. 919 00 19.00 19 00 .oo .00 2 
	tem Data 446.84 1054 42 1241.17 1961.00 2681 00 3401.00 412 .00 4841 00 7.40 
	No. of Fai 8 10 1 1 1 A 3 14 
	MTBF 63. 131. 124. 78. 243.73 309.18 374 427.62 38 

	B Total 
	B Total 
	1 
	Sensor Data 

	375.50 694. 801. 
	375.50 694. 801. 
	292 16 404. 937 
	52. 420 

	806. 806. 1358. 1829. 1 1829. 1829 71 
	806. 806. 1358. 1829. 1 1829. 1829 71 
	•66 937 66 939.66 94 •26 
	2576 . 2992. 37 •63 4429.03 
	8 8. 

	B-)3 
	B-)3 


	TABLE SENSOR DATA FOR • IOWA (CONTINUED) 
	Total 
	Total 
	Total 
	Sensor Data 

	83 
	83 
	-
	0 0 0 0 
	292.16 • 66 937 .66 
	427. .34 2662 
	0 0 0 0 0 

	TR
	84 84 84 
	5760 
	3. .oo 
	.66 66 66 
	4099 5537 6254 
	1 

	TR
	Data 

	--83 -84 
	--83 -84 
	-

	2880 60 7200 
	0 0 0. 0. 0. 0.50 B-34 
	16 404 .91 08 .08 405 08 •08 405 .08 408.68 
	.84 1035 34 17 .59 .42 3914 42 4634.42 5354.42 6072.42 6790.82 
	0 1 1 1 1 1 1 


	Figure
	TABLE 
	TABLE 
	TABLE 
	B-9. 
	SYSTEM AND G. 
	SENSOR DATA tat 
	FOR Sensor 
	Data 
	IOWA 
	(CONTINUED 

	TR
	Total 
	Total 

	83 83 83 83 83 83 83 
	83 83 83 83 83 83 83 
	-------
	83 84 84 
	720 1440 2160 2880 3600 4320 5040 5760 6480 7200 
	0 0 0 0 0 0 0 
	404. 404. 66 66 • 66 408. 
	.34 95 34 39 5. 4635 34 5355 34 3 • L 
	0 0 0 0 

	TR
	Total 
	H. Total 
	Sensor 
	a 

	83 83 83 
	83 83 83 
	---
	84 84 84 
	720 1440 2160 2880 3600 4320 5040 5760 6480 7200 
	0 0 0 5. 5. 5. 5 33 5.33 
	0 0 0 0 
	00 00 60 00 54.67 6474 7194.67 
	0 0 1 1 

	TR
	B-36 


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

	TR
	A. 
	tem Data 

	Total 
	Total 
	No. 
	of 

	TR
	lures 

	83 
	83 
	720 
	•65 
	381.35 
	11 
	34.67 

	TR
	83 
	1440 
	.82 
	951 18 
	28 
	33.97 

	TR
	-
	11/83 
	2160 
	622.85 
	1537.15 
	50 
	30.74 

	TR
	83 
	2880 
	622.85 
	2257.15 
	50 
	45 .14 

	83 
	83 
	-
	84 
	3600 
	622.85 
	2977.15 
	50 
	59. 

	TR
	84 
	4320 
	626.65 
	3693.35 
	51 
	72 

	TR
	84 
	5040 
	626.65 
	4413 35 
	51 
	54 

	TR
	84 
	5760 
	627 45 
	5132 
	55 
	53 
	96 
	84 

	TR
	627 45 
	2.55 
	53 
	110. 

	83 
	83 
	-
	84 
	7200 
	637.12 
	• 88 
	54 
	12 
	•~53 

	TR
	B. 
	Cei 
	Sensor 

	TR
	Total 

	TR
	Total 
	Time 
	to 
	No. 
	of 

	TR
	720 
	0 
	313 35 
	406.65 
	0 

	TR
	1440 
	.52 
	976. 

	TR
	2160 
	597 55 
	562 45 
	0 

	83 
	83 
	-
	83 
	2880 
	0 
	597.55 
	2282.45 
	0 

	83 
	83 
	-
	3600 
	597.55 
	3002.45 

	83 
	83 
	-
	84 
	4320 
	597.55 
	3722.45 

	TR
	5040 
	7.55 
	4442.45 
	0 

	TR
	84 
	5760 
	597 95 
	5162 OS 

	83 
	83 
	-
	84 
	6480 
	00 
	597 95 
	587 .05 

	83 
	83 
	-
	7200 
	20 
	00 
	607 62 
	65 7 2 
	38 
	1 


	B-37 
	TABLE 
	TABLE 
	TABLE 
	B-10. 
	SENSOR DATA FOR 
	LA. 
	CONTINUED 

	TR
	c 
	ibili 
	Data 

	TR
	0 
	0 

	TR
	0 

	83 
	83 
	0 
	l 

	TR
	•59 

	TR
	50 
	.55 
	5 

	TR
	• 90 
	.55 

	84 
	84 
	6 

	TR
	1 

	TR
	6480 
	90 
	.15 

	TR
	200 
	• 90 
	1. 

	TR
	D 
	Sensor 

	TR
	1'20 

	TR
	0 
	1.18 
	0 

	TR
	60 
	.15 
	0 

	TR
	0 

	TR
	5137 
	15 
	0 

	TR
	5857.15 
	0 

	TR
	7200 
	632.52 
	6567.48 

	TR
	B-38 


	TABLE B-10. 
	Total 
	720 83 1440 60 83 2880 83 -84 3600 4320 5040 84 60 6480 83 -84 200 
	Total 
	83 
	-

	83 
	83 -3600 84 20 84 84 57 
	83 83 -84 7200 
	-

	SYSTEM AND SENSOR DATA FOR 
	E. Sensor Data 
	Total Time to 
	3. 35 463.52 0 597.55 0 597.55 597 55 0 597.55 0 597 55 597.55 0 .55 22 
	F. Sensor Data 
	Total Time to Restore 
	•35 
	597 55 50 59 •55 
	597. 
	.55 59 55 
	293 40 •22 3-39 
	LA. 
	LA. 
	LA. 
	(CONTINUED) 

	TR
	No. 
	of 

	406.65 976.48 1562. 2282.45 3002.45 3722.45 4442.45 5162.45 5882.45 6592.78 
	406.65 976.48 1562. 2282.45 3002.45 3722.45 4442.45 5162.45 5882.45 6592.78 
	0 0 0 0 0 0 0 0 0 

	TR
	No. 
	of 

	406.65 .48 1562.45 2230 95 .95 6.05 4149 4869.05 5589.05 6299 • 
	406.65 .48 1562.45 2230 95 .95 6.05 4149 4869.05 5589.05 6299 • 
	0 0 0 2 2 4 4 4 4 4 
	1 5.48 1475.48 869.01 • 26 Jl217.26 397.26 1574.85 


	TABLE 
	TABLE 
	TABLE 
	B-1 
	SYSTEM AND 
	SENSOR 
	DATA 
	FOR 
	LA. 
	(CONTINUED 

	TR
	G 
	Prec 
	tat 
	Data 

	TR
	Total 

	Period 
	Period 

	TR
	720 
	0 

	TR
	1440 
	0 

	TR
	2160 
	0 

	TR
	2880 

	TR
	3600 
	55 
	3002 

	83 
	83 
	-
	4320 
	0 
	59 
	0 

	TR
	5040 
	22 70 

	TR
	84 
	5760 
	22. 

	83 
	83 
	-
	6480 
	22 
	88 

	TR
	H. 

	TR
	Total 

	TR
	720 
	0 
	.oo 
	0 

	83 
	83 
	0 
	0 

	83 
	83 
	21 

	83 
	83 
	2880 
	0 
	0 

	TR
	3600 
	0 
	.00 

	TR
	43 
	0 
	6. 

	TR
	504.0 
	3. 

	84 
	84 
	57 
	0 

	TR
	6480 
	0 

	TR
	7200 
	0 
	13.47 
	7186.53 
	0 

	TR
	B-40 


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

	83 9 
	83 9 
	84 84 84 84 84 
	Total 720 1440 21 2880 3600 60 7200 
	A. 57.39 140.12 195.30 198. 63 .63 63 .63 63 •63 
	tem Data 662.61 1299.88 1964.70 2681.37 3401 37 412 4841. 628 .37 7001.37 
	No. of Failures 30 41 48 48 48 48 48 48 48 
	28. 43. 92 55.86 70 86 100.86 5 86 30. 145.86 

	TR
	Total 
	B. Cei Total Time to 
	Sensor Data Down Time 
	No. 
	of 

	83 
	83 
	-
	83 3 84 84 84 
	3600 4320 5040 7200 
	0 0 0 650 00 650. 650.00 650 00 650. 650 
	136. 19 •46 94 94 94 194. 
	303 72 2035.24 2755.24 347 •24 4195 24 5635.24 6355.24 
	0 0 1 1 1 1 

	TR
	B-41 


	TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON, MICH. ( 
	c. li Sensor Data 
	Total Total Time 
	720 
	Vi-40 136.53 -1 83 2160 191.71 2880 0 195.01 84 3600 0 .01 
	4320 0 195. 
	195 01 83 -5760 0 .01 MBO 0 .01 0 195.01 
	Wind Sensor Data 
	0 56.52 0 139.50 83 -60 0 194 68 83 • 98 24 19 • 98 84 43 .oo 97 98 84 00 98 
	60 24.00 6480 24.00 197.98 
	83 -84 7200 24.00 197. 
	666 
	666 
	666 

	1303.47 
	1303.47 
	0 

	1968 
	1968 
	29 
	0 

	.99 
	.99 

	TR
	0 

	4124. 
	4124. 
	0 

	4844.99 
	4844.99 
	0 

	TR
	0 

	6284. 
	6284. 

	7004.99 
	7004.99 
	0 

	TR
	No. 
	of 

	663.48 
	663.48 
	0 

	1300.50 
	1300.50 

	.32 
	.32 

	2658.02 
	2658.02 

	TR
	1 

	4098.02 
	4098.02 
	1 

	4818.02 
	4818.02 
	1 

	.02 
	.02 
	1 

	6258.02 
	6258.02 
	1 

	6978.02 
	6978.02 
	1 


	B-42 
	TABLE B-11. 
	TABLE B-11. 
	TABLE B-11. 
	SYSTEM AND 
	SENSOR DATA FOR 
	HOUGHTON~ 
	MICH. 

	E. 
	E. 
	Sensor Data 

	Total 
	Total 

	Total 
	Total 
	No. 
	of 

	Period 
	Period 

	TR
	720 
	53 
	30 
	666 70 
	0 

	83 
	83 
	-
	136. 
	1303.72 
	0 

	TR
	11 
	83 
	0 
	19 
	46 
	1968.54 
	0 

	83 
	83 
	-
	83 
	2880 
	0 
	.76 
	.24 
	0 

	TR
	84 
	3600 
	.76 

	TR
	4320 
	0 
	194.76 
	4125 
	24 

	TR
	5040 
	76 
	•24 

	TR
	5760 
	0 
	194 76 
	5565.24 

	83 
	83 
	-
	6480 
	0 
	194 76 
	24 
	0 

	TR
	84 
	7200 
	0 
	194.76 
	7005.24 
	0 

	Sensor Data 
	Sensor Data 

	Total 
	Total 

	TR
	Total 
	No. 
	of 

	TR
	7 
	53 
	.OS 
	0 

	TR
	136. 
	.10 
	0 

	83 
	83 
	-
	21 
	0 
	92.08 
	92 
	0 

	TR
	83 
	195 38 
	.62 
	0 

	83 
	83 
	-
	0 
	•38 
	• 62 
	0 

	TR
	4320 
	48. 
	•38 
	.45 
	1 

	83 
	83 
	-
	5040 
	•38 
	1 

	TR
	84 
	57 
	195.38 

	TR
	7 
	195.38 
	6236. 

	83 
	83 
	-
	84 
	7200 
	48.17 
	•38 
	6956.45 
	1 


	B-43 
	TABLE B-11. SYSTEM AND SENSOR DATA FOR HOUGHTON MICH. CONTINUED) 
	Total 
	Total 
	Total 

	720 
	720 

	1<~40 
	1<~40 

	-11/83 
	-11/83 
	2160 

	TR
	2880 

	84 
	84 
	3600 

	TR
	4320 

	TR
	5040 

	TR
	5760 

	TR
	6l}80 

	TR
	7200 

	TR
	Total 

	Period 
	Period 

	TR
	720 

	TR
	1440 

	-
	-
	1 83 
	2160 

	TR
	83 
	2880 

	TR
	3600 

	83 
	83 
	-
	84 
	4320 

	TR
	84 
	5040 

	3 
	3 
	-
	84 
	5760 

	TR
	6480 

	84 
	84 
	7200 


	G. 
	G. 
	G. 
	Total 
	tat 
	Sensor Data Down Time 

	no oo 11~40 .00 2160 00 2880 00 3600 00 4320.00 4920.00 4920 00 5640.00 6360 H. Altimeter Total 
	no oo 11~40 .00 2160 00 2880 00 3600 00 4320.00 4920.00 4920 00 5640.00 6360 H. Altimeter Total 
	0 0 0 0 0 Dat 
	1 
	0 0 0 0 0 00 
	1 1 2 
	.oo 

	0 0. o. .30 0 0.30 0. 30 
	0 0. o. .30 0 0.30 0. 30 
	B-44 
	0 0 0 0 0 0 
	.00 00 431 5039. 5759 6479.70 71 .70 
	1 1 1 


	TABLE 
	TABLE 
	TABLE 
	B-12. 
	SYSTEM AND 
	SENSOR 
	DATA 
	FOR 
	BREMERTON, 
	WASH. 

	TR
	A. 
	tem 
	Data 

	Total 
	Total 
	No. 
	of 

	TR
	TOT 
	Fai 
	MTBF 

	83 
	83 
	720 
	15 
	73 
	704.27 
	8 
	• 03 

	TR
	1440 
	34.11 
	1405 
	89 
	5 
	93.73 

	TR
	-
	1 83 
	2160 
	86 
	28 
	2073 
	72 
	25 
	82.95 

	TR
	2880 
	86.33 
	2793.67 
	26 
	7.45 

	TR
	3600 
	340.58 
	3259.42 
	27 
	20.72 

	TR
	4320 
	411.08 
	3908.92 
	30 
	130.30 

	TR
	5040 
	415.83 
	4624.17 
	31 
	149 17 

	TR
	84 
	5760 
	416.08 
	5343 92 
	35 
	2. 68 

	TR
	6480 
	457.48 
	6022.52 
	38 
	.49 

	83 
	83 
	-
	200 
	469 
	6730.02 
	39 
	72 56 

	TR
	B. 
	Ceil 
	Sensor Data 

	TR
	Total 

	TR
	Total 
	to 
	No. 
	of 

	TR
	Restore 
	Failures 
	MTBF 

	TR
	0 
	1. 

	TR
	23 
	78 
	1416 22 

	TR
	2160 
	31 
	78 
	2128 
	22 
	0 

	83 
	83 
	2880 
	1 
	31. 
	2692. 

	TR
	3600 
	56 
	00 
	286.08 
	31 
	.92 
	1 

	TR
	84 
	4320 
	56. 
	356.58 
	3807 
	42 
	1 

	TR
	5040 
	56.00 
	l. 
	4522 
	67 

	TR
	84 
	5760 
	156. 
	361.58 
	5242 
	42 

	TR
	6480 
	5 
	.00 
	402.98 
	5921.02 

	TR
	84 
	7200 
	156.00 
	415.48 
	6628.52 
	1 


	l3-45 
	0 
	0 
	0 
	1 
	35 
	0 

	83 
	83 
	-
	1411 
	97 
	0 

	TR
	83 
	60 
	0 
	0 

	TR
	3 
	0 
	.08 
	.92 

	TR
	84 
	.33 

	83 
	83 
	-
	84 
	3959 
	0 

	TR
	84 
	0 
	.58 
	4674.42 
	0 

	TR
	84 
	365.83 
	5394 
	17 
	0 

	TR
	84 
	407.23 
	6072.71 
	0 

	83 
	83 
	-
	84 
	7200 
	419 73 
	6780.27 
	0 

	TR
	B-46 


	TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED) 
	E. Sensor Data 
	Total Time Total Time to No. of 
	720 0 11.40 708.60 0 83 -83 1440 0 23.78 1416.22 0 8 -11/83 2160 0 31 78 2128 22 0 83 -83 2880 0 31. 2848.17 0 83 -84 3600 0 .08 3313 92 0 83 -84 4320 356.58 3963.42 0 83 84 5040 361.33 4678 67 83 -84 5760 0 361.58 .42 0 
	84 6480 402.98 6077 02 0 83 -84 200 0 415.48 6784.52 0 
	F. Sensor Data 
	Total Total to 
	720 1.48 .52 0 83 -29 86 1410 14 0 83 60 82.03 2077.97 0 83 -83 2880 0 82.08 2797.92 0 83 -3600 0 336 33 3263.67 0 84 4320 406 3913.17 0 84 5040 1 58 4626. 1 83 -84 2.00 411.83 5346 17 1 6480 2 453 23 6024.77 1 7200 .00 465.73 6732.27 1 
	83 -
	84 

	B-1+ 7 
	TABLE B-12. SYSTEM AND SENSOR DATA FOR BREMERTON, WASH. (CONTINUED) 
	G. Prec at Sensor Data 
	Total Total Time No. of 
	9 720 0 11. 708. 
	83 0 6.22 2160 31 21 .22 2880 0 0 
	84 3600 286 08 33 0 4320 356. 3963.42 0 84 SOl1-0 361.33 4678.67 83 -84 5760 0 361 5398. 0 6480 0 402 98 0 84 7200 0 
	H. Alt Sensor Data 
	Total Total 
	720 
	720 
	720 
	0 

	83 
	83 
	14~f0 
	0 

	TR
	2160 
	0 
	2160.00 

	TR
	2880 
	0 
	2880. 

	83 
	83 
	-
	84 
	3600 
	0 
	0 

	TR
	84 
	4320 
	0 
	20. 

	TR
	5040 
	5040 
	00 

	TR
	84 
	5760 
	5760 

	3 
	3 
	-
	0 
	6480. 

	83 
	83 
	-
	84 
	7200 
	0 
	0 
	7200.00 
	0 

	TR
	B-·48 


	TABLE B-13. 
	TABLE B-13. 
	TABLE B-13. 
	SYSTEM AND 
	SENSOR DATA FOR 
	SANTA FE, N, 
	MEX. 

	TR
	A. 
	tem Data 

	Total 
	Total 

	TR
	TOT 
	MTBF 

	83 
	83 
	720 
	0 
	720.00 
	0 

	83 
	83 
	-
	1440 
	0.70 
	1439.30 
	2 
	719.65 

	TR
	2160 
	0.95 
	21 
	.05 
	4 
	539.76 

	83 
	83 
	-
	83 
	2880 
	0.95 
	2879.05 
	4 
	19.76 

	83 
	83 
	-
	3600 
	43.78 
	3556.22 
	5 
	7l 
	•24 

	TR
	43.78 
	4276.22 
	5 
	855.24 

	TR
	5040 
	43.78 
	4996.22 
	5 
	999.24 

	TR
	84 
	5760 
	43.78 
	5716.22 
	5 
	143.24 

	83 
	83 
	-
	6480 
	43.78 
	6436.22 
	5 
	•24 

	TR
	7200 
	43.78 
	7156 
	22 
	5 
	1431. 

	TR
	1 
	Sensor Data 

	TR
	Total 

	TR
	Total 
	Time 
	to 
	No. 
	of 

	TR
	720 
	0 
	720.00 

	TR
	1440 
	0 
	1440.00 

	83 
	83 
	-
	2160 
	0 
	0.08 
	2159.92 
	0 

	83 
	83 
	-
	2880 
	0 
	0.08 
	.92 

	TR
	3600 
	0 
	42 91 
	3557.09 

	83 
	83 
	-
	84 
	4320 
	42. 1 
	4277.09 

	TR
	84 
	5040 
	0 
	42.91 
	4997.09 

	83 
	83 
	-
	5760 
	0 
	42.91 
	571 .09 
	0 

	TR
	42.91 
	6437.09 

	83 
	83 
	84 
	7200 
	42 
	91 
	157.09 
	0 


	B-49 
	TABLE B-13, SYSTEM AND SENSOR DATA FOR SANTA FE) 
	c. Sensor Data Total 
	Total 
	720 0 
	0 21 0 0.08 2880 0 0 08 
	83 -84 3600 .91 84 0 42.91 3 -84 0 •91 
	84 0 42. 6480 0 0 42. 
	Sensor Down Time 
	0 83 14<'!.0 0.20 83 0.28 
	0 83 -0 0. 
	0 0.28 83 -0 28 83 6480 • 28 
	83 -84 7200 0 0.28 B-·50 
	N. MEX. 
	N. MEX. 
	N. MEX. 

	No. 
	No. 
	of 

	720 00 
	720 00 
	0 

	1440.00 
	1440.00 
	0 

	2159.92 
	2159.92 
	0 

	2879.92 
	2879.92 
	0 

	.09 
	.09 
	0 

	4277 
	4277 
	0 

	TR
	0 

	5717.09 
	5717.09 
	0 

	TR
	0 

	7157.09 
	7157.09 
	0 

	TR
	No. 
	of 

	720 00 
	720 00 

	1439.80 
	1439.80 
	0 

	2159.72 
	2159.72 
	0 

	2879 
	2879 
	72 

	3599. 
	3599. 

	4319. 
	4319. 
	0 

	5039.72 
	5039.72 
	0 

	5759.72 
	5759.72 
	0 

	.72 
	.72 
	0 

	7199.72 
	7199.72 
	0 


	TABLE 
	TABLE 
	TABLE 
	B-13. 
	SYSTEM AND 
	SENSOR 
	DATA FOR 
	SANTA FE, 
	N. MEX. 

	TR
	E. 
	Sensor Data 

	TR
	Total 

	TR
	Total 

	TR
	Time 

	83 
	83 
	720 
	0 
	720.00 
	0 

	83 -
	83 -
	83 
	1440 
	•50 
	1413 50 
	1 

	-
	-
	11 
	83 
	2160 
	26 
	so 
	0.25 
	2133.25 
	1 

	83 
	83 
	-
	83 
	2880 
	26.50 
	•25 
	2853.25 
	1 

	TR
	84 
	3600 
	26 50 
	o. 25 
	3573.25 
	1 

	83 
	83 
	-
	4320 
	•50 
	0.25 
	4293 
	25 
	1 

	TR
	84 
	5040 
	.so 
	0 25 
	5013.2.5 
	1 

	TR
	84 
	5760 
	26.50 
	5733.25 

	TR
	6480 
	.50 
	0.25 
	6453.25 
	1 

	TR
	26 
	50 
	0 25 
	13. 2~) 
	1 

	TR
	F. 
	Sensor Data 

	TR
	Total 

	TR
	Total 
	Time 
	to 

	9 83 
	9 83 
	0 
	0 
	720.00 
	0 

	TR
	0 
	0 50 
	.50 
	0 

	TR
	2160 
	0 15 
	2159.25 
	0 

	83 -
	83 -
	83 
	2880 
	0 
	0.15 
	2879.25 
	0 

	83 -
	83 -
	.75 
	25 
	0 

	83 -
	83 -
	84 
	20 
	43 9 25 
	0 

	83 -
	83 -
	5040 
	.15 
	5039. 
	0 

	TR
	5760 
	0. 
	5759.25 
	0 

	83 -
	83 -
	6480 
	0.75 
	• 25 
	0 

	83 -
	83 -
	0 75 
	99.25 
	0 

	TR
	B-51 


	Figure
	TABLE B-14. 
	Total Time 720 83 1440 83 -1 83 2160 2880 3600 4320 84 5040 5760 
	84 7200 
	Total 
	83 -1440 83 60 83 84 3600 84 4320 84 
	83 -84 5760 6480 83 -84 7200 
	SYSTEM AND 
	A. 
	312.00 457 457.00 969.00 
	1 77.00 
	77.00 1 77 00 11 
	77.00 77 00 
	B. Ceil Total 
	20.00 816.00 1 .00 6 00 816.00 6.00 816.00 6 00 816.00 816.00 
	SENSOR DATA FOR 
	tem Data 
	TOT 408.00 983.00 
	1703.00 2111.00 2423 00 3143.00 3863.00 4583.00 5303.00 6023.00 
	Sensor Data 
	0 145.00 145 00 457 00 865 00 865 00 865.00 865.00 865.00 865 00 
	B-'13 
	VM"DEZ, ALASKA 
	No. of 
	s 
	l. 
	5 196. 5 340.60 6 351.83 6 403 83 6 523.83 6 643 83 6 7 6 83 6 1003.83 
	. of 
	1 
	479.00 1 119 00 1 1607.00 1 1919 00 2639 00 3359.00 l 4079 00 4799.00 5519 00 1 
	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 
	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 
	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 

	c0 
	c0 
	Visibi 
	Sensor Data 

	Total 
	Total 
	Down Time 

	Total 
	Total 
	Time 
	to 

	Time 
	Time 

	83 
	83 
	720 
	0 
	0 
	720.00 

	TR
	1440 
	0 
	145.00 
	1295.00 
	0 

	TR
	-
	11/83 
	2160 
	0 
	145 00 
	2015.00 
	0 

	TR
	83 
	2880 
	0 
	457.00 
	2423 00 
	0 

	TR
	84 
	3600 
	0 
	865.00 
	2735.00 
	0 

	TR
	84 
	4320 
	0 
	865.00 
	00 
	0 

	83 
	83 
	-
	84 
	5040 
	0 
	.00 
	75 
	00 

	TR
	84 
	60 
	0 
	.00 
	0 

	TR
	6480 
	0 
	865 00 
	5615. 
	0 

	83 
	83 
	-
	84 
	7200 
	0 
	865. 
	6335.00 
	0 

	TR
	D. 
	Wind 
	Sensor Data 

	TR
	Total 
	Down Time 

	TR
	0 
	.00 
	.00 
	0 

	TR
	0 
	457 
	.oo 
	0 

	TR
	2160 
	0 
	.00 
	1703.00 

	TR
	2880 
	0 
	.00 
	2111.00 
	0 

	TR
	3600 
	0 
	1177 00 
	2423.00 

	TR
	84 
	4320 
	0 
	1 
	.00 
	3143.00 
	0 

	TR
	84 
	00 
	11 
	1 
	00 
	359 • 00 
	2 
	1799.50 

	TR
	•00 
	1177 00 
	4319.00 
	2 
	59.50 

	TR
	6480 
	264.00 
	1177.00 
	5039.00 
	2 
	2519.50 

	83 
	83 
	-
	84 
	7200 
	264 00 
	1177 .oo 
	5759.00 
	2 
	2879.50 

	TR
	B-54 


	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 
	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 
	TABLE B-14. SYSTEM AND SENSOR DATA FOR VALDE ALASKA (CONTINUED) 

	E. 
	E. 
	Sensor Data 

	Total 
	Total 
	Down 

	Total 
	Total 
	Time 
	to 

	Period 
	Period 

	/83 
	/83 
	120 
	312.00 
	408.00 
	0 

	83 
	83 
	-
	83 
	1440 
	0 
	457.00 
	983.00 

	83 
	83 
	-
	2160 
	0 
	457.00 
	1703.00 
	0 

	83 
	83 
	-
	83 
	2880 
	769.00 
	211 .oo 
	0 

	83 
	83 
	84 
	3600 
	0 
	177.00 
	2423.00 

	8 
	8 
	84 
	4320 
	1177 00 
	3143.00 

	83 
	83 
	-
	5040 
	0 
	17 
	•00 
	3863.00 
	() 

	83 
	83 
	-
	84 
	5760 
	77.00 
	00 
	0 

	83 
	83 
	-
	6480 
	0 
	1177.00 
	5303.00 
	0 

	83 
	83 
	-
	84 
	7200 
	177.00 
	6023.00 
	0 

	TR
	F. 
	Sensor Data 

	TR
	Total 

	TR
	Time 
	to 

	Per--
	Per--
	-


	9 
	9 
	720 
	720. 
	0 
	0 
	1 

	83 
	83 
	-
	83 
	1440 
	1440 
	00 
	0 
	0 
	1 

	TR
	-l 
	83 
	60 
	1632.00 
	528.00 

	83 
	83 
	2880 
	1632.00 
	312.00 
	936 00 
	1 

	TR
	3600 
	1632.00 
	720.00 
	1248.00 
	1 

	3 
	3 
	-
	84 
	4320 
	1632.00 
	720.00 
	1968.00 
	1 

	TR
	84 
	5040 
	1632.00 
	720.00 
	2688.00 
	1 

	83 
	83 
	-
	84 
	5760 
	632.00 
	720.00 
	3408 00 
	1 

	83 
	83 
	84 
	6480 
	1632. 
	720.00 
	4128 00 
	l 

	83 
	83 
	-
	84 
	7200 
	1632.00 
	720 00 
	4848 
	00 
	1 

	TR
	B-55 


	Figure
	APPENDIX C AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION PROGRAM FAILURE DIAGNOSIS SUMMARY 
	Figure
	TABLE C-1. HISTORICAL ACCOUNT OF WEATHERJvlEASURE SYSTEM AND SENSOR FAILURES BY SITE 
	Site ID 
	tern ADO 
	HOU 
	EEN 
	MIE PSP 
	SBP 
	Cei AUO HOU 
	EEN 
	HIE 
	PSP SBP GAL 
	Failure No. 
	2 3 4 5 
	1 
	l 
	2 3 
	1 
	1 
	2 
	l 
	2 3 
	None 
	l 
	2 
	l 
	2 
	l 
	2 
	1 None 
	1 
	i 
	Mo/Yr 
	83 
	10/83 12/83 84 6/84 
	l/84 
	l 83 
	83 ll/83 11/83 
	83 10/83 10/83 
	83 
	84 
	83 
	11/83 10/83 ll/83 
	83 
	9 83 
	9/83 
	83 12/83 
	3/84 
	6/84 
	l/84 
	83 10/83 
	ll/83 
	83 11/83 11/83 
	83 
	83 10/83 
	10/83 84 83 
	11/83 10/83 ll/83 
	83 
	10 83 
	No info from met rack/replaced defective 
	S-12 module Wx info IDlSS from lOT sc reset CPU Visibility miss/reset racks Visibility miss/replaced S-12 board module Ceil temp, dew pt mlSS /reset CPU
	' 
	Barometric press miss/replaced S-12 board module 
	Visibility & wind miss/reset racks , dew pt, wind errors/replaced l2V power ln (M733 NP) CPU ffil ss & dew pt error/replaced S-12
	wind 

	' 
	board module 
	Het 'J box power failure/replaced fuse 
	No reports from met rack if /defective module 
	visibility errors/cleaned lens & glass windows 
	Wind, temp, dew pt miss/re aced faulty S-12 board in met box Cei & visibility miss/defective s--12 module No met box aced S-12 module 
	Sunshutter wrre broken Ceilometer sensor out/ SCR 
	Ceilometer error/increased HDC level from 10 to 12 Ceilometer error/decreased HDC level 
	Ceilometer error/reset rack 1r3 Ceilometer error/continuous till 84, unresolved 
	Ceilometer error/cleaned windows 
	Ceilometer sensor out 
	C-1 
	TABLE C-1, HISTORICAL 
	Site 
	ID 
	Visibi ity AUO HOU EEN 
	MIE PSP 
	SBP 
	Wind AUO HOU 
	EEN MIE PSP SBP 
	ACCOUNT OF WEATHERMEASURE SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) Failure 
	None 
	None 
	1 
	1 
	1 
	83 
	83 
	Visibility from backscatter 
	miss/software 

	TR
	reset 
	on 
	rack 4t3 

	2 
	2 
	Visibility from backscatter 
	miss/software 

	TR
	reset 
	on 
	rack {f2 
	& 
	3 

	3 
	3 
	Visibility from backscatter 
	miss/software 

	TR
	reset 
	on 
	rack 

	4 
	4 
	83 
	Visibility report miss( code 
	I 

	TR
	reset 
	on 
	rack 1t2 
	& 
	3 

	5 
	5 
	Visibility report miss(code 
	I 

	TR
	reset 
	on 
	rack 1!3 

	6 
	6 
	Visibility report 
	ffilSS 
	t 
	rack il3 

	7 
	7 
	Visibi 
	ity report miss/reset 
	rack 4t3 

	8 
	8 
	Visibility report miss/reset 
	rack 

	9 
	9 
	Visibility report 
	filS 
	t 
	rack 4!3 

	10 
	10 
	Visibility 
	rack 113 

	l 
	l 
	Visibi ity report 
	filS 
	reset 
	rack 1f3 

	12 
	12 
	Backscatter 
	sensor 
	saturates 
	limiter 
	& 

	TR
	recalibrate 
	s 
	conv 
	board 


	None 
	11 11/83 Visibility not stable/ detector assemb 
	1 
	Visibi ity miss ted transmissometer Visibility miss/reset rack #3 3 Visib lity miss sensor correct (self corrected 
	L 
	None 
	1 11 11 Wind direction 100 °-180 ° 1n replaced part 
	None 
	None 
	None 
	None 
	c--2 
	C~l. HISTORICAL 
	Site 
	Site 
	Site 

	WeatherMeasure 
	WeatherMeasure 
	ID 

	rature 
	rature 
	AUO 

	TR
	HOU 

	TR
	EEN 

	TR
	MIE 


	PSP SBP GAL Dew Point AUO HOU EEN 
	Mil:': 
	PSP 
	SBP 
	GAL Precip tation AUO 
	HOU 
	EEN 
	MIE 
	PSP SBP 
	ACCOUNT 
	Failure No. None None None 
	2 
	None None None None None None 
	l 
	None None 
	None 
	l 
	2 
	l 
	2 
	None None 
	OF WEATHERMEASURE 
	Resolved 
	84 
	84 
	84 

	84 
	84 
	84 

	l 
	l 
	83 
	l 
	83 

	TR
	83 
	83 

	ll/83 
	ll/83 
	11/83 

	1/84 
	1/84 
	/84 

	10/83 
	10/83 
	83 

	l 
	l 
	83 
	12/83 


	SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	Sensor erratic/fixed loose connection to box Sensor erratic/fixed bad connec :!.On on terminal board 
	error/ program module 
	Precipsensor sture shor 12V to chassis 
	No precip report se rack False prec report, ra1n gauge full of ad ted s to funnel-cone heater 
	Bucket not webs bucket movement performance/sensor frozen, funnel heater failure, replaced 
	C-3 
	TABLE 
	TABLE 
	TABLE 
	C-1. 
	HISTORICAL 
	ACCOUNT 
	OF 
	WEATHERMEASURE 
	SYSTEM 
	AND 
	SENSOR 
	FAILURES 
	BY 
	SITE 
	(CONTINUED) 

	TR
	Site 
	Failure 
	Mo/Yr 

	TR
	ID 
	No. 
	Occurred 
	Causes 
	of Failure 
	tive Action 

	Altimeter 
	Altimeter 
	AUO 
	None 

	TR
	HOU 
	1 
	84 
	S-12 
	board 
	~n 
	rack 4fi2 
	of 
	service/replace 

	TR
	EEN 
	l 
	ll 
	l 
	83 
	Alt 
	ffilSS 
	sensor 
	outpu 
	s 
	di 

	TR
	replace 
	them 

	TR
	2 
	1/84 
	l/84 
	t 
	report 
	too 
	ted 
	switches 
	on 

	TR
	program card 

	TR
	MIE 
	None 

	TR
	PSP 
	None 

	TR
	SBP 
	None 


	C-4 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE 
	Site Failure s ID No. Occurred Resolved 
	tern DCA l FDC error software reset 2 FDC error software reset 3 FDC error software reset 4 FDC error software reset 5 FDC error software reset 6 FDC error reset 7 FDC error reset 8 FDC error reset 9 FDC error reset 10 FDC error reset 1 FDC error reset 12 FDC error reset 
	3 Main CPU reset ma1n CPU 14 Main CPU /reset ma1n CPU 15 Main CPU -up/reset ma1n CPU 16 Date/time incorrect/reset manually l7 FDC error hardware reset 18 Broken switch on board 1n CPU/replace 
	HUM 1 Wind direction miss fault/reset 2 Wind direction miss fault/reset 3 CPU CPU 4 Altitude fault/reset 5 83 Voice hoard revised 6 83 CPU system CPU 7 83 CPU sy tem CPU 8 83 CPU system CPU 9 83 CPU system CPU 
	10 83 CPU system CPU 11 83 CPU system CPU 12 10/83 CPU system CPU 13 10/83 CPU system CPU 4 83 CPU system CPU 5 CPU system CPU 16 CPU system CPU 17 CPU system CPU 18 CPU system CPU 19 10/83 CPU system CPU 20 10/83 CPU system CPU 21 10/83 CPU system CPU 22 l0/83 10/83 CPU system CPU 23 10/83 10/83 CPU system CPU 24 10/83 83 CPU system CPU 25 10/83 83 CPU system CPU 26 10/83 10/83 CPU system CPU 27 83 10/83 CPU system CPU 28 10/83 CPU system CPU 29 11/83 ll/83 CPU system CPU 
	C-'S 
	TABLE C-2. STORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE ( 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	Site Failure Artais ID No. Causes of Fai 1ve Action 
	tem CMX 8 FDC comm software reset 
	9 FDC comm software reset 10 FDC comm hardware reset 11 FDC comm reset FDC 12 FDC comm error hardware reset 13 9/83 FDC comm error software reset 
	4 FDC comm error/reset FDC 15 FDC comm reset FDC 16 FDC comm error/reset FDC 17 FDC comm software reset 18 FDC comm software reset 19 FDC comm set FDC 20 FDC comm error/reset FDC 
	l FDC comm reset FDC 22 FDC comm FDC 23 FDC comm reset 24 FDC comm hardware reset 25 FDC comm FDC 26 FDC comm FDC 27 FDC comm reset FDC 28 83 FDC comm error/reset FDC 29 83 FDC comm FDC 30 83 FDC comm FDC 31 l /83 ll/83 FDC comm FDC 32 l/83 ll/83 FDC comm reset FDC 
	'} 
	J /83 l/83 FDC comm error/reset FDC 34 ll/83 ll/83 FDC comm error/reset FDC 35 ll/83 ll/83 FDC comm error/reset FDC 36 ll/83 ll/83 FDC comm error set FDC 37 l /83 ll/83 FDC comm error/reset FDC 38 l /83 11/83 FDC comm error/reset FDC 39 11/83 1/83 FDC comm error set FDC !+0 ll/83 ll/83 FDC comm error/reset FDC 41 ll 11/83 FDC comm error/reset FDC 42 1 83 1 FDC comm error/reset FDC 43 l 83 1 FDC comm reset FDC 44 83 FDC comm error set FDC 45 l 83 FDC comm error/reset FDC 46 1 83 FDC comm error/reset FDC 47 1
	PWT l FDC comm error/reset FDC 2 FDC comm error/reset FDC 3 FDC comm error/reset FDC !+ FDC comm error/reset FDC 5 FDC comm error/reset FDC 6 FDC comm error/reset FDC 
	C-7 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	Site Failure Artais ID No, 
	System PWT 7 FDC comm error/reset FDC 8 FDC comm error/reset FDC 9 FDC comm error/rese FDC 
	10 FDC comm error/reset FDC 
	ll FDC comm error t FDC 
	12 FDC comm error/reset FDC 
	13 le, no ca l reset FDC 
	14 le, except pressure reports/ reset FDC 
	15 
	16 
	17 le/reset FDC 
	18 le/reset FDC 
	19 set fiber optic modem 
	20 
	20 
	20 
	11 
	11/83 
	mlSS t FDC 

	21 
	21 
	ll/83 
	/83 
	miss/reset FDC 

	22 
	22 
	11/83 
	1 
	/83 
	It/reset FDC 

	23 
	23 
	11 
	11/83 
	le/reset fiber modem 

	TR
	(power failure) 

	24 
	24 
	11 
	1 /83 
	FDC 
	error/rese fiber optic modem 

	TR
	(no power failure) 

	25 
	25 
	l 
	FDC 

	26 
	26 
	1 
	FDC 
	comm reset fiber optic modem 

	27 
	27 
	Fiber opt c com ink between FDC &. 

	28 
	28 
	FDC 
	comm resolder s FDC board 

	29 
	29 
	FDC 
	comm error/reset FDC 

	30 
	30 
	FDC 
	comm FDC 

	31 
	31 
	FDC 
	comm FDC 

	32 
	32 
	FDC 
	comm t fiber optic modem 

	33 
	33 
	FDC 
	comm e.rror /reset fiber opti modem 

	34 
	34 
	FDC 
	comm reset fiber optic modem 

	35 
	35 
	FDC 
	comm reset fiber optic modem 

	36 
	36 
	FDC 
	comm reset fiber opt modem 

	37 
	37 
	FDC 
	comm error/reset fiber optic modem 

	38 
	38 
	CPU 
	reset CPU 

	39 
	39 
	Ceil 
	set F'DC 


	SAF 1 miss/reset CPU 2 t CPU 3 ll/83 set CPU 4 ll/83 system CPU 5 l/84 Vis & ceilometer real tasker 
	VDZ l wind wind irection 
	out FDC comm error/reset FDC 2 CPU reset CPU 3 CPU reset CPU 4 CPU hang et CPU 5 CPU -up/reset CPU 6 12/83 FDC failure/ aced board lD F'DC 
	C-i3 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

	Site ID 
	Site ID 
	Failure No. 
	Causes 
	of Fai 
	tive Action 

	DCA 
	DCA 
	l 
	83 
	Ceil out board 
	of 
	service/rep aced 
	ce1 
	processor 

	HUM 
	HUM 
	1 
	84 
	84 
	mlSS 
	at 
	1801 
	olved 

	TR
	l 2 3 4 5 6 
	10/83 11/83 l 83 84 84 
	83 10/83 ll/83 1 l/84 84 
	Ceilograph failure/sensor ou of al miss/replaced 807 board 1n ceil Sky intermittent/ 807 board 1n ceilograph Ceil incorrect/reset ceilometer cycl missing adjust sensor Ceilometer failure/replaced power d ode 

	CMX 
	CMX 
	l 
	1 /83 
	1 
	Sensor gets boards 
	stuck 
	on 
	'M60VC' /replaced 
	rece 
	ver 

	PWT 
	PWT 
	' 1. 
	l 
	/83 
	l 
	83 
	Read mlSS coupler 
	dusk 
	to 
	dawn/replace 
	bad 
	optica 

	SAF 
	SAF 
	None 

	TR
	1 

	Visibility 
	Visibility 
	DCA 
	None 

	TR
	HUM 
	1 2 3 4 5 6 
	11/83 12/83 1 83 1 83 l 83 84 
	11/83 12/83 12/83 12/83 12/83 84 
	Low read Low readings Low read Low read s Low readings Low readings 
	due due due due due due 
	to to to to to to 
	cobwebs cobwebs cobwebs cobwebs cobwebs cobwebs 
	on on on on on on 
	sensor/removed sensor/removed sensor/removed sensor/removed sensor/removed sensor/removed 

	TR
	DBQ 
	1 
	2/84 
	2/84 
	Reading incorrect/ 
	aced 
	defective 
	module 

	TR
	CM.X 
	None 

	TR
	PWT 
	l 
	4/84 
	84 
	Visibili.ty not /reset rnaLn breaker on transmitter 
	power 

	TR
	SAF 
	None 

	TR
	VDZ 
	None 

	Wind 
	Wind 
	DCA 
	None 

	TR
	HUM 
	None 

	TR
	DBQ 
	l 
	11/83 
	ll/83 
	Wind 
	speed miss 
	rdware 
	reset 

	TR
	CMX 
	12/83 
	83 
	Wind dir miss/lowered voltage problem 
	to 
	correct 

	TR
	C-9 


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

	TR
	Site 
	Failure 
	~on 

	Wind 
	Wind 
	PWT 
	None 

	TR
	SAF 
	None 

	TR
	VDZ 
	l 2 

	TR
	rature 
	DCA 
	None 

	TR
	HUM 
	None 

	TR
	None 

	CMX 
	CMX 
	None 

	PWT 
	PWT 
	None 

	SAF 
	SAF 
	l 
	m~ s/cleaned sensor 
	& 
	ied moisture 
	in temp 

	TR
	None 

	Dew 
	Dew 
	Point 
	DCA 
	1 
	5/84 
	84 
	sensor 
	out 

	HUM 
	HUM 
	2 3 4 
	12/83 1 
	l 
	miss in transmitter box dried cleaned read incorrect/self correc mlSS ied moisture from transmitter box erratic/cleaned & cell 

	TR
	1 2 
	11/83 ll/83 
	11 11/83 
	reset fuse to 
	sensor 
	fan 
	motor 

	CMX 
	CMX 
	l 
	mlSS 
	laced 
	fuse 
	to 
	sensor 
	fan 
	motor 

	PWT 
	PWT 
	1 
	miss/ 
	lem self 
	correct 

	SAF 
	SAF 
	None 

	VDZ 
	VDZ 
	1 
	83 
	Sensor 
	out 
	of 

	Preci 
	Preci 
	tat ion DCA 
	1 
	84 
	No 
	prec 

	HUM 
	HUM 
	2 
	84 
	84 
	Precip errors/contaminated scotch sensors, cleaned & Prec p errors/contaminated scotch sensors, cleaned & aced 
	tape tape 
	on on 

	DBQ 
	DBQ 
	None 


	c--10 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 
	TABLE C-2. HISTORICAL ACCOUNT OF ARTAIS SYSTEM AND SENSOR FAILURES BY SITE (CONTINUED) 

	TR
	s 
	Site ID 
	Failure No. 
	Resolved 
	Causes 
	of Fai 

	Prec 
	Prec 
	tation 
	CMX 
	1 2 
	83 
	84 84 
	Sensor heat Sensor 
	error/ti bucket cover type element (installed) error wong sensor (unresolved) 

	TR
	PWT 
	None 

	TR
	SAF 
	None 

	TR
	VDZ 

	Altimeter 
	Altimeter 
	DCA 
	83 
	83 
	Alt 
	off 
	.05/alt 
	correction made 

	TR
	HUM 
	None 

	TR
	l 
	84 
	1/84 
	Alt intermittent on alt 
	miss/loose 
	connector 

	TR
	CMX 
	l 
	ll/83 
	ll/83 
	Alt miss/reset ( MWP) 
	at 
	master 
	weather 
	processor 

	TR
	PWT 
	None 

	TR
	SAF 
	None 

	TR
	VDZ 


	e-n 
	Figure
	APPENDIX D .PROGRk~ AWOS VERSUS OFFICIAL COMPARISON ANALYSIS 
	AUTOMATED WEATHER OBSERVING SYSTEM DEMONSTRATION 

	DATA TABLES AND FIGURES 
	Figure
	Results of the AWOS versus official compar son analysis for the nine meteorological sensors and thirteen AWOS sites tables D-thr 
	-13 is appendix. In addition, a c s for Wash 
	D.C. ( , and Houston, Texas (HOU), 1.s disp 1n D--1 The foll 10n 1.s 1n the data tables: 
	AWOS call letters or identifier "sta". 
	le s1ze N". Number of data c 
	3. 
	3. 
	3. 
	Linear correlation coefficient "r" between AWOS and official values. 

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

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

	6. 
	6. 
	Mean d fference or bias "d". Arithme 1c e mean value of differences AWOS m1.nus official,) 


	e standard deviation " of AWOS m1nus official values. 
	rms value " of AWOS official values. 
	Reliability index "RI". Percentage of "N" differences within ance limits described in table D-19. 
	Statistical significance tests were conducted on all linear correlation coeffie , mean difference, standard deviation and reliability index values, An asterisk "*" foll these estimates denotes that the computed statist is not statist s ant at the 95 percent confidence level ace d to the prescribed acceptance intervals, .e. insufficient sample 
	S1Ze~ 
	The fol additional information is also for cross-reference: 
	Method used to obtain official s and ceiling reports (table 3, text). "RBC" means rotating beam ceilometer; EST" means estimated by officia observer. 
	11 

	2. 
	2. 
	2. 
	AWOS visibili sensor (table 4, text). 

	3. 
	3. 
	AWOS site magnetic variation or compass declination(" ~n table D-8). This is the angle in , between true north and magnetic north. It either "eas or "wes accord to whether the compass needle s to the east or west of true or ic north. General , eastern AWOS sites have west declinations while western AWOS sites have east declinations. To convert wind d tion from magnetic to true, add east declinations to the magneti direction, and subtract west declinations from the magnetic direction. 


	D-1 
	CLOUD 
	CLOUD 
	CLOUD 
	LAYER NUMBER 

	Sta 
	Sta 
	Clear 
	N 
	Distribution in; Percent 

	TR
	) 
	-3 
	-2 
	-1 
	0 
	+2 
	+3 

	CMX 
	CMX 
	953' 
	1206 
	0.0 
	0.5 
	15. 
	60. 
	17.2 
	.7 
	0. 

	DOO 
	DOO 
	584 
	633 
	0.0 
	0. 
	16.9 
	42.5 
	32.4 
	. 1 
	0.3 

	DCA 
	DCA 
	531 
	1339 
	0.0 
	2.. 5 
	43.2 
	4L2 
	11.9 
	Ll 
	o.o 

	HUM 
	HUM 
	838 
	.o 
	2.9 
	' 
	41.4 
	16.5 
	5.3 
	0.2 

	TR
	20 
	128 
	.o 
	4.7 
	32.8 
	36.7 
	22.7 
	3. 
	.0 

	SAF 
	SAF 
	15 
	.0 
	o. 
	66.7 
	20.0 
	13.3 
	0.0 
	.o 

	VDZ 
	VDZ 
	274 
	370 
	.6 
	.2 
	53. 
	25.4 
	5.4 
	0.5 
	o.o 

	EEN 
	EEN 
	199 
	643 
	o.o 
	L4 
	20.2 
	30.9 
	37.2 
	9.8 
	0.5 

	GAL 
	GAL 
	995 
	0.1 
	2.4 
	27.1 
	29.4 
	28. 
	11.5 
	1. 

	HOU 
	HOU 
	1538 
	2390 
	0.3 
	4.8 
	27.8 
	33.1 
	20. 
	9.2 
	4.0 

	MIE 
	MIE 
	557 
	566 
	0.4 
	8.5 
	59.2 
	25.3 
	5.8 
	0.9 
	0.0 

	PSP 
	PSP 
	2693 
	127 
	0. 
	2.4 
	30.7 
	14.2 
	45. 
	7.1 
	0.0 

	SBP 
	SBP 
	370 
	204 
	1.5 
	19. 
	32.8 
	29.4 
	6.7 
	0.5 


	D-2 
	TJI.BLE SKY OBSCURATION OCCURRENCE 
	Table
	TR
	No 
	Prec 
	Fog 
	Prec 
	t 
	On' 
	Fog 

	TR
	(0) 
	no yes 
	yes yes 
	yes no 
	N 
	no yes 
	yes yes 
	yes no 
	N 
	yes 
	yes yes 
	yes no 
	N 
	no yes 
	yes yes 
	yes no 

	TR
	CMX DOO. DCA HUM VDZ EEN GAL HOU MIE PSP 
	327 190 92 37 38 72 82 134 u 26 
	22.9 11 .1 12.0 21.6 0.0 22.2 4.9 23.9 9. 5.4 
	73.7 35. 77.2 32. 64.2 76. 63 ,4, 59.0 31. 7.7 
	3.4 53.2 10.9 45.9 15.8 L4 31.7 17.2 9. 1 76.9 
	77 1 10 5 3 1 
	33. 0. 0.0 0.0 0. 00.0 3.7 0.0 . 0 0.0 
	62.7 .0 0. 20.0 60.0 0.0 0.0 .0 33.3 
	3.4 87.0 100.0 80. 40. 0.0 5L9 100.0 ~}. 66.7 
	231 79 44 3 31 40 15 30 2 0 
	21 .2 25.3 6.8 0. .0 12.5 20.0 40.0 0. .0 
	75. 50.6 79.5 aa~3 87.1 85.0 66.7 40. .0 0.0 
	.0 24.1 13.6 66.7 12.9 2Q5 ~a 20.0 0.0 0.0 
	69 00 27 6 40 lla 1 2 
	.8 1 12.5 29.6 0. 9.7 0.0 24. 00.0 
	75.4 55o6 00.0 37.0 00.0 00.3 75.0 5!J.4 100 . 0. 
	5.8 3:3 3 7.5 33.3 0.0 0.0 25. 16.0 0.0 0.0 

	tJ I w 
	tJ I w 

	TR
	TABLE 
	D-3. 
	CEILING OCCURRENCE 

	TR
	. Case 
	Overal 
	No 
	Precip 
	or 
	Fog 
	l'rec:lpi tat ion 

	TR
	Sta 
	N 
	CIU clr (O)ce 1 
	ceil eel 
	ce l clr 
	N 
	cl ce l 
	cell ceil 
	ce l clr 
	N 
	c r ceil 
	eel ceil 
	cell clr 
	N 
	clr ceil 
	ee ceil 
	ceil clr 

	TR
	CMX DOO DCA HUM PWI' VDZ EEN GAL ·.uou MIE <I:'SP SBP 
	8M 420 837 439 63 136 283 669 U92 289 
	5.0 9.5 9.9 HL5 12.7 .9 11.7 14.6 25.9 79.2 ,18.8 0.0 
	93.2 75. 86.6 83.1 82.5 57.4 86.2 40.5 58.1 27.3 3:::.4 64.7 
	1.8 HL5 3.5 L4 4.8 0.7 2.1 44.8 HL9 2.4 45. 35.3 
	338 ~16 332 285 22 6:J 1 4tH 425 133 14 41 
	9.8 16.2 21.1 20.4 27.3 54.0 19.8 13. l 34.8 91.0 2L4 0.0 
	88.5 56.9 72.0 79.3 72.7 44.4 79.2 30 2 64.5 9.0 28.6 36.6 
	1.8 26.9 6.9 0.4 0.0 L6 .0 56. 0.7 0. 50.0 63.4 
	465 147 304 44 :15 67 62 142 50 7 
	2.4 2.7 4.3 6.8 6.7 31.:l 1 •) 20.7 16.9 50.0 4.a 0.0 
	95.7 9tL2 95. 90.9 86.7 68.7 97. 66.5 33.1 50.0 35.7 0.0 
	1. 9 2.0 0.7 2.3 6.7 0.0 1.2 12.8 0.0 0.0 0.0 0.0 
	146 1 8 378 l:Hi a a 10 105 32 39 6B 11 44 
	0. L7 0, 5~9 2~9 20. 1. 0.0 u.o 55"9 0. 
	97.3 94. 97.9 90.4 9L4 130.0 31 .3 85.7 44.1 100.0 90. 
	2. 4 ., ·~ ! . .7 G.'? 0.0 1. 0 6B. 3. 0.0 0.0 9. 


	TABLE D-4. CLOUD HEIGHT 
	TABLE D-4. CLOUD HEIGHT 
	TABLE D-4. CLOUD HEIGHT 

	OVERALL 
	OVERALL 

	Sta 
	Sta 
	Sen 
	If 
	r 
	a 
	b 
	d 
	!!! 
	:Mil!!I 

	CMX DBQ DCA HUM PWT VDZ EEN GAL HOU MIE PSP SBP 
	CMX DBQ DCA HUM PWT VDZ EEN GAL HOU MIE PSP SBP 
	EST RBC RBC EST EST EST EST RBC RBC RBC EST EST 
	8~JO 2a6 575 4't2 ·~5 1ll0 3~~0 ~~3 8~i5 n7 28 (i0 
	0.73 0.84 0.89 0.77 0.92 0.53 0.69 0.64 0.65 0.81 0.91 0.80 
	0.71 1.02 0.90 0.81 0.96 0.38 0.72 0.83 0.90 0.84 0.86 0.93 
	27 -·4 -·42 343 199 107 981 791 575 208 107 142 
	-381 -19 -164 -19 133 * -1542 * 406 * 446 450 * -11 -225 * * * 
	800 600 411 857 568 1224 02 * 1 1069 * 1012 683 663 * 734 * 
	886 599 442 856 580 1 173 153 1 681 688 732 
	56 80 * 64 64 20 * 42 62 * 66 46 * 82 

	OFFICIAL 
	OFFICIAL 
	) 
	15€10 
	FEET 

	CJ1:1X DBQ. DCA HUM PWT VDZ EEN GAL HOU JIIIE PSP 
	CJ1:1X DBQ. DCA HUM PWT VDZ EEN GAL HOU JIIIE PSP 
	EST HBC H.BC EST EST EST EST RBC nne rmc EST 
	203 65 159 2:34 ~~3 '('9 189 66 2tli2 61 14 
	0.49 0.51 0.61 0.49 0.?5 0.36 0.58 0.55 0.47 0.61 0.84 
	0.70 1.05 0.99 0.59 0.84 0.39 0.72 0.78 0.66 0.72 1.04 
	48 -137 -272 1047 55 57 929 1205 563 -645 
	-730 -3 * -305 * * -105 * 979 * 58 * 362 * 335 -170 -507 * 
	1146 1095 665 1 18 854 1155 01 857 9 1 594 
	* * * * * 
	1357 1087 730 120 836 01 883 
	* 38 * 74 * 58 * 52 * 1 * 49 * * 60 61 * * 43 * 

	OFFICIAL 
	OFFICIAL 
	~ 
	1500 
	FEET 

	Cl'IX DBQ. DCA HUi'I PWT VDZ EEN GAL HOU mE PSP SBP 
	Cl'IX DBQ. DCA HUi'I PWT VDZ EEN GAL HOU mE PSP SBP 
	EST RBC llBC EST ESff EST EST HDC HIJC HDC EST EST 
	54·? 17' 1 416 218 52, 31 201 27 603 116 4 53 
	0.60 0.90 0.82 0.82 0.87 0.38 0.28 0.26 * 0.39 0.55 0.68 0.37 
	0.67 1.07 0.88 1.13 .40 0.25 0.77 0.96 1.08 0.96 1. 68 0.31 
	-67 -26 -74, -120 224 673 101 -:3:23 20'J 
	-20 -2 -11 175 -4~29 733 65 498 72 ::!7 90 
	* * :1: )~ 
	214 233 344 384 492 623 764 
	* 
	488 1 258 352 4 1577 1 495 603 763 
	69 59 87 50 
	* * * * * * ·t~.,, 

	NO 
	NO 
	PRECIPITATION OR FOG 

	OIX DBQ DCA HUM PWT VDZ EEN GAL HOU NIE SBP 
	OIX DBQ DCA HUM PWT VDZ EEN GAL HOU NIE SBP 
	EST nne HBC EST EST EST EST JliJC HDC llDC EST 
	308 90 138 305 38 23 151 ::>o 384 43 14 
	0.81 0.90 0.93 0.73 0.39 0.70 0.76 0.95 0.68 0.66 0.98 
	0.79 1 . 16 0. fJ. 0.90 0.54 0.76 '16 0.87 0.62 0. 
	-•) -<J~ 3G 6G~~ 464 ~300 973 -~Hl :J93 6a1 4 
	-2 0 226 -77 39 2<-t2 -217 292 1~ 357 -79 -13(} 
	::;~ .,. .,. * :!:; * 
	304 293 885 64 10 2 * 343 *:;~ 439 815 * * 261 * 
	731 550 302 885 677 1572 394 425 389 362 286 
	76 83 ''0tlv 53 21 56 63 77 1 
	~ft ,,, .,, *,,..,. * * .,. * * 


	D-4 
	TABLE D-4. CLOUD HEIGHT (CONTINUED) 
	PRECIPITATION 
	Sta Sen N r a b d IS rm!!l RI 
	CMX EST 455 .42 0.34 212 -542 843 1001 DBQ RBC 110 0.65 0.59 85 -269 653 704 64
	* 

	* * 
	DCA RBC 261 0.72 0.68 54 -262 533 593 
	* 
	HUM EST 57 0.72 .77 51 -256 816 848 65
	* 

	* * 
	P"WT EST 20 .68 0.65 258 -30 596 582 70 
	*

	* * 
	VDZ EST 79 0.37 0.20 311 -1635 1293 2079 20 
	* 
	*

	* 
	EEN EST 121 0.52 0.61 1495 977 1159 5 2 28 
	*

	* * 
	GAL RBC 34 -0.0 -0.01 3095 HH4 1256 1600 4
	* 
	* 

	* * 
	HOU RBC 0.66 0.89 328 240 807 839 70
	* * * 
	MIE RBC 53 0.78 0.82 153 -62 726 722 72
	* 

	* * 
	FOG 
	CJIIX 138 0.55 0.36 208 -271 666 7 72 DBQ RBC 82 0.88 .05 -65 -36 * 374 374 82 
	* 

	* 
	DCA RBC 342 0.85 .80 13 -38 319 347 84 
	HU1'1 EST 137 0.75 .81 127 -102 752 756 7
	* * * 
	PWT EST 33 0.90 0.33 151 57 212 2 6 132 
	* 
	VDZ EST 13 0.41 0.19 129 -2033 1140 2314 3
	* 

	* * * 
	EEN ESrf 49 0.49 0.66 1143 761 1187 1407 29
	* * * 
	GAL RBC 10 -0.43 -3.64 929 630 1617 1659 30
	* 

	* * * 
	HOU nne 366 0.47 .90 362 298 922 068 78 NIE nne 66 0.73 0.75 226 -56 724 :K 721 77
	* * 
	PSP EST 4 0.67 0.74 248 -57 707 684 a6
	* * * 
	SBP EST 42 0.70 0.83 47 -40 237 286 90 
	* 
	OFFICIAL CEILING VERSUS AliOS CEILING 
	c~rn: EST 648 0.76 0.76 -69 -372 704 795 58 DBQ HBC 183 9.34 1 .00 -31 -28 515 514 7:3 DCA HBC 4'?4 0.90 0.39 -40 -162 384 417 82 * HUl'l I<:ST 277 0.37 0.95 92 4 643 642 74 
	* 
	PWT EST 42 0.95 0.91 167 35 361 a67 69 VDZ EST 62 0.57 0.43 -25 -1327 1'12 1?45 9 .,.
	* 
	*

	~·
	* * ,.
	EEN ESrf 65 0.67 0.68 715 17G lOOG 1018 49 .,. GAL nne 48 0.76 .11 232 400 ')42 1015 65 ~~~
	;g_ 
	* 

	* 
	HOU RBC 447 0.94 1 .03 73 98 287 303 86 f'IIE n.uc 66 0.98 .00 1 -1 !22 21 95 PSP Es·r 13 O.BB O.B5 205 -30 630 662 jL) ::':::
	* 
	*

	* 
	SBP EST "16 0.96 0.92 1 -G6 66 174 91 '•' 
	D-5 
	TABLE 
	TABLE 
	TABLE 
	D-5. 
	VISIBILITY 
	OCCURRENCE 

	·. Ca~Ye 
	·. Ca~Ye 
	Overa 
	or 
	Prec 
	ta 
	on 
	Fog 

	8tl!! 
	8tl!! 
	Sensor 
	Clear 
	N 
	<AJ (0) 
	>5 ~5 
	N 
	>5 
	/re ~d > 
	>5 ~5 
	~5 ~5 
	"!)>5 
	>5 ~5 
	~5 
	>5 

	tJ I (5; 
	tJ I (5; 
	t;.!'IK FWDSCAT IDOO T( 1000) DCA F'WDSCAT HUM FWDSCAT PWT T< 1000) SAF T< 000) VDZ FWDSCAT EEN BCKSCAT GAL BCKSCAT HOU T<492)KIE T(492 PSP Tf492) SDP T<492) 
	!52 864 2471 970 0 77 539 363 2325 638 70 2655 5 
	751 536 381 68 :m 92 IH1 466 2823 688 124 l.31 
	.6 4 ~ 1 37.3 62.2 o. 7.0 10.6 8.4 3.5 35.3 o. 1 31.4 
	76.5 38.2 57.8 29.1 47. .0 45.3 23.4 35.2 26.9 40. 0.5 • 1 
	2. 57.7 4.9 .7 4 .2 100.0 46.9 6Ll 56 A 69.6 24.4 73.4 55~5 
	6 448 69 35 75 294 219 861 202 58 75 
	25.0 2.2 .5 76. 0.0 0. ~a .3 0.9 0.B 25.2 5~2 2.7 
	37.5 8.0 6.2 5. 0. 0.0 4.0 L0 0.0 8.5 3. 13. 0. 
	.5 8'}. 7 
	430 201 273 56 25 3 110 H9 59 200 20::1 5 
	6.3 HL7 7.0 a2.5 12.5 
	.9 .9 77. A 7 4. 51.8 5e4 72. I .o 0.0 10i).0 71.0 6.4 75.6 12.6 57.9 26.4 72.5 20.5 65.0 2~!3 87.5 0.0 .o .o 
	144 214 379 1!14 41 0 23 150 91 569 320 14 57 
	29.9 5.6 31.7 48.9 .5 0.0 w. Hl.3 14, .a n. 1 4:J.a ar>.7 7 .') 
	(,1],1] 9;~. I 67.3 50.5 711.0 0.0 7:3.9 m.a B! .a n:~. u ~)2. 7 fA.a • 1 
	1.4 2.:1 l • 1 0~5 2.4 0.0 l<l.O a.a 4.4 9.3 4.11 0.0 o.o 


	TABLE D-6. VISIBILITY 
	TABLE D-6. VISIBILITY 
	TABLE D-6. VISIBILITY 

	OVERALL 
	OVERALL 

	Sta 
	Sta 
	Sensor 
	N 
	r 
	a 
	b 
	d 
	s 
	rms 
	HI 

	CMX 
	CMX 
	FWDSCAT 
	390 
	0.71 
	0.95 
	0.80 
	0.72 
	0.99 
	.23 
	11;'7 

	DBQ. DCA HUM PWT VDZ 
	DBQ. DCA HUM PWT VDZ 
	T 1000) FWDSCAT FWDSCAT T( 1000) FWDSCAT 
	287 310 11 32 87 
	0.63 .66 0.53 0.15 * .47 
	0.65 0.76 0.52 0.20 0.54 
	0.58. 0.66 1.24 .24 0.64 
	-0.22 0.13 -0.12 * -.02 * -0.32 * 
	.24 1.25 1.37 2.06 * 1.48 * 
	1.26 L26 .37 2.27 1.50 
	~14·::1': 67 *(:,5 * 4·1 ~)2 * * 

	EEN GAL 
	EEN GAL 
	BCKSCAT BCKSCAT 
	145 164 
	0.68 0.55 
	0.74 0.62 
	1.23 1.48 
	0.72 0.64 
	1.25 .34 
	1.44 1.48 
	59 *4,9 * 

	HOU MIE PSP SBP 
	HOU MIE PSP SBP 
	T(492) T(492) (492) T(492) 
	759 277 23 18 
	0.6 0.6 0.73 0.59 
	0.48 0.68 0.74 0.64 
	1. 51 1.57 1.27. 1.64 
	-0.14 0.83 0.36 * 0.99 * 
	1.31 1.26 0.93 * 1.52 * 
	L32 1.50 tL98 .77 
	~i 1 !:i5 * 87 * ::t9 * 

	OFFICIAL 
	OFFICIAL 
	> 2 
	MILES 

	CMX DBQ. DCA HUN P"WT VDZ EEN GAL HOU 
	CMX DBQ. DCA HUN P"WT VDZ EEN GAL HOU 
	FHDSCAT T<lDOO) nmscAT FWDSC;\T T( 1000) F\WSCAT llCKSCAT DCKSCAT T(492) T(492) T\<:1>92) 
	51 135 17{) 71 18 3·'1< c)<6 73 501 128 18 
	0.28 0.23 0. 17 0.16 * -0. 19 * -0.02 * 0.07 ~r.: 0.09 * i). 16 o. 5 * 0.38 * 
	0.34 (}.35 0.30 0.20 -0.42 -0.04 0.06 0.15 0.17 0.18 0.43 
	2.65 .66 2.27 2c46 3.71 2.66 3.86 3. 15 2.81 3.28 2.60 
	0.32 * -0.66 -0.06 -0.48 * -1.71 -0.96 * * 0.18 * {). 18 * -0.63 0.38 0.28 * 
	1.06 * 1.41 1.50 1.41 * 2.16 * 1.84 * L 19 * 1.44 * 1.21 1. ~. * 
	1.10 1.55 1.50 1.48 2.71 2.05 1.20 1.44 1.36 1.27 0.97 
	<'8 ti9 * * 68 * 69 * 44 *()3 * 1;'8 * 63 67 * <?0 * 94 * 

	OFF 
	OFF 
	CIAL 
	~ 
	2 
	HILES 

	Cl'lX 
	Cl'lX 
	FWDSCAT 
	339 
	0.68 
	1.34 
	0.42 
	0.78 
	0.97 
	1.24 
	!)4 
	* 

	DilQ. DCA HUU 
	DilQ. DCA HUU 
	T(i<>DO) F\1DSC;\T F\IDSCAT 
	132 40 "~0 
	0.62 0.72 0.63 
	1.06 1.20 .21 
	0.09 0. 15 0.26 
	0. 16 0.36 0.53 * 
	0.91 0.81 .02 
	* 
	0.92 0.88 .14 
	ft8 66 * * 58 * 

	Plfr VDZ 
	Plfr VDZ 
	(!000) F1\'DSCAT 
	l4 53 
	0.37 .53 
	* 
	0.99 1.00 
	-0. 2 0.08 
	-0.13 * 0.08 * 
	1.58 * 1.02 
	1.53 1.01 
	:36 51 
	* * 

	EEN GAL 
	EEN GAL 
	UCKSCAT BCKSCAT 
	')9 91 
	O.GB 0.30 
	1. 97 1.18 
	-0.08 0.77 
	0.97 1.00 
	1.20 1.15 
	1.54 1.52 
	51 * :38 * 

	HOU 
	HOU 
	T(,~<)~2) 
	2t53 
	0.69 
	. 3,~ 
	0.40 
	0.82 
	0.91 
	1.23 
	50 
	* 

	NIE SBP 
	NIE SBP 
	T(492) T(492) 
	H9 2 
	0.73 0.34 
	* 
	1.U3 2.00 
	0. 16 0.34 
	1.. 21 .40 
	* 
	1. 16 .49 * 
	1.68 1.99 
	41 25 
	* * 


	D-7 
	TABLE 
	TABLE 
	TABLE 
	D-6. 
	VISIBILITY 
	( 

	PRECIPITATION 
	PRECIPITATION 

	St.a 
	St.a 
	Sensor 
	N 
	r 
	a 
	RI 

	CMX DBQ DCA HUM Pwr VDZ EEN GAL HOU MIE 
	CMX DBQ DCA HUM Pwr VDZ EEN GAL HOU MIE 
	FWDSCAT T< 1000) FWDSCAT ) FWDSCAT BCKSCAT BCKSCAT. T<492) T<492) 
	352 155 194 29 18 79 90 92 45 132 
	0.7 0.62 0.57 0.53 -0.03 * 0.52 0.66 0.57 0.64 0.63 
	0.96 0.68 0.65 0.56 -0.07 0.58 .73 0.59 0.53 0.77 
	0.80 0.54 0.86 1.12 2.40 .67 1 . 19 1.85 1 .45 1.25. 
	-0.15 0. l .01 * -0.63 -0.2 * .69 * 0.71 0.42 .76 
	.95 1.09 .37 .28 * 2.00 L42 * .26 L 2 . 1 Ll 
	1.20 .09 L37 1.26 .04 L43 .43 .3 .18 .40 
	55 * 65 * * 62 * * 54 66 * 59 * 56 

	FOG 
	FOG 

	CMX DBQ DCA HIDt PWT VDZ EEN GAL HOU MIE S.BP 
	CMX DBQ DCA HIDt PWT VDZ EEN GAL HOU MIE S.BP 
	FWDSCAT TU000) FWlJSCAT FWDSCAT T( 1000) F\VDSCAT BCKSCAT BCKSCAT T(492) T(492) T(492 
	99 197 255 93 32 17 22 74 486 173 6 
	0.70 0. 1 .68 0.5'7 . 15 * 0.17 * 0.69 0.:33 0.68 0.62 0.66 
	.00 0. 0.82 0.59 0 . 0.29 0. 0. .56 0.66 0. 
	0.62 0.47 0.57 5 0.78 . 18 .52 1.27 1. 1.54 
	0.63 
	7 .21 L .06 1.67 * .22 1. 58 * . 15 L .4 * 
	.32 • 1 L22 2.27 .7 .44 L66 5 .411 .30 


	D-8 
	TABLE D-7. TEMPERATURE 
	TABLE D-7. TEMPERATURE 
	TABLE D-7. TEMPERATURE 

	Sta 
	Sta 
	N 
	r 
	a 
	b 
	s 
	rms 
	RI 

	crm 
	crm 
	3033 
	1.00 
	0.97 
	0.7 
	-0.2 
	.7 
	1.7 
	96 

	DBQ 
	DBQ 
	MH 
	1.00 
	0.97 
	0.3 
	-0.7 
	1 '5 
	1.7 
	97 

	DCA 
	DCA 
	29GB 
	1.00 
	1.00 
	D2 
	-1 .0 
	.3 
	1. 6 
	98 

	PWT 
	PWT 
	1:33 
	0.99 
	0.96 
	l. 7 
	-0.2 
	1. 4 
	1.4 
	97 

	SAF 
	SAF 
	114< 
	0.98 
	.96 
	2 .. 9 
	0. 1 
	1 .8 
	1.8 
	96 

	VDZ 
	VDZ 
	593 
	0.99 
	0.96 
	-0.1 
	-1 .4 
	1. 9 
	2.3 
	89 

	EEN 
	EEN 
	B37 
	0.99 
	0.97 
	0.6 
	-0.5 
	2.2 
	2.3 
	90 

	GAL 
	GAL 
	2763 
	1.00 
	1.04 
	-3.4 
	-2.9 
	3.0 
	4. 1 
	63 

	HOUmE 
	HOUmE 
	4<<28 'H34 
	1. 00 1.00 
	0.99 0.98 
	0.4 0.4 
	0.0 -0.5 
	.0 .7 
	1. 0 1.3 
	99 94 

	TR
	TABLE 
	D-8. 
	DEW 
	POINT 

	Sta 
	Sta 
	N 
	r 
	a 
	b 
	d 
	s 
	rnts 
	HI 

	C~lX 
	C~lX 
	923 
	0.98 
	0.99 
	-2~8 
	-3.2 
	3. 1 
	.·4 
	72 

	DBCl 
	DBCl 
	1566 
	.99 
	0.93 
	2.3 
	0.9 
	3.3 
	3.4 
	37 

	DCA 
	DCA 
	2735 
	0.99 
	0.39 
	-• 1 
	-4.6 
	2.6 
	.3 
	43 

	P'i'IT SAF VDZ 
	P'i'IT SAF VDZ 
	:j<(j l. 1 333 
	0.92 0.99 0.97 
	. 10 0.95 0.93 
	-7.3 .., .' -2.:3 
	~:2 .. 7 -0. 1 -4~3 
	2.,5 .3 :3.4 
	3.7 5.4 
	32 * 00 37 

	GAL 
	GAL 
	2!.173 
	l .00 
	1 . 01 
	0.2 
	o. 
	2.4 
	2.4 
	94 

	HOU 
	HOU 
	-:i<.til7 
	0.99 
	0.93 
	'7.' 
	-0.3 
	2.1 
	2.2 
	97 

	TR
	TABLE 
	D-9. 
	AL'riMETER SETTING 

	Sta, 
	Sta, 
	.N 
	b 
	!!! 
	:Mill!!¥ 
	lU 

	TR
	2041 
	1.00 
	.02 
	-0.45 
	-0.002 
	0.003 
	.003 
	10& 

	TR
	;US04 
	,00 
	1.06 
	-1 .90< 
	-0.003 
	0.012 
	0.013. 
	100 

	TR
	:2979 
	0.97 
	0.93 
	0.51 
	-0.003 
	0.003 
	0.012 
	103 

	·li'UM: 
	·li'UM: 
	1341 
	.97 
	1.00 
	-0.03 
	-0.029 
	0.016 
	0.033 
	98 

	PWT 
	PWT 
	170 
	1.00 
	1.01 
	-0.36· 
	0.020 
	~).009 
	0.022 
	100 

	SAF 
	SAF 
	114 
	0.98. 
	1.00 
	0.00 
	-0.001 
	0.008 
	0.008 
	100 

	VDZ 
	VDZ 
	703 
	0.99 
	0.93 
	0.67 
	-0.006 
	0.008 
	0.011 
	00 

	EEN 
	EEN 
	888 
	1.00 
	1.03 
	-0.95 
	-0.022 
	0.033 
	0.039 
	86 

	GAL 
	GAL 
	2777 
	0.97 
	0.99 
	0.20 
	-0.005 
	0.009 
	0.010 
	00 

	HOU 
	HOU 
	4185 
	1.00 
	1.04 
	-1 .31 
	0.009 
	0.010 
	0.013 
	100 

	E 
	E 
	1831 
	1.00 
	.03 
	-0.93 
	-0.009 
	0.013 
	0.015 
	100 

	PSP 
	PSP 
	2564 
	1.00 
	1.01 
	-0.30 
	0.008 
	0.013 
	0.015 
	00 


	D-9 
	TM3LE D-10. WIND DIRECTION 
	TM3LE D-10. WIND DIRECTION 
	TM3LE D-10. WIND DIRECTION 

	Sta 
	Sta 
	N 
	r 
	a 
	b 
	d 
	s 
	rms 
	RI 

	CMX 
	CMX 
	52 
	0.99 
	1.02 
	13 
	18 
	14 
	23 
	9 

	DBQ 
	DBQ 
	1328 
	0.99 
	0.98 
	11 
	7 
	13 
	15 
	98 

	DCA. 
	DCA. 
	1945 
	0.99 
	0.99 
	6 
	16 
	17 
	96 

	HUM PWT SAF VDZ EEN 
	HUM PWT SAF VDZ EEN 
	HH 74 82 142 303 
	0.98 0.97 .93 0.86 0.93 
	0.97 0.87 0.93 0.68 0.84 
	0 -7 15 50 55 
	-4 -38 -14 12 
	21 22 38 50 34 
	2 44 37 52 36 
	94 47 76 44 69 
	* * * 

	GAL 
	GAL 
	225 
	0.97 
	0.95 
	2 
	-7 
	27 
	28 
	88 

	HOU 
	HOU 
	2:742 
	0.99 
	0.99 
	4 
	2 
	15 
	15 
	97 

	I'UE 
	I'UE 
	1403 
	0.98 
	0.97 
	20 
	4 
	18 
	23 
	9 

	PSP 
	PSP 
	903 
	0.94 
	0.98 
	24 
	9 
	37 
	4 
	72 

	TR
	TM3LE 
	D-11. 
	WIND SPEED 

	s 
	s 
	a 
	N 
	r 
	a 
	b 
	d 
	s 
	rms 

	CMX 
	CMX 
	1 
	.3 
	2.5 
	2.5 
	97 

	DBQ 
	DBQ 
	1328 
	0.4 
	2.1 
	99 

	DCA 
	DCA 
	946 
	0.84 
	2.6 
	1 .9 
	2.2 
	98 

	HUJI1 
	HUJI1 
	0 
	8 
	.76 
	2.6 
	2.7 
	2.7 
	95 

	PWT 
	PWT 
	0.45 
	0.40 
	5.2 
	3.8 
	3. 
	* 

	SAF 
	SAF 
	82 
	0.66 
	o. 
	3. 
	3.8 
	4.0 
	90 * 

	VDZ 
	VDZ 
	141 
	0. 
	o. 
	5. 
	3.4 
	3.4 
	92 

	EEN 
	EEN 
	303 
	0.42 
	0.35 
	5.9 
	.7 
	3.8 
	85 

	GAL 
	GAL 
	:225 
	el.57 
	0.4 
	4.7 
	3.0 
	3.0 
	90 

	TR
	29 
	IL78 
	0.80 
	2.4 
	2.6 
	96 

	rnE 
	rnE 
	0.61 
	.0 
	3.0 
	4.8 
	74 

	PSP 
	PSP 
	o. 
	.3 
	3.7 
	85 

	TR
	TM3LE 
	D-1 
	. 
	WIND GUST 
	OCCURRENCE 

	TR
	N 
	Distr 
	on 
	Percent 

	TR
	(A) 
	no 
	yes 
	yes 

	TR
	yes 
	yes 
	no 

	TR
	cux 
	483 
	22.2 
	52.6 
	25.3 

	TR
	DBQ 
	320 
	16. 
	38. 
	44.4 

	TR
	DCA 
	14. 
	37.8 
	47.7 

	TR
	HUN 
	60 
	8.3 
	31.7 
	60. 

	TR
	PlvT 
	2 
	0. 
	16.7 
	83.3 

	TR
	SAF 
	31 
	6.5 
	3.2 
	90.3 

	TR
	VDZ 
	26 
	61.5 
	HL4 
	23.1 

	TR
	EEN 
	93 
	6;.5 
	14.0 
	78.5 

	TR
	CAL 
	4 
	56. 1 
	7.3 
	36.6 

	TR
	HOU 
	510 
	8. 
	30.8 
	60.6 

	TR
	T'IIE 
	2a 
	8.7 
	34.8 
	56.5 

	TR
	l'SP 
	93 
	o.o 
	24.7 
	75.3 


	D-10 
	TABLE D-13. WIND GUST SPEED 
	TABLE D-13. WIND GUST SPEED 
	TABLE D-13. WIND GUST SPEED 

	Sta 
	Sta 
	N 
	r 
	a 
	h 
	d 
	s 
	rms 
	RI 

	CHX DBQ DCA HUl'I EEH HOU PSP 
	CHX DBQ DCA HUl'I EEH HOU PSP 
	254 ;_>~ 68 19 3 37 23 
	O.l.H 0.86 0.65 0.56 0.33 * 0.67 0.26 * 
	0.81 0.85 0.69 0.56 0. ~)6 0.56 . 17 
	3.5 3.8 ?.9 11.4 15.5 0.4; 2 .4 
	-1.1 -0.2 .3 0. 1 0.8 * -0. 1 0.0 * 
	3. 1 3.0 3.3 3.6 6.2 * 4.4 6.2 * 
	3.3 2.9 3.5 3.6 6.0 4.4 6. 1 
	9 94 89 89 * 54 * 85 * 57 * 

	TR
	TABLE 
	D-14. 
	PRECIPITATION 
	OCCURRENCE 

	TR
	Sta 
	(A) (0) 
	Dl9tri.but ion in Percent •. no yes yes yel!l yes. no 

	TR
	CMX DOO DCA HUM P'WT VDZ EEN GAL HOU MIE PSP 
	580 272 465 73 34 47 158 368 284 292 14 
	85.3 65. 43. 80.8 41.2 73.5 24. "{ 86. 35. 46. 64.3 
	0.2. 26.1 44.7 6.8 32.4 24.5 57.0 7.3 38.7. 33.6 14.3 
	4.5. 8.8 1.6 12.3 26.5 2.0 18.4 6.0 26. 19.5 21. 

	TR
	TABLE 
	D-15. 
	PRECIPITATION 
	DETECTION 
	BY 
	TYPE 

	TR
	ficial 
	Rain 
	Snow 

	TR
	St 
	N 
	RI 
	N 
	RI 

	TR
	C~!X DllQ DCA HUrl PWT VDZ EEN GAL HOU mE PSP 
	59 107 379 64 25 62 77 20 210 149 1 
	32.2 47.7 52.5 7.8 44.0 37.1 ?0. 1 20.0 52.4 53.4 13.2 
	500 148 44 0 0 105 55 326 0 36 0 
	8.2 14.9 27.3 0.0 0.0 19.0 ~?0. 9 7. 1 0.0 2.8 0.0 
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