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1.0 INTRODUCTION
1.1 PURPOSE

The purpose of this study effort was to examine methods of providing
a data base of weather information pertinent to the requirements and
qualifications for alternate airports.

1.2 BACKGROUND

Operations under Instrument Flight Rules (IFR) require the filing
of a flight plan. The flight glan must contain an alternate airport
unless certain cenditions at the destination (the first airport of
intended landing) are met. These conditions concern the availability of
a standard instrument approach procedure and anticipated meteorological
conditions within one hour of the estimated arrival time. If these
conditions are not met, then an alternate airport is required in the
flight plan.

There are also certain other conditions that must be met for an
airport to qualify as an alterrate, These conditions also deal with
instrument approach availability and less stringent meteoruvlogical
conditions. More detailed descriptions of the requirements and
qualifications for alternate airports are contained in Section 1.4,

When an alternate airport is contained in the flight plan, the
pilot must increase the aircraft fuel reserves %o accommodate flight
from the destination airport to the alternate and hold for 45 minuies.
(Rotorcraft operating under Speciai Fedaral Aviation Regulation No. 29-3
may reduce the holding time to 30 minutes with FAA approval.) This
requirement can have a profound eftect upon mission reliability and
mission delays for aircraft with limited range and endurance character-
jstics such as the helicopter. The requirement to file an alternate
can create many situations in which a suitable alternate cannot be
found within ranae of the aircraft capabilities. The flight must either
be delayed until weather improves at the destination or the flight
must be cancelled altogether.

A reduction in the meteorological constraints at the destination
airport could therefore significantly improve the operationail utility of
IFR equipped helicopters. However, the reduction in meteorological
requirements at the destination airport produces an increased risk of the
destination weather beina below approach minimums. This study effort
investigates ways that this risk can be assessed through the study of
climatolcgical data pertaining to ceilings and visibilities,

1.3 SCopt

This study effort was limited to the development of methods which
relate climatoloqical data to the operational proolems associated with
requirements and qualificetions for alternate airports. Climatological
data has been collected over a period of many years at many airports.

1-1
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The first effort undertaken was to determine if these data were pertinent
to the alternate airport problem and, if so, what methods of analysis
could be applied to the data to produce results that could be interpreted
in operational terms. Next, methods of limiting the amount of .ata
processing necessary to produce these results through the application of
statistical models were investigated. This effort did not include

a sufficiently broad sample of results to permit validation of these
statistical models.

Some data are presented for airports in several reqions of the
country. It should be cautioned that these data were obtained with an
unvalidated model anu althouah the results seem very reasonable ard
consistent, they should be considered only as examples of what types of
data the methodology can produce and not as actual study results.

In summary, the products of the study are the interpretation of
the climatological data in operational terms and development of the
methods that were used to produce the operational interpretation. The

actual processing of the meteorological data on a broad scale was not
within the scope of this study.

1.4 CURRENT ALTERNATE AIRPORT CRITERIA

The current requlations concerning destination and alternate
airport criteria us they typically apply to helicopters are found in
the Federal Aviation Requlations (FAR's) Paragraphs 91.83 (General Avia-
tion) and 135.217, 135.219, 135,221 and 135.223 (Air Taxi Operations).

The specific statements of these regulations are as follows:

GENERAL AVIATION

§91.83 Flight plan; information required.

(a) Information required. Unless otherwise authoriaed by
ATC, each person filing an IFR or VFR flight plan shall include
in it the following information:

)
o
o

(9) In the case of an [FR flight plan, an altermate airport,
except, as provided in paragraph (b; of this section.
o
.
o

(b) Zxceptions to applicability of paragraph (a)(9) of this
section. Paragraph (a)(9) of thies section does not apply if
Part 97 of this aubchapter prescribes a standard instrument
approach procedure for the first airport of intended landing
and, for «t least one hour before and ove hour after the
estitmated time of arrival, the weather reports or forecasts

1-2
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or any combination of them, tndicate --

(1) The cetling will be at least 2,000 fect above the
airport elevation; and

(2) Vieibility will be at least 3 miles.

(c¢) TFR altermate airport weather minimums. Unless otherwise
authorised by the Administrator, no person may tnclude an
alternate airport in an IFR flight plan unless current
weather forecaats indicate that, at the estimated time of
arrival at the altermate airport, the ceiling and visibility
at that atrport will be at or above the following alternate
airport weather minimums:

(1) 1f an instrument approach procedure has been published
in Part 97 of this chuapter for that airport, the alternate
airport minimums specified in that procedure or, if none are
so specified, the following minimums:

(1) Prectsion arjroach procedure: Ceiiing 600 feei and vistbilety
2 gstatute miles.

(it) Nomprecis.on arproach procedure: Ceiling 800 and visibility
2 statute milcs.

(2) If no instrument approach procedure has been published
in Part 97 of this chapter for that airport, the ceiling and
vistbility minimums are those allowing descent from the MEA,
approach, and landing, under basic VFR.

AIR TAXI OPERATIONS

§135.217 IFR: takeoff limitationa.

No perzon may takeoff an airceraft under IFR from an airport
where weather conditions are at or above take off mintmums
but are below authorized IFR landing minimums unless there is
an alternate airport within 1 hours's flying time (at normal
erutaing speed, in s*til air) of the airport of departure.

§ 135. 219 IFR: destination airport weather minimung.

No person may take off an atrcraft under IFR or begin an
IFR or over-the-top operation unlegs the latest weather reports
or forecasts, or any combirution of them, indiate that weather
conditions at the estimated time of arrival at the next airport
of intended landing will be at or above authorized IFR
landing mintimums.
§135.881 [FR: alternate airport weather minimums.

No person may designate an alternate airport unless the
weather reports or forecasts, or any combination of them,
indicate that the weather conmditions will be at or above

authovigzed alternate airport landing minimums for that
atrport at the estimated time of arrival

§135.223 IFR: alternate airport requirements.

1-3
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(a) Except as provided ir paragraph (b) of this section, no
person may coperate an aireraft in IFR conditions unless it
carries enough fuel (comstdering weather reports or
forecasts or any combination of them) to-

(1) Complete the flight to the first airport of intendsed
landing ;

(2) Fly from that airport to the alternate airport; and

(3) Fly ajter that for 45 minutes at normal cruising speed.

(b) Paragravh (a)(2) of th<s section does not apply tf
Part 97 of this chapter prescribes a standard instrument
approach procedure for the first aivport of intended landing
and, for at least one hour before and after the estimated
time of arrival, the appropriate weather reports or forecasts,
or any combination of them, indicate that-

(1) The ceiling will be at least 1,500 feet ubove the lowest
eireling approach MDA; or

(2) If a cireling instrument approach ie not authorired
for the airport, the ceiling will be at least 1,500 feet
abeve the lowest published minimum or 2,000 feet above the
airport elevation, whichever is higher; and

(31 Vistbility for that cirport ig forecast to be at least
three miles, or two miles more that the lowest applicable
vigtbtlity minimums, whichever ts the greater, for the tnatrument
approach procedure to Le used at the destination airport.

In summary for paragraph 91.83 if a pilot can answer “yes" to
the following two questions, then no alternate airport is required on
the flight plan:

1) Does the destination have a standard instrument approach
procedure?

2) Within one hour before and one hour after the estimated
time of arrival, do the weather reports or forecasts for
the destination indicate that the ceiling will be
at least 2000 ft. above the airport elevation and
the visibility at least 3 miles?

If either answer is "no", then an alternate airport must be filed in
the flight plan,

Paragraph 135.223 is similar to paragraph 91.83 but it contains
slightly more complex ceiling and visibility criteria for air taxi
operators.

The qualifications for an alternate airport are found in paragraph
91.83(c). These qualifications depend upon the existence of an instrument
approach procedure at the alternate and forecast or reported ceilings
and visibilities at the estimated time of arrival.

If an airport has a published instrument approach procedure,
then the ceilings and visibilities must exceed those published in the
procedure; or if none are published, then ceilings and visibilities

1-4
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must exceed 600 feet and 2 miles for precision approaches (ILS and PAR)
or 800 feet and 2 miles for non-precision approaches (VOR, LOC, DME Arc,
NDB, RNAV, ETC.).

If no instrument procedure is published, then ceiling and visibility
minimums must permit descent from the Minimum Enroute Altitude,
approach and landing under Visual Flight Rules.
SPECIAL FEDERAL AVIATION REGULATION No. 29-3;

LIMITED IFR OPERATIONS OF ROTORCRAFT

SFAR No. 29-3 allows for limited operations under IFR for certain
rotorcraft which are certificated for operations under VFR. Paragraph 4
of SFAR No. 25-3 specifically applies to the fuel requirements for holding
after reaching the alternate airport. This provision relaxes the holding
time requirement from 45 minutes to 30 minutes for qualifying rotorcraft.

4. Notwithstanding § 91.23(a)(3) of the Federal Aviation
Regulations, a peraon may operate a rotorcraft in a limited
IFR operation approved under paragraph 2(a) of this Special
Federal Aviatiom Regulation with enough fuel to {ly, after
reaching thz altermate airport, for not less than 30 minutes,
when that period of time has been approved.

This Special Federal Aviation Requlation ierminates on
December 31, 1942, unless scorer superseded or resctnded.

1.5 PROPOSED ALTERNATS AIRPORT CRITERIA

There were proposals, made by the helicopter industry at the
recent Ragulatory Review, to change alternate airnort requirements
to 1000 feet ceiling and 1 mile visibility. This same proposal
considered changing alternate airport qualifications to 300 feet and
1 statute mile for precision approach procedures and 600 feet and
1 statute mile for nonprecision approach procedures.

In summary, the current and propssed requirements for the need
to file an alternate airport in the IFR flight plan for helicopters
are presented in Table 1.1. The current and proposed qualifications
for alternate airports for helicopters are presented in Table 1.2.

1-5
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Table 1.1 Current and Proposed IFR Alternate Airport Kequirements

For Helicopters

Ceiling(ETA + 1 hr)

Visibility (ETA £ 1 hr)

Current Requirements, Part 91
Current Requirements, Part 135*%
Proposed Requirements

2000 ft

Circling MDA +1500 ft

1000 ft

3 miles
2 miles + IAP Requirement
1 mile

Note: The table assumes the destination has a published Instrument Approach

Procedure (IAP)

*If Part 91 requirements exceed Part 135 requirements, then Part 91

requirements shall be used.

Table 1.2 Current and Proposed Alternate Airport Qualifications

For Helicopters*

Ceilin Visibility
(ETA? (ETA)
Current Requirements, Precision Approach 600 ft 2 miles
Current Requirements, Non-Precision Approach | 800 ft 2 miles
Proposed Requirements, Precision Approach 300 ft 1 mile
Proposed Requirements, Non-Precision Approach | 600 ft 1 mile

*Requirements apply uniess superceded by non
alternate minimums published in the airport

procedure,

1-6

standard or restricted
instrument approach

bty § 1 it e

o kB W A -

et gl v




|

ey -

S S K a2 o

Bt R RGBSR e

-

A T WA SR, WM RO 70 A S 1T

f TTES R T T S e s ey
S g T TR SR AN S e P I

e e e S P ..‘jﬁﬁ\ﬂmﬂ‘”*j‘f

2.0 METHOD OF APPROACH

Dr. Donald E. Martin of Saint Louis University (SLU) in Report
AFGL-TR-78-0308 "Climatic Models That Will Provide Timely Mission
Success Indicators for Planning and Supporting Weather Sensitive
Operations", (Reference 1) anc¢ in other reports, developed statistical
methods based on present observed conditions to aid in forecasting for
various time increments and/or for space increments.

It appeared that similar methods would have application as a
basis for setting alternate minimum regulations by establisking a
statistical deterioration rate of visibility and ceiling.

It is necessary to develop a statistically valid data base of
weather deterioration probabilities prior to making modifications in
the destination or alternate destination weather minimums. The methods
used by Dr. Martin and the Saint Louis University would seem to provide

a procedure for developing the data base. Therefore these methods form
the basis for this study program.

The basis for the weather analyses are the conditional probability

equations numbers (16) and (17) contained on page 20 of Reference 1.
These equations are as follows:

P(2]1) = r2 + (1:00 - r2) P, when Py < =P, (16}
and '
P(2]1) = r2 P24 (1,00 - r2) P, wnen P;> P, (17)

P1 !

The term P(2|1) may be interpreted as meaning "The probability that
Event 2 occurs given that Event 1 occurs".

As an example in operational terms related to this program, the
term P2[1) was interpreted as follows:

“"Given that the current ceiling is greater than 3000 feet, what

is the probahility that the ceiling will be less than or equal
to 500 feet in 3 hours",

The P, and P, terms in the equations refer to unconditional

probabilities for Events 1 and 2. In the operational example they are
interpreted as follows:

P, is the probability that the current ceiling is greater than
3000 ft.

P, is the probability that the ceiling will be less than or
equal to 500 ft. in 3 hours.

The remaining term in the equations is the r? parameter developed by
Dr. Martin. This termcan be thought of as a correlation term relating
the conditional probability P(2|1g and the unconditional probability Ps.
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For example:

if Event 2 always occurs when Event 1 occurs, then the conditional
probability P(le) would be unity. This is obvious\y true in Equation
(16) when r2 = 1 which represents a one to one correlation.

If Event 1 and Event 2 are uncorrelated, then it would be expected
that r2 = 0. In this instance P(2]|1) = P, by either Equation (16) or
(17). This also is the anticipated resu1t for P(2]1).

The main appeal of Equations (16) and (17) is that this analytical
model provides a means for determining conditional probability tables
from only unconditional probabilities and a table of r2 valugs. The
model can therefore be used to provide conditional probabilities at
stations where no conditional data exists. The model is also useful in
reducing the amount of source data and data processing required to
analyze weather probabilities at airports that have conditional probability

data. The challenge is, of course, to determine and validate the r2 values.

2.1 DATA SOURCES
2.1.1 Conditional Probability Data

The computation of r2 values uses raw climatology data like that
shown in Figure 2.1 and 2.2 for Fairchild AFB, Washington. These data,
called persistence-probability tables, are actually conditional
probability tables of the following form:

P(CN = X|Co =Y)or P (VN s U|V0 =

Stated in textual terms this means:

The probability that the ceiling is in Category X in N hours (C“)
given that the initial ceilina (Co) is in Category Y: and,

The probability that the visibility is in Category U in N hours
(VN) given that the initial visibility (Vo) is in Category W.

The ceiling categories shown in Figure 2.1 are:

A: <200'

B: 200' - 499'
C: 500' - 999'
D: 1000' - 2999'
E: 3000' - 9999'
F:  >10000

The visibility categories correspond to:

J: <0.,5 mi
K: 0.5 mi but <1,0 mi
L: 1.0 mi{ but <2.0 mi
M: 2.0 mi but <3.0 mi
N: 3.0 mi but <6.0 mi
0: >6.0 mi

2-2
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» : :
; E A o o 1 t 3 1 2 o 1 3 3 1 3
! B 4 7 7 7 8 @ ® 3 ] 8 12 10 12
i C 3 &6 8 10 12 §2 14 14 8 10 ® 11 10
: D $ 11 12 12 13 13 16 19 17 13 12 1S 9
; E 75 60 52 4% 42 43 28 26 20 26 26 21 2
‘ F ® 16 19 21 22 A 30 238 39 41 37 &1 4
OPS 387 397 387 337 387 387 387 387 337 397 3897 IW7 397
F A 1 1 1 2 3 2 2 1 1 2 3 1 2
. ) 2 3 S8 7 % 19 8§ & S & 92 8 12
c t 2 2 2 = 3 7 7 7 8 ® 1z 12
D 1 1 2 2 2 4 7 % 6 ® © 14 9
E & 10 13 1S 14 17 17 1P 21 21 20 13 18 i
. F 0 82 77 72 68 64 40 S8 S5 S2 %0 47 A i
; O0BS 718 71& 718 718 713 718 718 TI8 718 71§ TIE 738 718 |
1 INITIAL CATEGORY  ALL A ® c o £ r f |
! PERCENTAGE 100.0 4.4 14,7 11,0 10,5 20.8 38.% :
* TOTAL OBS 1860 82 273 208 198 387  7i% | .
| |
Ficure 2.1 Ceilinc Conditional Probability Tables for Fairchild AFB, :
Washinaten :
| %
. '
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CONDITIONAL CLIMNATOLOGY 1
MONTH JANUARY
HOUR 00=01 L3T
WIND SECTOR ALL
VISIBILITY CATEGORY HOURS 3UBSEQUENT
INIT ZuBS t 2 3 A S & ® 12 1% 18 20 % 48 i
4l 73 42 S 47 47 A3 37 22 14 22 23 14 13 i
K 12 17 16 17 14 12 a2 S o & g8 10 & :
L 4 5 ? 2 $ 13 14 2 2 11 3 » : 1
M 2 4 2 2 3 2 3 3 & 4 3 3 k] :
N 1 2 4 ks s s 2 20 12 1 T 1s g T
o 2 2 314 1% 22 22 27 3% A3 44 47 Ar %7 ¢
OBS 172 172 172 172 172 172 172 172 172 172 1?72 172 172 !
KoJ 22 29 20 2 20 2 19 2 12 13 1% 1T 19 |
¥ 47 32 M 27 2 26 14 @ 2 3 12 2 12
L 1% 13 16 1® 19 20 146 16 12 it S 13 4
M 2 2 ) g 10 3 7 1 ® 3 2 ? s
N a 2 7 8 @ ? 19 1@ 19 18 * 1 9
Q S 10 18 146 14 19 25 34 A1 A7 ST %2 sy
B3 21 21 1 1 "1 1 ?1 2 21 1 1 " ?1
L J 7 2 212 19 16 20 10 2 10 18 7 16
¥ 16 t1® 23 17 12 14 14 13 ? 2 12 S 7
L =3 42 33 2 22 2 14 13 14 19 212 12
M 13 7 s 10 4 s A 4 2 ] 2 4 2
N 4 12 13 11 12 13 20 18 18 4 & 12 7
0 S 13 17 24 29 2% 28 42 %0 5% S3 40 8%
OB3 112 112 112 112 112 112 112 112 112 112 112 112 112
MoJ ] 2 L] 3 5 7 12 7 7 3 7 T 10
K s 8 S 10 20 20 20 2 3 2 7 7 10
L 17 22 18 17 13 1% e 17 2 18 5 2 s
" 4% 20 19 2 S 2 S 10 ) 3 8 7 2
N 12 1@ 2% 2 20 20 27 27 22 g 15 13 2
Q 17 18 28 32 37 30 32 %2 40 S22 70
0Bs 40 50 40 60 40 A0 A0 40 40 &0 &0 40 &0
N J 0 2 7 10 10 10 7 4 S 7?10 4 13
K 5 ® 7 7 g 12 13 s S & & 1 2
L 12 1% 13 g2 2 11 18 10 & 10 ? 13 10
M ] & A 4 & s 1 4 4 2 S 2 4
N 49 2% 22 20 17 12 11 21 14 11 10 19 7
0 20 30 3 86 42 Bl 40 W& A2 A5 A0 &0 43
OBS  13¢ 136 1286 136 136 13¢& 136 136 136 136 136 126 124
1 BN 1 2 3 4 4 4 4 2 2 3 = 3 &
K 0 2 K] 2 a 4 s 32 3 2 R 4 4
d L 1 2 2 3 ) 4 & s s s % 4 s
" 1 | 1 1 1 2 3 3 2 3 2 3 3
N 4 s K & ) 7 1 ® ® ® 7 12 7 .
Q ?3 88 2% 32 =« 73 7L 77 80 7P 76 7L 74
OES 129F 1289 1239 1289 1289 1287 1289 1289 1289 1289 1269 12189 12¢9
INITIAL CATEGORY ALL Wl K L M N n s
PERCENTAGE 100.0 e.2 4,9 &0 2.2 7.3 &®,2 |
TOTAL QB3 1240 172 24 12 60 134 1289 i

Figure 2.2 Visibility Conditional Probability Tables for Fairchild B
AFB, Washington :
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The data in Figure 2.1 and 2.0 are interpreted as follows:

In Figure 2.1 the letters in the far left under the column labeled
INIT correspond to the initial ceiling category. The next column,
labeled SUBS corresponds to the category observed at the subsequent
time. Subsequent time categories, ranging from 1 hour to 48 hours, are
shown in the first row across the page.

Going down the first column the numbers mean:

Given the initial ceiling is in Category A, the probability
that the ceiling is in Category A one hour later is 70%.

Given the initial ceiling is in Category A, the probabiiity that
the ceiling is in Category B one hour later is 16%.

And going down a few lines:

Given the initial ceiling is in Category B, the probability that
the ceiling is in Category A one hour later is 7%.

And for later times:

Given the initial ceiling is in Category C, the probability
that the ceiling is in Category B four hours later is 22%.

Visibiiity tables in Figure 2.2 are analogous to the ceiling
tables.

Given the initial visibility is in Category L, the probability
that the visibility is in Category J three hours later is 8%.

The terms OBS at the end of each initial category is the number of
observations from which the data were collected.

At the bottom of Figures 2.1 and 2.2, the numbers of observations
for each initial category are again shown along with the percentages for
each initial category. These values are the unconditional probabilitiss
of ceilings (visibilities) being in each category. For example, the
probability of the ceiling being in Cateqory B at Fairchild AFB in
January during 00-01 Local Standard Time is 14.7%.

The month, local time, and years in which the data were collected
are shown in the upper right hand legends of the figures. These data
represent one, two-hour time period for one month. In order to obtain
a complete set of persistence-probability tables such as those shown,
it :akes 144 pages of ceiling data and 144 pages of visibility data for
each station.

Obviously the r2 model developed by Dr. Martin in Reference 1
could considerably reduce the amount of data sources and data processing
necessary to produce data that is pertinent to the alternate airport
problem. The r2 model requires only the use of unconditional probabilities
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and r? table values. Sources of unconditional probability data are

described in the following paragraphs. Construction methods for the
r2 tables are described in Section 2.2.

2.1.2 Unconditional Probability Data

One source of unconditional probability data is the summary lines
at the bottom of the conditional probability data as depicted in
Figures 2.1 and 2.2.

Another source is Appendix C in Reference 1. Data in this document
is presented in a compacted form as shown in Figures 2.3 for Fairchild
AFB, Washington. In this form the entire unconditional ceiling and

visibility data for a single station can be presented on a single page,
The data .are interpreted as follows:

Data for each month of the year are presented as a series of twelve,
nine or ten digit strings of numbers. The first six strings are ceiling
data and the last six strings are visibility data.

The categories for ceilings and visibilities correspond to
cumulative categories rather thar specific categories. That is, the
first row corresponds to ceilings in categories A and B; the second

row corresponds to ceilings in A, B and C; the third row corresponds to
ceilings in A, B, C and D; and so on.

The visibility data is also in a cumulative format.
In order to understand the data string it is necessary to understand

the manner in which it is packed. For example the string corresponding
to ceilings less than 500 ft for Decmber is 478865566 :

MULT| Q-2 {3-5{6-819-11 |12-14 {15-17| 18-20] 21-23 | TIME PERIQD

<500 ft| 4 7 8 8 6 5 5 6 6 PACKED PROBABILITY

The right eight digits correspond to eight, three-hour time periods during
the day in terms of local standard time on the 24 hour clock. The left
digit {or occasionally two digits) is a multiplier to be applied to each

hourly digit in the string. Thus the unpacked unconditional probabilities
are:

0-2]3-5 |6-819-11 |12-14 | 15-17 |18-20 }21-24 | TIME PERIOD
<500 ft

28% | 32% | 32% | 24% 20% 20% 24% 24% | PROBABILITY

These values thus become a very convenient way for reducing the
complexity of the unconditional probability data source. Some resolution
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FAIRCHILD AB WA SKA WMO NUMBER = 727853
1
LaT = 47,6 LON = 117,7 E (METERS) = 750,0 E/EBAR 2 1,3 :
DEC JAN FEB 1
< 500 FY 478865566 378864466 2887633%6
< 1000 FY 578877677 489986477 377875555
< 3000 FT 688888777 677877666 478837066
< 5000 FY 778888777 689988778 870877666
< 10000 FV 888868888 888888777 688988777
¢ 20090 FT° 9888883487 988328877 788058587 i ;
< 5 M) 277764446 245542234 244531123 ! f
< 1M 377764456 345653334 266752245 j 1
< 3 n} 478886566 46477555% 386764345
< 5 Ml 577886566 566776555 486764444 ]
< 6 Ml 578887666 567887666 467874455
, MaAR APR MAY
< 590 FY 136732224 112210000 111210009
< 1000 FY 245652333 135752112 134431112
< 3000 FY - 346787544 234575322 233565322
< 5600 FY 456679755 433468532 422357422
< 10000 FT 656778755 645558744 545568754
¢ 20000 FT 766778866 755668765 656678765 :
< 5 Ml 12231¢011 101100000 100000000 ;
< 1 Ml 124521112 101200000 101100000 i
< 3 NI 223531222 111310000 101100000 :
< 5 M} 234642333 "T 113431110 412211110 H
< 6 M] 245753333 124642211 112321110 :
"~ JUN Jul. AUG i
¢ 500 FY 111100000 100000000 111100000 :
< 1000 FY 123421111 100100900 111231100 3
< 3000 FY 145885323 101311100 112343111 :
< 5000 FY 323366322 111145311 123468424 H
< 10000 FY 544567643 234457633 245679744 :
¢ 20000 FY 656668754 346567654 357885855
< 5 M 101000300 100000000 100100000
< 1 M1 101000000 100000000 400100000
< 3 M) 101000000 100000000 100100000
< 5 Ml 112100110 101000000 111110:1¢
< 6 M 112211110 101000000 111111148
SEP ocY NOV
< 500 FT 100100000 146851123 356753344
< 1000 FY 112221111 235652223 467765445
< 3000 FT 123354322 256897445 489998667
< 5000 FY 2223358322 356777544 588888767
< 10000 FY 345657654 477888766 685998888 |
¢ 20000 FY 456767765 666877766 877838777 !
< .5 M 100100000 135730021 255631223 ;
< 1 Ml 100100000 136840012 287853344
< 3 Ml 160210100 224631112 367864445 .
< 5 Ml 101211110 235862222 450864444 .
< 6 M! 101322210 334752222 467975545 |
Figure 2.3 Packed Unconditional Probability Data ;

(Source: Apnendix C, Reference 1)
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is obviously sacrificed in the data packing process. The impact of this
Toss of resolution on the overall products of the study program was not
, considered but i5 an area that warrants further analysis.

2.2 DEVELOPMENT OF THE r2 PARAMETER

The computation of the table of r2 values is achieved by using the
, following procedure:

1. Solve Equations (16) and (17) from Reference 1 for r2
and retain the constraints on the unconditional probabilities.

P(2]1) - P,
ré = for Py< P,
\ 1 - P,
N
| P(2[1) - P,
| 2 # ——————- for PP,

P-(1/Py-1)

) 2. Utilizing conditional and unconditional probabilities
from data tables like those shown in Figures 2.1 and 2.2
determine r2 values. '

3. Accumulate values for r? from several time periods,
several months of the year, and from several geographical
areas. Combine these r2? values by finding the statistical
ean value. The resultant values become the composite
r2 tables.

4. validate the r? model by:

! a) Examining the variation in the r? values that are
used to detzrmine the composite r2 vaiues.

b) Utilize the composite r2 values tn compute the
conditional probabilities from whence the original
v< values were derived. Compare the original and
computed conditional probabilities and evaluate the
fidelity of the model.

5. Utilize the composite r2 tables and compacted unconditional
probability data described in Section 2.1.2 and determine
conditional probability values for several locations that
are operationally significant for civil helicopter operations.

' 6. Compare actual conditional probability data and data developed
from the model. Ascertain the validity of the model. Consider
alternative models or procedures if the r2 model is not
appropriate for the alternate airport problem.

2-8
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Steps 1-4 were carried out in conjunction with a graduate research
program at Saint Louis University. In this program r2 values were
developed for sixteen weather stations in four geographical areas
of the country. These areas and stations are:

Northeast North Central

Westover, Massachusetts Ellsworth, South Dakota
McGuire, New Jersey Offutt, Nebraska

Dover, Delaware Cinker, Oklahoma

Pease, New Hampshire Minot, North Dakota

Southeast West

Robbins, Georgia
Blytheville, Arkansas
Little Rock, Arkansas Yakima, Washington
Randolph, Texas Gray, Washington

The locations of these weather statinns used by Saint Louis University
are shown in Figure 2.4.

March, California
Fairchild, Washington

Steps five and six were performed by the contractor. Utilizing
the r? values generated by the Saint Louis University program and the
compacted unconditional probability data from Reference 1, conditional
probabilities values were computed for time periods of one hour,
three hours and six hours after the initial time period. Conditional
probability data from Fairchild Air Force Base in Washington were
obtained and compared with conditional probabilities for Fairchild
developed from the r? model.

The results of this comparison and the subsequent development of
alternate formulations for the r2 parameters are discussed in Section 3.
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DISCUSSION

The study results are presented in three parts. 3.1 contains an analysis
of the interpretation of the climatology in terms that are operationally
significant for the alternate airport problem. 3.2 describes the development
and use of the cumulative probability model. 3.3 describes the results that
were obtained through the application of the cumulative probability model.

3.1 OPERATIONAL CLIMATOLOGY PARAMETERS

3.1.1 Ceilings

In reviewing the climatology information contained in the persistency-
probability tables, the following observations were made concerning the
ceiling categories: .

1. The 200 and 500 ft ceiling categories are roughly equivalent to ILS
Category ! ceiling minimums and non-precision approach respectively.

2. The 500 ft ceiling category is close to the 600 ft ceiling that
qualifies an airport with a precision approach capability as an
alternate airport.

3. The 1000 ft ceiling category is close to the 800 ft ceiling that
qualifies an airport with a non-precision approach capability
as an alternate atrport.

4. The 1000 ft ceiling also represents a goal that the helicopter
operators have for requiring the filing of an alternate airport
in the flight plan.

5. The 3000 ft ceiling category is slightly greater than the current
ceiling requirement of 2000 ft for filing an alternate airport in
the flight plan.

6. Ceiling data in the compacted unconditional probability tables
in Reference 1 have the following altitude boundaries: 500 ft,
1000 ft, 3000 ft, 5000 ft, 10,000 ft and 20,000 ft. Ceiling
data in the persistency probability tables have the following
altitude boundaries: 200 ft, 500 ft, 1000 ft, 3000 ft, and
10,000 ft. Altitudes which are common in the two data bases
are: 500 ft, 1000 ft, 3000 ft and 10,000 ft.

Since data was not available for the 200 ft category from both

. sources, the 500 ..nd 1000 ft categories were selected to represent
precision and non-precision approach minimum respectively. This
assumption means the results are conservative. Actual risk prob-
abilities for ceiling would be less than those in this analysis.

With these considerations, the following six ceiling parameters were selected
as being the most relevant to the alternate airport probliem:

1. The probability that the ceiling N hours later will be less than 500
ft given the initial ceiling is greater than or equal to 1000 ft.

P(Cy< 570 ft| Co > 1000)

2. The probability that the ceiling N hours later will be less than
500 ft given the initial ceiling is greater than or equal to 3000 ft.

P(Cy <D0 ft | Cg > 2000)
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3. The unconditional probability that the ceiling will be
less than 500 feet.
P(C < 500)

4. The probability that the ceiling N hours later will be
less than 1000 ft given the initial ceiling is greater

than or equal to 1000 ft.
P(CN < 1000 | C0 > 1000)

5. The probability that the ceiling N hours later will be
less than 1000 ft given the initial ceiling is greater

tharl or equal to 3000 ft.
P(CN <1090 | Co > 3000)
6. The unconditional probability that the ceiling will be
less than 1000 ft.
P(C < 1000)
These six ceiling parameters have roughly the following operational

conotations:
1. The probability that the ceiling will be less than
precision approach minimums under the regulation
proposed by the helicopter operators.

2. The probability that the ceiling will be less than
precision approach minimums under the current regulation.

3. The probability that the ceiling will be less than
precision approach minimums.

4. The probability that the ceiling will be less than
non-precision approach minimums under the regulation
proposed by the helicopter operators.

5. The probability that the ceiling will be less than

non-precision approach minimums under the current regulation.

6. The probability that the ceiling will be less than
non-precision approach minimums.

For comparison purposes these parameters break down into two sets of
three parameters:

The difference between ceiling parameters 1 and 2 is the increased
risk in terms of the ceiling being below precision approach minimums
due to reducing alternate airport requirements from current values to
those desired by the helicopter operators.

Comparison of ceiling parameters 1 and 2 with 3 indicates the
amount of improvement in predicting ceilings below precision approach
minimums when ceiling information is known at the initial time versus

no knowledge of initial ceiling information.

The difference between ceiling parameters 4 and 5 is the increased

risk in terms of the ceiling below non-precision approach minimums due
to reducing alternate airport requirements from current values to those

desired by helicopter operators.

3-2
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Comparison of ceiling parameters 4 and 5 with 6 indicates the
amount of improvement in predicting ceilings below non-precision
approach minimums when ceiling information is known at the initial
time versus no knowledge of initial ceiling information.

3.1.2 Visibilities

The visibility categories contained in the persistency-probability
tables are related to operational visibility parameters in the following
way:

1. “he 0.5 mi visibility category is roughly equivalent to
ILS Category I minimums for fixed-wing aircraft and
non-precision approach visibility minimums for helicopters.

2. The 1.0 mi visibility category is the goal that
helicopter operators have for requiring the filing
of an alternate airport in the flight plan.

3. The 1.0 mi visibility category is roughly equivalent
to the visibility requirement for slower fixed-wing
aircraft. Almost all instrument approaches can be
made with a visibility of 1.0 mile with helicopters.

4, The 2.0 mi visibility category is equivalent "o the
visibility that qualifies airports with précision
and non-precision approach procedures to be used as
alternate airports.

5. The 3.0 mi visibility category is equivalent to the
current visibility requirement for filing an alternate
airport in the IFR flight plan.

In utilizing visibility data from both the persistency-probability tables
and the compacted unconditional probability tables in Reference 1,

the following visibility boundaries are common to both data sources:

0.5 mi, 1.0 mi, 3.0 mi and 6.0 mi.

Based upon these observations, the following six visibility
parameters were selected as being the most relevant to the alternate
airport problem:

1. The probability that the visibility N hours later will be
less than 0.5 mile given the initial visibility is greater
than or equal to 1.0 mile.

P(Vy < 0.5 | vy >1.0)

2. The probability that the visibility N hours later will be
less than 0.5 mile given the initial visibility is greater
than or equal to 3.0 miles.

P(Vy < 0.5 | Vg > 3.0)

3. The unconditional probability that the visibility will be
less than 0.5 mile,

P(V < 0.5)

© 3-3
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4. The probability that the visibility N hours later will be

less than 1.0 mile given the initial visibility is greater
than or equal to 1.0 mile.

P(Vy < 1.0 | Vg > 1.0)

5. The probability that the visibility N hours later will be
less than 1.0 mile given the initial visibility is greater
than or equal to 3.0 miles.

6. The unconditional probability that the visibility will be
less than 1.0 mile.

P(V < 1.0)

These six visibility parameters have roughly the following operational
conotations:

1. The probability that the visibility will be less than
precision approach minimums under the regulation proposed
by the helicopter operators.

2. The probability that the visibility will be less than
precision approach minimums under the current regulation.

3. The probability that the visibility will be less than
precision approach minimums.

4. The probability that the visibility will be less than
non-precision approach minimums under the regulation
proposed by the helicopter operators.

5. The probability that the visibility will be less than
non-precision approach minimums under the current
regulation.

6. The probability that the visibility will be less than
non-precision approach minimums.

Similar to the ceilina parameters, the visibility parameters
break down into two sets of three parameters:

The difference between visibility parameters 1 and 2 is the
increased risk in terms of the visibility being below precision
approach minimums due to reducing alternate airport requirements from
current values to those desired by the helicopter operators.

Comparison of visibility parameters 1 and 2 with 3 indicates
the amount of improvement in predicting visibilities below precision
approach minimums when visibility information is known at the
initial time versus no knowledge of initial visibility information.

Tre differences between visibility parameters 4 and 5 is the

increased risk in terms of the visibility being below non-precision
approach minimums due to reducing alternate airport requirements

3-4
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from current values to those desired by helicopter operators.

Comparison of visibility parameters 4 and 5 with 6 indicates the
amount of improvement in predicting visibilities below non-precision
approach minimums when visibility information is known at the initial
time versus no knowledge of initial visibility information.

3.1.3 Time Period Variations

Several of the selected operational parameters have a time period
specification between some initial time and a subsequent time. In
operational terms the initial time corresponds to the time that the
latest ceiling and visibility measurements were reported; and the
subsequent time refers to the estimated arrival time at the airport.
The time span between the initial time and the subsequent time is
equivalent to the age of the ceiling and visibiiity report p1us the
aircraft flight time.

Three time periods were utilized in the study, one, three, and
six hours. The one hour period corresponds to many helicopter
operations which are one hour or less in duration. The three hour
time period corresponds to many fixed-wing operations and an upper
limit for helicopter flights. The six-hour tim2 period is a typical
upper limit for fixed-wing operations. The one, three, and six~-hour
periods provide a reasonably broad spectrum of time periods in which
to evaluate ceiling and visibility characteristics.

- Four ceiling parameters and four visibility parameters are
affected by the time period between the initial time and the subsequent
time. These values are the conditional probabilities. Evaluating
these parameters at three time periods produced a total of twelve
visibility values. The remaining two ceiling parameters and two
visibility parameters are the unconditional probabilities. These values
are not affected by the period between the initial time and the
subsequent time. In total there were fourteen ceiling values and
fourteen visibility values produced for each airport used in the
analysis, or twenty-eight data values in all.

3.1.4 Averaging of Monthly and Daily Variatijons

The computational procedures for the ceiling and visibility
parameters produced data that had both hourly and moi.thly variations.
The source data is available for each month in both the packed uncon-
ditional probability tables and the persistency-probability tables. The
former data source had hourly data for eight, three-hour time periods
and the latter source has hourly data for twelve, two-hour time periods.

In order to reduce the amount of tabular output data, the monthly
and hourly data were averaged. The statistical mean value was taken as
the output of the probability analysis. This procedure reduced the
amount of output from any one station from 2688 values to 28 values in
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the packed unconditional probability cases and from 4032 values to 28
values in the persistence-probability case.

3.2 THE r2 MATRIX

3.2.1 Development of the Cumulative r2 Tables

Matricies of composite r? values were originally applied to ceiling
and visibility parameters by researchers at Saint Louis University.
Unfortunately, models usina these matricies proved to be unreliable
for ceilings and visibilities with a Tow probability of occurence, Methods
of reducing the variation in the r2 values when low probability situations
were encountered were examined. The most pronising method was the use
of cumulative probabilities rather than the cateqory probabilities Sshown
in Fiqures 2.1 and 2.2. The main drawback in this formulation of the
problem was that the data in the persistency-probability tables had tc be
reprocessed to a considerable extent. These procedures are outlined
in Appendix A.

A very limited amuunt of data and contract resources were available
to develop and utilize the cumulative r? tables. Only a limited amount
of persistency-probability data had been obtained to check the model
developed by SLU. This data, shown in Appendix B, was for Fairchild AFB,
Washington for the month of January.

It was decided to utilize this limited data to develop the cumulative
r2 procedure. Then, if this data looked satisfactory, validate the
procedure using unconditional probability data for Fairchild in January.
This obviously is not a completely satisfactory validation of the model as
geographical and seasonal universality is not tested. These tasks remain
to be completed.

The methods described in Appendix A were applied to the data contained
in Appendix B and cumulative r2 tables for Fairchild were devcloped.
Table 3.1 contains the cumulative r? values corresponding to ceiling data
and Table 3.2 contains cumulative r? values corresponding to visibility
data.

These cumulative r? values have correlation function characteristics
as was anticipated in Section 2.0. In no instances were negative r2
values obtained. Also small differences between the initial time and
and the subsequent time produce r2 values close tc unity indicating
high correlation. As the time interval is increased, the cumulative
r? values decrease indicating a reduction in correlation. These results
are reasonable when considering the correlation characteristic attributed
to the r2 parameter.

3.2.2 Validation of the Cumulative rZ Tables

In developing the cumulative r2 values, the cumulative conditional
probabilities were developed as part of the procedure. These values are
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Table 3.1 Cumulative r2 Value for Ceilings
(Values Multiplied by 100)
SUBSEQUENT TIME
INITIAL =R =B <=C =D g DIFFERENCE
TIME

74.22 2e, 3% PL1.71 a3.2% 92.59 1 HOUR

=A 4%, 32 72. 40 72, 04 22.27 24,72 3 HOURS
23.44 $2.7¢ &1.56 42,73 73. 14 & HOURS
9,23 72,7 23,21 P2.45 2. 20 1 HOUR

<=B 71.74& 42,10 74.07 81.44 84,04 3 HOURZ
52.97 47,74 s7.72 &7.07 74,07 & HOURS
1,42 27.790 24,41 87,326 91,72 1 HOUR

ag 77.%53 71.%6 49,02 75,04 21,46 3 HOURE
50,546 5%, 00 $3.54 $9.77 A7.72 & HOURE
21,54 N, &b 39,78 a%.12 20,09 1 HQUR

=D 1.0% 77.26 745,59 71.02 78,20 T HOURS
449,00 41,40 59,00 %6.77 42,28 & HOURS
F1.43 71.%6 2.9Q P2.37 25.12 1 HOUR

=g 23,12 31,09 32.47 31,47 49,43 3 HOURZ
L2728 48,40 48.41 &46.26 S2.97 & HOURS

Table 3.2 Cumulative r2 Values for Visibility
(Values Multiplied by 100)

SUBSEQUENT TIME

INITIAL <=A =8 (=C <=D mE DIFFERENCE
TIME
7%.22 24,37 91.14 P2.73 PL. 26 1 HOUR
<=A 37.00 43, 44 T2.08 74.39 24,70 3 HOURS

42,22 ALLSE 53,07 Sé. 27 67,19 & HOURS

54,72 7%.82 3%.295 22,09 ?4,9% 1 HOUR

B 51.72 ShH, B8 64,74 49.79 20.00 3 HOURS
43,74 41,90 44,33 Q.11 40,37 b HOURS

P10l z4,.71 79.17 22.38 Y2.13 1 HOUR

=Q 49,487 4£3.47  60.37 64.22 78. 43 2 HOURS
' 5.25 4%, 38 43,42 48,14 $7.27 4 HOURS
P2. 46 R7.51 21,92 20, 31 PO 1S 1 HOUR

Rl 72.47 67,47 £1,70 [cies- 72.9¢ 3 HOURS
58.44 47,30 4%.21 42. 04 TH.22 & HOURS

. A4 93,30 0,99 28.32 €2.50 1 HOUR

=€ 79,07 76,25 72.47 70.20 b6, 65 3 HOURE
64,32 5%9.10 TA.7Y 52.74 Tz, 44 & HOLIRS

.
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interpreted as follows:
P(CNiCat il Co < Cat j) and
P(VN_<_Cat k | Vg < Cat 1)

The prc.ability that the ceiling N hours luter will be less than or equal

to Category i when the initial ceiling is less than or equal to Category j;
and the probability that the visibility N hours later will be less than

or equal to Category k given the initial visibility is less than or equal to
Category 1. An example of this data is shown in Table 3.3.

The symbols in the left hand column refer to the cumulative categories
at the initial time. The symbols across the top row refer to the cumula-
tive categories at the subsequent time. The first table is for a one hour
elapsed time between the initial and subsequent time. The second and third
tables are for three and six hour periods. Examples of these data are:

The probability that the ceiling in one hour will be less than or

equal to Category B given the initial category was less than or equal to
Category C is 59.6%.

The probability that the ce‘ling in three hours will be less than
or equal to Category C given the initial category was less than or
equal to Category A is 87.0%.

Corresponding values for these conditional probabilities were
computed utilizing the unconditional probabilities and the derived tables
of r? values. An example is shown in Table 3.4. The format of this data
is equivalent to that of Table 3.3.

These values were calculated for each of the twelve periods and for
each of the 25 possible ceiling and visibility categories for elapsed
times between the initial and subseguent times of one, three, and six
hours. Differences between the actual data and that derived from the r2
tables were computed. The results of this comparison are shown in the
histograms of Figure 3.1 tkrough 3.6.

The histograms indicate that in most cases the differenc : between
the actual data and the derived conditional probability dat- was less
tnan 5 % and in the majority of the cases the differences . re less than
one or two percent. The histograms also show that the mode! is more
accurate for short periods between the initial and subsequent times than
for the longer elapsed times. The model appears to work about equally
well for ceiling and visibility.

Utilizing this validation information and the fact that the r2
tables had reasonable correlation characteristics, it was decided to

accept the validity of the cumulative r? tables until a more thorough
evaluation of geographical and seasonal effects was available.
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Table 3.3 Conditional Probabilities for Ceilings in January
Fairchild AFB, 00-01 Local Standard Time

(Values in Percent)

SUBSEDUENT TIME

INITINL = <rB e ol 1o} img
TIME
LmA 70.0 34.0 22,0 20,0 P7.0
=B 21.5 32,9 1.1 23.3 7.2
1 HOLR “nC 14,0 9.4 2.9 P39 °7.5
= 10,7 4%.7 TJO.R 1.4 7.1
=g 7.0 21.4 av, &4,0 29,0
INITIAL A B =g =D 2aE
TIME
<=A 43,0 22.0 27.0 2.0 P7.0
) -] 17.4& 71.2 28,7 2.0 P70
T HOURE (=(C 12.% <. ! .7 29.4 N2
=D 10. 4 44,7 47,4 29.4 4,1
=g 7.2 22.8 50,1 4.0 9.7
INITIAL TmA =B Tl =D mE
TIME
mA 41.0 45.0 7.0 22,0 92,0
T=R 17.4 9,4 7s.S 22, % 2
4 HOURE <=C 13.4 49,2 49,4 el.1 21,0
=D 11.3 42,1 41.2 77.7 20,90
P 3 7.2 1.2 42,2 £32,2 as.@

Table 3.4 Derived Conditional Probabilities for Ceilings in
January, Fairchild AFB, 00-01 Local Standard Time

(Values in Percent)

SUBSEQUENT TIME

INITIAL <=A <=B s 1% <=0 “=E
TIME
<A 7%.% WNQ.7 4,3 4.1 P72
=g 22,5 23,9 °2.4 %7 7.7
1 HOUR = 14.7 42.5 S#.9 3.9 7.0
<rD 11.0 47.3 72.9 1.4 P42
<= 7.4 2.4 T0.3 47.1 P4.4
INITIAL T=A =B <=C =D =g
TIME
= S92.2 72.7 0.5 0.5 ELYS-
=B 19.3 70.%5 22,9 e, %0
3 HOURS e 13,5 8. ¥ 7%.9% 84.7 D3, 4
=D 10.5 47.1 71,2 22,7 @201
=€ 7.3 33.4 %1.4 &7.1 9.0
INITIAL BT ) “rB Tl =D =g
TIME
“=A 37.4 £4,2 T3 83.4 .2
=B 12,0 40,3 72.9 22.1 3 -~
& HOURS  Z=C 14,3 S5 1 0.2 72,8 av.4
=D 11.3 45.9 44.3 75,7 7.
=€ 2.2 24,2 T1.2 440 34.2
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3.3 APPLICATION OF THE CUMULATIVE r2 MODEL

3.3.1 Development of the Operational Parameters

The cumulative r2 model is capable of developing conditional
probabilities of the type described in Section 3.3.2. These values
must be processed further to yield the operational parameters described
in Sections 3.1.1 and 3.1.2. The derivation of this relationship is
presented in Appendix C. The relationship uses cumulative conditional
probabilities and cumulative unconditional probabilities.

3.3.2 Selection of Representative Weather Stations

The cumulative r? model was used to determine conditional probabili-
ties that were to be used in the relationship of Appendix C to develop
operational parameters relevant to the alternate airport problem.

From the large set of weather station data in Reference 1, twenty-
five were chosen for determining operational parameters. About half of
the stations were chosen on the basis of their locations being near known
active helicopter operational areas: East Coast, Gulf Coast, West Coast
and Appalachian Areas. The remaining stations were chosen to give a
balanced geographic.l representation of the operational areas. A map
of the twenty-five station locations is shown in Fiqure 3.7.

3.3.3 Analysis of the Operational Parameters

The twenty-eight operational parameters discussed in Section 3.1.1
and 3.1.2 were computed for each of the twenty-five weather stations.
The results are presented in tabular form in Appendix D and are presented
graphically in Figures 3.8 - 3.12. In the figures the cities are pre-
sented in order of increasing percentage of ceilings below 1000 ft. The
lines connecting the city data are of no significance other than to aid
in the graphical presentation of the data. 1he shaded areas in the graphs
indicate a consistent pattern of slightly increased risks of low ceilings
and visibilities in going from current alternate airport requirements to
the reduced requirements desired by the helicopter operators.

The graphs also indicate significantly increased chances of low
ceilings and visibilities occuring if the time duration between the
initial time and subsequent time ?which can be interpreted as the age
of the weather report at the destination plus the flight time) is large.
Generally the occurence of low ceilings and visibilities for a one hour
period using regulations proposed by the helicopter operators carries
less risk than a three hour time period under current requlations. This
result would tend to indicate that a relaxation of the alternate airport
requirements for short duration flights would carry about the same risk
of low ceilings and visibilities as longer flights under current regula-
tions. Thus a sliding scale of increasing alternate airport requirements
with increasing flight duration would tend to even the risk factor
associated with ceilings and visibilities lowering to values less than
approach minimums.
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3.3.4 Summarization of the Operational Parameters

In order to summarize the results of the twenty-five station study,
the statistical mean values of the twenty-eight operational parameters
were determined. These results are shown in Figures 2.13 and 3.14,

As expected, these graphs show increasing risks of ceiling and visibility

deterioration as the aircraft flight time increases. The shaded areas
in the graphs represent additional risks in reducing alternate airport
requirements from the current rules to those proposed by helicopter
operators.

Three of these risk plots show that the risk at three hours under
the proposed rules s about the same as the risk at six hours under the
current rules. The fourth risk plot, the precision approach ceiling
case shown in Figure 3.13, shows the risk at four and one-half hours
under proposed rules equaling the risk at six hours under the current

rules.

These summary curves indicate that the proposed alternate airport
requirements tend to increase the risk of ceilings and visibilities
dropping below the specified precision and non-precision approach
levels during the flight. By limiting the flight time to which the
reduced requirements apply, the risk can be minimized, however.

3.3.5 Candidate Alternate Airport Rule

Based on the preliminary results from this investigation of
climatological data, the rule pertaining to the requirements for
alternate airports in the IFR flight plan could be modified.

CURRENT REGULATION

GENERAL AVIATION

§91.83 Flight plan; information required.

(a) Information required. Unless otherwise authorized by
ATC, each person filing an IFR or VFR flight plan shall include
in it the following information:

(3) In the case of an IFR flight plan, an alternate airp.rt,
except, as provided in paragraph (b) of this section.
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'b) Exceptiong to applicability of paragraph (a)(9) of this
section, Paragrarh (a)(9) of this gection does not apply if
Part 97 of this subchapter prescribes a standard instrument
approach procedure for the first airport of intended landing
and, for at least one hour before and one hour after the
aatimated time of arrival, the weather reports or forecasts
or any combination of them, indicate--

(1) The cetling will be at least 2,000 feet above the

airport elevation; and Section
(2) Visibility will be at least 3 miles. to be
(») IFR qlternate airport weuiier minimims. Modified
o
o
o

CANDIDATE MODIFICATION

(1) For flying times of £ hours or less (at norm l cruising
speed, in still air) -

(1) The ceiling will be at least 1,000 feet above the airport
elevation; and

(1.2) Visibility will be at least 1 mile.

(2) For flying times greater than & hours -

(2) The ceiling will be at least 2,000 feet above the airport
clevation; and

(i) Visibility will be ct least 3 miles.
(c) 1IFR altermate airport weather minimums.
o

CURRENT REGULATION
AIR TAXI QPERATIONS

§135.223 IFR: aliernate airport requirements.

(a) Except as provided in paragraph (b) of tiis section, no
person may operate an atrcraft in IFR conditions unless it
ecarries enough fuel (considering weather reports or
forecasts or any combination of them] to-

(1) Complete the flight to the first airport cf intended
landing:

(2) Fly from that airport to the altermate atirport; and

(3) Fly after that jor 45 minutes at normal eruising speed.

(b) Paragraph (a)(2) of this section does not apply if
Part 97 of this chapier prescribes a standard instrument
approach procedure for the first airpori of intended landing
and, for at least one hour Lefore and after the estimated
time of arrival, the appropriate weather reports or forecasts,
or arny combination of them, indicate that-
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(1) The ceilling will be at least 1,500 feet above the
lowest eirceling approach MDA; or

(2) If a cireling instrument approach is not authoriaed
for the airport, the ceiling will be a* least 1,500 feet
above the lowest published minimum or 2,000 feet above the
atrport elevation, whichever ig higher; and

(3) Visibility for that airport ie forecast to be at least
three miles, or two miles more than the lowest applicable
visibtlity mintimums, whichever ie the greater, for the
instrument approach procedure to be used at the destination
atrport,

CANDIDATE MODIFICATION

(1) For flying times of 2 hours or less (at normal
cerutsing speed, in still air) -

(1) The ceiling will be at least 750 feet above the
lowest circling approach MDA; or

(i1) If a cireling instrument approach is not authorized
for the airport, the cetling will be at least 750 feet
above the Lowest pubiished minimum or 1000 feet above the
atrport elevation, whichever is higher; and

(iii) Visibility for that atrport is forecast to be at
least one mile, or one-half mile more than the lowest applicable
visibility minimumg, whicliever is the greater, for the
instrument approach procedure to be used at the destination
atrport.

(2) For flying times of greater than 2 hours -

(i) The ceiling will be at least 1,500 feet above the
lowest cireling approach MDA; or

(1) If a circling instrument approack 18 not authorized
for the airport, the ceiling will be at least 1,500 feet

‘ above the lowest published minimum or 2,000 feet above the
: airport elevation, whichever is higher; and )

(111) Visibility for that airport is forecast to be at
least three miles, c¢r *wo miles more than the lowest
applicable visibility minimums, whichever is the greater, for
the instrument approach procedure to be used at the destination
atrport.

|
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4.0 PREL IMINARY CONCLUSIONS

The data developed during this study effort are based on the
cumulative r2 model of conditional probabilities. Since the model
has not been validated for gecoraphical and seasonal universality
the results can only be considered as tentative. Consequently, the
conclusions reached at the close of the study have been identified
as beirg preliminary.

1. The cumulative r2 conditional probability model
represents a suitable method for developing a
data base for the alternate airport problem.

2. Reducing alternate airport requirements
increases the risk that weather at the
destination airport will be below ceiling
and visibility minimums for precision and
non-precision approaches.

3. Given that no alternate airport is required in the IFR
flight plan the probability that the destination weather
will deteriorate below precision and non-precision
approach minimums increases as the duration of the
flight increases.

4. Any reduction in alternate airport requirements should
be offset by limiting the duration of the flights for
which the reduced requirements apply. It is recommended
that reduced requirements only apply to flights whose
flight time is two hours or less.
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APPENDIX A
THE CUMULATIVE r2 MODEL

This section contains a description of the methods employed in
the development of the cumulative r? tables.

The following terminology is used in this development:

P(C <b) =P(C=a@®b) =P(C=a)+ P(C=h)
where ® implies a union of sets
Or stated in textual terms:

The probability that the ceiling C is less than or equal to
Category b is equal to the probability that the ceiling is in
a or Category b which is also equal to the probability that the ceiling
equals Category a plus the probability that the ceiling equals Category
b. This statement is true because the categories are mutually exclusive;
that is, if the ceiling is in Category b it can't be in Category a or
vise versa. This fact holds for all ceiling categories and all
visibility categories.

As an aid to understanding the procedures for developing the
cumulative r? values, the data from Figure A.1 is used for sample
calculations. In order to develop cumulative probabilities, the
following procedures were utilized:

1. The cumulative unconditional probabilities for the
initial time are computed from the categorical
unconditional probabilities shown at the bottom of

Figure A.1.
P(Cq =a) = 4.4 P(Co=a)= 4.4%
P(Co = b) = 14.7% P(Cg < b) = 19.1%
P(Cp = c) =11.0% P(Cp < €) = 30.1%
P(Cg = d) = 10.5% P(Cqp < d) = 40.6%
P(Cy = e) = 20.8% P(Co < e) = 61.4%
P(Cy = f) = 38.6% P(Co < f) = 100.0%

2. The cumulative conditional probabilities at the subsequent
time for each initial category are developed from the
conditional probabilities for each category:

A-1

PSP



E !
; {
L W
. i
SLORAL L IMATILOOY BRANCH ZTATION 2111 § :
LEAFETAC FAIRCHILD AFB WA ,3, ;
AIR WENTHER ZERVICE/MAL FOR A/AD-% 9% ;%
HOIR  OO0=01 L2T ’
CEILING CATEGORY HOURS SURIEQLENT
INIT Sues ! x 3 1 5 % 4 1% 1E 24 o3& At j
A A 70 1 4z 40 oty 11 20 12 % ) 20 10 12 ;
B & gy il 37 2 29 2 & e 12 1% 2?2 1% i
o pus 151 5 7 10 2 k) 13 10 17 & pd 1 j
1 Z & S 4 s b 10 11 12 & < 1%  §57 5
g el 3 < ki 12 11 10 11 12 a3 23 3 g T
F 2 4 4 4 q A 20 o3 fes s g} o7 I 4 ;
JBeS a2 a2 22 22 22 22 2 az 22 22 32 22 2 e }
E [ 7 k4 10 9 10 10 & kg = b-] T 3 & iﬁ
E 7% %4 o2 54 A2 4:2 34 2% 21 20 2 e 20 =
[ 10 12 1& 12 12 17 19 s 13 i1 13 17 11 i,
o 2 7 2 7 R @ 12 12 11 10 7 1z 12
E E < 7 Po® 12 1% 14 16 14 20 1B
F 2 3 2 5 b & 14 12 32 22 272 27 a2 )
RS 273 272 272 27 272 27 O272 27 27% 27 273 27%  27%
C A 1 3 ] b1 7 7 2 1 2 2 & 2 &
B 13 21 24 22 2h 24 -1 17 1% 14 & g 14
D [ S1 44 Lt 30 27 peec 20 13 17 17 17 12
D o 12 14 1% 20 1= 17 2 12 11 k] 13 12 )
E 3 2 7 1 11 2 12 20 0 12 17 22 puocy :
F 2 T 7 7 2 10 ] 20 22 ok 5 g 31 %
[l - X 208 205 20% 20% 205 20% 205 20T 20%  20% 208 0% 20% i
I3
] A 1 4 b & -] -] L} 2 1 3 2 0 1 :
B ] 2 10 12 17 17 2 14 10 14 132 173 1= T
[ 12 15 12 24 Pl 19 z 1% 2 12 14 11 14 4
n L 2 a1 20 27 2 12 2% 24 14 17 17 - t
£ 11 1% 17 17 14 12 12 12 2 14 22 22 19
F 1 7 2 11 & 12 20 % 21 2% 31 22 o i
0 19% 1ES 19T 19T 19% 1ME (9% (D 19T 19% 1T 195 19T
g A o 0 1 1 2 1 < 0o 1 2 2 1 3 3
13 1 7 7 7 2 o P & b 2 12 10 1T H
[ 3 & 3 10 12 12 14 14 2 10 ? 11 10 B
o] & i1 12 12 13 12 14 19 17 1z 12 1% o :
£ 41 £Q T2 49 s 43 2 Py 30 24 24 2 et i
F - 14 19 21 o2 2 30 % 3% at 7 41 a1
[l =R MIT W7 IITOBRT O OIRT W7 OZR7 AT 2@T7 F2RT7 3R7 23T 27
F A 1 H 1 2 b 3 2 1 1 2 3 t z
B 2 3 b ? 3 1 2 & b 2 & 2 j
[» 1 2 < 2 2 > “ 7 7 K R4 1z 12
al 1 1 2 o o 1 7 @ 10 G ] 14 &
E £ 10 1% 1% & 17 17 % 2 21 1% 1%
F 20 23 77 72 -3 X ) A0 S ki 52 0 kg A%
[ 234 718 748 71e¢ 712 71z 712 712 71& 71 713 71& 71z 7

INITIAL CATEGORY
PERCENTAE
TOTAL OB

Figure A-1

ALL A
100,0 4

. A
1240 by

w

14,7 1

272

[
1.0
0%

D
10,8
1?3

Ceiling Conditional Probability

Washington

A-2

20.& i)
27 718

Tables for Fairchild AFB,




P o e T oy N R R a1 L . B 5
L e PR TR T TR AR PEPEHTINE S e TR L apens

L P(Cy = a|Cqy = a) = 70% P(C1 = al|Cp = a) = 70%
, P(C1 = b|Cy = a) = 16% P(C1 < b|Cy = a) = 862
‘ , P(CL = c|Cy=a) = 2% P(C1 < c|Cq = a) = 88%
! P(C; = d|Cp =a) = 2% P(Cy < d|Cy = a) = 90%
| ' P(C: = e[Cp=a) = 7% P(C, < e|Co = a) = 97%
P(C1 = 7€y =a) = 2% P(Cy < f|Co = a) = 99%*
*Round off error in table causes the sum to be slightly less than 100%.
P(C, = alco =b) = 7% P(Cy = alco =b) = 7%
P(C, =.b|Cy = b) = 75% P(Cy < bICo = b) = 82%
P(C, = ch0 = b) = 10% P(Cy < cl|Cy = b) = 92%
| P(Cy = dlco =b) = 3% P(C; < dlco = b) = 95%
y F(Cy = eIC0 =b) = 3% P(C; < eICO = b) = 98%
T P(C; = flCy =b) = 2% P(Cy = fCy = b) = 100%
E and so forth through P(Cy < f|Cp = f). The results of this
f step are shown in the matrix in Table A.1.
] 3. Compute or otherwise determine the cumulative unconditional
| probability values at the subsequent time. This step may
be achieved utilizing tables for subsequent time periods
or the values may be computed as follows:
The unconditional probahility that the ceiling is in
Category a at the subsequent time is the sum of the joint
probabilities that the ceiling at the subsequent time is in
A Category a and the cetling at the initial time is in each
of the six ceiling categories.
Table A.1 Intermediate Cumulative Probability Table
(Percent)
INITIAL CUMULATIVE SUBSEQUENT CATEGQRY (C1)
CATEGORY(Cq) (= <B <C <D <E <!
=A 70 36 88 90 97 99
=B 7 82 92 95 98 100
=C 1 19 85 94 97 99
=D 1 6 19 85 96 100
=E 0 7 16 91 100
=F 1 4 5 N 101
*This category should equai 100%. Variations are due to
‘ roundoff error.
| A-3
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P(C. =a) =P(C, =a®Cp=a) +P(C; =a@®@Cqy=0b)
#(C; =a®Cy=c) +P(C; =a®Cy=d)
+P(C; = a@®Cy=e) +P(C =a@Cy = f)

The joint probabilities can be computed from the conditional

probabilities by using the following relationship: N

P(C, =a®co=a) = P(C; = a|Cp = a) P(Cp = a)

P(C; =a@®Cqy = b) = P{C; = a|Cy = b) P(Cp = b) o
L
[ ]
d :

P(C, =a@®Cy = f) = P(C, = alCy = f) P(Cy = f)

or P(Cy =a) =P(C; = ¢(Cy=a) P(Cy=2a) +P(Cy = alCy=b) P(Cy = b)
+P(C1 = alCo = C) P(Co = C) + p(CI = aICO ke d) P(CO ¥ d)
+(Cy = a|Cy = &) P(Cy = e) + P(C = a|Cy = f) P(Cy = f)

and similarily,

P(C; <b) =P(C; = b@®Cy=2a) +P(C; <bDCy = b)
+P(C, <b®Cg=c) +P(C; <b@Cq = d)
+(Cy < b®CO = @) + P(C; < b@CO = f)
or P(C; <b) = P(C; < bICO = a) P(Co = a) + P(C, < bICO = b) P(Co = b)
+P(C1 =< blCo = C) P(CO = C) + P(Cl < b, CO = d) P(Co = d)
+P(C; < b|C0 = e) P(Co = e) + P(C, < b| Cp = f) P(Co = )

Similarily, the unconditional probabilities P(C; < c), P(C,< d), etc.
can be computed from the conditional probabilities and unconditional
probabilities for the initial ceilings, Co-

From Table A.1 and the data from Step 1 example computations for
P(C, = a) and P(C, < b) are as foliows:

P(C, = a)=.70 » .044 + .07 » .147
.00 % .208 + .01 » .386

P(C; < b)=.86 » .044 + .82 » 147 + .19 » .110 + .06 « .105 +
.04 » .208 + .03 » .386 = .2054 = 20.5%

+

01 » .10 + .01 » .105 +
L0471 = 4.7%

*»
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The unconditional probabilities for C, are as follows:

P(C, =a) = 4.7%

P(C, < b) = 20.5% .

P(Cy <c) = 31.7%

P(C; < d) = 42.4%

P(C, <e) = 62.6%

P(C, < f) = 100.2% (100.0 %)

4. It is now necessary to determine the cumuiative conditional
probabilities.

P(C = a|Cq = a) P(C< b|C0 =a) o e o P(C < F|Cy=a)

P(C =alCp <b) P(C<bjCy<b) o o o P(C <f|Cp<b)

P(C =alCp<c) P(C<bjChcc) o o o P(C <f|Cy<c)

. H °
P(C = alco < f) P(C _<_.b|C0 <f) o o o P(C < flco.i f)

These values are

computed from Table A.1 as follows:

The first row remains intact as these values are the required

conditional probabilities.

The second row requires these computations:

P(C, = alCy < b) = P(C; = a®Cq < b)

Similarily

P(Cy < b)
=P(C, =a@®Cqy=12a) +P(C, a®Cy =b)
P(Coi b)
= P(Cy = a|Cy = a) P(Cy = a) + P(Cy ~ alCp = b) P(Cy = b)
P(Cy = a) + P(Cy=b)
P(C; < bJCy < b) = P(Cy < b|Cy = a) P(Cy = a) +P(C, < bJCy = b) P(Cy = b)

P(Cy = a) + P(Cp = b)

P(C1_<_ b|C0 < C) = P(C1 _<_b|CO = a)P(CO =a) + P(Cl f_b|co = b) P(CO = b)

+ P(C; < b|Cy =c) P(Cy=c)

etc.

P(Cy = a) + P(Cp = b) + P(Cy =¢)
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These conditional probabilities are shown in Table A.2.

Table A.2 Cumulative Conditional Probability Table

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (Cy)
INITIAL (Percent)
CATEGORY(CO)
= A <8 <C <D <E <F*
= A 70.0 86.0]88.0 |90.0 [97.0 | 99.0
< B 21.5 82.9191.1 [93.8 |97.8 }99.8
<C 14.0 59.6) 88.9 |93.9 |97.5 |99.5
<D 0.7 45.7170.8 191.6 |97.6 | 99.6
< E 7.0 31.6149.2 | 66.0 |95.0 |99.7
< F** 4.7 20.5) 31.7 [ 42.4 |62.6 N00.2

*with no round off error this column would equal 100% for all entries.
**This row is the unconditional probability values for C; since CO is
less than or equal to Category F with unity probability.

5. It is now possible to use equation§ (16) and (17) from Reference 1,
to solve for an r2 table using the data shown in Figure A.1.

r2 = P(C; < X|Cg < ¥) = P(Cy < X) for P(C < Y)< P(C1c X)  (A.1)
1 - P(C; < X)
r2 = P(Cy < X[Cy < ¥) - P(Cy < X) for (P(Cy < )5 P(Cy <¥) (A.2)

P(C,

iA

X) (17 (P(Cy < ¥) -1)

These computations are as follows:
for C = a, CO = 3
P(C: = aICO = a) = ,70; P(Cl = a)

.047; P(Cqy = a) = .044
Therefore using Equation A.1: r2 = .70 - .047 = .685
1 - .047
for C; <b, g = a
P(C, < b|Cq = a) = .86; P(C, <b) = .205; P(C0 = a) = .044
therefore using Equation A.1: r2 = .86 - .205
I - 3205

.824
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for C; = a, CO <b

P(Cy = a|Cy < b) = .215; P(Cy <a) = .047; P(Cg < b) = .191

Therefore using Equation A.2: r2 = ,215 - ,047 = .842
.047(1/.191-1)

The table of r? values for the data shown in Figure A.1 is presented
in Table A.3.

Table A.3 Table of r2 Values for Fairchild AFB, Washington
January - (00-01 LST) (value Times 100)

INITIAL SUBSEQUENT CATEGORY (C;)
CATEGORY
CO =A <=B <=C <=D <=k
=A 68.5 82.4 82.4 82.6 92.0
<=B 84.2 78.5 86.9 89.3 9.0
<= 85.1 81.8 83.7 89.4 93.3
<= 86.2 83.7 84.1 85.4 92.3
<=E 78.8 85.4 87.4 83.2 86.7

A-7
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APPENDIX B

PERSISTENCY PROBABILITY TABLES FOR FAIRCHILD
AIR FORCE BASE, WASHINGTON FOR JANUARY

The following pages contain the persistency probability tables
(conditional probabilities) for Fairchild Air Force Base, Washington.
The data in percentages are of the form:

P(CN = X'CO = Y)

The probability, that the ceiling is in Category X in N hours
(Cy) given that the initial ceiling (Co) is in Category Y; and

P(Vy = U|Vg = W)

The probability that the visibility is in Category U in N hours
(VN) given that the initial visibility is in Category W.

The initial Categories, A-F for ceilings and J-0 for visibilities,
are in the far left column labeled INIT. The subsequent categories N
hours later are located in the second column labeled SUBS. The hours,
N, are found in the first row and head each of thirteen columns.

Unconditional probabilities for each category are found in the
table at the bottom of the page. The rows labeled 0BS refer to the
number of observations that are used to determine the probability values.

The ceiling categories are:
= less than 200 feet

= 200 feet - 499 feet

500 feet - 999 feet

= 1000 feet 2999 feet

= 3000 feet - 9999 feet

= 10,000 feet and greater

m Mmoo O o >
"

The visibility categories are:

= less than 0.5 mile

= 0.5 mile but less than 1.0 mile

= 1.0 mile but less than 2.0 miles
2.0 miles but less than 3.0 miles
= 3.0 miles but less than 6.0 miles
= 6.0 miles and greater

o2 I X o
u
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0BT 347 347 147 347 247 17 247 147 247 347 3a7

F oA 0 D 0 O Q 1 { z z K 1 z >
2 t 1 o 2 2 E] b = ] 2] ? 11 10
C 1 1 1 1 1 2 ] 4 7 gl 1z 2 13
b 2 4 2 4 s 4 7 7 7 % g1 0 g
E 7 L0 13 14 17 17 19 0 T 20 |- S 1
F 20 22 o3 | 77 74 72 X £0 =3 =0 a2 a7 a4z
OB 714 714 714 714 714 714 714 714 YA 7i4  Ti4 714 1A

INITIAL CATEGRY ALL

A B o ) E F
FERCEMNTARE 100, 0 N 1204 14.2 2.0 12.7 a4
TATAL LIRS 1260 o2 pasdc 2e8 o2 347 714
7
B-12
il
. v
i . T = J ; ).‘ Y =;
!
L . o - o e e ,‘__..__.‘4__.__-._._“.__.__‘—'-_—-—:
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VISIRILITY CATEGORY

INIT =Bz H
o ] 31
LN 1%

L 11

™ 3

N 3

[ 2

[} -] 124

4 o 10
v 37

L 22

™M 10

] 17

[l S

ops 120

L Wl 3
[ 12

L 36

M 1?

N 20

o 10

[w] -3 194

™ ! [a]
d 10

L 19

[ 2

M ead

0 10

Qs 23

N ‘-! 1
8 2

L 2

M K3

N o2

[a) 20

g3 220

[u] Jd (4]
[ )

. 1

M 1

N 2

[n] nY

oBE 1135

INITIAL CATEGORY
PERZENTAGE
TOTAL QB3

CONDITIONAL CLIMATOLOGY
MONTH JANUARY

HOUR  10-11 LET

WIND SECTOR ALL

HOURS SUBSEQUENT
= 3z 4 % & 9P 12 1% (2 24 2¢& 48
43 42 36 38 24 3 34 3% 21 2% 19 1i
1= 10 10 8 P 7 13 1% 12 (4 7 7
13 14 11 10 11 13 0 2 3 12 & 19
100 & s & S 7 1 B S 1 s
10 12 12 1% 18 10 2 7 1} 7 14 12
v 1% 0 24 2% 2% 3 21 2T 2 SIS0
120 124 134 124 134 134 124 134 134 134 134 134
1z 10 % 11 11 13 12 12 12 10 10
2 22 220 11 12 8 & & 10 7 3 S
20 17 16 17 15 20 12?9 11 2 10
1 s 4 3 ¢ 3 2 7 3 0s 1 1
12 23 22 22 21 17 13 1:x P 1% & 13
15 22 22 32 2% 42 S3 %3 57 43 &S S@®
120 120 120 120 120 120 120 120 120 120 120 120
& & & % % 2 10 12 11 23 7T 3
e w0 & & 8 & 2 4L & & 9 4
22027 21 17 te 12 1t 19 10 11 12 11
13 & & 7 12 % & & = =2 s 2
23 12 20 22 1% 16 13 13 7 21 10 2
12031 26 41 44 T2 ST 2 S7 42 %z Sy
154 154 154 1%4 1T4 154 154 154 154 154 154 194
2 &4 2 % z 7 & 2 8 10 & 12
7 10 12 7 8 3 10 11 3 10 7 D
19 17 12 12 16 14 13 10 42 12 12 1%
7 & &4 12 13 2 4 7 S 7 2 &
4% 4y 3 2% 22 14 7 7 8 22 13 17
14 22 3% 29 2% %2 %% S7 S8 39 S 42
23 &¥ 83 €3 83 83 €3 83 83 33 83 83
1 2 1 2 & 7 2 14 14 % 1 Y4
R e 7 a 7 7
1110 % 10 2 14 $ 2 10 12 3 13
: 2z 2 3 : 4 3 % =z S 4 ?
3 02 24 22 20 1% 12 11 14 22 10 14
a7 =e oy &7 57 97 %3 sS4 %2 AT 42 S0
230 23¢ 230 230 20 230 230 220 230 230 230 230
) 1 1 0 1 2 2 s & & =5 &
1 1 1 2 2 2 2 z s s & &
1 2z 2z oz oz 4 5 & & 0w &
1 1 1 1 1 2 2 2 2 a4 2 a4
4 =% % s £ & & & 7 @ T {0
P2 91 w0 29 23 36 32 7% IS 72 77 4R
1137 1139 §1139 1139 1139 1129 1129 1139 11239 1139 1129 1137
ALL J K i M N 0
100,0 7.2 4.5 2.2 4.5 12.4 &1.2
1860 124 120 1%4 23 230 (129
B-13

PN

e s

SR

s Yt
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GLOEAL CLIMATOLOGY BRANCH STATION 24114
/ USAFEYAC FAIRCHILD AFR WN
AIR UEATHER TERVICE/MAC FOR &/749=%770
HOUR  12-13 LET
CEILING CATEGORY HOURS SUBZEQUENT
! INIT SUES i 2 3 4 -] & ] 12 1% 12 24 24 42
A A 42 &3 S% 3% W 22 24 22 42 I 24 2 12
B 24 3 29 2 7 2™ 2% 29 2 4% 27 2% Ik
r 3 s 0 2 % 2 2 ] s 3 s 12
: ) s 3 2 s 3 s & & 11 o0 4 12
£ o o 3 3 3 2 12 1s = b 12 1t
F k] (o] s 13 13 o1& 121 14 & 12 24
) RS 22 2@ ! R 2@ 3@ 2@ 32 22 2 3
; B A 1 & g 10 10 10 12 11 b 7 2
N B 70 %®& 42 2% 3@ 44 ¥ 3% 3% 2t = fed | 14
) L 20 24 23 22 2 17 12 14 14 1T 21 14 13
{ 0 = 9 11 12 10 % 0 13 12 12 1% 11 13
' E 1 2 7 @ a ] & 7 10 14 12 33 27
; F 2 2 g 11 11 12 13 1?2 12 16 2 2 2
ORS 219 219 219 219 219 219 219 219 2% 219 19 219 219
’ A 1 2 2 2 3 2 = ¢ < ] 2 4 2
} B 10 12 1% 17 18 24 29 29 28 0% 12 23 12
| » 641 44 34 2P 22 2% 16 13 15 2 22 2 2
D 14 22 23 17 1% 13121t 12 17 14 1 17
E & 2 10 1% 1& 2§13 12 17 12 14 20 02
F 7 1t 17 18 18 22 2 2 22 20 2w 31 27
QBS 249 249 24§ 242 249 249 249 247 249 249 219 249 247
D A Y] 1 1 ) 1 1 3 4 & ] 2 s 2
B i ] & 7 P10 12 18 21 2 12 1% 12
I 12 12 12 17 18 18 1%  t& 14 13 12 14 14
D 4% 4% 43 27 20 2 2 19 17 18 20 2 1%
€ 14 2 W 19 20 2 22 20 17 i1 0 1& 2%
£ S 13 15 2 2 2 2 2 2s 2 22 3% 4
OBS 274 27& 276 27& 274 276 27A 276 274 276 276 2745 274
E N ) o] 0 1 1 1 2 2 3 ] 4 2
; B 1 2 4 & 7 7 10 14 14 15 1z
c 2 2 s 7 el 3 2 11 11 1% 12 12
] 16 14 14 12 1T 1% 13 tc 10 & 7 1%
€ 764 &1 B2 a3z 4 33 28 3¢ 21 0 23 19
F s 18 2% 27 0 31 29 3 2% 71 ® v
OBS  2¢7 D247 27 247 247 34T A7 LT 367 3T ma? 7 M7
F A O 0 o ") ) 1 1 1 - = 0 3 1
B i 1 2 2 2 3 4 ] 2 11 3 & 2
[l [a) O ) 1 ] 2 4 & L] 10 11 = 11
n 1 2 2 2 2 2 & & ? 2 11 10 14
E 7 13 1% 1% 17 12 19 21 17 21 te 21 ig
F PO 34 31 7O T4 71 &4 L0 5% 43 SO 4% a9
OBS 741 T11 711 711 741 71 711 71 711 71t 711 7t 71y
INITIAL CATEGORY ALL A 3 [ 2} £ F
PERCENTAGE 100,0 2.0 11.&  13.4 14,8 19,7 z@.2
i TOTAL OBS 1240 33 g ) 249 274 367 711
B-14
1

e e e T
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e

e

Al et A Vg o
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VISIBILITY CATEGQRY

INIT sues 1

N J 73

4 11

L 4

M 2

N S

[l )

- 13 7

¥ N 10

K 4%

L N

M 2

N 10

Q )

0BS 24

L J 3

¥ 13

L 43

M 10

N 1%

0 10

- 183

M J ]

K 13

L 21

[ 146

N 31

0 18

oBsS &7

N J 1

¥ 2

L &

L] &

N =19

0 28

fal 33 2234

0 J 0

K 0

L 1

M o}

N 3

0 ?6

0Bs 1221

WWITIAL CATEQGORY
FERCENTAGE
TOTAL' ORS

PRI a s~ - -

2 3 4
b1 42 41
14 11 14

? & 7

1 & 3

? 18 19
10 10 15
97 7 97
12 12 17
2% 20 17
30 20 14
10 4 10
12 21 13
12 21 30
24 4 &4

4 s .3
17 10 19
20 29 24

9 12 13
18 16 1?
22 22 22

145 143 143

1 A 2
12 12 14
19 18 13

P ? <
30 24 1%
27 2 323
&7 &7 46

1 2 3

a3 L} 2

7 10 14

] 7 &
44 3¢ 30
32 42 43

236 234 23S

(o] ] 1

1 1 1

1 1 2

1 1 1

4 3 S
3 21 39

1231 1231 1231
ALL o
100,0 S.2
18460 *?7

. TR &R e

CONDITIONAL CLIMATOLOGY

HOURS SUBSEQUENT

S

44
12
10

3
11
19
97

14
15
12
S
11
37
24

2
L}

o2

14
14
34
143

& ® 12
43 33 3%
4 11 1
14 12 [
] < 1
7 11 10
23 30 2
b4 a7 *7
17 13 2%
3 14 10
1% 14 7
S Q 0
19 3 3
34 30 49
-1} 24 sS4
19 1 14
S 10 S
20 17 17
2 2 10
13 10 7
N 44 44
145 145 14%
L] 1S k4
10 12 7
24 ? 19
q 7 L
21 10 10
34 44 49
67 &7 &7
s ® 11
7 a &
12 10 2
3 S &
2 17 12
50 S0 S
2346 236 23
2 3 9
1 3 2
2 2 4
1 2 Q
& & &
37 34 30
1221 1231 1231
L M
7.8 3.4
145 &7
B-15

MONTH JANUARY
HOUR 12-13 LET
WIND SECTOR ALL

15 12 24 1.3
339 24 1 12
18 14 4 L}
S q 11 19
-] & 7 S
2 3 14 11

2% 23 a4 =2
97 g 7 7

18 20 z 1%
10 ] 2 10
i1 1% 12 2
2 1 4 &
11 10 20 ?
49 49 43 54
&4 24 24 84
11 12 ? 13
? 10 4 &
14 < 11 @
& s 7 3
11 » 14 2
S0 56 T2 3
145 145 145 145
12 10 4 12
& 10 7 7
® 12 10 12
7 3 3 1
15 12 pud] ?
51 52 42 w2
&7 &7 &7 &7
3 12 4 11
i2 g 7 10
7 11 10 7
3 ] 4 k.
14 12 29 ?
57 2 4% =7
2346 136 26 23
& 7 = 7
& & 4 q
) ) & 3
2 2 2 3
7 7 @ 4
74 71 7% 7%
12331 1231 1231 1221
N Q
12.7 &4 2
236 12

>
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O ifes  o-
NN R e NN
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S4IDARAW

LY, Kod

LN O ]

2

23

W N &

10
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GLOBAL CLIMATOLOGY BRANCH
USAFETAL
ATR WEATHER ZERVICE/MAC

CEILING CATEGQRY HQURS SUBZEQUENT

INIT suBs 1 3 4 s & @ 12
A& A 79 %2 49 2 2 W 3T O3S
- . 22 40 2! 2% 2
< b4 2 2 P ° ? b4 7
D 0 o 2 ] L] 7 ] 14
E 2 s ] 7 ] 12 12 s
F s ? @ ° ] @ 12 14
RS 42 42 43 43 42 43 43 a2
B A % 7 2 e 7 & 11 12
B &9 T S0 T4 S% %2 47 41
c 12 14 21 17 1& 12 14 13
o} ) 2 2 P 7 7 2 2
E 2 s b q ] -] & 10
F & 11 ? 2 ] 11 12 1&
QRS 17% 195 19% 195 19% 195 195 9%
T A 0 1 2 2 4 s 2 =
B 14 20 3% 20 2 26 4
o &40 848 23S 2 2% 22 20 17
o] 13 14 15 14 11 12 12 1%
E ? 11 2 10 12 11 2 11
F 4 E-] 10 14 17 19 2 23
0BE 218 215 216 216 216 214 216 214
n A O 1 1 1 ] 2 4q &
B 4 ] 3 10 12 12 I
< 7 17 21 19 17 18 19 14
D &9 48 34 2% 2 24 27
£ 12 14 12 1® 18 14 17 14
F 2 15 18 tv 22 2 22 2
OBS 249 249 249 269 2V 249 269 2249
E A Q 1 1 1 1 2 2 2
B | 2 3 ] 7 e 11 14
2 2 & 2 3 k] 3 P 10
D 4 11 12 12 10 11 11 10
E 72 %9 = 44 L a0 2= M
F 1% 21 o% ? 3 3 32
ops 403 402 403 403 403 403 403 403
F A Q 0 0 1 1 1 1 z
B ) 0 1 2 3 ] 4 2
D 0 1 2 2 2 2 ] 2
D 1 2 2 3 a4 4 & &
E 8 12 & 14 17 19 19 1?
F o 3% 2t T 72 720 4% %57
GBS 734 724 734 724 734 734 7724 34
IMITIAL CATEGORY ALL A B [ a]
FERCENTNAGE 100,0 2.7 10.% 1.4 14.%
TOTAL 0OBS 1340 43 19% 214 24

SR A A S L

STATION 24114
FAIRCHILD AFB WA
POR 4/4%=-%/7%
HOUR  14=18 L3T

1S 12 a4 )

2 23 23 14
Az 37 30 T
7 2 14 2
L] 7 2 7
. 7 2 14
16 & 17 1®
a2 a2 2 4z
12 10 4 7
2% 20 28 20
13 14 1S @
1t 12 13 7
12 e & .14

.
-3
b

-
‘}
o)
)

195 198 1o%  19%

2 b1 L} A
29 2% 1% 20
12 1? 12 14
12 @ 14 12
15 17 1 20
24 g | 232 peid

216 2146 216 214

7 1 i b0
1? 20 ] 17
20 1& 1z i
17 19 t? 13
17 17 246 12
29 2 22 24

249 29 249 247

) 4 2 4
1% 1% 2 17
12 12 ? 12

o ? 2 B3
27 27 2% 20
33 Epd ar o

402 102 02 402

] 2 1 o
10 12 B 1z
10 1 ? B

A ?1s 12
<0 17 1 =
0 47 A» a4

734 734 724 724
E F

1.7 S
402 734

e e - -
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Ah S im0
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VISIBILITY
INIT 3uBS

) -1

COoZIAIr=.L
o
(7]

D0ZXr=do

¥
L

M
N
Q
Q

INITIAL CATEGORY
PERCENTAGE
TOTAL 0B%

DZ I X LC
-~
Lol gl SRS B g

QO ZIXIr >

SO0ZIC T

L]

CATEQQORY

(2]

-0

o oW eADdIR

12
22
pag }
S0

14

40
32

220

B e P o s

P2

13046 130&

ALL
100,0
1340

- A
WHrRFIND

~

[ AR S

0 r-
(\CEAN) RO NSO WDONMA

) »e

o pus g
NN

[CRNE N

CONDITIONAL CLIMATOLOGY
MONTH JANUARY
HOUR 14-~15 LST
WIND SECTOR ALL
HOURZ SUBSEQUENT

04 1304

q S & 9 12 18 18 24 b
S8 47 40 42 4% 31 23 21 21
] & 9 i 10 158 10 S 8
10 18 1 8 4 1 3 10 12
4 4 3 1 S 4 4 3 %
4 & 12 10 10 10 13 17 2
17 19 1® 29 28 38 D L2 A7
78 7R 72 72 7% 72 73 7= 8
13 14 1% b= 21 3 a2 & 19
‘4 B 16 S ? 7 2 ? 7
3% 34 20 19 14 ? 12 2 7
? ? 3 4 S 4 2 4 4
3 13 ] 1 7 1 11 1 13
22 <4 35 41 44 a2 4% 2 St
3 S e 835 &S 29 as o] &5
10 13 11 12 13 20 1% 10 10
11 k] 12 € 10 4 12 ] 10
22 a2 15 18 13 12 10 2 %
14 1t 12 12 3 3 S & 2
14 14 | -] 12 14 2 13 14 13
el 3 31 s 39 43 52 4z 1] 5e
120 120 120 120 120 120 120 120 120
10 e 10 20 16 14 18 2 14
2 12 ) 14 14 2 20 12 é
24 18 28 22 14 12 10 12 2
12 10 4 10 8 2 4 & 3
12 20 18 & 14 8 10 20 2
e 2 34 23 34 %0 28 92 4Q
50 SO S0 S SO %0 50 S0 30
® 7 > 11 13 12 12 4 1Q
4 & ® 11 12 132 12 b4 12
14 16 146 ] 13 14 12 S 11
S 4 4 S ] S & 2 S
24 a2 21 14 12 b4 17 26 10
43 44 42 S22 A4S 43 40 S2 $2
221 221 221 221 2Ty 221 221 22t
2 2 2 3 S ? 7 3 7
2 2 3 3 k) & ? 4 S
2 < bey 4 S & b & &
1 1 by 2 ) 2 3 2 3
4 & S 7 7 ? 10 £ g
a8 27 8 N 74 72 &4 77 71
1308 1304 1304 1306 1304 12046 1306 1306 13
o K L M N Q
o2 4.4 4.5 2.7 11.9 70.2
72 33 120 %0 21 1304
B-17
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GLOBAL CLIMATOLOGY BRANCH STATION 24114
USAFETAC FAIRCMILD AFR WA
AIR WEATHER ZERVICE/MAL POR &/749-%/7%9
. MOUR 14-17 L3T i
‘ CEILING CATEGORY HOURS SURSEQUENT : ]
e INIT SuBs 1 2 ? 4 < & © 12 1S 12 24 3% a8 i
‘ A A 72 %9 43 37 M WP 2 2O 2T 12 16 2 '
1 B t& 3% 41 2 031 3t 27 22 ¥ 27 12 0 10 v
c 4 & g 12 2 10 1A 10 2 & 14 12 2
: D 2 0 & 4 14 14 10 2 & % 2 & 20
; E 0 0 2 3 3 2 211 12 14 14 14 22
r o 0 0 0 a 2 10 12 16 22 @ 3 Y
- a9 49 A% 4% 42 4% 4% 49 4?49 49 47 AR
| E A s & 7 10 g 10 12 14 11 2 & 2 7
‘ B 7% a4 Q% %P S22 %4 2 42 2 29 27 T2 14
S c 11 1% {4 1% 14 19 12 14 1% 17 14 12 2
| a) 7 7 & AT 7 14 2 16 1S 12 2 2
| E 1 2 s S a4 = 10 12 13 12 12 s 97
| F 2 3 4 4 4 & 2 7 12 15 2 22 4
’ QES 129 199 189 189 189 139 187 189 18P 129 1%V 189 139
| ¢ A o o t 2 2 3 s 3 = A ! s 1
} B 14 286 29 2% 30 2 2 2 22 14 14 2t 11
< 6 47 A0 3% 2 272 22 22 17 Xz 1% 1% 13
D @ 14 14 14 17 14 17 17 1% 1% 13 o 17
€ & & 2010 10 13 o1& 1% 1} 22 20 21 e
F 3 4 2 10 11 148 14 1z e 2 37 W 3% :
0BS 203 203 203 203 203 203 203 203 203 202 207 L2 203 3
D A | 1 2 2 3 2 2 A 3 2 2 7 2
B s 9 12 14 13 14 2 12 21 1% 11 i 10
¢ 12 2 18 17 16 1% 18 22 1% 20 11 14 12 '
D ®7 40 3} 29 2@ 29 22 14 17 7 ts& 1112
3 12 T 12 20 22 2 2 20 14 t® 22 1% 23
F & 12 16 18 1 18 1% 17 22 29 M 32 W
0BS 232 230 232 232 232 232 232 232 232 232 232 232 2@
E A o 0 1 2 2 2 3 a 2 3 2 3 2
\ ] 1 2 5 7 7 7 11 1z 1711 2 19 @
¢ 3 2 2 s 7 & 12 1t 1z 12 s 12 T
D 2 12 13 12 12 13 s 11 7 @ 0 5 14
E 74 S B2 4% 41 3 331 30 e @ o382
F 14 22 2 29 2 2 33 0 32 I 44 24 44
0BS PR 2P IPI 3V IR T 3IPI DT 2D IPL IOI IR 3R
F A 1 1 1 1 o 2 3 q a4 2 1 a z
B 1 2 3, 2 4 s 7 11 14 2 & 13 2 .
c 1 2 2 3 3 2 s 3 2 11 10 11 11
D 1 poy 2 2 3 q & a3 7 11 13 11 10
E 7 11 3 16 1' 17 17 18 g8 & 0 2t 2
F 9 2 7% 7% 71 6% S =% a3 w1 %1 30 4?
OBS 793 793 793 793 793 79T 793 7RI 793 7RI YOT PRI 743 .
INITIAL CATEQORY ALL A ] I o € £
PERCENTAGE 100.0 2.6 10,2 10.%  12.%  21.1 .7
TOTAL OB3 18% 49 139 203 232 393 793
B-18 }
3 - §
o B ) o e
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VISIBRILITY CATEGORY
INIT sues

J

1

72

-

Q1 id DWW

[0}

31
194

o
Q
i
1
4

9%

1304

J
K
L
M
N
Q
Q
K o
[
L
M
N
0
oBs
L o
¥
L
™
N
c
QBpsS
M J
8
L
M
N
Q
ops
N Jd
W
L
M
N
G
oBRS
[n} u
|
L
M
N
]
oBs
INITIAL CATEGORY
FERCENTAGE
TOTAL OBS

2 3
70 40
i1 ?

? 12

« 1

4 4

) 12
29 9
12 10
29 12
a0 A4

S 13

? 10

2 ?
77 M7
12 13

8 14
40 i

< 8
13 1S
13 2

131 13

3 i1

& s
17 20
19 13
20 14
20 24
b4 64

S 4

& S

2 10

& 4
24 24
42 46

194 194

1 1

1 1

1 2

1 1

S 4
1 29

1304 1304

ALL

100.0
1859

in

>
rONOL

13

-
]

3

12
14
77

14
13
2Q

13

bl
-

131

13
11
17
13

42
44

-
9 oty >
DrrARDN~-D

DWRLIEF g -

1

[}

-X ]

o
4,8
29

CONDITIONAL CLIMATOLOGY

MONTH JANUARY

HOURS 3UBSEQUENT

]

-1

?
12

4
11
1%
39

- NP 18 e
= NORNARWID

[ 2]

>

J

121
14
16
13

a8
64

-

o
AL W)

P
(7]
S
b

3

4.1
77

6 9
sS4 aa
7 9
g8 s
3 1
10 7
12 33
g® 89
10 19
1712
2y 22
s &
&
34 2
7 77
17 13
1111
19 14
2 10
1s 2
30 a4
131 131
1319
16 S
s 2
s 18
14 1&
4 az
4 4
10 13
s e
10 10
3 s
19 12
> a7
194 194
2 05
2 2
3 4
2 2
& &
es 78
1304 1204
L
7.0
121
8-19

12

S2
131

14
1t
14

13
a4
&4

13

5
1t
=4

194

NIy S o

74
1304

M
3.4
&4

HOUR  14=17 LST
WIND 3ECTOR NALL

1S 12 L 3 R
k] 27 26 21 17
® 11 @ 20 A
® 12 7 4 ?
A 1 2 & 0
10 12 11 < 14
29 & 44 16 Sé
. 29 e 2P 29
9 14 S 13 &
® 12 & 132 b4
10 10 S A 8
3 3 3 3 Q
1& 21 14 10 8]
40 39 51 AF 44
7 77 7 77 7?2
15 21 9 17 2
1S & 2 b s
13 ® 1S b 2
4 S 2 o ]
4 13 10 10 2
43 40 S0 St &3
131 13t 13 131 1
19 & S 2 S
3 S 2 2 »
13 19 e 1 &
S 9 Q 2 2
@ 19 1 14 11
30 47 &s 63 &7
&4 &4 44 &4 &4
13 2 7 » 4
10 & 4 ® a
® g & 2 10
S S 3 < 2
14 19 20 14 13
48 w1 & e 40
194 194 194 P& 194
? 4 2 g q
7 ) 2 = 3
2 kg & & &
2 < 3 by 2
8 : @ 7 @
42 43 76 71 73
1204 1304 1204 1304 1302

N Q

10.4 70.1

194 1301

g e

.
o rma—— s e




GLOBAL CL IMATOLOGY BRANCH STATION 244114
USAFETAL FAIRCHILD AFR WA

AIR WEATHER 3ERV
CEILING CATEGORY

INIT SURS 1
A ) &
B 27
I q
] 4
E 3]
3
QRS o=
B A &
B a2
C ?
o 2
E pos
F 1
QBS 241
D A 1
R 0
[ AS
D B
£ b
F 2
QBS 201
D A 0
B 4
< 12
D &1
E 13
F {10
QBS 204
E A )
R 3
c 1
D e
13 77
F 12
QRS 2’79
F A o}
B 1
c Q
D 1
E 7
F 1
oBs 702

INITIAL CATEGORY
PERCENTAGE
TOTAL QRS

ICE/MAC . R &/789-%/70
HOLUR  13=1% L3T
HOURS SUIBSEQUENT

2 3 4 - & 12 1% 18 2 T em
T SO 34 43 a4 27 27 1d 1 2 17?2
3?2 22 21 X% 27 % o1 021 oW
4 PO ) 2 1?7 2 218 12 R A
10 12 10 1% 17 1y 10 12 2 4 217
2 4 8 & A& 2 19 2 10 12 21 1o
3 2 2 4 4 A 1 Z2 2% ™ {7 2=
2 =) %2 OS2 %2 =2 2 %2 =2 =2 T =z
& 10 1> 14 13 11 - 5 3 7 &
72 s A1 %3 49 44 3% 23 2 2m 27 2y
112 12 14 1A 1% 14 1F 12 1% 1t 1y
- b = 2 7 2 12 1% 13 2 2 2
3 't & & 2 11 14 17 1P 12 o 2y
2 ) 2 3 & & 2 1% 18 2 27 a3
241 241 231 241 241 241 241 241 241 A1 241 zay
3 t 2 2 3 b 2 1 0 1 - E:
23 2% 24 2% 22 2% 24 21 14 17 24 17
S 4r 3@ MW 29 2224 2% 2 14 1S 10
@ 1T 14 1% 17 1% o1& 13 1@ 1 10 1=
p 2 2 11 14 2 1% 14 12 19 12 19
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APPENDIX C

DERIVATION OF OPERATIONAL PARAMETERS
PERTAINING TO ALTERNATE AIRPORT CRITERIA

The operational parameters utilized in this study programs
were of the form:

P(Cy < XICq > V)
or
P(Vy < UlVg > W)
which are interpreted as;

The probability that the ceiling (visibility) in N hours is less
than Category X(U) given the initial category was greater than Y (W).

The conditional probability data available from the cumulative r?
model are of the form
P(Cy < XICp < ¥)
or
P(Vy < UlVg < W)

The derivation of the operational parameters from “hese data are
described in the following paragraphs. The derivation will be carried
out for ceilings. The visibility equation derivation is identical

in form.

The unconditional probability that the ceiling in N hours will be
less than Category X is the sum of the following joint probabilities:

P(Cy < X) = P(Cy < XDCy < ¥) + P(Cy<XBCqy > )
Solving for P(Cy < X® Cy > Y)
P(Cy < X@Cy> ¥) =P(Cy < X) - P(Cy < XDCy < ¥} (c.1)
The tw> joint probability terms can be written in terms of cumulative
conditional probabilities:

P(Cy < X@Cy > Y) = P(Cy < X|Cy > ¥) P(Cy > )

= P(Cy < X|Cp > ¥) (1-P(Cy < Y))
P(Cy < X®Cy < ¥) = P(Cy < X|Cq < Y) P(Cy < ¥)
N2 0= N 0 0
c-1




Equation C.1 may be rewritten as
P(Cy < X[Cq > Y) = P(Cy < X) - P(Cy < X{Co < Y) P(Cy < ¥) (c.2)

As an example of the application of Fquation C.2 the cumulative conditional
probability data in Table C.1 were cornverted to the operational parameter
format. '

Table C.1 Cumulative Conditional Probability Table

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (C,)
INITIAL (Percent)
CATEGORY (Cq)
=A <B <C <D <E
=A 70.0 86.0 88.0 90.0 97.0
<B 21.5 82.9 91.1 93.8 97.8
<C 14.0 59.6 88.9 93.9 97.5
<D 10.7 45.7 70.8 91.6 97.1
<E 7.0 31.16 49.2 66.0 95.0
P(Co = A) = 4.43 P(C; = A) = 4.7%
P(Co_g B) =19.1% P(C; < B) = 20.5%
P(Cp < C) = 30.1% P(C, <C) =31.7%
P(Cy < D) = 40.6% P(C, < D) = 42.4%
P(Cy < E) = 61.4% P(C, < E) = 62.6%

Example calculations are as follows:

P(C,

AlC, > A) = .087 - .70 % 048 _ ,
0 RN 0169 = 1.7%
P(C, = A[Cp > B) = .047 - .215 » .191 _ L
1= AlGg 1.2 .0073 = 0.7%
P(Cl < Blco > A) = -02157" .860 » .044 = ,1749 = 17.5%

.044

c-2
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The table of operational parameters is shown in Table c.2.

Table C.2 Operational Parameter Probability Table

TIPSy s A A, WM w520 7 e %

CUMULATIVE CUMULATIVE SUBSEQUENT CATEGORY (C,)
INITIAL (Percent)
CATEGORY(CO)
=A <B <C <D <E
>A 1.7 17.5 29.1 40.2 61.0
>B 7 5.8 17.7 30.3 54.3
>C 7 3.7 7.1 20.2 - 47.6
>D .6 3.3 5.0 8.8 39.0
>E 1.0 2.8 3.9 4.9 na
c-3




i bl b ottt b i e e

APPENDIX D

OPERATIONAL CEILING AND VISIBILITY PARAMETERS FOR
TWENTY-FIVE WEATHER STATIONS

In the following tables ceiling and visibility parameters related
to alternate airport criteria are presented for twenty-five weather
stations. These data were derived through the use of a cumulative r?
model for deriving conditional probability data from unconditional
probability data.

Tables D.1 and D.8 contain the unconditional ceiling and visibility
parameters. Tables D.2 through D.7 contain the conditional probabilities
for ceilings. Tables D.9 through D.14 contain the conditional probability
data for visibilities.

Del




Table D.1  Unconditional Probabilities That The Ceiling will be

Less Than Precision and Non-Precision Approach
Minimums (Percent)
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Table D.2

R

Probabilities That the Ceiling will be Below Precision

Approach Minimums for Current and Proposed Alternate
Airport Criteria in One Hour (Percentg
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Table D.3 Probabilities That the Ceiling Will Be Below Non-Precision
Approach Minimums for Current and Proposed Alternate 1
Airport Criteria in One Hour (Percentg
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Table D.4

Probabilities That the Ceiling Will Be Below Precision

Approach Mininums for Current and Proposed Alternate
Airport Criteria in Three Hours (Percent)
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DRSSy AR 3, 1K Y . 19 < !
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Table D.5 Probabilities That the Ceilings Will Be Below Non-
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in Three Hours (Percent)
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ASTORIA, UR 4.22% 2.45% 1.95%
1AM, FL 4> 23 22
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Fynoallly FL 203 149 1.7
STLOLL, 40 3.1 | .24 1.1/
AYRTLY R 0H, 52 2.1 1479 22
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LTAGHWILLE, X 3.41 1,913 1.43
ATLAT LS T, Jd 4,10 2.14 1,36
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rle $HOX, KBt 2.03 (Y T,
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tInNSLud, A/ 20 .o 1
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Table D.6

Airport Criteria in Six Hours (Percent)

Probabilities That the Ceilings Will Be Below Precision
Approach Minimums for Current and Proposed Alternate
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ASTORIA, UR 1w s ! w2 [ RNE
GAML, rFL 21 Jd4 | Y
SAN FRANCLSCO, A o9 ) ol
FydosLl, L 1./ 1,32 | R LY
SILOX T, A4S .94 Y I ¢33
AYATLE  #ACAH, S0 123 I e X I 022
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ATLAGLLS i, W 291 2,04 <39 |
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DAYHIA, ' /4 N3 ol \
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DEFULT ArF 3, K D 3 A2 i
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Table D.7 Probabilities That the Ceilings Will Be Below Non-
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in Six Hours (Percent)
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ALAML, KL .54 R 25
A e ANC T SC), A Y o8 3.0/ 2.1
Yy iimlLl, FL 3.7 2173 b1/
CiLOAl, 43 4.9/ 3.2/ 1430
VOTLR =ACH. SC 1.9 2.1 e
FLLIGTON Ad, TX 4,94 3034 1.9
CraVILLE, [ 4.9 3.3 1.51
AVWLA L e,y A AN/ 4.01 1,95
RR I I RIS OO L {9 9,39 [ 3°)
SR A, D 2.3 2413 e
VILWAUYK S, V] 4,133 3.44 4
Fie SHOL, Kf 3,30 2.8 1 KR
DFFYCT A< 3, Nk 3,13 2.23 )
LTS WA, VA 4,35 3.39 1 0
JRS> AR, Ta 3.04 2.21 3/
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SILLIMGS, “T 1,99 1.43 .25
{1 4SLowW, AZ 3 29 ol
CoLD4AD) Seeibiss, 20 2414 121 o3
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Unconditional Probability That the Visibilities
Wi1l Be Less Than Precision and Non-Precision

Table D.8

Approach Minimums (Percent)
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WEATHER STATION & f§ s =
AsTorklA, UR | +40% 2.09%
WlAMl, FL ol 25
AN FHAND IO, A . (O 1.1/
FYAOALL, =L b o /4 2.ed)
(JLOAL . 45 2.1 209D
ATLE 3rACH, SC o 130 | IS Y)
SLLTAGTOG Ay 'K 1.1/ 2.4:32
KlAGHVILILLE, X 1 .30 1.9
ALLANTIC CITo . NJ 2.4 3.1
ATASWIOL, Mk 3.4 5..34
SAYRIA, [ MY 1 .33
ATLANAUKE=, Wl 135 2443
FIle KNOX, KY . M1 1 OV
JEEUTT AFd, kR oI5 1 93
LT ety PA o 11 1 .37
JIESS Ay, TA o34 .4
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SILLINGS, WMT Y 1 .23
AINSLON, A/ o4 20
COLOYADD SPYLHTD, 2D o P 1o/3
U¢AVIS, 54 1,39 2422
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SAN CLEARHTEIE, CA 1 .21 | .9
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AAN VAL 1 .29 % 2421 %
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Table D.9 Probabilities That the Visibility Will Be Less Than
Precision Approach Minimums for Current and Proposed
Alternate Airport Criteria in One Hour (Percentg
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Table D.10 Probabilities That the Visibility Will Be Less
Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria in One
Hour (Percent)
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Table D.11

Probabilities That the Visibility Will Be Less
Than Precision Approach Minimums for Current and

Proposed Alternate Airport Criteria In Three
Hours (Percent)
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Fle NMOK, KY .33 22 oM
OFFUIT AFd, WNF .42 21 .1
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Table D.12 Probabilities That the Visibility Will Be Less

Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria In Three

Hours (Percent)
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Table D.13  Probabilities That the Visibility Will Be Less
Than Precision Approach Minimums for Current and

Proposed Alternate Airpurt Criteria in Six Hours
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ASTO LA, UK 1.92% 239 39 %
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HLOKT o Y 1 .49 o3 o2
AR TTLE 3REACH, 52 X! o33 22
LLLLAOTON AN, TX ] .26 o1 -3
SINGHVILLE, X 1 .12 B ) o3y
ATLAGTIY oile,y U 1.2 3D o4
E1TAVAE IR EORGRT [ 2.12 1 .44 63
SHYRYA, [N o4/ 32 )
ALLAWAURKES, Al o ltd D9 22
Fl. 240K, KY .39 .34 A5
JEEUTT AR, Nk 48 32 .15
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QYN Arg, T4 21 1Y LY
WELLLS AFd, AV .0 . %) )
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Table D.14 Probabilities That the Visibility Will Be Less
Than Non-Precision Approach Minimums for Current
and Proposed Alternate Airport Criteria In Six
Hours (Fercent)
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SINGSVILLK, I'X 1 .69 .24 o4
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