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PREFACE

This technical note (TN) is designed to acquaint forecasters, primarily at
the detachment level, with the use of the Revised Uniform Summary of Surface
Weather Observations (RUSSWO) which is prepared by the United States Air Force
Environmental Technical Applications Center (USAFETAC).

A thorough familiarity with the RUSSWO will allow the detachment to satisfy
many of its requirements for local climatological information. Assistance in
providing more rigorous climatological information than can be determined from
the RUSSWO can be obtained through an AWSR 105-18 request.

This TN includes a brief explanation of each part of the RUSSWO together with 0
reproductions of selected summaries. Exercises that stress procedures for ex-
tracting key climatic data are included for each reproduced climatological data
summary. Some exercises introduce techniques for obtaining data that are not
tabulated directly in the RUSSWO. In most cases, the page of exercises for a
particular summary faces the summary to facilitate study.

Although this TN will have diminished applicability for a new RUSSWO format
expected in the 1984 calendar year time-frame, it will be relevant for current
RUSSWOs which will not be updated for a number of years. Additional parts that
the new RUSSWOs will contain will be an hourly breakout of thunderstorm occur-
rences, weather conditions versus wind direction, cross wind summaries, and heat-
ing and cooling degree days summaries. The new RUSSWO will no longer be produced
on preprinted forms but will be machine generated on computer paper.
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Availability Codes
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This Technical Note supersedes AWS Pamphlet 105-1, 30 November 1966.
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Chaptel I

INTRODUCTION

i. I Background

The Revised Uniform Summary ot Surface Wtathet ObstlIvatlOils (R('SJW0) ;r'itain,
six parts, A through F. Each part is preceded by a short explanation; however,
additional clarification, not appLopriate foL inclusion in the RUSSWO is usually
required. This technical note is intended to rill that requirement and to show
by means of specific exercises how to use the RUSSWO.

1.2 Quality Control

Before a RUSSWO is produced, the observations in USAFETAC's comp'Iterized data
base are audited to determine it there are enoiigh observations of the various
meteorological elements to warrant RUSSWO production. Where possiole, missing
data are recovered from the original, hard-copy station records or art computed
from other reported elements. Once we have an adequate data base in terms of
quantity, the observations are checked for quality. Various quality control
techniques are used. Some examples are trend analyses tor temperatures and pres- 0
sures, checks for incompatibility of related values, and filters for removing
absolute errors. Thus, much effort is made to ensure a good data base is used
for RUSSWO production.

-. 1.3 Period of Record

Different parts of the RUSSWO are likely to be based on different periods of
*record. USAFETAC's current policy is to use The latust 10-year period of record

for summaries based on hourly observations, and to use the maximum available
period of record for those summaries based on the "Summry of the Day" or daily
observations. Because of the differing periods of recurd used, care must be
exercised in comparing similar values from different summdries.

1.4 Definition and Interpretation

The terms "mean percent of time" and "mean percenit of observations" are syn-
onymous as used in this TN because the number of hourly observations in nearly
all cases is the same as the number of hours in the months of years involved. It
needs emphasizing, nonetheless, that only HOURLY observatooas are used in summa-
ries listed as derived from hourly observations. However, ALL observations
(hourlies, specials, "Summary of the Day," etc.) are used in summaries listed as
derived from daily observations. A long per:iod of record will usually overcome
the disadvantages of not using all of the observations tor some summaries; but a
few apparent inconsistencies can be reconciled if this fact is kept in mind.

Many stations for which RUSSWOs are now prepared operate less than 24 hours
per day and less than 7 days per week. Some RUSSWO parts can be significantly
affected by data processed from these less than full tirae stations with data
shortfalls.

Throughout all parts of the RUSSWO containing percentage frequencies of oc-
currence, the lack of an entry in a block signifies eithei that no occurrences
were observed during the period of record for the summary or that data were miss-
ing. The recording of "." or "0.0 is an indicator that a phenomenon was

observed so infrequently that it is "0.0" in the mean after rounding to the
nearest tenth of a percent.

Several terms from statistics are used throughout this TN. They are defined
here so that we may have a common vocabulary with which to work.

Mean. The mean is the arithmatic average of all the values of concern It is
found by simply adding all the values and dividing by the number of values
added. Symbolically we write the mean as

2. .
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Where x is an individual value and N is the total liumtei , vaLues.

The mean is also known as the expected value ut the variable.

Standard Deviation. The standard devi itIoni Ls delined by

lix I( xiN)-(ix/N)2-1 S

The standard deviation qgiv es i mu s u re it t~h e d ISpt- ir 1 on 1 L.1ie va r dib I i ty
of the quantity of concern alo,.itL its aritnhmatic mean. The larger the siand-
ard deviation, the greater the vaiability.

Bivariate Distribution. A blvariate distribnton gives the joint disiributions __- -

of two related variables. A classic example from the RUSSWO is the bivariate 0
distribution of ceilings and visibilitir-s. Each row and each column of a
bivariate distribution is a fiequency distribution. Joint frequencies ale
found at the row-column intersections.

Frequency. In statistics the fiequency is the numbeL of times a given coL.
occurs. We often express this as PERCENTAGE FREQUENCY wherein we give t
frequency (number of occurrences) as a percent of all possible occurrences
our sample. Hence, if snow fell on five out of 100 days we could express t
"Percentage Frequency of Occurrence" of snow as 5 percent over the 100 c
period of record.

Probability. If f is the frequency of a specified event or condition, and N is
the number of all events, the f/N is the probsbility. Probability can be
expressed as a fraction or a percentage. Its range is limited by definition
from 0 (0 Percent) to 1 (100 Percent). When expressed as a percentage, we
refer to the "Percent Probability" or "Percentage Probability."

A fuller discussion of statistical methods as applied to climatology can be
found in AWS TR 77-267 (1977), in Panofsky and Brier's (i968) classic text, and
in numerous other sources. The reader is encouraged to iefer to these refer-
ences.

1.5 Station History "

On a page preceding the Weather Conditions (PART A) wi ite-lip in a RUSSWO, is
the "Station Location and Instrumentation History" sheet Usee Figure 4.1,
page 23). Significant information is given on station name changes, location
changes, type of station, latitude and longitude, height of station and barometer
height above mean sea level, and observations per day. For example, beginning in
January 1965, most National Weather Service station data were key punched for the
3-hourly synoptic times only. Thus, there were eight observations per day in
contrast to the previous key punching which was accomplished for all hourly ob-
servations. The observations per day column would have an "8" listed in the case
of the 3-hourly synoptic observations, and a '24" for hourly observations. The
instrumentation and history sheet also lists a history of the type of wind equip-
ment and its height above ground. This equipment informatic.n is important for
considering the representativeness of the wind for operational and planning con-
siderations.

2



CPNaptei 2

WEATHER CONDITIONS AN'D ATMOSPHERIC PHENOMENA (PART A)

Part A of the RUSSWO consists of two Weft-uns: EATHR C('NI)'i I0NS ,i ILMOS-
* PHERIC PHENOMENA. The summnaries given for- weathei conditions idclxes.' Lhe "hour-.
* ly" and "all-hours" occurrences of the speciftied phenomena. The sundmaiies fol

atmospheric phenomena give the percent of days per month and per year. that the

*same specified phenomena occurred during the period of record used.
2.1 Percentage Frequency of Occurrence of Weather Conditicons from Hiourly__Ob- A e
5 ervat ions

Figures 2.1 and 2.2 illustrate respectively the "all-months, all-hours" and
monthly "hourly" summaries of specified weather occurrences. Thle specified phe-
nomena are defined on pages A-1 and A-2 of the RUSSWO. NOTE: The "Percent of
Obs With Obst to Vision" excludes those cases where vision was obstructed by pre-
cipitation. Also the term "sleet" is obsolete; the curient name of this phenom-
ena is "lice pellets."

WEATHER CONDITIONS

R~,,N r. so~ #:LE DRzZ,t S-[E ER Az, -AD TO -10OS )R

T_ IS. _7 - ---I4
5 ___ ~ ~ ~ .4 3 L ___ _ _33 ,* 1 3 .. .

A~~~ ~ _-. il '1jN 
7

, 
3

.. ~..---. . _ '~ ~
.2. ~. A . 14.9_ N . .' *

1.3. ~ ~ ~ ~ w 2~
-- - - - - . -4'1 -7.4 4 39 .±

S --- . 4 *. 
7 L R 2, , . .. - 7199

J. 1*, 414. 4.4.*~~ ___ ( _ . L433)

- ' .9 h 3.7, _ 3.7, A._. 7. qL

2. _._ -.. 4 4. _71_ .'

.717TSQ 5' . 6.9 741b

4., .2 7,7 * 11.7 111 41 .. :1_4

Figure 2.1. Percentage Frequency of occurrence of weather Conditions
from Hourly Observations, 1967-1977, All-Months.

0In Figures 2.1 and 2.2 the totals at the bottom of the summary are the mean
*annual or mean monthly percentage frequency of occurrence values. Since more
* than one weather condition may be reported in any given observation, say, rain

and snow mixed, the "percentage of obs with precip" and the "percentage of obs
with obst to vision" columns may contain values less than the sum of the values
in columns to the left. Hence we find, for example, in Figure 2.1 that the "per-
centage of obs with precip" total is 11.7, yet the sum of the columns to the left
is 12.8; and the sum of the values for fog (3.5), smoke and/or haze (0.1). blow-
ing snow (1.1), and dust and/or sand (0.0) is 4.7 compared to a "percentage of
obs with obst to vision" of 4.6. Conversely, not all of the potential contribut-
ing conditions need occur simultaneously for the "percentage of ohs with...
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Figure 2.2. Percentage Frequency of 'ccurrence of Weather Conditions
from Hourly Obsetv.itions, 1968-1977, January.

columns to be incremented ISee f'SWh 1<+9) tor d U(-;s iOn j t observing prac- .
tices. ]

As the name suggests, the percentaqe: frequency of o :ux ence 01 weather con-
ditions from hourly observations are detived from hourly data. Special (off-
hour) observations, "Summary of the Day" data, etc., are riot used. It is also
important to realize that the mean numbet of days per month or per year cannot be
cannot be determined from the WEATHER CONDITIONS SUMMARY. They must be found ,
from the ATMOSPHERIC PHENOMENA SECTION of Part A.

Hourly data are given in terms of 3-hour time blocks. We assumed here that
each hour of the interval has the same frequency of occurrence of the specified
condition. If this were not so, there would be little reason for grouping these
data. (Indeed, grouping of data does increase sample size and hence tends to
ensure more stable means. ) If values are required for disciete hours, plotting
the percentage frequencies at the appropriate mid-hour of each 3-hour block, and
then graphically interpolating (preferably with a smooth curve instead of a
straight line) will give an adequately accurate estimate.

2.2 Exercises and Examples

Tables 2.1 and 2.2 contain a variety of questions along with procedures for
determining answers from the WEATHER CONDITIONS "All-Months" summary (Figure 2.1, O
page 3) and the "January 3-hourly summary" (Figure 2.2, page 4) from the Ells-
worth AFB RUSSWO. Many of the answers can be determined directly from the sum-
maries and others require additional supporting information to determine an
answer. The exercises are only intended to acquaint the user with the type of
information that can be gleaned from these data summaries and therefore, are not
intended to be comprehensive.

* -0

4

2..



-U . -'S - __-'•

. Table 2.1. Procedures for Determining Answers To Sample Questions trom the
WEATHER CONDITIONS - All-Months Sumz-y (Figure 2.1, page 3).

Pertinent
To Find Row/Column Answer

Mean percentage of time that fog occurs Feb/Fog 1.9
in February.

Mean percentage of time that thunderstorms Aug/Thundei- 1.9
occur in August. stoLms

Mean annual percentage of time that dust Totals/Dust 0.01
and/or sand occur. a/o Sand

Mean percentage of time that hail is observed Jun/Hail No Occur-
in June. rences in

POR 2  ]
Mean percentage of time with precipitation Mar/% of Obs 17.33
in March. with precip

Precipitation subcategories for March:

Mean percentage of time with rain and/or Mar/Rain a/o 1.6
drizzle. drizzle

Mean percentage of time with freezing rain Mar/Frz Rain 0.5
and/or drizzle. a/o Drizzle

Mean percentage of time with snow and/or Mar/Snow a/o 15.8
sleet. sleet

Mean percentage of time with hail. Mar,'Hail None

Mean percentage of time in October with Oct/% of obs 2.5
obstructions to vision. with obst to

vision

Mean annual percentage of time with fog. Totals/Fog 3.5

1 It is seen from this exercise that dust and/or sand obstructions to visibility
do occur during the year, but in such small numbers that the percentage becomes
0.0 after rounding off to the nearest tenth. The requester of this information
should be apprised of this fact.

2 Since no number is given, we know there were no occurrences of hail in June at

Ellsworth AFB for the period 1967-1977.

3 Observe that the total for the above listed subcategories equals 17.9 percent
versus the 17.3 percent in the "Mar/percent of obs with precip" block. This
stems from the reporting of multiple weather conditions occuring simultaneously.

Table 2.2. Procedures for Determining Answers To Sample Questions from the
WEATHER CONDITIONS - January Summary (Figure 2.2, page 4).

Pertinent
To Find Row/Column Answer

..' Mean percentage of time with blowing snow. Totals/Blowing 2.41
pecnae tm"boigso.Snow

Mean percentage of time with blowing snow, 06-08/Blowing 1.5
0600-0800 LST. Snow

5



Table 2.2 - Continued -Pertinent - °
To Find Row/Column Answer

Mean percentage of time with fog, 1200-1400. 12-14/Fog 4.2 LST

Mean percentage of time with obstructions to 15-17/Obst to 7.2 •
vision 1500-1700 LST. vision

Obstructions to Vision for January
Subcategories:

Mean percentage of time with fog. 15-17/Fog 3.5

Mean percentage of time with smoke and/or haze. 15-17/Smoke None
a/o Haze

Mean percentage of time with blowing snow. 15-17/Blowing 4.02

Snow

Mean percentage of time with rain and/or 21-23 Rain a/o 0.5
drizzle 2100-2300 LST. Drizzle

The answer on this exercise can also be obtained from the "ALL-MONTH" WEATHER
CONDITIONS Summary (Figure 2.1, page 3 Row = blowing snow).

2 The total percentage of the subcategories constituting meteorological elements

which obstruct visibility is 7.5 percent whereas the 15-17/obst to vision block - -

shows this percentage to be 7.2. This stems, once again, from the reporting of
more than one weather condition, say, blowing snow and fog (an unlikely combina-
tion), on the same observation.

2.3 Atmospheric Phenomena from Daily Observations

This one page summary (Figure 2.3) lists the mean percentage of days having
specific weather conditions as determined from all available weather data (i.e.,
hourly observations, special observations, summary of the day observations,
etc.). One occurrence of a weather condition during a day, regardless of time or
duration, is sufficient for that day to be considered a day with the specified
atmospheric phenomenon. To illustrate this point, six thunderstorms in one day
and one on another day are both counted a "day with thunderstorms." Since more
than one type of precipitation or more than one type of obstruction to vision may
occur on the same day, the sum of the values in the individual categories may
differ from the totals in the "percent of obs with ..." columns.

To obtain the mean number of days per month that a given phenomenon occurs,
multiply the figures in the appropriate percentage frequency block times the
number of days in the given month and divide by 100. Use the same method to
determine the number of days per year that the phenomenon occurs.

2.4 Exercises for the All-Months Atmospheric Phenomenon Summaries (Weather Con-
ditions from Daily Observations)

Table 2.3 contains a variety of questions along with procedures for determin-
ing answers from the Atmospheric Phenomena All-Months Summary (Figure 2.3, from
daily observations). Many of the answers can be determined directly from the
summary while others require additional supporting information. The exercise is
intended to acquaint the user with the type of information that can be gleaned
from these data summaries and as such are not intended to be comprehensive.
NOTE: The percentage of time a given phenomenon occurs cannot be determined from
this summary. For such values, you must consult the "Percentage Frequency of
Occurrence of Weather Conditions from Hourly Observations" discussed previously.
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Figure 2.3. Percentage of Days with Various Atmospheric Phenomena
from Daily Observations, 1948-1977, All-Months.

Table 2.3. Procedures for Determining Answers To Sample Questions from the
ATMOSPHERIC PHENOMENON, All-Months, Daily Observations Summary
(Figure 2.3, page 7).

To Find Row/Column Answer

Mean number of days with thunderstorms in Jun,Jul,Aug/ 10,10,81

June, July, and August. Thunderstorms (9.8,10.1,
7.8)

Mean number of days with fog in January, Jan,Feb,Mar/ 5.6,7.4,
February, and March. Fog 7.4

Mean annual number of days with fog. Total/Fog 56.6

Mean annual number of days with smoke Aug/Smoke a/o 0.11
and/or haze in August. Haze

Mean number of days with obstructions to Oct/Obst to 3.4
vision in October. Vision

* Mean annual number of days with dust and/or Totals/Dust 0.02
sand which restricts the vision to less than a/o Sand
5/8 mile.

3

Mean number of days with precipitation in Dec/% Obs 13.6
December; include subcategories, with Precip

Mean number of days with rain and/or drizzle. Dec/Rain a/o 3.0
Drizzle -l1

7
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Table 2.3 Continued e nPertinent

To Find Row/Column Answer

Mean number of days with freezing rain Dec/Frz Rain 0.7
and/or drizzle. a/o Drizzle

Mean number of days with snow and/or sleet. Dec/Snow 12.7
a/o Sleet

Mean number of days with hail. Dec/Hail None

1 Rounding to the nearest whole number is suggested when presenting data to a
customer. All too often confusion arises over something happening on, say, 7.6
days per month. Persons not trained in statistics fail to realize that the mean
of a sample need not be an element of the sample. For example, the mean of 1, 2,
4, and 5 is 3; yet, 3 is not an element of the sample. Caution must be used in
rounding, however, lest we round to zero and mislead a customer into believing a
phenomenon never occurs. Thus, the decision to round must be tailored to the
particular case at hand.

2 No value in a given block (row/column) means that the given phenomenon did not
occur in the specified month (or at all if the totals row at the bottom is blank
for the period of record considered). A value of "0.0" shows that the phenomenon
has occurred, but that its frequency of occurrence (percent of days with) is less
than 0.05 percent.

3 In this summary, a day with dust and/or sand as an obstruction to vision oc-
curs only when the visibility is reduced to less than 5/8 statute miles (sm),
rather than the usual value of less than 7 sm.

8



Chapter 3

PRECIPITATION, SNOWFALL, AND SNOW DEPTH (PART B)

3.1 Part B Summary Description

Eight summaries derived from daily observations (all available data) are pre-
sented in Part B. Three summaries are for daily amounts of precipitation, snow-
fall, and snow depth. An additional three summaries are provided for extreme
daily amounts by month and year for precipitaion, snowfall, and snow depth. The
final set of two summaries provides total monthly amounts of precipitation and 7
snowfall for each year-month and annual.

3.1.1 Percentage Frequency of Various Daily Amounts of Precipitation, Snowfall,
and Snow Depth. Three summaries of daily percentage frequency of precipitation
(Figure 3.1), snowfall (Figure 3.2), and snow depth (Figure 3.3) are presented.
The "Daily Amounts" summaries are prepared for each month and an annual summary

nATA PRUCESSING RRANCM DAILY AMOUNTS i
iSIAF LTAC
AIR ,ATIPER SERVICE/4AC PERCENTAGE FREQUENCY OF

PREC IPI TATI ON
(FROM DAILY OISERVATIONSI

24006 ELLSWURTI- AFR SO/,APID) CITY 0-7-

A.0-13 ...5 , MONTHLY AMOUNTS.
TOTAL 4OTL MUT

.. . .. ... . . . . ... . . .
,, , . - . -. ,ABLE . -- "

2 1 .T ) 1L 9 ,5 Ti 0-0.o .,,40.,1, . +.Tu ,.,+ ,0'. 2+-,., . ... . 0 . *.,°,.A, T

JAN 4s .1 30. 4 5.L 7.5 3. 4.9 .9 21, I: 199L .471 l.301 01

"-"44.3 31.9 3.8 9.5 4.0 4.5 1.3 .6 23., P14' .651 1.9.TRAC E

A.. 44.9 28. 4.8 8.8 5.6 3.9 2.0 . 3 24.2 1 l991 .971 a•. . 1

UP" 47.4 23.3 3.1 7. . 6.5 4.e7 2.6 . 20. 1 898i D.13[ 5.59 .02

Oo42.9 22.9 3.7 6.8 .A6.6 4.9 4.0 L.1 1 34.2 930 2.931 9.81 .2

UN 44.01 10.3 2.8 1.11 5.9 7.0 5.a 4.6 2.2 .1 36.YT 900 3.231 7.74: .84

JUL 53.0 21.1, 2.$ 6.z 4.4 4.8 1.5 2.6 . .1 25.7 9101 1.91' 5.731 .04

AUG 57.31 perce t 8. 3 .0 3.0 5.1 3.7 2.4 , .5 d 2s.81 930 1.52 4.101 .09

SEP 64.q 16.6 2.Z 5.2 2.6 3.9 2.1 2.0 .61 111.4 900i 1.201 3.03i .01

OCT 71.0 19.4 1.9 3.5 Z.6 2.3 &.0 1.2 .1 137 930, .771 1.92 .01

Nov 41.6 21.5 2 .7 6.2 3.0 1.2 1.30 .4 16.91 8991 .52 2.161 .08

DEc 54.7 26.! 3.3 7.6 3.7 3.7 .6 16.9 696 .42,1I.1ORACE

ANNUAL 9269 23.0 3.3 6.9 4.0 4.6 9.7 1 . .6 .01 24.1 108Z9 6.72

Figure 3.1. Percentage Frequency of Precipitation from Daily
observations, 1948-1977, Daily Amounts.

(all years combined). These summaries include percent of days with measurable
*amounts; percent of days having none, a trace, and specified amounts. Also given

are means, greatest, and least monthly amounts (the last three statistics are
omitted from the snow depth summary because of their doubtful and limited value).
A total count of valid observations is given for each month and annual summary.
For stations for which a portion or all of the period may contain months with
missing days, this will be noted on the summary pages. A percentage frequency
value of "0.0" in these daily amount summaries indicates less than 0.05 percent

* which is usually only one occurrence.
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Figure 3.2. Percentage Frequency of snowfall from Daily Observations,
1948-1977, Daily Amounts.

3.1.2 Extreme Daily Amounts of Precipitation, Snowfall, and Snow Depth. Three
summaries of extreme daily amounts of precipitation (Figure 3.4), snowfall (Fig-
ure 3.5), and snow depth (Figure 3.6) are presented which cover each month of
each year. Data in these summaries consist of the various extremes and the means
and standard deviations of the extremes for each month and for all months (annual
summary along with the total valid observation count). Values for means and

:, standard deviations exclude measurements from incomplete months. A prefix aster-
isk (*) is printed in any year-month block when the extreme value is based on an

" incomplete month (at least one day missing for the month). When a month has
valid observations reported but no occurrences, zeros are entered in the summa-
ries as follows

EXTREME DAILY PRECIPITATION "0.0" equals none for the month.

EXTREME DAILY SNOWFALL "0.00" equals none for the month (tenths).

EXTREME DAILY SNOW DEPTH "0" equals none for the month (whole inches).

3.1.3 Total Monthly Amounts of Precipitation and Snowfall. Two summaries (Fig-
ures 3.7 and 3.8) are provided for the total monthly amounts of precipitation and
snowfall for each year-month and for all-months (annual summary). The summaries
contain monthly and annual totals, means, standard deviations, and total number _
of valid observations for each month and annual (all months) values. Values for
means and standard deviations do not include measurements from incomplete months.
A prefix asterisk (*) is printed in each data block if one or more days are miss-
ing for the month. No occurrence for a month is indicated in the same manner as
in paragraph 3.1.2. If a trace becomes the extreme or monthly total in any of
the tables, it is printed as "TRACE."
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Figure 3.3. Percentage Frequency of Snow Depth from Daily Observations,
1948-1977, Daily Amounts.

3.2 General

3.2.1 Less Than Full-Time Stations. Precipitation, snowfall, and snow depth
summaries may be prepared for stations operating for less than full time for por-

-.., tions or all of the period of record. This may include stations operating 5 or 6
days a week and those with only random days missing. An asterisk (*) in these
data blocks will give an indication that a month is incomplete. Refer to the
Station History Sheet (see Figure 4.1, page 23) at the front of the RUSSWO and
the observation counts in each summary to evaluate the amounts of data missing.

3.2.2 Hail and Snow Occurrences. Hail was included in snowfall occurrences in
the "Summary of the Day" observations prior to January 1956; therefore, care must
be used when applying the statistics. Current procedures remove all hail occur-
rences in the pre-1956 data from the snowfall category and list them as hail in
the Weather Occurrence Summary.

3.2.3 Snow Depth. Snow depth was recorded at various hours during the periods
available from US-operated weather reporting stations. The hours used by each
service for each period are as follows

Air Force Stations US Navy and National Weather Service

" . Beginning through 1945 at 0800 LST Beginning through Jun 52 at 0030 GMT

Jan 46 to May 57 at 1230 GMT Jul 52 to May 57 at 1230 GMT

- Jun 57 to present at 1200 GMT Jun 57 to present at 1200 GMT

3.3 Exercises for the Precipitation, Snowfall, and Snow Depth Summaries

Tables 3.1-3.8 contain sample questions and their solutions illustrating the
uses of the various summaries in Part B of the RUSSWO. Most of the answers can

11.
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Figure 3.4. Extreme Values of Precipitation from Daily Observations,
1948-1977, 24-Hour Amounts in Inches.

be determined directly from the summaries. Others require ancillary data. These
exercises are intended only to acquaint the user with the types of information
that can be obtained from these data summaries. They are not intended to be com-
prehensive.

Table 3.1. Procedures for Determining Answers To Sample Questions from the
Daily Amounts Precentage Fiequency of Precipitation Summary
(Figure 3.1, page 9).

Pertinent
To Find Row/Column Answer

Mean percentage of days with a trace of Jul/Trace 21.1/2 ..
precipitation in July.

Mean percentage of days with measurable Feb/*/ of Days 23.8
precipitation in February.

Mean percentage of days with precipitation Sep/Trace and 35.21
(measurable and/or trace) in September. % Days

Mean percentage of days with 0.26 to 0.50 Mar/0.26-0.50 2.0
inches of precipitation in March.

Mean percentage of days with 1.01 to 2.50 Nov/1.01-2.50 0
inches of precipitation in November.

- :1
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Figure 3.5. Extreme Values of Snowfall from Daily Observations,
1948-1977, 24-Hour Amounts in Inches.

Table 3.1 - Continued
Pertinent

To Find Row/Column Answer

Mean annual percentage of days with a trace Annual/Trace 23.0
of precipitation.

Greatest amount of precipitation in May. May/Greatest 9.81

Least amount of precipitation in August. Aug/Least 0.09

Mean precipitation in December. Dec/Mean 0.42

Mean annual precipitation. Annual/Mean 16.72

The month with the greatest mean Jun/Mean 3.23
precipitation.

Mean annual number of days with measurable Annual/% 882
precipitation. of Days

Mean annual number of days with a trace of Annual/Trace 843
precipitation.

The month with the least precipitation on Feb & Dec/ Feb & Dec
record. Least

13.13-ra
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Figure 3.6. Extreme Values of Snow Depth from Daily Observations, "1948-1977 Daily Snow Depth in Inches ,
.7 S 5 1-4.,5. 5J. -

1 The foregoing percentage was obtained by adding the percentage of days with a•-. itrace (16.6) and measured amounts (18.6). Compare this percentage with that of

the All-Months summary of Part A, Atmospheric Phenomena from Daily Observation

Figure 2.3 (SEP/PRECIP block). The two values, 35.2 and 33.7, disagree because
of the rounding that is used in the precipitation summary. The value in the At- q
mospheric Phenomena summary is slightly more accurate when all things correspond
such as the number of observations and the period of record.

2 Percent of days = 24.1, number of days per year = 365. Number of days per
year with measurable precip = 0.241 x 365 = 88.0.

3 0.23 x 365 = 84.

Table 3.2. Procedures for Determining Answers To Sample Questions from the
Daily Amounts Snowfall Summary (Figure 3.2, page 10).

Pertinent
To Find Row/Column Answer

Mean number of days with measurable snowfall Dec/% of Days 5.6'
in December.

Mean percentage of days with snowfall Mar/Trace and 48.52
(measured and trace) in March. % of Days

Mean percentage of days with snowfall Feb/Trace and 52.4
(measured and trace) in February. % of Days

14
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Figure 3.7. Total Monthly Precipitation in Inches from Daily
Observations, 1948-1977.

Table 3.2 - Continued
Pertinent

To Find Row/Column Answer

Mean annual number of days with snowfall Annual/Trace 823

(measured and trace). and % of Days

Mean annual number of days with snowfall Annual/0.5-4.4 194
0.5 to 4.4 inches.

Greatest amount of snowfall in March. Mar/Greatest 28.7 in

Least amount of snowfall in November. Nov/Least 0.0 in

Mean annual snowfall. Annual/Mean 40.7 in

The month with the greatest snowfall on Apr/Greatest Apr
record.

Mean amount of snowfall in May. May/Mean 0.7 in

1 0.181 x 31 5.6. Consider rounding to 6.

2 The answer of 48.5 percent can also be found from the Mar/None block by sub-
tracting the value in the block (51.5) from 100.0.

3 (1 - 0.775) x 365 82.1
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Daily Amounts Snow Depth Summary (Figure 3.3, page 11).

Pertinent
To Find Row/Column Answer

Mean percentage of days with measurable snow Jan/% of Days 38.2.
depth in January.

Mean number of days with measurable snow depth Feb/% of Days 11.7
in February.

Mean percentage of days with snow depth (trace Mar/Trace and 47.51
and measured) in March. % of Days 0

Mean number of days with snow depth (trace and Dec/Trace and 16.4
measured) in December. No. of Days

Mean annual number of days with snow depth Annual/Trace 83.2
(trace and measured). and % of Days

Mean annual number of days with a trace of Annual/Trace 30.3 -

snow depth.
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Table 3.3 - Continued
Pertinent

To Find Row/Column Answer

Mean annual number of days with snow depth Annual/l-3 392
1 to 3 inches.

Mean annual number of days with snow depth Annual/4-6 9
4 to 6 inches. -:

Mean number of days in January with snow Jan/3-6 3
depth 3 to 6 inches.

Mean number of days with a trace of snow Jan,Feb,Mar/ 7+4+5=163 .
depth for January, February, and March. Trace (7.3+4.5

+5.0=17.0)

Mean number of days with snow depth (trace Jan,Feb,Mar/ 19.1+16.2
and measured) for January, February, and Trace and % +14.8=50
March. of Days

Mean percentage of days with snow depth Oct/% of Days None4

7 to 12 inches in October.

I A trace of snow depth indicates that the snow on the ground is visible but not

measurable.

2 To obtain the answer, add the individual percentages for 1 (5.1), 2 (3.5), and
3 (2.1) inches, divide this percentage by 100, multiply it by the number of days -

in the year (365.25), and round.

3 Note the different answers obtained with and without rounding (16 vs 17 days
per year).

4 The lack of an entry indicates that no occurrences of snow depth 7 to 12
inches were observed from 1948 to 1977.

Table 3.4. Procedures for Determining Answers To Sample Questions from the
Extreme Values Precipitation Summary (Figure 3.4, page 12).

Pertintent
To Find Row/Column Answer

Month with the greatest 24-hour precipitation 49/Jun Jun
in 1949.

Month with the smallest 24-hour precipitation 76/Mar Mar
in 1976.

Extreme 24-hour precipitation in 1969. 69/Jul or 3.23 in
All-Months

Extreme 24-hours precipitation in October 73/Oct 0.98 in
1973.

Extreme 24-hour precipitation in December 60/Dec 0.48 in
(all years).

Extreme 24-hour precipitation in May (all 65/May 3.09 in
years).

Mean of extreme 24-hour precipitation in Mean /Apr 0.793 in
April.

Standard deviation' of the extreme 24-hour S.D./Apr 0.458
precipitation in April.

17

~ S'



= .- • . . . - . , . , - , - . - - - -- , -_ . . - - . . - -

r*.

Table 3.4 - Continued
Pertinent

To Find Row/Column Answet

Mean annual extreme 24-hour precipitation. Mean/All- 1.t96
Months -

Greatest monthly extreme 24-hour precipitation. 76/Jun or 3.z5
All Months

Highest monthly standard deviation of the S.D./Jun 0.733
extreme 24-hour precipitation.

The standard deviation is a measure of the deviation of individual numbers of
a given distribution from the mean of the distribution. For a normal or Gaussian
distribution, it happens that 68 percent of the numbers are included between the
mean minus one standard deviation and mean plus one standard deviation. Extreme
values cannot usually be described by a normal distribution, and as a result the
forementioned percentage does not apply, but the standard deviation is still a

useful tool in working with extreme values. For additional background material,
refer to Gringorten (1960).

Table 3.5. Procedures for Determining Answers To Sample Questions from the
Extreme Values Snowfall Summary (Figure 3.5, page 13).

Pertinent
To Find Row/Column Answer

Extreme 24-hour snowfall in January in 1949. 49/Jan 3.0 in

Extreme 24-hour snowfall in November 1976. 76/Nov 3.0 in'

Extreme 24-hour snowfall in May 1966. 66/May 0.5 in

Extreme 24-hour snowfall in January (all 71/Jan 6.9 in
years).

Extreme 24-hour snowfall in November (all 77/Nov 12.0 in
years).
Month with the greatest 24-hour snowfall in 57/Apr Apr 6

1957.
Month with the greatest 24-hour snowfall on 70/Apr Apr

record.

Standard deviation2 of the extreme 24-hour S.D./Feb 2.099 in
snowfall in February.

Standard deviation of the extreme 24-hour S.D./Nov 2.617 in
snowfall in November.

Mean annual extreme 24-hour snowfall. Mean/All- 6.22 in
Months

Highest monthly mean of the extreme 24-hour Mean/Mar 4.34 in
snowfall.

Highest monthly standard deviation of the S.D./Mar 3.941 in
extreme 24-hour snowfall.

Mean extreme 24-hour snowfall for the period See Foot- 3.07 in
January, February, and March to two signifi- note 3
cant digits.

18



7

Based on less than a full month of data.

See Footnote 1, Table 3.4.

The mean can be approximated by adding the mean monthly amounts for January,
February, and March (9.22) and dividing by I or determined properly by totaling -

the reported values for all three months (265.5) and dividing by 82 (total number
of months for which observations are reported). NOTE: The mean of several mean
values will equal the mean of all individuai elements only if all of the samples
are of the same size. An example of the mean of means not equalling the

.. .population mean is

Sample 1 Sample 2 Population

2,4,6,8,10 12,14 2,4,6,8,10,12,14 "4
Mean 1 = 6 Mean 2 = 13 Mean 8

Mean of sample means (6 + 13)/2 = 9.5

In our particular case the true mean is 3.05 as contrasted with 3.07 as the mean
of the means approximation. If February had 31 days so that all three columns
had the same total number of observations (899), the mean of the means would .

" equal the mean of the tabulated values.

Table 3.6. Procedures for Determining Answers To Sample Questions from the
Extreme Values Snow Depth Summary (Figuie 3.6, page 14).

Pertinent
To Find Row/Column Answer

Month with the greatest extreme daily snow 51/Mar Mar
depth in 1951.

Value of the greatest extreme daily snow 59/Apr 11 in

depth in 1959.

Extreme daily snow depth in February 1973. 73/Feb 2 in'

Extreme daily snow depth in April 1968. 68/Apr 3 in

Extreme daily snow depth in Feb'-.;,ry (all 53/Feb 15 in
years). -

Greatest extreme daily snow depth recorded 70/Apr or 23 in

from 1949 to 1976. All-Months

Mean extreme daily snow depth in February. Mean/Feb 4.7 in

Standard deviation2 of the extreme daily S.D./Mar 4.105 in
snow depth in March.

Mean annual extreme daily snow depth. Mean/All- 8.5 in
Months

Highest monthly mean of the extreme daily Mean/Mar 5.5 in
snow depth.

1 The asterisk (*) in the February 1973 entry indicates that at least one of the
28 potential snow depth observations for the month is missing. We do not know
how many daily observations were consulted to obtain the 2-inch maximum; it could
have been 27 or it could have been just one. In older RUSSWOs, those produced
before 24 March 1974, a blank was shown instead of results based on an incomplete
month of data. In such cases some estimate of extreme snow depth may be obtained
by checking the daily amounts summary for extreme snowfall (see Figure 3.5) to _-0

see if any snowfall occurred, and checking the extreme temperature values (Figure
6.6) to see if the snow might have lasted on the ground. Appropriate subjective
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and objective adjustments should be used to allow for snow compaction and
settling, melting, and sublimation, etc.

2 See Footnote 1, Table 3.4., page 1'7.

Table 3.7. Procedures for Determing Answers To Sample Questions from the
Monthly Precipitation Summary (Figure 3.7, page 15).

Pertinent
To Find Row/2olumn Answer

Month with the greatest total monthly 49/Apr Apr "0
precipitation in 1949.

Total monthly precipitation in July 1960. 60/Jul 0.33 in

Total annual precipitation in 1976. 76/All-Months 15.42 in'

Year with the greatest monthly precipitation 64/Dec 64
in December.

Year with the greatest monthly precipitaion 67/Jun 67
in June.

Mean of total monthly precipitation in April. Mean/Apr 2.130 in

Standard deviation 2 of the total monthly S.D./Apr 1.419 in
precipitation in April.

Mean annual total monthly precipitation. Mean/All- 16.840 in
Months

Greatest total monthly precipitation (all 62/May 9.81 in

years). , .

Highest monthly mean of precipitation. Mean/Jun 3.232 in

Highest monthly standard deviation of S.D./May 2.128 in
precipitation

Greatest annual precipitation amount. 67/All-Months 24.97

' This total is based on incomplete data. Specifically, at least one precipita-
tion report is missing from November 1976. We have no way of knowing what this
missing value (or values) was.

2 See Footnote 1, Table 3.4.

Table 3.8. Procedures for Determining Answers To Sample Questions from the
Monthly Snowfall Summary (Figure 3.8, page 16).

Pertinent

To Find Row/Column Answer

Month with the greatest total monthly 49/Jan Jan
snowfall in 1949.

Total monthly snowfall in July 1970. 70/Jul None'

Total annual snowfall in 1976. 76/All-Months 26.52 in

Year with the greatest monthly snowfall 64/Dec 1964 -
in December.
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Table 3.8 - Continued
Pertinent

To Find Row/Column Answer

Year with the greatest monthly snowfall. 70/Apr 1970

Mean monthly snowfall in April. Mean/Apr 7.01 in

Standard deviation3 of the total monthly S.D./Apr 8.413 in
snowfall in April.

Mean annual snowfall. Mean/All- 40.50 in
Months

Greatest monthly total snowfall. 70/Apr 42.8 in

Highest monthly mean snowfall. Mean/Mar 9.44 in

Largest annual snowfall. 70/All-Months 89.5 in

Highest monthly standard deviation of S.D./Apr 8.413 in
snowfall.

1 When a month has valid observations but no occurrences, a 0.0 is entered in
the table.

2 An asterisk (*) is indicated with this value because the month of November had
at least one day missing. Whether snow occurred on the missing day is not known.

3 See Footnote 1, Table 3.4., page 17.
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Chapter 4

SURFA ..E WI:1I,3 (PARrI C)

4.1 Geneal

Part C of tihe RUSSWO cr,)iLaiiis t c u1 yotyp J u Stillihal I S . '['li 1 T u i sL i
listing of peak wind gus; .or ecolh ydl -nontC alonlg with wontn y alld caon!il.,
means and standard deviatiooi.. Thu st:ond, based 011 horlly ObSCIVcitlons, Cull-
tains bivalrate percentaqe fiequency Ii F;tributiuns by month and year ci tht! wind
direction and speed. Tie third gr%',es Sin11iiar data by munth foi eiqht 3-huui ly
periods. The fou.th has a bivai iate ptercentage: frequentzy dI stILIut1o (.annual
summary only) of wind direction by specI groups bask-d on wind obselvadtions taken
during "INSTRUMENT CONDITIONS" (see paragraph 4.3 below).

Wind speeds are given in knots and the speed groupings aie accordioig t.o the
Beaufort Scale (e.g., Bear:fort Force I :-- 1-3 kt; Beaufort Force 4 1l-It kt;
etc.). Wind directions are giveln according to the 16 points of the cufmpaso (t1.
NNE, NE, etc., or in teios of degieet (22 - 320' 0 315-32C, etc.). Dijections aie
with respect to true north.

The Surface Wind Equipment information portion ot the Station Lcc,tiou and
instrumentation History sheet (Figure 4.1) should be studied before using the
various wind summaries. Usually.. given an adequately long period of icc:u. ,d, the
locations of the wind sensors and the types of equipment used have changed during
the period. Keep this informatim ii mind when applying these data to specific
requirements since the summaries are a composite of information covering the
period of record from a possible variety of equipment and anemometer heights and
locations. The various wind data and statistics are not normalized to some

-. standard height.

4.2 Extreme Values-Surface Winds

Extreme wind data are provided for each month of each year of the period of
record given that sufficient data are available (Figure 4.2). These wind values
are derived from daily observations. According to Federal Meteorological Hand-
book No. 1 (FMH-I), "peak gust data are recorded only at stations with continuous
instantaneous wind speed recorders." Thus, some stations may not have this sum-
mary or may have an incomplete one.

Before July 1968, the direction of the daily peak gust in knots is given ac-
cording to the 16 points of the compass. Subsequent to that date, directions are
given in tens of degrees. An asterisk (*) is printed in the data block if less
than 90 percent (three or more missing observations) of the peak gust data is
available for the month. A dollar sign ($) indicates that the peak gust was in
excess of 100 knots and thus that 100 must be added to the two-digit value given
in the table.

An all-months value is presented when every month of the year has at least
some valid observations. Means and standard deviations are ,:omputed when four or
more values are present in the given column. However, calculations of the mean
and standard deviation do not include data for incomplete ,months. For each month
and for the all-months column, a total count. of all valid observations is given.

4.3 Bivariate Percentage Frequency Tabulations

The annual, monthly, and hourly tabular wind roses (bivariate percentage fre-
quency tabulations) (Figures 4.3-4.6) are derived from hourly observations. The * .9
percentage frequencies are tabulated according to wind direction (16 points of
the compass) and wind speed (Beaufort Scale speed intervals). Also given are
values for variable winds and for calm winds, along with the mean wind speed for
each direction. When a percentage frequency of "0.0" is given, it me.ns that the
appropriate wind did occur during the period of record, but that it was such a
rare event that, after rounding, the percentage frequency was less than 0.05.
Thus, it is possible to sum the zeros in a given speed interval column and get a
total of 0.1 or 0.2 or so up to a maximum of 0.6.
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* . Figure 4.1. Station Location and Instrumentatio History, April 1948 -
to December 1978.

SThe tabular wind roses are grouped first by month- (all hours) and annual-

",_ (all hours) then by month according to 3-hour time block., and finally an annual.-
all-hour summary is given for so-called "instrument" conditions. Instrument

weather, for RUSSWO purposes, is defined as ceiling 200-1400 feet with visibility
0.5 statute mile (sm) or greater and/or visibility 0.5-2.5 sm with ceiling of 200
feet or more. Thus, specifically excluded on the low end are conditions below
200 feet ceiling and/or 0.5 sm visibility.

4.4 Exercises for the Extreme Values Wind, All-Weather Surface Winds Summary

Tables 4.1 through 4.5 contain sample questions and their solutions illus-
trating the uses of the various summaries in Part C of the RUSSWO. Most of the
answers can be determined directly from the summaries. These excercises are
intended only to acquaint the user with the types of information that can be
obtained from these data summaries. They are not intended to be comprehensive.

Table 4.1. Procedures for Determining Answers To Sample Questions from the

Extreme Values Surface Wind Summary (Figure 4.2, page 25).

Pertinent
To Find Row/Column Answer

Month and year with the greatest recorded 64/Sep Sep 1964'
extreme daily peak gust.

Direction and magnitude of the greatest 64/Sep NW 76
extreme daily peak gust.

Extreme daily peak gust for 1953. 53/All-Months WNW 70
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Table 4.1 - Continued _

Pertinent
To Find Row/Column Answer

Month with extreme daily peak gust for 1959. 59/Jul Jul (NE 70)

Extreme daily peak gust for May 1972. 72/May 30/56 0

Extreme daily peak gust foi July (all years). 59/,jul NE,70

Standard deviation of the extreme daily S.D./Aug 8.3182
peak gust in August.

Mean extreme daily peak gust in July. Mean/Jul 48.9 S

Mean annual extreme daily peak gust. Mean/All- 62.6-
Months

* From the "Station Location and Instrument History Sheet" (Figure 4.1), it is
seen that several changes were made in the location of the wind equipment. For
example during May 1964, the locations of the wind equipment for runways 30 and
12 were changed to the respective heights of 20 and 28 feet from 13 feet. As a
direct result of the changes in both the horizontal and vertical position of the
wind measuring devices, the figures in this summary are not necessarily repre- -
sentative. They are, however, all that are available unless a correction factor
can be deduced which reduces the wind data to the standard anemometer height of
13 feet as used by the USAF since 1978. For stations not under USAF purview,
different standards are followed. Since 1974 the National Weather Service has
followed World Meteorological Organization Technical Regulation Procedures (1971)
and uses 10 meters as the standard height unless local restrictions preclude in-
stallation of the 10 meter tower, in which case the installation will be at 20
feet. The Federal Aviation Administration (1979) also follows World Meteorologi-
cal Organization procedures.

2 See Footnote 1, Table 3.4., page 17. ,z.. -

3 The answer is based on only those 25 values listed in the ALL-MONTHS column
and is not completely reliable in that 4 values are missing for years with less -.
than the full 12 months record.

Table 4.2. Procedures for Determining Answers to Sample Questions for the All-
Months, All-Hours, All-Weather Surface Winds Summary (Figure 4.3,
page 26).

Pertinent
To Find Row/Column Answer

Mean annual percentage of time that winds are Calm/% 13.8

calm.

Annual prevailing wind direction. NNW/% NNW'
Mean speed of the annual prevailing wind NNW/Mean Wind 14.2 kt

direction. Speed

Mean annual percentage of time that wind speeds NNW/48-55, 56 0.02
greater than 47 knots occur from the NNW.

Mean annual wind speed. Bottom Row/ 8.2 kt
Wind Speed

Mean annual wind speed, excluding calms. All Direc- 9.51
tions/% Mean
Wind Speed
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1 The prevailing wind direction is that direction contaill:rsg the highest percent
frequency of occurrence during the period under study. The prevailing wind...
direction can be misleading, though, if the percentages of several wind direc--"
tions, which are larger than any of the other percentaes, differ by only a few

percent. For instance, if winds occur from the South 10.0 precernt of the time,•-.'
the West 9.5 percent of the time, nd North 9.8 percent of the time, the prevail-

ing wind direction is South. The mere statement to a cc~stomer that the prevail-"-.-'"
ing wind direction is South, although true, could lead to an erroneous impression

unless additional facts were presented. •

2 The percent 0.0 with speeds of 41-47 knots or more nedlis that wind speedsgreater than 41 knots occurred in so few cases that it os in the mean after

19491977 rounded Peak Gut i nos

3 The mean annual wind of 8.2 knots obtained in the preceding exercise includes
observations with variables and calms. To find the mean wind speed for combina-

tions of direction (N-ENE, SE-W, etc.) or for all directions, including variable,
use the expression

M= (PIMI + P2M2 + "'" + PkMk) / (P1 + P'2 + "'" + P ) ""

where M is the mean wind speed for the Interval; M , are te meanwind speds for each direction of the interval: and . I...... ..that are thevpr-
cent frequencies of occurrence associated with each it ion. inor this exer- "

cie• 1.,MM ..... 1  - 5.0; P. = 11.3, P^ = 2.8 P =,13 0.0; .
.* ie 1 =1.,M 70 'nt*7.. I and M_= 816.22/8&.2 = 9.5 knt. If caim are included (MN =0 a'h P "

13.8), mn = 816.22/100 8.2 knots as determined from the summarr.
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Figure 4.3. Percentage Frequency of Wind Direction and Speed from
Hourly observations, 1967-1977, All-Weather, All-Hours,
All Months.

Table 4.3. Procedures for Determining Answers To Sample Questions from the
January, All-hours All-Weather Surface Wind Summary (Figure 4.4,
page 27). (Exercises for the summaries of this type in the RSSWO
for the other months of the year are omitted.)

Pertinent
To Find Row/Column Answer

nDirection and speed of the prevailing wind. NNW/% and Mean NNW
Wind Speed 15.41

Mean wind speed. (Bottom row)! 8.5 kt
Mean Wind Speed

*Direction containing the highest mean wind NNW/M'ean Wind NNW
speed. Speed

Mean wind speed which occurs from SSE-SSW. SSE-SSW//%, and 7.11 kt 2

Mean wind Speed

*Mean percentage of time that winds are calm. Calm/% 17.4

Mean percentage of time that winds from S/--16 2.1n

7 to 16 knots occur from the South.
Mean percentage of time that winds from N/22-33 0.8

* 22 to 33 knots occur from the North.

Mean percentage of time that winds of 15 knots Bottom Row 81.3
or 15 knots or less occur. (see Footnote 3)

Mean percentage of time that winds blow NE-S/l-3%, 4-6% 20.9
from NE through S. 7-10%, 11-16%

26

I.



F.TAL/LS;F SURFACE WINDS
A A -T / PERCENTAGE FREQUENCY OF WIND

DIRECTION AND SPEED
(FROM HOURLY OBSERVATIONS)

240Co ELLS..T 'IF - ' !. J . . ) _.

4VL.7 - -

Wt I 1 * -- - "
_f -- -T" I,. -2.T . - : : T .N "

- - , - T I 3 . -

2. 1.4

4- 4f 42 17;
3 Z' A..T1

t  
, . . . 2 .T.1

1- . . . , .,. .7 T

.......................................................
7 1.4T I 3 .. 1 I '. j- :i

VA.&K - -''

_ t!
TO1 At NUU Of QIUtV*TIO,.S 4 J

Figure 4.4. Percentage rtquency of Wind 1,Jrectn and Speed from
Hourly Observtions, 1968-1977. All-Weather, All-Hours,
January.

See Footnote 2, Table 4.2.

2 The mean wind speed foi the interval SSE-SSW cannct be found by adding the

three mean wind speeds for each direction (8.9, 6.4, and 4.0) and dividing by 3.
The answer so obtained (6.4 knots) is incoiiect because it does not give proper
weight to the percent frequency of occurrence of winds from each direction.
Refer to Footnote 3, Table 4.2 for details.

3 The foregoing value (81.3) can be obtained by adding the percentages for calm
(17.4), 1-3 knots (13.6), 4--b knots (20.6), 7-10 knots (16.3), and 11-15 knots
(5/6 x 16.1). It is assumed that the 16.1 percent in the 11-16 knot block is
evenly distributed among each ot the speeds 11 through 16 knots and that 5/6 of
this percentage should be added to the other block percentage to obtain the
total. This assumption is sufficiently accurate for most purposes, but in real-
ity the block percentage is not evenly distributed within Its interval. in the
case at hand, the percentage is probably distributed as follows: 11 knots (5.0),
12 knots (3.2), 13 knots (2.4), 14 knots (2.1), 15 knots (1.8), and 16 knots
(1.6). The probable error in the first figure (81.3) dots not exceed a few per-
cent if the last subjective distribution is accepted as the real one.

Table 4.4. Procedures for Determining Answers To Sample Questions from the

November 0000-0200 Local Standard Time (LST), All-Weather Surface
Winds Summary (Figure 4.5, page 29). (Exercises for the summaries
of this type in the RUSSWO for the other 3-hour groups and months
of 'he year ate not included.)

Pertinent
To Find Row/Column Answer

Mean wind speed. (Bottom Row)/ 6.7 kt
Mean Wind Speed
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Table 4.4 - Continued
Pertinent

To Find Row/Column Answer

Direction and speed of the prevailing wind. W/% and Mean W 4.6 ktWind Speed :

Direction and speed of that wind which is NW/% and Mean NW
second only to the prevailing wind direction Speed 13 kt
in percentage frequency of occurrence.

Direction containing the third highest N/Mean Wind N
mean wind speed. Speed

Direction containing the lowest mean wind E/Mean Wind E
speed. Speed

Mean wind speed, excluding calms. (All Direc- 8.32
tions)/% and
Mean Wind
S p e e d s 'j e ll

Mean percentage of time that winds occur NNW, N, NNE/% 19.7
from NNW, N, and NNE.

Mean percentage of time that winds are Calm/% 20.0
calm.

Mean percentage of time that winds are Calm/% and 77.6
10 knots or less. (Bottom Row)/

1-10

Mean percentage of time that winds of (Bottom Row)/ 49.9
4-16 knots occur. 4-16

Mean percentage of time that winds greater (Bottom Row)/ 03 ,....

than 40 knots occur. 41->56

Direction from which winds are observed the ESE/% ESE
least percent of time.

Direction containing the highest percentage NW/7-10 NW, 2.6
of winds from 7 to 10 knots and the percentage
frequency.

1 See Footnote 1, Table 4.2.

2 To find the mean wind speed for combinations of directions (N-ENE, SW-W, etc.)

or for all directions including variable, use the expression

M= (PM 1 + P2 M2 + ... + PkMk) / (P1 + P2 + "'" + P - -

where M is the mean wind speed for the interval; M M ... M are the mean
wind spleds for each direction of the interval; and ?P j are the per- -

cent frequencies of occurrence associated with each Wire tion. #or this exer-
cise, M = 12.3, M = 5.8, = 0 P = 6.5, P=2 = 2.2 and M 1
667.2/8d = 8.3 knotY. 17 .... P1 7  1

3 The lack of an entry in this summary for winds exceeding 40 knots denotes that
no occurrences were observed during 1968 through 1977.

Table 4.5. Procedures for Determining Answers To Sample Questions from the
All-Months, All-Hours Instrument - Weather' Surface Winds Summary
(Figure 4.6, page 30).
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Figure 4.5. Percentage Frequency of Wind Dir-_(;ticn and Speed from

Hourly Observations, 1968-1977, All-Weather, 0000-0200
LST, November.

Table 4.5 - Continued _-_•

Pet tinentTo Find Row/Column Answer

Annual prevailing wind (direction and N,% and Mean N 11.7 kt2

speed). Wind Speed

Mean annual percentage of time that Calm.% 7.2
winds are calm.

.- Mean annual percentage of time that NNW-ENE/% 58.1
winds occur from NNW-ENE.

Mean annual wind speed. (Bottom Row)/ 10.6 kt
Wind Speed

Direction with the lowest mean wind SW/Mean Wind SW 3.1 kt
- speed. Speed

" Directions with mean wind speeds of NNW,NNW/Mean N, NW
11 knots or more. Wind Speed NNW

Mean annual percentage of the time that (Botton Row)/ 31.3
winds between 11-21 knots occur. 11-21

O Mean annual percentage of time that winds (Bottom Row)/ 10.0 0
exceed 21 knots. 22->56

Mean -,nual percentage of time that winds Calm/% and 58.7
of 10 knots or less occur. (Bottom Row)/

1-10

Mean annual percentage of time that winds N/22-40 1.5
between 22 to 40 knots occur from N.
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Figure 4.6. PercenLage Frequency of Wind Direction and Speed from
Hourly Obser-vations, 1967-1977, Instrument, All-Hours,
All-Months, Ceiling 200 to 1400 Feet With Visibility
1/2 Miles or More, and/or Visibility 1/2 to 2-1/2 Miles
With Ceiling 200 Feet or More.

Table 4.5 -Continued t_ _.__ _

Pertinent
To Find Row/Column Answer

Mean annual percentage of time that winds N/17-56 4.3
exceed 16 knots from N.

Mean annual percentage of -ime that winds S/1-10 2.7
are less than 11 knots from S.

Mean annual percentage of time that winds W-NW-N/7-16 24.8

between 7 to 16 knots occur from W to N.

Mean annual percentage of time that winds E-S/4-21 23.1

between 4 to 21 knots occur from E to S.

Directions whose mean wind speeds exceed WNW-N/Mean WNW-N
the mean annual wind speed. Wind

1 Instrument weather is defined as ceiling 200 to 1400 feet with visibility

equal to or greater than 0.5 mile, and/or visibility 0.5 to 2.5 miles with ceil-
ing equal to or greater than 200 feet.

2 See Footnote 1, Table 4.2.
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chapter 5

" CEILING AN[ 1 ,IBILITY (PART D)

5.1 General

Part D, Ceiling Versus Visibi lI ty, has one section with a bivariate percent-
age frequency distribution of visibility (statute miles) versus ceiling height
(feet). A cumulative form is contained in both arguments so the intersection of
ceiling > 0 feet and visibility _ 0 statute mile will equal 100 percent. Higher
classes include no ceiling and range from > 20,o00 feet down to > 0 feet. Visi-
bility classes vary from > 10 miles down to 0 mile. Data are summarized by
months and year, and by months for eight 3-hourly periods. A second section, sky
Cover, has the percentage frequency of occurrence of total sky cover by tenths,
and mean tenths of sky cover (zero includes < 1/10; 10/10 includes 9+ tenths).
Data are summarized by month and year, and by months for eight 3-hourly groups.

5.2 Ceilings and Visibilities

The bivariate ceiling and visibility sumnmaries (see for example, Figure 5.8,
page 36) give the percentage frequencies of occurrence of specified ceiling coil-
ditions, speciried visibilities, and the joint occurrence of combined ceiling and
visibility conditions. The far right column of the table is the cumulative dis-
tribution of ceiling heights since ali visibilities are included in the visibil-
ity > 0 category. Similarly, the bottom Low gives the cumulative distribution of
visibilities (ceiling 0). The mair body or each table contains the joint oc-
currence values. Also given with each table is the number of observations used.

The ceiling versus visibility summaries are derived from hourly observations.
For stations with limited observing hours, the monthly-hourly summaries will not
address those hours for which no observations are to '-a had. Before 1949 US
Weather Bureau and Navy Stations did riot report ceilinIs of 10,000 feet or great-
er. Summaries for the stations based on pie-1947 data are thus limited to ceil-

- ings below 10,000 feet. For Air Force stations up t hrough June 1948, the "no
ceiling" category included clear conditions, scatteiei conditions, and ceilings

. above 20,000 feet. Beginning in July 1948 for Air Force stations and in January
1949 for US Weather Bureau and Navy station . the "nc ceiling" category includes
all hourly observations with less than 6/10 total sky cover and those observa-
tions with 6/10 or more sky cover but where less than ha.f of the sky cover is
opaque.

Beginning in January 1968, METAR stations report actual visibilities up to 6
miles (9000 m) and then all visiblities greater than 6 miles are lumped together
(as 9999 m). Thus, for METAR stations, the category equal to or greater than 10
miles is not printed in the tables, unless the summary was for a period ending
before January 1968. NOTE: METAR obsetvations are taken in nautical miles (run).
So that a RUSSWO might truly be a uniform summary, the same format and units are
used for all locatious; nautical mile visibilities have therefore been converted
to statute miles (sm), and all visibilities in the RUSSWO are in statute miles.
If nautical mile visibilities are desired, simple linear interpolation can be
used. An adequate system of conversion is given in Table 5.1. For those METAR
stations reporting "CAVOK" all values > 5000 feet and > 3 miles are grouped with
those equal to 5000 feet and ea-al to 3 miles.

Table 5.1 ,USSWO Conversions from Statute to Nautical Miles.

EXA7F '.ONVERS ION RUSSWO APPROXIMATION

* run - . m (1/2 + 5/8)/2

r 5 sm (1 + 1 1/4)/2
- rim - 1 .,25 sm (1 1/2 + 2)/2
rim 2.30 sm (2 + 2 1/2)/2

3 njl 3.5 sm (3 +4)/2
rim 4.6 sm (4 + 5)/2
,m- 5.8 3m 6
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When using the Ceiling Versus Visibility Summary care must be taken lest seinan-
tics lea us astray. Consider for in 7tance the row for ceilings > 5000 feet and
the column for visiblity > 3 sm. The intersection of this row and ccl Jmn shows
the percentage frequency of occurrence of ceiling 5000 feet AND visibilities -

3 sm (83.3 percent from Figure 5.8, page 36). If we subtract thi-s value from 100
percent (100.0 - 83.3 = 16.7) we get the percentage frequency of occurrence of
ceilings < 5000 feet AND/"OR visibilities 3 sm. To determine the frequencac.
with which we can expect ceilings AND visibilities below given limits, as well 'As
other combinations of ceiling above .... and visibility below ... , etc; we can
use a contingency table.

5.2.1 Contingency Tables. A contingency tab±i (see Figure 5.1. page 32) is
basically an N x M array. In our illustration we have a 3 x 3 array with nine
areas (labeled A-I) for specified categories and percentages. From these data in
the RUSSWO we can fill in some blocks immediately (see Figure 5.1). Since oul
categories are mutually exclusive, the totals must sum to 100 percent, thus
block I is 100.0. From row "Ceiling > 5000 feet" and column "visibility > 0"
(see Figure 5.8) we get a value for block C of 83.6. Block F is then simply
100.0-83.6 = 16.4. Next, from the visibility column _ 3 and the ceiling row
> 5000 feet we find, at tne column-row i:itersection, the value for block B (83.3,
see Figure 5.2). Similarly, for visibility > 3 and ceiling > 0 we get 95.7 for
block H. We can now complete our contingency-table.

Block E is determined by E = 95.7 - 83.3 12.4. Blocks A, D, and G are now

found as

A = 83.6 - 83.3 = 0.3

D = 16.4 - 12.4 = 4.0

G = 100.0 - 95.7 = 4.3

and so our contingency table is filled (Figure 5.3, page 33).

With our completed contingency table (Figure 5.3) we can now answer questions
such as "What is the percent frequency of occurrence, of ceilings below 5000 feet
AND visibilities below 3 sm?" (Answer: 4.0) and "What is the percentage fre- . -
quency of occurrence of ceilings at 5000 feel or above, but visibilities below
3 statute miles?" (Answer: 0.3) and so on.

/ VSBY TOTAL
CIG/ <3 >3 (>0)

>5000 A B C
<5000 D E F
TOTAL
(> 0 ) G H " . '"

Figure 5.1. A Simple Contingency Table.

/ VSBY TOTAL
CIG/ <3 >3 (>0)

>5000 A 83.3 83.6
<5000 D E 16.4
TOTAL
(>0) G 95.7 100.0 •

Figure 5.2. Partially Completed Contingency Table.
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. . . . . . . . " . .. . . . . ...

/ VSBY TOTAL
CIG/ <3 >3 (>0)

p5000 0.3 83.3 83.6
<5000 4.0 12.4 16.4
TOTAL
(>0) 4.3 95.7 100.0

Figure 5.3. Completed Contingency Table.

Let us now look at another contingency table exercise. Although the question
may seem a bit obtuse, it is just the sort of question that customers actually
ask and that we have to answer. Suppose we want to find the percentage frequency
of "ceiling > 300 feet and visibilities > 3/4 miles but < 4 miles, or ceilings
> 300 feet but < 2,000 feet with visibilities > 3/4 miles." We start with a
! x 4 contingency table as shown in Figure 5.4 (page 33) and immediately fill in
what we can from the RUSSWO (see Figure 5.8, page 36). The values in blocks A,
H, L, M, and N are calculated directly (A = 90.5 - 90.4, H = 98.6 - 90.5, L =
100.0 - 98.6, M = 100.0 - 98.5, N = 98.5 - 94.8).

Consider now that the sum of the percentages in blocks B, C, F, and G is the
percentage frequency of ceilings > 300 feet and visibilities > 3/4 of a mile (=
97.9 from the RUSSWO). Thus, B +-C + F + G = 97.9, but C is already known to be
89.7, so we get B + F + G = 8.2. This number is the answer to the question
asked, but further information can be gained by completing the contingency table.

/ VSBY TOTAL

CIG/ <3/4 >3/4 to <4 >4 (>0)

>2000 A B 89.7 90.5

>300 to <2000 E F G 8.1
<300 I J K 1.4

' "TOTAL

(>0) 1.5 3.7 94.8 100.0

Figure 5.4. Initial Filling of 4 x 4 Contingency Table.

/ VSBY TOTAL
CIG/ <3/4 >3/4 to <4 >4 (>0)

>2000 0.1 0.7 89.7 90.5
>300 to <2000 E F G 8.1
<300 I J K 1.4
TOTAL
(>0) 1.5 3.7 94.8 100.0

Figure 5.5. Partially Completed 4 x 4 Contingency Table.

/ VSBY TOTAL
CIG/ <3/4 >3/4 to <4 >4 (>0)

>2000 0.1 0.7 89.7 90.5
>300 to <2000 E 2.5 5.0 8.1
<300 I J K 1.4
TOTAL

P (>0) 1.5 3.7 94.8 100.0

Figure 5.6. Last Step of 4 x 4 Contingency Table Prior to Completion.
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'A
/ VSBY TOTAL

CIG/ < 3/4 >3/4 to <4 >4 (>0)

>2000 0.1 0.7 89.7 90.5 *.
>300 to <2000 0.6 2.5 5.0 8.1
<300 0.8 0.5 0.1 1.4
TOTAL
(>0) 1.5 3.7 94.8 100.0 .

Figure 5.7. Completed Contingency Table.

B is simply found as 90.4 (> 2000/' 3/4 from Figure 5.8) - C 89.7, or B
0.7. This then gives A = 0.10 directly (see Figure 5.5). G is found as 94.7 (>
300/> 4 from Figure 5.8) minus C, or 94.7 - 89.7 = 5.0. Then, since we had
earlier that B + C + F + G = 97.9, we can now solve for the remaining unknown F
2.5 which gives us the table in Figure 5.6. The completion of the contingency
table is trivial: K= 94.8 -5.0- 89.7 = 0.1, J = 3.7 -2.5- 0.7 =0.5, E
8.1 - 2.5 - 5.0 = 0.6, and I = 1.5 - 0.6 - 0.1 = 1.4 - 0.5 - 0.1 = 0.8, which
gives us Figure 5.7 (page 34).

Careful study of this example will show what is to be taken from the RUSSWO
and what must be calculated. Note how many different ceiling and visibility .
ranges we have now evaluated and how much information that is not explicitly
stated in the RUSSWO has been found.

5.2.2 Other "Indirect" Methods. Since our customers often have a proclivity for
asking for climatological data not immediately available, let us look at a few
more examples of how to find or approximate derived data from the RUSSWO's
D-Summary.

As noted earlier, the RUSSWO gives ceiling and visibility data as percentage
frequencies of conditions "GREATER THAN OR EQUAL TO" specified lower limits. We
have already seen how to find "LESS THAN" values. Now, what do we do in the case
of needing a "LESS THAN OR EQUAL TO" value? Here, we must make an assumption
which allows us to approximate the desired answer. We assume that only the
RUSSWO categories of ceilings and visibilities can occur so that 100 percent
minus the next higher "> category" will give us the desired "< category." Thus,
to find the percentage frequency of occurrence of, say, ceilings < 1000 feet, we
see from Figure 5.8 (page 36) that ceilings > 1200 feet occur 92.9 percent of the
time so that ceilings < 1000 feet can be expected 100.0 - 92.9 = 7.1 percent of
the time. Clearly this approximation is most valid for the lower ranges of ceil-
ings and visibilities where the separation between adjacent categories is small.

Table 5.2 gives a series of illustrative examples of using the ceiling Versus
Visibility summary.

Table 5.2. Exercises for the Ceiling Versus Visibility Summaries. (The fol-
lowing exercises are based on Figure 5.8, page 36 the all-months,
all-hours summary. Similar methods apply to the monthly and
hourly summaries.)

Pertinent

To Find Row/Colui,... Answer

Mean annual percentage of time with no No Ceiling/>0 61.0

ceiling

Mean annual percentage of time with no No Ceiling/>6 60.7
ceiling and visibility > 6 statute miles.

Mean annual percentage of time with >3000/>0 11.9'
ceilings below 3000 feet.

Mean annual percentage of time with >0/>3 95.7
visibilities > 3 statute miles.
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Table 5.2 - Continued
Pertinent1

To Find Row/Column Answer

Mean annual percentage of time with >0/>5 and _3 1.52
3 statute miles < visibilty < 5 statute
miles.

Mean annual percentage of time with -500 and '1000/0
500 feet < ceiling < 1000 feet.

Mean annual percentage of time with >30C0/>3 12.2
ceiling , 3000 feet and/or visibility
< 3 statute miles.

Mean annual percentage of time with >1500/>1.5 7.3
ceilings from 200 feet to 1500 feet and >200/>O.5
with visibility from 0.5 to 1.5 statute
miles.

Mean annual percentage of time with See Footnote 3 4.0
ceilings below 3000 feet and visibility
below 3 statute miles. O

Mean annual percentage of time with >3000/>3 87.7
ceilings > 3000 feet and visibility > 3 and >3000/>4
statute miles. (see also Table 5.1)

Since the percentages given are for conditions GREATER THAN OR EQUAL TO to
find the percentage for below a set value, simply subtract the appropriate table
value from 100. In this case: 100.0 -- 88.1 = 11.9.

2 To determine the percentage frequency of occurrence of a range of values,
simply find the difference between the values at the end points of the specified
range. In this example; 95.7 - 94.2 = 1.5.

3 With reference to Table 5.2 we have (0/0) - (0/3) - [(3000/0) - (3000/3)]
100.0 - 95.7 - [88.1 - 87.8] = 4.0.

5.3 Sky Cover

The second section of Part D of the RUSSWO gives the percentage frequency of
occurrence of sky cover in tenths by month and by 3-hour time block. Sky cover
is derived from hourly observations.

Sky cover is defined as that amount of the sky that is filled with clouds or
otherwise obscured. Hence, a clear sky has zero sky cover and a total overcast

..'. or obscuration would have 10 tenths sky cover. In those cases where sky cover is - -
reported in octas (eights), the octas are converted to tenths according to Table
5.3 and entered in the RUSSWO in tenths.

No sky cover data were reported by US stations until mid-1945. All available
sky cover data have been entered in the USAFETAC data base. Earliest dates for

, sky cover data are sometime in 1945 for US Weather Bureau stations; 1946 for Air
Force stations; and 1948-49 for Navy stations.

Starting in January 1971, Airways sky cover data have been taken directly
from transmitted weather observations as opposed to being taken from the actual

O forms on which the observations were written. Since sky cover per se is not
transmitted, a conversion is made from the clear, scattered, broken, overcast,
partially obscured and obscured of airways observations to tenths of sky cover.
Table 5.4 shows this conversion. For METAR stations the only way to get sky
cover data is to manually extract it from the AWS Form 10a. Since this is the
era of automation and reduced manning, such manually intensive operations are
anathema and have not been performed. Older RUSSWOs will contain full tables of
sky cover data. More recent ones (produced since the mid-1970s) will generally
have full data based on a period of record ending with December 1970. Newer
RUSSWOs will have incomplete tables with data only in the columns for 0, 3, 9,
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Table 5.3. Octas - Tenths Conversion. '""-.A-."'1

410~. 94 -.. lo ,1-

Octas Tenths

0 0 "
1 1 .. q... -

2 3 -"--
3 4 2 9 "-,

IWAL~ ~ ~ ~ N-1 OF ,IVTN E. 1

4al 5..Ots Tnh ovrin

5 6

6 8 V, .,,,
7 9
8 (or obscured) 10

and 10 tenths. For any sky cover summary whose period of record includes both
pre- and post-1970 data, only the 0, 3, 9 and 10 tenths columns are given. Data
for 1970 and earlier were converted to the four-category system before preparing _
the summary.
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Table 5.4. Airways Sky Conditions to Sky Cover Conversion.

Airways Sky Cover

Clear 0
Scattered 3
Broken 9
Overcast 10
Partially Obscured 9
Total Obscuration 10
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Chapter 6

PSYCHROMETRIC SUMMARIES (PART E)

6.1 General

Part E, PsychrometiLc Suimaries, ha . ont, ;-cti on with the cumulative percent-
age frequency of occurrence in 5'F ifiteLvals of j.ily maximum, minimum, and mean
temperatures from daily observations, along with means and standard deviations.
A second section of Part E has extreme daily temperatures, maximum and minimum,
from daily observations for each year-month of record, and monthly and annual
means and standard deviations. A third section has a bivariate percentage fre-
quency distribution of wet-bulb depression classes versus dry-bulb temperatures. '
Also included is the raw frequency of occurrence of dry-bulb, wet-bulb, and dew-
point temperatures in 20F intervals. A summary block contains the sums of
squares, sum, mean, and standard deviation of relative humidity, dry-bulb, wet-
bulb, and dew-point temperatures, and also the mean number of hours with tempera-
tures < 0, , 32, > 67, > '73, > 80, and 93'F. Data are by month and year. A --

fourth section has mean; and standard deviations of dry-bulb, wet-bulb, and dew-
point temperatures by month and year for 3-hourly groups and for all hours com- .41
bined. The final section, relative humidity, has cumulative percentage frequen-
cies of occurrence of relative humidity greater than 10, 20, 30, 40, 50, 60, 70,
80, and 90 percent, and the mean relative humidity. Data are by month and year, -
by month for eight 3-hourly groups, and for all hours combined.

Because the temperatures are given in degrees Fahrenheit, certain minor de-
partures from the actual observations may occur in the summations, especially -4
when discrete values are concerned. This is because all surface data at USAFETAC
are stored in DATSAV format (see USAFETAC TN 77-2) wherein temperatures are kept
in terms of Kelvins, and because data front METAR stations are reported in degrees
Celsius. Thus, two conversions may be involved. One is for degrees Fahrenheit
to degrees Celsius and back (F = 9/5C + 32; C = 5/9(F-32)). The other is to con-
vert from degrees Celsius to Kelvin (K = 273.16 + C). Some data processing
routines convert from degrees Celsius to Kelvins using the factor 273.2. The
bottom line is, that minor differences (on the order of 1F) may arise due to
conversions and to rounding, but these differences do not affect the meaningful- . •
ness nor the representativeness of the psychrometric data presented in the sum-
maries.

6.2 Cumulative Percentage Frequency of Occurrence - Daily Temperatures

Three summaries, one each for the maximum (Figure 6.1), minimum (Figure 6.2),
and mean (Figure 6.3) daily temperatures, are given for cumulative percentage
frequency of occurrence. The tabulated values are the percentage frequencies
with which the specified temperature is equalled or exceeded. For example, if a
daily maximum temperature in January of, say, 50°F is of concern, Figure 6.1
shows that on only 14.6 percent of the days in January, or on only 4 to 5 days,
will the daily maximum temperature equal or exceed 50'F, according to climatol-
ogy.

A convenient way to display cumulative percentage frequencies is to draw a
graph such as Figure 6.4. In this example we plotted the annual cummulative per-
centage frequencies of occurrence of the daily maximum temperature. The result-
ing curve is called an "ogive" (o-jiv). From a curve like Figure 6.4 we can
easily answer such questions as: "What maximum temperature is equalled or ex-
ceeded 25 percent of the time?" Answer: 77.3'F; "What daily maximum temperature
is equalled or exceeded 90 percent of the time?" Answer: 280F.

The three "Daily Temperature" summaries (maximum, minimum, and mean) are de-
rived from daily (i.e., Summary of the Day) observations. Beginning in January
1964, the daily maximum and minimum temperatures were selected from hourly obser-
vations. For stations reporting less than 24-hours per day, and where maximum
and minimum temperatures are required but not recorded, these are also selected
from the available hourly observations. This procedure has been followed since
January 1949. The user must pay close attention to notes on the summary pages
and in the Station History for further information on reporting practices at
individual stations.
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Figure 6.1. Cumulative Percentage Frequency of Occurrence from
Daily Observations, 1948-1977, Maximum Daily Tempera-
tures, Annual Summary.

The "mean" temperature given in the cumulative daily temperature distribu- 7"
tions is not really the mean. Since it is derived from daily observations, this
"mean" is calculated as the average of the day's maximum and minimum or

"mean" = maximum + minimum
"mean",. 2

For days with what might be considered a normal temperature profile, this "mean"
is an adequate approximation of the true mean. However, on days with a sudden
temperature change brought about by, say, a frontal passage or chinook, this
"mean" can be quite misleading. Since such sharp daily temperature changes are
rare, overall, the daily "means" may be used with confidence. If, however, the
true mean daily temperature for the month is required, the "Means and Standard
Deviations" summaries based on hourly observations should be used. Indeed, the
astute observer will note differences between the means given here and those in
the "Means and Standard Deviation Summary."

The "Daily Temperatures" summaries give, in addition to monthly distributions
of the temperatures, an annual summary, and, for each column, the mean, standard
deviation, and observation count.

6.3 Extreme Values

As for the "Daily Temperatures" summaries, the "Extreme Values" summaries are
based on daily observations. In these two summaries, Extreme Maximum Temperature
(Figure 6.5) and Extreme Minimum Temperature (Figure 6.6), the monthly extremes
are tabulated by year and month. Months where extremes are based on less than a
full month's worth of data are indicated by an asterisk (*). Extremes from
months in which at least one day had fewer than 24 hourly observations are indi-
cated by a pound sign (#). An extreme is given for each month provided that the
given month has at least one day with valid observations. All months of a year
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Figure 6.2. Cumulative Percentage Frequency Gf Occurrence
from Daily Observations, 1948-]c-77, Minimum Daily 9

Temperatures.

must have valid extremes before the annual extreme is seiected. Means and Ltand-
ard deviation are computed for each monLh and for the a.nual summary provided
that four or more values are in the specified column.

6.4 Bivariate Psychrometric Summaries

The summaries titled "Psychrometric Summary" are bivariate frequency distri-
butions of dry-bulb temperatures with wet-bulb depression (see Figure 6.7). The
numbers in the body of the summaries are the percentage frequencies of occurrence
of a specified dry-bulb temperature with a specified wet-bulb depression. Both
wet-bulb depressions and dry-bulb temperatures are given . 2'F intervals. A
percentage frequency of "0.0" represents one or more occurrence, but less than
0.05%.

Given at the right of the summaries are total number of hours that had the
specified dry-bulb temperature and some (any value) wet-bulb temperature, the . -
total number of hours that had the specified dry-bulb temperature, the total num-
bers of hours that had the specified wet-bulb temperature, and the total number
of hours that had the specified dew-point temperature. Differences between the
first two columns (Total D.B./W.B. and Total Dry Bulb) arise from a reported dry-
bulb temperature with no associated wet-bulb temperature.

At the bottom left of the last page of each discrete summary are statistical
data pertinent to that summary. Given for the relative humidity, dry-bulb tem-
perature, wet-bulb temperature, and the dew point are the sum of squares (Ix 2 ),
the sum (1x), the mean (x) the standard deviation (o ), and the number of obser-
vations used. At bottom right on the page are the megn number of hours with dry-
bulb temperatures in specified ranges. The total given with these data should
equal the total number of hours per yea. or per month, or per 3-hour interval per
month, as appropriate.
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Figure 6.3. Cumulative Percentage Frequency of Occurrence
from Daily Observations, 1948-1977, Mean Daily
Temperatures.

Although the summaries contain data for wet-bulb temperature and depression,
relative humidity, and dew point, it is important to realize that differing re-
porting procedures have had their effect on these moisture parameters. Before
1946 wet-bulb temperatures were not reported. From 1946 to about mid- 1971 wet-
bulb temperature data were extracted by hand from station records. Since mid-
1971 wet-bulb temperatures have been calculated from the reported dry-bulb and
dew-point temperatures. Similarly relative humidity values have been calculated
except for the period from about 1946 to June 1978 during which they were

reported. All values of dew-point temperatures and relative humidity are with
respect to liquid water unless others indicated.

6.5 Means and Standard Deviations

Three tabulations of means and standard deviations (see Figure 6.8) are
given; one each for dry-bulb temperature, wet-bulb temperature, and dew point.
These summaries are based on hourly as opposed to daily observations (hence 24
instead of one observation per day). These data are presented in eight 3-hour
time blocks and for all hours by month and by year (annual summary). In addition
to the means and standard deviations, the number of observations used is also
given.

6.6 Relative Humidity

Cumulative percent frequencies of occurrence of relative humidity greater

than specified values are given in two sets of summaries. Figure 6.9 is a sample
of one of these summaries. These values are determined from hourly observations.
The first summary is for all months, all hours combined. The second summary
gives monthly tabulations broken out in three-hour increments.
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of the relative humidity and the number of observations used in determining it ,. -
are given at the right, and at bottom an overall total for the month or year. -o

6.7 Exercises for Temperatures, Dew Point, and Relative Humidity Summaries "--.-.

__ o I' -- ".

Tables 6.1 through 6.8 contain sample questions and their solutions illus- .,.-
trating the uses of the various summaries in Part E of the RUSSWO. Most of the
answers can be determined directly from the summaries; others may require ancil- ..
lary data. These exercises are intended only to acquaint the user with the types
of information that can be obtained from these data summaries. They are not in- .
tended to be comprehensive,... .

Table 6.1. Procedures for Determining Answers To Sample Questions from the
Daily Maximum Temperature Summary (Figure 6.1, page 39). (All •.
temperatures are in degrees Fahrenheit)." '-"-

1- 0 .,

Pertinent " .?:

~ 1 0 - 4.__-___ __

To Find Row/Column Answer- .-..--°..

Mean daily maximum March temperature. Mean/Mar 42.3FO

50th percentile of the daily maximum See Footnote 1 86.4F
July temperatureD

Mean number of June days when the daily 90/Jun 32
maximum temperature is 90aF or more.

Mean number of October days when the daily 80/Oct 3 it

maximum temperature is 80aF or more.

Mean number of July days when the daily 75/80/July 253
maximum temperature is 78aF or more. oqut

Standard deviation of the daily maximum S.D./Sep 12.378 in-

September temperature.

Mean annual daily maximum temperature. Mean/Annual 58.2 0 F
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SFigure 6.5. Extreme values of maximum Temperature ii Whole
Degrees Fahrenheit, 1948-1977.

Table 6.1 - Continued
Pertinent

To Find Row/Column Answer

Mean number of days per year when the 50/Annual 237
daily maximum temperature is greater
than 49°F.

Month with the highest mean daily Mean/Jul Jul
maximum temperature.

There are several ways to answer this question. The simplest is to assume
-. (usually falsely) that the temperatures are normally distributed. Thus, the 50th

. percentile is the same as the mean, and the mean is given at the bottom of the
table (in this case 85.4 0 F). In fact, the 50th percentile is the median value or
that value above and below which half the observations lie. Only in a normal

* . distribution are the mean and medium equal. If the distribution is skewed they I 0
are not equal. A second method is to linearly interpolate between the 33.5 per-
cent and 57.0 percent (90°F and 850 F) values to obtain the temperature equalled

-. or exceeded 50 percent of the time. This technique gives an answer of 86.5 0 F. A
third method is to construct the appropriate ogive (the 'S' shaped cumulative
frequency curve of Figure 6.10) and read from the graph the 50th percentile value

* - (86.40 F). This last is probably the most accurate method since it makes the few-
j* est assumptions about the distribution of temperature (it does not assume a nor-

mal distribution nor does it assume linearity between neighboring points on the
curve). Also, once drawn, the curve can quickly give other percentiles as well:
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Figure 6.6. Extreme Values of Minimum Temperature in Whole
Degrees Fahrenheit, 1948-1977.

10th percentile 960F (i.e., 10 percent of the maximum temperatures will equal
Thor exceed 960F), 25th percentile on92fF.

iordinarily, the percent of time that a phenomenon occurs cannot be readily
converted into the mean number of days. In the case of this summary, only one- -

maximum temperature is observed per day and as a result, the conversion can be
made. The above answer is found by multiplying the percent of time that the tem-
perature is 90 or greater (8.7 percent) by the number of days in June (30) and
rounding to the nearest whole number (0.87 x 30 = 2.61 or 3 days).

SThe pertinent percentage (81.7) may be interpolated from the table or prefer-
ably obtained from the appropriate ogive (82.5 from Figure 6.3). See Footnote 1
for further discussion. This percentage is then multiplied by 31 days in July to
determine the number of days when the daily maximum temperture is 78 F or more.

4 The standard deviation is a measure of the deviation of individual numbers of
a given distribution from the mean of the distribution. For a normal or Gaussian
distribution, 68 percent of the numbers are included between the mean minus one
standard deviation and the mean plus one standard deviation. Extreme values can-
not usually be described by a normal distribution, and as a result, the aforemen-
tioned percentage does not apply, but the standard deviation j-. still a useful
tool in working with extreme values. For additional material, refer to
Gringorten (1960).

Table 6.2. Procedures for Determining Answers To Sample Questions from the
Daily Minimum Temperature Summary (Figure 6.2, page 40). (All
temperatures are in degrees Fahrenheit.)
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Figure 6.7. Psychrometric Summary, 1967-197., All-Hours, All-
Months.

Table 6.2 peContinued
Pertinent

To Find __________Row/Column Answer

Standard deviation of the annual S.D/Annual 19.5201
daily minimum temperature.

Highest and lowest standard deviation S.D./Jan and 14.802/
of the daily minimum temperature. Jul 5.671

Mean daily minimum October temperature. Mean/Oct 38.70F

*Months with the highest and lowest Mean/Jul and Jul(61.40F)
daily minimum temperatures. Jan Jan(3e.3.F)

Values of the April daily minimum See Footnote 2 26.4-F/
temperatures spanning the 16th through 43.30F -

the 84th percentile.

Mean annual daily minimum temperature. Mean/Annual 36.4 0F

Mean number of August days when the daily 60/Aug 143

minimum temperature is less than 600F.

* Mean number of January days with daily 33/Jan 294

*minimum temperatures of 320F or less.
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'.igure 6.7. Poychometric Summary (Cont'd).

See Footnote 4, Table 6.1.

2 The most direct and accurate way to answer this question would be to plot the
ogive and then read off the appropriate limits. An alternative is to linearly
extrapolate to the specified percentile (in this case giving a temperature range
of 26.40 F-43.30 F). A third method would be to realize that the specified range
of the 16th-84th percentiles is 68 percent and that for a normal (i.e., Gaussian)
distribution the mean plus and minus one standard deviation includes 68 percent
of the values. Thus, we may assume a normal distribution and use the mean (34.1)
and the standard deviation (8.172) to arrive at the temperature range 25.9-
42.3°F. Because of the various errors involved and assumptions required, regard-
less of method, rounding to the nearest whole degree is sugq;ested.

3 Reference Footnote 2, Table 6.1. Also observe that toe percentage in the - -
block (55.4) must be subtracted from 100.0 to determine the percentage of time
temperature less than 60OF occurs.

4 We assume only integer values for temperature. Thus, the appropriate tempera-
ture row is "> 32," which is to say that if 5.8 percent of the January minimum
temperatures equal or exceed 33 0 F then 100 - 5.8 = 94.2 percent of the minimum
temperatures must be 320 F or colder. Hence, 0.942 x 31 = 29.2 days or, rounding,
29 days on average can be expected to have a minimum temperature < 32°F in Janu-
ary.

Table 6.3. Procedures for Determining Answers To Sample Questions from the .- _ S
Daily Mean Temperature Summary (Figure 6.3, page 41). (All
temperatures are in degrees Fahrenheit.)
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Figure 6.7. Psychrometric Summary (Cont'd).

Table 6.3 - Continued .j
Pertinent

To Find Row/Column Answer

Mean daily temperature in May. Mean/May 56.00 F'

Daily mean December temperature. Mean/Dec 27.3 0F

Standard deviation of the daily mean S.D./Nov 11.6212" + ': November temperature. "',",

Mean number of July days with daily 80/Jul 63

mean temperature greater than 790F.

* Mean number of February days with daily 45/Feb 264

mean temperature less than 450F.

Daily mean June temperature which is 55/Jun and 560 F5

exceeded 90 percent of the time. 60/Jun

Daily mean September temperature which 70/Sep and 740F 6

is exceeded 10 percent of the time. 75/Sep

Highest monthly daily mean temperature. Mean/July 73.6 0F

Next to the lowest monthly daily mean Mean/Feb 27.1 0F -
temperature.

Mean annual number of days 'ith daily 35/Annual 997

mean temperature less than 350 F.

47

~0~ * *"-



-ATA Pl..CcS. ., I-- -G,

usAF TAC MEANS AND STANDARD DEVIATIONS

4)Ct I LT' . T- .'F S.,b,.1. . F y ]

j U-12 s .34 1-'.4 92 q ,17
1
? e ]. 5 I .15 . 7* 4, 9. 14 7.437 F. 0 7 ' .497 9. 5 "11 .

3 3,. 3 9,; , ,73 9. 0, 7 02 1 4 .

'-.. 7.2 17. 2. " .2'7' 53 7 40.7* 2 1 . 1 4
C3 . 5 13.3351'.721 ; 1 P q3I .44 Y 4 .775 7.412 8.514 .35 9. 29 11'.5 .7.'1,

', =-" 93. -46 935 97*7 '2-. '.27 Q3- 3. °3" o ' 1

6.9 13.4 1 .2 2
9

.1 4'.4 5 2 . 5n V1.1 I . , 1,.4

15,1411'.76, 9-,¢ 8 7 .4A 7s, .1 4 24 7.47 5 ".4'. 7.
7
9 9.41?11,7 ' 1 .22, "

92e _44 920 9 " 2 , ' 27. 3- t 6c 3 - 1 'Z 1 'n

9.5 15.4 2.3 3' ̂  .7 41.4 ?t . 7 51.4 41.2 3 ). 21.4 14.1
,14.4640.295 "e7 7 .203 71 d2. 0 4 7.232 7.22 0 .4d1 7..5' 9.427!11.%7K L7- "7

i ur .8 47 1 3 022 93S for 3 e- tc ,"

Obs rv ti ns 1. 212 3 5 41967- .197. 5(. 4,. 1.'O14 1.1 2

Tal-63- otiud

QJI -.. e 4'7 1)C9 0'. '3' '9'. Q?, 03 , 7) '3- 3%C 1- , 55

11.4 19.1 2-'.t 3C.4 41.4 -1I. 52.8 49.7 4. .1 3 '.,7 21.1 1 ;.4

9Z9 ' 4" 930 9cn 243' 92 7 92' n11 2' .'49 *"7 1 '544*

.3 105.9 20.2 3C.2 41 4 .1.1 51 0 P4%.' j3i0.I7 3 '.' ;4 14. 4

Pertinet -.-19-2 14.Fi; n .o/olm Anwe .285; 8;2. .97 7
Mean nube of days 9in 9arc with 1a 50Ma -2282 3 Y79714

* F7 .5 15.3 19.5 29. 4-.2 40.11 52.2- 4q9. ' 3 .7 29 19.9 1 ?1
21-23 s 14.7a413.7£2 8.635 9.C11 A 7011 1 7 .133 7.%~3 8.'656 .53' 9.11211 .11 117.4 47

Z',0 931 146 931' 9 *7( -2Q -0 * 926 027 1V7 93, A91% 93. 1 "441

I9.1 15 .1 19.5 29. 4' .4 4.. 52.3 49.C 4-.1 21.' 72 19"
... 15.00810.146 8.755 9.131 -. 170 ?.Q6, 7.1164 7.9CK 4.539 7.5)4 9.34611.".717.l 4

101.1 0* ' 7431 o7o7 74zp@ 721l7 7437 719' 7419 743 720) 743' 7P.8 7414

Figure 6.8. Means and Standard Deviations for Dew-Point
Temperatures in Degrees Fahrenheit from Hourly
Observations, 1967-1977.

Table 6.3 sContinued
Pertinent

To Find Row/Column Answer

Mean number of days in March with daily 50/Mar
mean temperature of 50F or more.

If the daily mean temperature is needed, the "MEANS AND STANDARD DEVIATIONS"
summary of dry-bulb temperature since for this summary hourly observations are
used, instead of "DAILY TEMPERATURES" where only "daily observations" are used.
Indeed, this summary (DAILY TEMPERATURES - MEAN) should be used only for deter-
mining the distributions of the means and for determining "the number of days I 0
with. ..

The assue anwe intge values by mutyigth percntag of t9qimen tayin the temera

4(1 0.079) x 28 = 25.788 or 26 days.
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• The correct solution is that temperature associated with the 90th cumulative
percentage frequency which must be interpolated from the summary. Linear inter- -'. -

polation is adequate, but plotting the ogive would give a more exact answer (see
Footnote 1, Table 6.1).

6 The answer is found by interpolating for the temperature value at the 10th
cumulative percentage frequency (see Footnote 5 above).

7 (1 - 0.729) x 365 98.915 or 99 days.

a 31 x 0.073 = 2.263 or 2 days.

Table 6.4. Procedures for Determining Answers To Sample Questions from the
Extreme Value Maximum Temperature Summary (Figure 6.5, page 43).
(All temperatures are degrees Fahrenheit.)

Pertinent
To Find Row/Column Answer

Extreme maximum temperature in April 1948. 48/Apr 840F

Extreme maximum temperature in November 1963. 63/Nov 70°F

Extreme all-years June maximum temperature. 74/Jun 1060F

Extreme all-years October maximum temperature 63/Oct 940F

Highest temperature ever observed during 73/Jul or 111OF
1952 through 1975. 73/All-Months
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Figure 6.10. Cumulative Percentage Frequency of Occurrence,
Maximum Daily Temperature in Degrees Fahrenheit,
July Summary.

Table 6.4 - Continued
Pertinent

To Find Row/Column Answer

Extreme maximum temperature recorded in 1975. 75/Aug or 107 0F
75/All-Months

Standard deviation of the extreme maximum S.D./Oct 4.1321
temperature in October.

Highest monthly mean of the extreme maximum Mean/Jul 99.3 0F
temperature.

Lowest monthly mean of the extreme maximum Mean/Jan 58.2 0F
temperature.

Highest standard deviation of the monthly S.D./Feb 7.115
extreme maximum temperature.

Lowest standard deviation of the monthly S.D./Aug 3.343
extreme maximum temperature.

Mean annual extreme maximum temperature. Mean/All- 101.6 0F
Months

Range over which 68 percent of the annual Mean and 98-1050 F2

extreme temperatures can be expected to SD/All-Months
occur.

1 See Footnote 1, Table 6.1.

2 Recall that 68 percent of the values in a normally distributed sample will
fall between the mean minus one standard deviation and the mean plus one standard
deviation. We assume a normal distribution.
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Table 6.5. Procedures for Determining Answers To Sample Questions from the
Extreme Value Minimum Temperature Summary (Figure 6.6, page 44).
(All temperatures are in degrees Fahrenheit.)

Pertinent
To Find Row/Column Answer

Extreme minimum temperature in March 49/Mar -3°F
1949.

Extreme minimum temperature in September 52/Sep 41OF
1952.

Extreme all-years May minimum temperature. 54/May 20°F

Extreme all-years minimum temperature for 59/Nov -140F

November.

Lowest temperature ever observed from 1952 63/Jan or -230 F
through 1975. 63/All-Months

Extreme minimum temperature recorded in 71/Feb or -20°F
1971. 71/All-Months

Extreme minimum temperature recorded in 76/Jan or -160 F
1976.. 76/All-Months

Extreme minimum temperature recorded in 49/Jan or -250 F
1949. 49/All-Months

Standard deviation of the mean extreme S.D./Jan 8.2061
minimum January temperature.

Mean annual extreme minimum. Mean/All- -16.4 0 F
Months

- Month with the highest monthly mean Mean/Jul Jul
- of the extreme minimum temperature.

Month with the lowest monthly mean Mean/Jan Jan
of the extreme minimum temperature.

Largest standard deviation of the S.D./Mar 10.070 A
mean monthly extreme minimum
temperature.

Smallest standard deviation of the S.D./Aug 3.403
mean monthly extreme minimum
temperature.

1 See Footnote 1, Table 6.1.

Table 6.6. Procedures for Determining Answers To Sample Questions from the
All-Months Psychrometric Summary (Figure 6.7, page 45). (All
temperatures are in degrees Fahrenheit.)

Pertinent
To Find Row/Column Answer ..

Mean annual number of hours with Dry Bulb/Mean 72.31
dry-bulb temperature (air No. of Hours
temperature) of 930F or more. with Temperature
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Table 6.6 - Continued
Pertinent

To Find Row/Column Answer

Mean annual number of hours with Wet Bulb/Mean 3031.62
wet-bulb temperature 320F or less. No. of Hours 6

- with Temperature

Mean annual number of hours with Dew Point/Mean 1.0
the dew-point temperature of 730F No. of Hours
or more. with Temperature

Mean annual percentage of time 80/79 / 13-14 0.2
dry-bulb temperature of 79 or 80°F 6
(80/79) and wet-bulb depression of
13-14.

Mean annual percentage of time 74/73 / 15-16 0.4
with dry-bulb temperature 74/73 and
wet-bulb depressions of 15-16.

The total number of dry-bulb Total D.B./W.B. 6983
temperatures 88/87 for which wet-
bulb temperatures were simultaneously
reported.

Total number of dry-bulb temperatures 88/87 / Dry Bulb 7004
reported in the 88/87 range.

. Mean annual percentage of time with Total/l-2 20.0
wet-bulb depressions of 1-2.

Mean annual percentage of time 72/71 0.0-
with dry-bulb temperature 72/71
and wet-bulb depressions of 0.

Mean annual percentage of time 46/45 / 0-10 3.2
with dry-bulb temperatures 46/45
and wet-bulb depressions of 0-10.

Mean annual percentage of time Total/l-4 35.9
with wet-bulb depressions of 1-4.

Total number of dry-bulb and total Total/Total 87634
number of wet-bulb temperature (Dry Bulb and
observations. Wet Bulb) 87564

Mean annual number of hours with Dry Bulb/Mean 1165.3
dry-bulb temperatures of 730 or No. of Hours
greater. with Temperature

Mean annual dry-bulb temperature. Dry Bulb/ i 47.16

Standard deviation of the wet-bulb Wet Bulb/ ax  17.2617
temperature. 

.

Mean annual dew-point temperature. Dew Point/ i 30.9

Mean annual relative humidity. Rel. Hum./ x 57.4

1 If this value had not already been calculated, it could be found by summing up
the number of hours that had a dry-bulb temperature of 930 F or greater, dividing
by the total number of dry-bulb temperatures observed and multiplying by the num-
ber of hours in a year. This methodology must be followed to find, for instance,
the number of hours per year with temperature between 95 and 100"F (Answer:
((202 + 124 + 69)/87634)x(365.25x24) = 39.51 or 40 hours).
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2 The wet-bulb temperature is determined by wetting the muslin covering around
the base of the wet-bulb thermometer, expediting the evaporation of the water
from the muslin by whirling the thermometer, ventilating it, etc., and reading
the resulting temperature. The values of the air pressure and wet-bulb depres-
sion (dry-bulb minus wet-bulb temperatures) are used with look-up tables to ob-
tain the dew-point temperature, vapor pressure, and relative humidity. For more
information, refer to Marvin (1941). .1

3 Wet-bulb temperatures were usually not reported before 1946; therefore, it is
often desirable to know how many dry-bulb temperatures for a given range, e.g.,
88/87 were accompanied by simultaneously observed wet-bulb temperatures. The
'Total D.B/W.B.' block permits this information to be determined.

4 From this and the preceding exercise, it is concluded that two observations in 01
the 88/87 dry-bulb temperature range lacked associated wet-bulb temperatures.

5 The answer of 0.0 means that some observations occurred in the range consid-
ered but this amounted to less than 0.05 percent. For those blocks with no-"
entries, no values in those categories were ever observed during the period of
record (1967-1977).

6 This temperature (47.10F) should be the same as that listed for the annual
mean temperature (47.5 0 F) in the daily mean temperature summary (Figure 6.5).
The numerical difference between the two is due to the method of computation.
The dry-bulb temperature in this section is calculated from the expression where
x is the mean, Ix is the sum of all the temperatures, and N is the total number
of temperatures observed. The mean from Figure 6.1 was based not on all hourly
observations but on "daily observations" of the maximum and minimum temperatures
(mean = (max + min)/2). The mean value of 47.1 given here is identical with that
from the "Means and Standard Deviations" summary.

7 The standard deviation is a measure of the deviation of individual numbers of
a given distribution from the mean of the distribution. For a normal or Gaussian fl
distribution, 68 percent of the numbers are included between the mean minus one
standard deviation and the mean plus one standard deviation. The standard1 devia-
tion (a ) can be calculated from the expression a = ((1x2/N)-(1x/N)2)i. The
statistcal terms Ix2 , Ix, and N are all included in Ihis summary.

Table 6.7. Procedures for Determining Answers To Sample Questions from the
Dew-Point Temperature (Means and Standard Deviations) Summary
(Figure 6.8, page 48). (All temperatures are in degrees
Fahrenheit.)

Pertinent .
To Find Row/Column Answer

Mean May dew-point temperature 12-14 (Mean)/ 41.5 0 F
during 12-14 LST. May

Mean January dew-point temperature. All-Hours 9.1 0 F
(Mean)/Jan

Mean annual dew-point temperature 06-08 (Mean)/ 30.2 0 F
" luring 06-08 LST. Annual

Standard deviation of the August 21-23 (S.D.)/Aug 7.703
dew-point temperature during 21-23 LST.

Highest and lowest mean April dew- 12-14 (Mean)/Apr 30.5 0 F
point temperature during a 03-05 (Mean)/Apr 27.5 0 F
standard 3-hourly interval.

Greatest 3-hourly standard deviation 15-17(S.D.)/Sep 8.813
of the September dew-point temperature.

Lowest mean annual 3-hourly dew-point 03-05(Mean)/Ann 29.10 F
temperature.
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Table 6.7 - Continued
Pertinent

To Find Row/Column Answer

Standard deviation of the June dew- All-Hours (S.D.)/ 7.963
point temperature. Jun

Values of the 16th and 84th percentiles 15-17 Mean and 4.10F
of the 15-17 LST December dew-point S.D./Dec 26.7 0 F
temperature.

The 99.95th percentile lowest July All-Hours Mean 29.3 0 F3

dew-point temperature. and S.D./Jul

The 99.95th percentile highest November All-Hours Mean 51.1 0 F
dew point, and S.D./Nov

Greatest 3-hourly standard deviation 00-02(S.D.)/Jan 15.340
of the dew-point temperature. -4
' The standard deviation is a measure of the deviation of individual numbers of
a given distribution from the mean of the distribution. For a normal or Gaussian
distribution, 68 percent of the numbers are included between the mean minus one

* standard deviation and the mean plus one standard deviation.

2 The required values are obtained by adding to and subtracting from the mean

one standard deviation. The dew-point temperature distribution can be assumed to
be almost normal (Gaussian).

3 In a normal distribution the 0.05th percentile lowest value is determined by
multiplying the standard deviation (7.066) by 3.29 and subtracting the product
(23.2) from the mean (52.5). This value would ordinarily be exceeded 99.95 per-
cent of the time in July. The value 3.29 is the number of standard deviations
from the mean to the 99.95th percentile assuming a normal distribution.

Table 6.8. Procedures for Determining Answers To Sample Questions from the

All-Months Relative Humidity Summary (Figure 6.9, page 49).

Pertinent
To Find Row/Column Answer

Mean January relative humidity. Jan/Mean Relative 62.4%
Humidity

Mean May relative humidity. May/Mean Relative 59.8%
Humidity

Month with highest mean monthly Dec/Mean Relative Dec
relative humidity. Humidity

Month with lowest mean monthly Aug/Mean Relative Aug
relative humidity. Humidity

Mean annual percentage of time when Totals/60% 45.0
the relative humidity is greater than

60 percent.

Mean annual percentage of time when Total/50% 37.2
the relative humidity is less than
or equal to 50 percent.

Mean percentage of the time that Jul/90% 1.6
July relative humidity is greater

than 90 percent.
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* Table 6.8 - Continued
Pertinent

To Find Row/Column Answer

Month with the highest percentage of Apr and Nov/80% Apr & Nov
relative humidity greater than 80
percent.

Month with the highest percentage Jan/30% Jan
of relative humidity greater than
30 percent.

Number of observations during the Nov/70%(Total No. 2300' --

period of record (1967-1977) with of Obs)
relative humidity greater than
70 percent in November.

Mean percentage of time in September Sep/40% and 50% 54.92

with relative humidity less than
or equal to 46 percent.

1The value 2300 is calculated by multiplying the percentage frequency of rela-
tive humidity of greater than 70 percent (0.32) by the total number of observa-
tions (7188).

2 The percentage frequency of relative humidity greater than 46 percent (54.9)
is approximated by linear interpolation.
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Chapter 7

PRESSURE SUMARY (PART F)

7.1 General ,

Part F of the RUSSWO contains two types of summaries, the Station Pressure
Summary (Figure 7.1) and the Sea-Level Pressure Summary (Figure 7.2). The Sta-
tion Pressure Summary contains means, standard deviations, and total observations
of station pressure in inches of mercury foi eight selected hours and for all
hours of the day by month. The Sea-Level Pressure Summary includes the same sta-
tistical treatments and categories as the station pressure except that the pres-
sure for mean sea level is expressed in millibars. Both summaries are derived 0
from 3-hourly observations.

Monthly and annual station pressure and mean sea-level pressure distributions
are near normal (Gaussian) although some positive or negative skewness occurs.
Additionally, deviations from the normal distribution occur near the extremities
of these pressure distributions. Unless great accuracy is desired, these pres-
sure distributions can usually be considered as normal.

7.2 Definitions

For most stations located at airfields in the United States, station pressure
is that pressure recorded at the station elevation which is defined in paragraph
7.2.1. Other elevations listed in various publications are often wrongly inter-
preted as this station elevation. The three types of elevation generally used
are defined in paragraphs 7.2.1 through 7.2.3. Complete explanations on the var-

* ious definitions can be found in the Federal Meteorological Handbook, No. 8
(1963) and current definitions can be found in WMO/OMM No. 9 (1983).

7.2.1 Station Elevation. Station elevation is the datum level to which baro-
metric pressure reports at the station refer. These pressure values are called
"station pressure" and are understood to refer to the given level for the purpose
of maintaining continuity in the pressure records.

7.2.2 Field Elevation. Field elevation is the official elevation of an airport
which is given for meteorological stations located at airports. This elevation

- is the highest point of the airport runway above mean sea level. This elevation~~is printed on the front cover of the RUSSWO. Field elevations can be found in.-...
the USAF/USN Flight Information Publication, Enroute Supplements (1983).

7.2.3 Barometer Elevation. Barometer elevation is the height above mean sea
level at which the barometer (ivory point) at a station is positioned. Many sta-
tions not located at airfields and those located in or near cities in the United

• ,States use the barometer level as their reference point.

- 7.2.4 Climatological Station Elevation. Climatological station elevation is
the elevation above mean sea level used as the reference datum level for all
climatological records of atmospheric pressure in a given locality; it is not
necessarily the same as station elevation. The reduction of pressure to this
standard elevation is necessary only if a station has changed its specific loca-

* tion but has stayed within the general area so that the two or more sets of
, records remain comparable.

7.3 Exercises For the Station Pressures and Sea-Level Pressure Summaries

I Tables 7.1 and 7.2 contain a variety of questions with procedures for deter- . ...
mining answers from the Station Pressure Summary (Figure 7.1) and Sea- Level
Pressure Summary (Figure 7.2), respectively. Many of the answers can be deter-
mined directly from the summary and others require additional supporting informa-
tion to arrive at a solution. Extensive footnoting is used in cases which re-
quire supporting information to determine an answer. The exercises are intended
only to acquaint the user with the type of information that can be gleaned from
these data summaries and as such, are not intended to be comprehensive.
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Figure 7.1. Means and Standard Deviations of Station Pressure A
in Inches Hg from Hourly Observations, 1967-1977.

Table 7.1. Procedures for Determining Answers To Sample Questions from the
Station Pressure Summary (Figure 7.1, page 57).

Pertinent
To Find Row/Column Answer

Mean January station pressure. Mean (All-Hours)/Jan 26.534 in

Standard deviation of 0800 S.D. (08)/Jun 0.161 in
LST June station pressure.

Values of the October station Mean and S.D. 26.397 to
pressure ranging from the 16th (All-Hours) Oct 26.795 in'
through the 84th percentile.

Mean annual station pressure Mean (All-Hours)/ 899.23 mb 2

in millibars. Annual

The 0.05th percentile lowest May station Mean and S.D. 25.941 in3

pressure. (All-Hours )/May

The 99.95th percentile highest May See Footnote 4 3900 ft
pressure altitude. Below

* Mean annual 0500 LST station pressure. Mean (05)/Annual 26.533 in .

Mean 1400 LST July pressure See Footnote 5 +3200 ft
altitude. Below
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Figure 7.2. Means and Standard Deviations of Sea-Level Pressure
in MB from Hourly Observations, 1967-1977.

The required pressures are obtained by adding to and subtracting from the mean
(26.596) one standard deviation (0.199).

2 The beginning of Part F of all RUSSWOs has a pressure altitude versus baromet-
ric pressure scale. It can also be used to convert pressures in inches of mer-
cury to millibars. For more accurate conversion, use 1 inch = 33.864 millibars.

3 In a normal distribution the 0.05th percent lowest value is determined by mul-
tiplying the standard deviation (0.180) by 3.29 and subtracting the product
(0.592) from the mean (26.533). This value would ordinarily be exceeded 99.95
percent of the time in May.

4 This value is found by entering the pressure altitude-barometric pressure
scale at the beginning of each F Summary with 25.941 inches found in the previous ..
exercise. A more accurate answer is 3897 feet which can be found by consulting
FMH-8 (USWB 1963) or the US Standard Atmosphere, 1962. Simply enter the appro-
priate table with the given pressure to find the equivalent pressure altitude. A
value greater than the pressure altitude found has a chance of occurring only
0.05 percent of the time.

5 Use the pressure altitude-barometric pressure scale. Enter with the mean sta-
tion pressure at 1400 LST in July (26.606). The scale, of course, is very crude
and tables should be used for greater accuracy.

Table 7.2. Procedures for Determining Answers To Sample Questions from the
Sea-Level Pressure Summary (Figure 7.2, page 58).
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Table 7.2 - Continued
Pertinent

To Find Row/Column Answer

Mean November sea-level pressure. Mean (All- 1017.2 mb
Hours)/Nov

Mean sea-level pressure at 1700 LST Mean (17)/Feb 30.038 in.
in February in inches Hg.

January hour (LST) with the lowest Mean (14)/Jan 1400
mean of the sea-level pressure.

Annual Hour (LST) with the greatest Mean (11)/ 1100
standard deviation. Annual

August hour (LST) with the smallest S.D. (20)/Aug 2000

standard deviation.

Values of the April sea-level Mean and S.D. 1004.4 to
pressure spanning the 16th through (All-Hours)/ 1021.8 mb2
84th percentile. April

The 0.05th percent lowest May Mean and S.D. 988.3 mb3
sea-level pressure. (All-Hours)

The 99.95th percent highest May See Footnote 4 3966 ft
pressure altitude at station. Below

The 50th percentile of the 0500 Mean (05)/Jan 1017.7 mbs
LST sea level January pressure.

Month with the lowest mean sea-level Mean (All-Hours)/ Jun
pressure. Jun

Month with the highest mean Mean And S.D. Jan
sea-level pressure (All-Hours)/Jan

Greatest hourly standard deviation. S.D. (23)/Jan 10.036

Value of the November sea-level pressure Mean And S.D. 1025.96

which has a -robability of being (All-Hours)/Nov
exceeded 16 percent of the time.

I At the beginning of Part F of all RUSSWOs is a pressure altitude versus pres-
sure scale. It can also be used to convert pressures in millibars of mercury to
inches. For more accurate conversion, use one millibar equals 0.02953 inches of
mercury.

2 The required sea-level pressures are obtained by adding to and subtracting
from the mean (1013.1) one standard deviation (8.681). We assume a normal dis-
tribution of sea-level pressure.

s In a normal distribution, the 0.05th percent lowest value is determined by
multiplying the standard deviation (7.385) by 3.29 and subtracting the product
(24.30) from the mean (1012.6). This value would ordinarily be exceeded 99.95
percent of the time in May.

4 The answer can be closely approximated by entering the pressure altitude-
barometric pressure scale with 988.3 millibars (29.184 inches of mercury), ob-
taining the pressure altitude (690 feet) and algebraically adding to it the field
elevation (3276 feet). Compare this value with that determined in Table 7.1 from
the station pressure.

5 In a normal distribution the 50th percentile is identical with the mean.

6 The 84th percentile satisfies the criterion. Hence, the sought-after value is
the mean plus one standard deviation.
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