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II

INTRODUCTION .

The tables cantained herein have been prepared and organized for use in evaluating the
cost/lienefts of all weather landing systems and fog dissipation techniques. Thus, the
time intervals of duration of the categories of weather are significant in determining the
times of the delay, diversion or cancellation of an aircraft flight resulting from a
resticted weather category. This Information together with the number and types of
aircraft affected by the restricted weather and the costs of a delay, diversion or cancellation
combine to provide the total casts resulting from the weather restrictions.

Climalological summaries have been prepared for 41 airports. Their location and associated
volume numbers are listed in Table A.
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ENVIRONMENT AND INSTRUMENTATION

PITTSBURGH PENSYLVANIA

GREATER PITTSBURGH INTERNATIONAL AIRPORT

The Greate Pittsb h Iernatonal Airport is situated on a hill, nearly surrouned by valleys.
The surromdig coyE is rune in character with hills risin between nmerous small
river valleyTs. htl pom: lT the vicialtl Is 1340 feet above s level

At times eavy gpround fog develops along the river valleys and winds with a trajectory from
the southeast, south. or southwes may cause the fog to overflow the valleys and drift over
the airport.

The tables in this publication are based on the period Jaruary 1, 1956-December, 1965. Ceilo-
metw measurements of celling height were made for the entire period. Transmissometers
(500 ft. baseline) were commissioned on runay 28L on June 10, 1937. runway lOL on April 30,
1964. and (250 ft. baseline) runway 21R on December 9, 1965. Location of the airport weather
station, its elevation, and the height of wind Instrumentation were as follows:

Heaight of Station
Wind Instrument Elevation

From To Lat. N. 1 Feet above cround Feet above MSL

1- 1-56 10-23-58 40 30' 80s 1' 119 1151
10-24-58 12-31-65 400 0' 0 80 13' 20 1151
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NATURE OF DATA

The dew used in the preparation of the climatological tables were extracted from 10 years
of WSAN 10-A forms from Jammry 1956 through December 1965. There were two eac6PtIMS:
The daa for Dulles irnatioiml Coverd the period January 1963 through December 1965
and for Kam"ss City-.id-Costne. the period July1957 through December 1965. AU data
(Record. Special, Local. Cbeck observatn)* were recorded on punched cards to the hour
and miMIS whnever a chamnp occurred in the ceiling, surface visibility, present weather,
runway visal rampe or runway visibility d iln the Ume the ceiling was IsmMWm 200 feet
and/or the surface visbility was logod 1/2 mile. The observation wibch en-d---icateoory
of the above conditions was punchd and If this observation was not a Record observation.
the net Record observation was pbnched. The elements transcribed were: the time in hours
and mim , celig surface visibli ty, sower visibility, preset weather, temperature, dew-
point, surface wind, altimeter setting and remarks concerning runway visual range and runway
visibility.

These dat should prove to be a valuable source for additional studies where low visibilities
are considered.

Runway visual range (RVR) is the operational weather criteria for airport landing systems.
The limits of visibility conditions for categories of aircraft operations are presented in Table
B. Only Cat. 1 criteria are currently operational. Because RVR as such, is not available ona uniform basis for the station and period of record under study, visbilities and ceilings were
used for delineating categories of weather minimums for landin and take-off operations.
The determination of RVR would require:

1. The light settngof the edge lights.
2. the background lIghing
3 the location with respect to runway,
4. a special analyzer to Integrate the transmissiometer readings etc.

This information Mea not often been recorded with the tranamisslometer data.

* Except Kansas City - Mid-Cominent. Only Record (hourly) observations were taken during
the period of record at this station; 16 hours per day (0700-2200) through November 1957
and 24 hours per day December 1957 throuSh December 1965.
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EXPLANATION OF TABLES

All the tables of climatological sum.,,ries excep. Table Iare based on the reported visibi-
litees of Ies than 1/2 mile "•_,/.o celli•n Ies" than 24, feet.

The Ubles of climatological summaries in these publications Include:

(1) reported visibility and ceiling values versus time intervals of duration.

(2) weather categories of aircraft landing systems based on their relationsh t~o
cillan& visibility as presented In Table C, versus intervals of duration. a
is Tzeib only.

(S percomag frequency of wind direction versus wind speed for each category of
aircraf = landing system using the relationship of Table COfor Record observations
only. Then are presented for 13 stations only. This Is Table X1 only.*

(4) weather categories of landing systems based on their relationship to ceilings and
visibility as presented In Table E, versus intervals of duration. These tables
are also summarized on the basis of wind speed and temperature values.

These stations are:
Los Angeles International, Oakland International, Chicago O'Hare, San Francisco
International, Greeter Buffalo International, Washington National, Washington Dulles
Inernatiomal, Atlanta, Newark, New York J. F. K., Philadelphia International,
New York La Guardia, Cleveland Hopkins International
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REPORTED VISIBILITY AND CEILING VALUES VERSUS INTERVALS OF DURATION

Nine summaries are presented. In Tables I - V the values represent the individual incidents
of specified ceiling and visibllty. Thus, in Table 11 3/8 mile visibility with 100 ft. ceiling
occurs with a specific frequency for each iterval of duration.

In Tables VI to IX, the frequency of occurrence represents visibilities for specific conditions
of ceilings at or below the listed visibility. They are cumulative incidents wherein the totaltime at or below a certain visibility vahlu for the ceiling value specified Is considered as one
Incident. Thus, if in Table VII there are 172 incidents of 3/8 mile in the interval of 1-15
minutes, it represents 172 times during the 10-year period that visibilities 3/8 mile or lesa
with ceilings 100 feet.

Another exampla which corm bines the entries in the individual and the cumulative tables Is
as follows: W visibility is distributed as shown in the figure, for ceiling 100 feet, If for 20
minutes the visibility was 3/16 then went to 1/8 for 10 minutes, then went to 3/16 for 5 minutes
and then to greater than 1/2 mile visibility in Table III there would be 2 counts for 3/16, one
under 16-30 minutes and one under 1-15 minutes; and one count for 1/8 under 1-15 minutes;
whereas, in the cumulative table for visibilities at or below a given visibility with 100-foot
ceiling* - Table VII in the 3/8, 5/16, 1/4 and 3/16 mile categories there would be one count
under 31-45 minutes (actually 33 minutes) and one count in 1/8 mile category under 1-1S
minutes (actually 10 minutes).

VISIBILITY VERSUS DURATION

cn1/2

S3/8

•1/16-

TIME IN MINUTES



To estimate the total time of occurrence for a particular interval of time for the period of
record one multiplies the average of time period by the frequency of occurrence of the specified
conditions for this time period. Thus, if visibility of 3/8 mile with ceiling 100 feet (Table IlI)
occurred 14 times between 16-30 minutes, the estimated total time would be 14 x 23 or 322
minutes.

WEATHER CATEGORIES OF AIRCRAFT LANDING SYSTEMS
VERSUS INTERVALS OF DURATION BASED ON TABLE D

A single table (Table X) based on Table C for the period of record is presented. Table C

is based on the current practices relating RVR to meteorological visibilities as shown in Table D.

Table X is in three sections:

Xa. Freouency of occurrence of the landins catesories versus the indicated duration in-
tervals:

In this summary Categories II, Illa, 111b, and IIIc are represented by the frequency of these
conditions occurring during the specified intervals.

In Category II + III the frequency represents the visibilities and ceilings at or below
Category II weather, i. e., below 200 feet and/or 1/2 mile for a continuous period of time.

In Category III the number of occurrences represent the frequency the weather was in
in Category lina and IlIb/c i.e., observation below 1/4 mile and equal to and above 1/4
mile when the ceiling is reported as zercýfor a continuous period of time.

Xb. Total time In each duration versus the duration intervals In hours and tenths of
hours. The entries in this table are arrived by adding the times in minutes associated

w -the frequencies above. These totals are converted to hours and tenths. This table
also contains the percentage of time for the 10-year period of observations of specified
duration intervals, i. e., 1-90, 91-all, 1-alL This table 1s derived by dividing the total
time under each category for the specified duration interval by the total number of hours.
Thus the percentage value for Category II + III the 1-all group (last column, 4th value
down) represents the frequency of occurrence for the ten-year period in percent of
visibility and ceilings below 1/2 mile and/or 200 feet.

Xc. Average time in each duration versus the duration intervals.

This table is derived by dividing the total time in minutes of each item in Table Xb by
the frequency of occurrence in Table Xa.

WIND DIRECTION VERSUS SPEED BY PERCENTAGE FREQUENCY (Table XI)

Table XI (for 13 stations) (unnumbered on summaries) show the percentage distribution of the
different categories in accordance with Table D by wind direction to 16 points versus specified
speed intervals. These categories, II, IIIa and lib/c, are divided into 2100-0500 and 0600-2000
hour groups making a total of six sub-tables.
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OWl the horly (ILecer Observatioin whent Catego U or below con~tions exis are used
Is hsee Summarie TheD puMMs ane determind by Mdivis the umber" of bmwrl3 oh-4

servdom, WO Wee 2070 id w SITSPeriod of record for the indicated, hoar
Th ftg~5as hn e nb"to obanpretp fra V& Ma

WEATHE CATEGORIE OF LANfD= SYSTEM VERSU NNTRVALJ OF DURATION BASED
0ON TABLE B

three sections:

categories ,ILls M11Mb, and Mei are repeeMed by the tota time for the aspeciied hour
growp that dieee conditions occur dfrla meindicated Imrvauls

In Categories 11 + MI the 0-q~c~rpeet the Visibilities an!! ceilings at or below
weaM11vther e. g.. RYLWIT In Ca"th5 Irqec rpean

the stiea clat or belowCategoy DIweather .g., b¶o00 ava.~o
b. Total tine ineahdais tednsimuvihoradm '

The enrnies In this table are derived by adding the time in minutes associated wit the
"freueny above and coverting them to hoon and teuhe

c. An=as time 1z each deratm, vru h ean ~
This table is derive by dividing the total time in imautes of each value in b by the corre-
ponding frequency of occurrence in a.

In these tables, since the period of duration is the important elemq mebt eachIcdem cf weathe
Is attributed to the 1mwr group durng be It began. Thia If Category M~e weather beamIthe 22-06 hour gro"p and =ui 000 daoth 07-43 bow group the tota time Is = 1Weinth
22-06' group. It is pnrobable *te, tW dt the incidence of the vairous categorie may heoever-
estimated in the 22-06group The totals appearing to the all bmw group. howeve, are onavecP.f ~ ~The sum of Categories Ilks, M% and Me. in the all-bmw groups and sometimes in the othe

borgroups are freutil grIenate the under Cat. Ml This resulets rom. the addition of 3
of observations of 3/16 mile or greater, With coil'n 100 fewt added to Cat. M1a wherueasW ith
is not Included in the Cat. MI tote-Is at dohe bono of each table.
The difference between CAL, M totals sad the sum of Cat. DMe. Db, and Mec are subtracted from
the Cat. II totals for the aol-bmwr Prupsad appeare at the end of the CALt. 11Min with an aassuiT*

Thsvalue is a better estimate or the occurrence of Cat. U weather for the 10year period.
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EXPLANATION OF TABLE E

The relatonsbip of RVR with light setting 5 for a S00' baseline to the meteorological report
of _sitib•.. . based on the Information in Circular N1/, is given in Table F. This was the basis
for esmalssnsg the relationshps In Table E. The use of the highest setting for the edge

aJ13s for approaches In low vIs Y is the current operational practice. Although the selection
oi some of the relationship. in Table E have been somewhat arbitrary, it can be expected that
the observers report of low visibilities and ceilings will be more inexact than the cut off pointof thuse relationshipa.

1/ Manual of Surface Observations (WBAN). Circular N, Weather Bureau, Washington, D. C.
NAVAIR S0lDS05, July 1968 (AD672-366)
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This Is ons o 41 volumes of Report RD-69-22. The volumes are as follows:

VOL- CITY AIRPORT

L Anchorage, Alaska Iuernaional
2. Atlanta, Georgia Atlanta
S. Baltimore, Maryland Friendship International
4. Alabama Ienational
3, oston, Masahsea Goeerl E. L.Lga uenioa
6. Buffalo, New York Greater Buffa dam
7. Burbank, California Hlywood-Bur
L. Chicago, Illinois OH'e ImOerni l
9. Cincinnati, Ohio Greater Cinciatd

10. Cleveland, Ohio Clevland-He als Internadoseln
IL Columbu•, Ohio Port C
12. Dallas, Toeas Lov Field
13. Dayton, Ohio James . Cox MunicMil
14. Denver, Colorado e to ernatioinl
15. Datroo Michigan o tM ropolitan-Wayne Cou
16. Hartford, Connecticut Bradley Iuternatiosa (Wis1 Locks)
17. Houston, Tens William P. Hobby
1. n Indiana Weir Cook
19. Kansas City, Missouri Mid-Coutam Internatuioal
20. Los Angls. California Internationl
2L Louisvll Kentcky Standiford Field
2Z Miam, Florida Intwasiomnal
2. Milwaukee, Wisconsin Geeral Mitcbhel Field
24. Miesapolis, Minnesota M l -. Paul Iernaonl2&. Nashville, Tennessee Mtooia

27. Now Orleans. Louisiana International
2L New York, New York John P. Kennedy Internationml
29. New York, New York La Guardia
30. Oakland. California Oakland Intrstn
31. Philadelphia. Pennsylvania itaernational
32. Pittsburgh. Pennsylvania Greater Pittsburgh Iernational
3& Portland Oregon International
34. Rochester, New York Recheers-Moroe C

37. San Francisco, Calitorlda Interntiona
3L. Seattle, Washington Seattle-Tacoma. Internationa
39. Syracuse, Now York Clarence R. Hancock
40. Washinston, D. C. Dulles International
41. Washington, D. C. National

TABLE A
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LIMITS OF LANDMG CATEGORIES

CAT. 1 Operations down to minima below 200 feet decision heigt

and 2400 RVR and to as low as 100 feet decision bel

and 1200 RVR.

** CAT. MA Below 100 eet decision beigbt and 1200 RVR and to as low

as 50 feet decision hesigt and 700 RVR.

S CAT. 111B Below 700 RVR to 10 RVR.

o CAT. MC No external visual reference.

TABLE B

* Curren operational criteria
K e Criteria not ftrm, used for planing purposes

12
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RVR VERSUS VISIBILITY (Current Prsctie)

METEOROLOGICAL
VISIBILITY RVR EQUIVALENT

Statute Feet

Miles (feet)

S/16 (990 feet) 1200

0 1/4 (1320 feet) 1600

0 1/2 (2640 feet) 2400

TABLE D

* United States Standard for Terminal Instrument
Procedures (TERPs) Federal Aviation Agency, September 1966.
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CR11310 AND IIUUMTY ZQALENTS FOR
CAT3O0RIEOP AIRCRAFT LANIN OPuRATIONS

Crkffor Tables XI-X=I

I 40I LRVR to Equivalm Meteorolocal Observations
1200 ft AU All obeervalm with vft viabili e Peastr dm

3/8 Mile with mcai 100 fet

AU obeervatlon of 3/8 mile Wt Cei. not
equal to sero.

AU obeerv'aous of 5/16 mile wish ceiling noO
equal zero.

AU observados of 1/4 mile with ceilUig not
equal to zero.

AU obeervatiom of 3/16 mile vit ceiling not
equal to zero.

U 2 t. RVR to AU obeerviadog of 1/8 m"le.700 ftr. RYRlSAU obeervatlUm of 3/16 mile or pete wft
zero ceiling

5% of obeoraotom of 3/16 mile or gpreaer with
ceil•ng 100.

meA RVR U A obeervatiome of 1/16 mile.
IOft. V

W.V of all obeervatom of zero mile.

ow uLRVR WO% of obeorvwato of zero miles.

TABLIK E
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RVI VERSUS METEOROLOGICAL VISIBIIUTY

Circular N

Repoed eorological RvR (800 ft. baseline) at catory
Visibiliies setting 5
Miles (feet) Day Nig

0 (less than 330 feet) * (Mlic and mb)

1/16 (330 feet-650 feet) ( 1lib)

1/8 (660 fest-980 feet) 1000-1400 * (Ib and iMa)

3/16 (990 feet-1310 feet) 1400-1800 1200-1000 (Cat. II)

1/4 (1320 feet-1640 feet) 1800-2200 1800-2200 (Cat. IM

* No determination of RVR with respect to meteorological visibility.

TABLE F

16
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PITTSBURGH, GREATER PITTSBURGH INTERNATIONAL

NO WIND TABLES FOR THIS STATION
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