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This report presents the results of preliminary inves:ti-
gations of the distribution of temperature durations. The
: goal in these studies was to examine the duration-variable
' from different aspects and explocre the problems involved in
establishing a model distribution based on actual data.

A model such as this could be used to make predictions of
extreme temperature duration, which is of practical signifi-~
cance both to the Army and in ecological studies. -

Most of the work was done in the year 1966-1967, while p
é the author was in residence at these Laboratories on a '
H r visiting associateship awarded by the National Academy of
Sciences~National Research Council, Washington, D, C. It

was completed under Agreement 255 between the U.S. Army
. Natick Laboratories and Clark University, where the author
held an appuintment as Visiting Professor of Geography
. during the 1967-1968 academic year.
The advice and assistance that was generously offered
by personnel of the Earth Sciences Laboratory throughout
the study is sincerely appreciated by the author.
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ABSTRACT

The statistical distribution of the longest uninterrupted
duration of temperature above or below any given value was
studied from hourly temperature records from 25 stations. The
purpose was to examine the tempe:rature duration variable from
different aspects and to explore the prohlems involved in the
development of a general distribution-model. Besides its
value for the development of an empirical model, this infor-
mation is also essential for the study of theoretical models.

Tue distribution of temperature durations has been dsrived
for some types of stations and can be used to make accurate
predictions. The variability in these distributicns has been
reduced almost to the natural limit set by the variability in
time inherent to durations in nature. This was achieved by
reducing actual temperature values to a uniform standard scale
and by stratifying the sample of stations.

The distributional patterns of durations of high tempera-
tures and of low temperatures are shown to be quite different
from each other. The latter are considerably lunger and, in
winter, much more variable fron year to year. Such differ-
ences must by reflected in any distribution model to be sug-
gested, whether empirical or with some other basis.
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THE DISTRIBUTION OF THE LONGEST TEMPERATURE-DURATION IN A MONTH

1. Introduction

The literature of climatology contains many references to
the effect of climate on man's activity arnd plant growth. In
most cases, however, this seems to reflect merely & recogni-
tion of a problematic and long observed relationship., rather
than a real comprehension of its mechanics. Even in a rela-
tively advanced field such as agricultural meteorology, little
has been achieved in establishing biologically significant
threshold values for climatic variables, though the mere exis-
tence of a relationship seems to be so obvious.

Thisz might be a surprising situation and one hard to ex-
plain considering the constant effort made in accumulating ever-
growing amounts of climatic data. The fa-t is, however, that
most climatic data reach researchers in other fields in highly
abstracted and generalized forms, such as mean values. This
is unfortunate in regard to any climatic variable, but espe-
cially so when temperature is concerned because this happens
to be the <lement on which the most detailed dats are available.

In presenting data on the length of time which given values
of temperature persist, an attempt is made to supply the user
with a type of data that may corr.'ate better with phenomena
affected by temperature. Thus, biologists may be more inter-
ested in the duration above a given temperature than in the
mere occurrence of the same temperature. Plant organs such
as fruit or stem will heat or cool slowly owing to their own
heat content. Therefore, a temperature threshold must be ex-
ceeded for an extended period of time to affect such organs.

In a similar way, the heat capacity of an orchard may be impor-
tant in frost--and presumably heat--protection (Waggoner, 1967).
Other biological processes may also be enhanced or otherwise
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affected by certain crgans being exposed to air temperature
above or below a given value for a given length of time.

Temperature duration data are valuable for the study of
problems such as those meniioned.above when the biological
meaning of a threshold is understood. This is especially true
with crop plants, whose physioclogy is relatively well studied.
In regard to wild plants and natural vegetation, where this
knowledge is largely lacking, the correlation with newly avail-
able temperature duration data may open new avenues in the
investigation of threshold values.

Temperature duration data are of practical value to other
users, such as the Army. which needs such data for the estab-
lishment of design criteria for materiel. Many items of mili-
tary equipment have critical temperature threshclds above or
below which the item fails to function properly. Complex items
may have several such temperature considerations. Here also,
detrimental effects are functions not only cf ambient temper-
ature, but of its duration as well. Information on the ex-
pected durations of high and low temperatures, therefore, is
important in military planning and in establishing design
characteristics for equipment.

Theoretically, the investigation of temperature durations
can be attempted in two ways: (1) by studying the actual dis-
tribution of the durations, directly obtained from station
records, and (2} through a theoretical model based on assump-
tions that could be justified. Not much has been done in thie
latter direction so far. A stochastic model has been proposed
by Gringorten, based on the assumption that hourly temperature
series, appropriately :ransformed, can be regarded as simple
Markov chains with constant serial-correlation coefficients
(Gringorten, 1966). The model has been suggested tc apply to
a variety of meteorological variables, but in regard to pre-
dictions of temperature durations, much has yet to be done to
make it applicable in practice (Sharcn, 1967).
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The latter approach seems to be very promising and per-
haps more challenging, and is also being pursued by this
author. In the present study, however, the first approach
is followed. Temperature durations are studied here from
actual recorde of hourlv temrzerature with the Surposs of
getting a closer acquaintance with that phenomenon and also
of describing its actual statistical distribution. The dis-
tribution when obtained will serve in a number of ways.
Firstly, such distributions are needed in the study of any
theoretical model for verification purposes, as in the study
by Sharcn mentioned above. Secondly, the distributions could
be found to follow regular patterns, lending themselves to
generalization and the establishment of a gfneral empirical
model. ‘'he feasibility of developing such a model is the
formal subject of the present investigation and in this
respect this is a pilot study.

The study of temperature-~durations from station records
has been carried out for a considerable time in the US Army
Natick Laboratories (Westbrook, 1962, 1968; Hook, 1964, 1966).
The developmer.t of a simplified model was attempted that
would apply to any temperature, any month, and any place in
the world, This goal was no. achieved as a usable tool, but
some of the results that were produced could be used for
further study. Mrs. J. H. Westbrook of the Natick Laboratories
also took active part in the present study and her effective
help is hereby duly acknowledged.

2. Dpefinition of the Variables and of the Scope

The data needed for the present study consisted of the
complete records of hourly temperature. Consequently, t-d's
(temperature-durations) were defined as the number of conse~
cutive hourly observations, all of which lie at or above (or
belcw, as the case may be) a given temperature level. Thus a
5-hour duration above 100°F refers to an uninterrupted sequence
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of exactly 5 hourly observations of 100° or more. Such a
duration could be representative of an actual duration of 5
hours % 59 minutes, or a reange of 4-6 hours. Also, consider-
ing irregularities inherent in the pattern of temperature
change during the day (e.g., on thermograms), a "duration"
could ba easily interrupted between ebservation times wichout
this being reflected in the hourly record. Such interrcvptions
may be long or insignificantly short and of no importance. On
the other hand, any occurrence that does happen just at obser-
vation time might also have been momentary only, and not at
all representince a whole hour.

The t-d variable as defined above is definitely strongiy
correlated with actual durations, but strictly speaking, it is
still only an approximation or an estimate thereof. As such
it is subject to an additional amount of variability relative
to actual durations, measured in mainutes. Of course, not much
can be done in this matter; bul the consequence thereof, such
as those mentioned, should be borne in mind.

The variable more specifically dealt with in the present
study is the longest uninterrupted duration in_a month at or
above (and at or below) given temperature levels. In the fol-
lowing this will be referred to simply as “the longest t-d."
The words "uninterrupted”, "at or”, and "in a month" will be
omitted, but are always implied. This means that for each
single month only cne duration (for each temperature level) is
considered, namely, the longest one. For example, to obtain
a sample of 10 values of the longest t-d above 80° in July in
a station, hourly data for 10 years are required; examples can
be found in Appendices A and B.

Unlike Gringorten's study, the distribution of duration
for given temperature levels has been worked on here. 1In
Gringorten's model, it is duration that is kept constant rather
than temperature, and therefore conditional probabilities of
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temperature values for given m-hour periods are dealt w.th.
This may be well suited to problems specifically relevant to
the U. S. Air Force, e.q., for determining risks encountered

by planes staying on route for a known length of time.

However, the Army, plant ecologists, and probably geographers

in general will mostly be concerned with items that are ex-
poced to the elements constantlv. Anv of these may be affected
by given temperature values if the latter persist long enough
at any time during the month. Therefore, conditional levels
were considered more appropriate here,

The longest t-d refers to extreme occurrences, but extreme
in length only, and not necessarily in temperature as well.
Considering the variety of proklems for which t-d data could
be useful, it is clear that not only extreme temperatures
could be critical, especially when persicsting long enough.
Evidently a temperature that is considered moderate in a - -
given station could well be critical for a particular problem.
Therefore, the longest t-d's have been treated here not for
extreme temperatures only, but in fact for any temperature
on one side of the monthly mean in each station. For dura-
tions above given levels the upper half of the local temper-
ature range was covered,and for durations below given levels
the lower half was covered. Durations for the remaining part
of the range (e.g., the longest t-d above a low temperature)
seem to be of secondary importance, and as their prediction
would be subject to extremely high variability anyway, it was
not attempted here.

The fact that only the longest t-d in a month, rather
than all durations, has been treated here is suited to the
need for information on critical t-d conditions. By concen-
trating on the extreme t-d's in a month only, the probability
that any t-d relevant to a particular problem is exceeded
can be more accurately ascertained than if all other durations

were included as well.
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Seasonal phenomena at any particular place could very
well be affected by long Jdurations of bota high and low
temperatures in the same month. Consequently, durations both
above and below given levels seem to be of interest in each
part of the year. 1In a comprehensive study of t-d's, both
variables should therefore be treated for each season. 1In
the present study, treatment was limited at this stage to
durations “"above" given values in July only, and durations

----- P emam R 3 3
In practical application thege seem

to be of most importance, but it is realized that in case it
is found that the distribution of t-d's can be effectively
described, the scope should be widened as indicated above.
3. Data and Techniques

The source for all hourly temperature data is the “"Local
Climatological Data (Supplement)” published monthly by the U.S.
Weather Bureau for individual stations. Hourly temperature
records have been published from about 1950 until 1964, after
which their publication was discontinued. Twenty-~five stations
from North America and the Pacific Ocean were treated in the
present study. Not all of them could be included in each stage
of the investigation. Data from ten more stations taken from
Westbrook (1968) were treated in preliminary exercises.

The data on the t-d's in an individual station can be de-

rived from the hourly temperature records by a relatively simple

computer program (see Table I). The essentials of the proce-~
dure in regard to each station are as follows: The complete
record of hourly temperatures is reaa-in and stored. Then for
each predetermined temperature level, all hourly data for each
month are scanned systematically. Whenever the specified tem-
perature is encountered, a counter for the duration-length is
set off, which will eventually retain the final length of each
duration in a single month. These durations can then either
be printed out or, otherwise, suppressed and only the longest

e ey




TABLE I. Program for obtaining durations at or above given temperature
levels from hourly temperature records.

FORTRAN IV G LFVEL 1, ®OD HAIN NATE » 68114 [ FATYAL) s4sF 00N
[ 4 PR{:GRAN 2
0001 INTEGEI®2 LHTL V1,31 ,24) ,NT0N)
000? COI'llfm MDAV, MSTIIAD NGNYIAAT JNIEIT ) GLHT o MMAX 1L, X, NN, N
0003 20 FOSMAY (12}
0004 READ(S,20) MOAY -— ./ d., o all
2008 N800 NNel 14
FORMAT (T3)
ggg: et u:u(s."ot NSTENN) —  fenp lemsls (et b0, 8, S00r)
0008 00900 NNs=1,16
0009 13 FORNATY (318277
onin WRITE{ 6130 NSTINN)
aott 100 HMads A4 bl 1984 - [964
8012 200 Ke],190 <«  conster f darndvas o v tubvalesd nenll
co13 200 NEKXleD
ontls Ha-3Y
no1s TFIENLES,. T CALL tNeuY
s0te CALL NP Y
am7 CALL nuUTsyY
onts aeiite 3}
onie 1.0 CONTINUF
L rL) GO CIRVINF
8021 TTOF
0022 (2 1))
o001 SUSROUTINE INPUT
0002 INTFGFR %2 LHT(31,31,24),N(1000)
0003 . COMMON MDAY NSTE16) ¢NoNY (663 ¢NDI31) JLHT o NMAX o LL oKy MMy NN
0004 N300 Li=1,MNAY
0008 40 FIRMAY (2X,312,2413)
0006 300 READ(S940) NVY{MM) {4, NOILL) o {LHT (MM, L L,J)4J=1,24)
0007 RETURN
000R END
0001 SUBROUTINE COMPY
0002 INTEGERS2 LHT(31,31,24) ,N(1000)
000_} COMMNON MDAY o NSTI16) sNeNYLAE) ,NNIIT) oLHT NMAX (LU, Ko MM, NN
0004 K=0
000% NDA0O Li=1,MNAY
0006 00500 J=1,24
y ocor IFCEJeEDL 1) dAND L CLL.EQ. 1 ANDL LLHT(MR,1,1) .GE.NSTINN) T} GO TD 21
nons IFTCJLEQu 1) cANDLILL.EQ. 1) AND, (LHT(MM,] 41 ) LY. NST(INI)) GO 7O 500
0009 TFUCIFQo1) o AND L (LUTIMM, LL EDLLT.NSTINND D) GO TD SCO
5019 T (T BT AT CAND (L ATE MM LL o1 Yo SELNSTINND) CAND, (LHT (MM, LL~1, 726) ,GE,
INSTENNDT) GN TO 22 :
oo1t TECU I A AND L TLTUMM, L 1) GELNSTINND ) o AND, (LHT (MM, 1 {~1, 240,17,
INSTI{NN}Y) GN TO 21
0012 TFCOLHTIRM, L oIV LT NSTINYN)) 50 TN S09
no13 TECELHT{MM,LL J-1)).GE.NSTINNI) CO TN 22
onie 21 =Ko}
onts 22 NIKIaN(K)}eL
nnie 500 CNNTINUF
0017 400 CONTINUE
0018 NMAXSNG L)
0019 NN60N JJ=l,K
0n20 FTNCIIT.LT.NMAX) 30 TO 600
0021 NMAX=N( JJ?
0072?2 600 CONTINIE
0023 RFTURN
0024 END
n001 SUBRNYTINF NUYTPUT
nen2 INTEGFR®2 LHT(31,3]1,24),N(1000)
non3 CNMUON MDAYNSTE16) 4 NyNY(5654) JNNTILY (LHT , NMAX o LL o Ko MM, NN
0004 11 FORMAY (1773Y,215))
noons WRITE(A,11) (J3J,NULIIY D021 ,K)
noosk 12 FORVATY {114%/77))
1017 WRITF{6,12) NMAYX
nnna RETURAN
nnng FND
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in that month printed out. This is done separately for each
single month, after which the same procedure is repeated for
each of the other temperature levels. A sample of the output
sheets is presented in Table II, in which all durations for
one month are first printed out, and then the longest of them
printed out.

At the beginning of this investigation, much of the above
procedure was done manually by Mrs. Westbrook.

A question may be raised as to whether the longest t-d
values for a particular month in consecutive years constitute
a random sample. This problem was not tested here, but it is
adequately clarified by the following reasoning. Any two con-
secutive returns of a particular mcnth (e.g., July) are eleven
months apart. Except for long-range climatic trends, the exis-
tence of which is questionable, a relaticnship that would inply
statistical dependence between values pertaining to consecutive
return of a month seems improbable. Moreover, the longest
t~d in a month is related to extreme weather occurrences pro-
ducing cold or warm spells, which in most cases seem to be
especially irregular.

For some stations, hourly temperature records were avail-
able only since 1953. Therefore, a 10-year record was uni-
formly used for all stations. The 'smoothness” of the fre-
quency distributions which were eventually obtained from these
data (see Section 8) indicated that that number of years was
adecuate, at least in regard to the July variable. For the
other one, i.e.. t-d's "below" in the winter, more data would
be helpful, but the few more years that might have been avail-
able for some of the stations would hardly make a difference.
Reference is also made to the fact discussed in the following,
that model ¢istributions were not established on the basis of

single stations.
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TABLE II. A ssmple output sheet of temperature durations in July for one
tewperature level.
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The adequacy of a l0-year record could be tested for one
particular station (Boston, Mass.) in July. For this station
a 3l-vear record (1934-1964) was made available by the USWB
office in 3oston, and was used also for checking the repre-~-
sentativeness of the data for 1951-1960. The comparison of
the distribution for the two periods is presented in Table III.
The variable used is the longest t-d in a month above given
levels. The distribution of the longest duration in both sets
of data is compared at ten percentile levels covering the whole
distribution range. The table shows very high agreement be-
tween the two sets. The few departures that can be found
hardly fall into any pattern, and it can be assumed tkat they
would be largely canceled out when being pooled with data from
other stations.

No single distribution was originally expected tc apply to
all the stations in the world, or even most of them. The final
model, if achieved, was to consist of a number of distributions,
each representing one type of station. For the purpose of
establishing a model distribution that applies to more than a
single station, the t-d data from a number of stations were
pooled together. This was done for a fixed month only (i.e.,
July) and so far as possible only for such stations that fell
into climatologically definable groups and that had similar
t-d distribution patterns (see Section 6). When the pooling
was justified accordingly., it automatically made up for the
relatively small amount of data available for individual
stations, by making an enlarged data body available for esta-
blishing one type of a distribution. A distribution thus
derived is therefore an average one for 10 returns of the same
month in each of the stations included and is regarded here
as an estimate of a model distribution of the longest t~d in
the same type of station. The precision of that estimate is
higher, the more data there are available for it, because

10




Table III.

Cum.
rel.

freq.

.10

.20

.30

.40

.50

.60

.70

.80

.90

1.00

ave-

rage

Std'
dev.
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The distribution of the longest duration at or

above given temperature in July, Boston, Mass.,

based on records of different length: (a) 1934-

1964, (b) 1951-1960 (adapted from Table I,

Chang, 1968).

TEMPERATURE (°F)

64 68 12 16 80 84 88 90
121 60 22 15 11 9 4 2
121 65 21 14 11 9 3 2
159 66 38 16 12 9 5 3
141 66 39 17 12 9 4 3
172 75 39 17 13 10 6 4
179 71 40 17 14 10 6 4
185 90 43 19 14 10 7 5
185 79 44 19 14 10 € 4
187 98 52 19 14 11 8 5
188 96 45 19 15 10 8 5
215 116 62 21 15 11 9 7
257 113 58 23 18 11 8 7
275 138 66 27 18 13 10 7
333 114 60 27 18 13 10 7
382 141 70 36 18 13 10 8
353 137 7C 29 18 13 10 8
353 165 92 +4 20 15 10 8
376 141 92 44 18 13 10 8
477 233 158 92 22 17 12 10
473 233 101 48 19 15 10 9
234 112 59 28 15 11 7.5 5.5
260 111 57 26 16 11 7.5 5.7
96 45 30 19 3.3 2.3 2.6 2.5
111 48 24 11 2.7 2.0 2.5 2.3
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this reduces the variability (error) of the estimate, which

in this case is a distribution. On the other hand, the amount
of data available for one distribution may be limited by the
number of stations having similar distribution patterns.

The error mentioned above refers to the variability of the
distributicn itself, i.e., each of its individual features
such as its average, percentile points, etc. It should not be
confused with the variability within the distribution as a
whole, which is, in fact, the scatter of a varialle that has
this distribution. The latter refers to the "width" of a dis-
tributior.

4 distribution thus derived will be used to make predic-
tions of the longest duration in a month above (or below, as
the case may be) a given temperature in a station to which the
distribution applies. Predictions will have the fcrm of a
numerical range of durations for which a given temperature can
be expected to last at specified probability levels. These
could be either confidence limits, bounded on both sides, or
one-sided ranges corresponding to given levels of risk.

The accuracy of estima*~1 ranges may be viewed from two
different aspects. One is directly linked to the preciseness
with which the distrim»ution, obtained from samples, represents
the true (model) distribution. This asp=ct of accuracy can
hardly be tested in our case, but when a considerable number
of stations of one type is available for obtaining one distri-
buticn, the accuracy will be at least as high as that of most
estimates used widely in climatology.

Another aspect of the 'accuracy” of a range may refer to
its width. Obviously, a predicted range of 5-7 hours at 2
given probupility level is more valuable than another one ol
0-3 hours. Although one could figure the expected event more
"exactly" from the first range, i% could nevertheless not be
regarded as more accurate. The larger range may be reflecting

12
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actual conditions in a certain station in which weather pat-
terns are more irregular. In this case the wider range is a
true reflection >f reality, ard not a weakness of the predic-
tion model.

The components of the variance ian a pooled distribution
were used in this study to evaluate the effectiveness of tem-
perature standardizations {Section 5) and the appropriateness
of station-grouping (Section o). The components were deter-
mined in an analysis of variance done separately for fixed
temperature levels. The variance of the duration (for one
fixed level) within stations reflects the natural variability
of t-d's (this is referred to hereaf‘er as the variability
"within" stations). It is essentially irreducible and is
hardly affected by a2ny manipulation of the data. On the other
hand, the variance betwsen stations represents the amount of
variance added in the process of pooling data from different
stations. This component is largely reduced by effective
methods of temperature standardization and by appropriate
grouping. Therefore, it can serve in evaluating the effect
of these manipulations. Further remarks on the use of the

analysis are made in the concluding paragraph of Section 4.

4. The Statistical Distribution of t-d's in Two Special Cases.

Some attempts were made to determine the shape of the
distribution of the longest t-d's within temperature levels,
such as those shown on the tables in the Appendix. Such
attempts were restricted by the fact that the available data
were insufficient for proper curve fitting. Obviously, the
distribution of t-d's can be considered only within one temper-
ature level at a time, because the expected values vary among
differ=nt levels. The same must be assumed also in regard to

available for each individual distribution. This difficulty

g
%
t-d's at different stations. Thus, only 10 values could be %

RO
‘




was overcome in two cases in each of which the distribution
of the longest t-d within temperature levels was found to be
normal, or at least very close to normal.

One instance concerns July t-d's "above" in Boston, for
which 31 values were available in each level, as mentioned
previously (Section 3). Durations at .6 temperature levels
(2° apart) were tested (Chang 1968). It should be noted that
these 16 tests, though separate, are not mutually independent,
but the extent of dependence apparently decreases sharply for
levels more widely apart. Results of the tests are presented
in Table 1IV. .

"Two tests were independently applied. The first one was a
chi-square test. As the usually accepted formal requirement
concerning the number of items, i.e., N=50, could not be fully
satisfied, the exact vaiue of the critical significance levels
should probably not be taken exactly to the last decimal.
However, in most cases, these levels were so high as to jus-
tify an unambiguous statistical conclusion.

A Kolmogorov-Smirnov test was also independently applied
to the same data. For this test there is no required sample
size. It is also considerably more powerful because each
individual observation is considered. However, a slight im-
perfection may still be involved here, as the "expected"
normal distribution was specified by using only estimates for
its parameters, i.e., the distribution was not fully specified.
Here again the corréct probability pertaining to the results
of each test may be a little lower than shown, but as in the
former case, most probabilities are high enough to warrant
the correctness of the conclusions inferred from them.

The results indicate that except for 2 of the 16 temper-
ature levels, 76°F and 78°F, devartures from normality are
insiqnificaﬁt. The significance of the two levels mentioned

is affected by unusual ovccurrences in two of the 31 years,
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when the specified temperature persisted for about 90 hours
(1949 and 1963), as compared to the third highest duration of
48 hours only, and the average of 25 hours. On the whole,
there is a very strong indication that the longest t-d above
given levels is normally distributed.

Besides the test using Boston data, the distribution of
the longest t-d in July was tested also with another set of
values. This one comprised t-d's from 4 stations taken to-
gether, thus making 40 items available for tests within each
temperature level. Pocling t-d data from different stations
is made technically possible by having the original tempera-
ture values reduced to a common basis, by a process of stan-
dardization discussed in Section 5. Although the four stations
chosen are quite different in certain respects, their respec-
tive t-d distributioncs have practically the same pattern.
This is shown in Table V, by a comparison of the averages and
tke variability for all stations. The comparison is made
within each temperature level, t;, the exact meaning of which
is brought out in a later section.

A chi-square test was then applied to the distributions
witiiin 9 temperature levels. These covzared the whole upper
haif of the temperature range, outside the upper tail where
the distribution becomes truncated. The results are shown
in Table VI, which clearly indicates that this distribution
can also be rejarded as normal.

Obviously, the results obtained here apply only to the
stations and duration ranges specified. No direct analysis
has beesn made of other data, but some essential features
common to t-d distributions in general are brought out in
Section 8 of this report. It has been found that distri-
butions are somewhat distorted in those parts that corres-~
pond to durations a little longer than 24, 48, or 72 hours.

16
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TABLE V. The distribution of the longest duration at or above temperature
levels (given on Rp-scale) at four stations, 1951-1960.

10-YR MEAN AND STANDARD DEVIATION OF LONGEST T-D, IN HOURS
(DURATION AT OR ABCVE GIVEN VALUES IN JULY, R; STANDARDIZATION)

TEMPERATURE LEVEL
STATION .55 .6C .65 .70 .75 .80 .8 .90 .95 1.00

PHOENIX 15.8 14.0 12.0 10.7 9.5 8.0 6.6 5.1 3.3 1.3
ST DEV 1.89 1.68 1.56 1.92 1.23 1.44 1.91 2.09 2.24 2.14

DENVER 15.4 14.2 12.9 11.6 10.8 9.3 7.5 5.2 2.3 1.0
ST DEV 1.54 1.27 .90 1.27 1.62 1.48 1.65 2.65 2.46 2.10

SPOKANE 16.9 15.2 13.2 12.0 10.7 8.8 8.2 5.9 4.3 1.4
ST DEV 1.85 1.97 1.18 1.44 1.17 1.23 1.55 2.77 2.88 2.10

YUMA 16.3 13.6 12.1 10.5 9.0 8.2 6.8 5.3 2.6 1.2
ST DEV 1.95 1.49 1.08 1.15 1.35 .98 1.22 2.06 2.41 1.99

ANALYSIS OF VARIATION OF T-D FOR STATIONS INCLUDED IN TABLE ABOVE
(DURATION AT OR ABOVE GIVEN VALUES IN JULY, Ry STANDARDIZATION)

TEMP MEAN S(B) S(W) 5 F(3,36)

LEVEL DURATION (TOTAL)
.55 16.10 2.04 1.91 1.92 1.14
.60 14.25 2.15 1.71 1.75 1.57
.65 12.55 1.87 1.27 1.32 2.15
.70 11.20 2.26 1.55 1.62 2.11
.75 10.00 2.81 1.42 1.58 3.88
.80 8.57 1.86 1.37 1.41 1.85
.85 7.27 2.30 1.69 1.74 1.84
.90 5.37 1.13 2.54 2.46 .19
.95 3.12 2.80 2.64 2.66 1.12

1.00 1.22 .54 2.19 2.11 .06
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Table VI. Test of goodness of fit of the pooled distrihution
of longest duration in July at four stations to
the normal distribution (see text for details on
stations and temperature reduction).

Temp.

level

(tm) .55 .60 .65 .70 .75 .80 .85 .90 .95
Chi-

square 2.45 2.25 1l.64 2.24 1.62 2.60 1.65 5.90 5.47
Deg. of

freedom 4 3 1 3 2 2 3 5 4
a* .60 .50 .20 .50 .40 .25 .60 .30 .20

*a = highest significance level at which not significant.

The above remarks have been made here in connection with
the analysis of variance that has been employed for certain
purposes in the following sections. As normality could not
be assumed, no strict F-tests were formally carried out on the
components of the total variances that were obtained. The
analysis was used here merely to ckbtain estimates of the two
components of the variability in pooled sets of t-d data. For
that alone, no assumptions concerning the distributicn have to
be made.

5. Temperature Standardization

A major problem in this study concerns the pattern of the
frequency distribution of the longest t-d. If a model of some
generality is to be suggested, the question immediately arises
as to the extent to which the distributional patterns are simi-
lar for different stations. To have such patterns brought out

18
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more clearly and to compare them for different stations, the
distributions need to be abstracted from some of the charac-
teristics of the specific station to which they appiy. In our
case, the specific characte istics to be eliminated from the
individual distributions could include the general temperature
level at a station, the amplitude of temperature changes, the
frequency distribution of hourly temperatures, and perhaps some
others. Such abstractions can be made in a way that is simi-
lar to the standardization o%¢ a variable in statistics, i.e.,
the employment of some transfermation function to standardize
an independent variable. 1In our case the variable to be trans-
formed would be houriy temperature, and the purpose of this,
in technical terms, is to bring the t-d distributions for dif-
ferent stations as close as possible to each other.

Four standardization transformations have been attempted
here and their efficiency tested: (1) In the R-standardization,

temperatures t in any one station are reduced to values t, in
the range of 0 to 1.00 by using the absolute minimum temper-

ature ever observed at that station in that month (Tpipn) and

the absolute range (R) between that and the absolute maximum

temperature:

Thus actual temperatures, as measured from their absolute
minimum, are reduced by this transformation into proportions
of the absolute temperature range R of the same station. For
example, the absolute maximum temperature in any station will
have the uniform value of ty=1.00. This standardization has
been employed by Westbrook (1962) and later alsc by Hook (1964
and 1966). It is based on the assumption that the longest
t-d in any one station is related to the extreme temperature

19
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_occurring there, which is probably true for the shortest dura-
tions (i.e., the mnst extreme temperatures). Extremes for 25
years were used as recommended by Hook (1966, p. 3).

(2) The Ry, standardization is similar to the previous one,

but it employs the average monthly extremes, Eﬁin and §ﬁ,
instead of the long-term absolute extremes, Ty;, and R.

tm-—____.___.

Bwl

Thirty-year averages were used for Eﬁin and §h. In this stan-
dardization, the actual temperatures are expressed as a pro-
portion of the average monthly temperature range §£, above the
average monthly minimum. The parameters used in this standar-
dization are more stable ones, which consequently is also true
of the transformed values of temperature obtained.

(3) In the G-standardization, the average monthly frequency

cdistribution of the hourly temperatures is used. Using this
standardization, an actual temperature is expressed in terms

of the cumulative relative frequency of that temperature in the
monthly distribution. For example, for a station at which

a temperature of 5° or less is encountered in 15% of all hourly
observations in the same month, the temperature of 5° will be
transformed into 0.15. The absolute extremes will be 0.00 and
*1.00 as in the R standardization, but in between these limits
the actual frequency distribution of temperature levels is

used rather than an assumed uniform distribution.

This transformation was similarly used by Gringorten (1966),
though for a different purpose. The required frequency dis-
tributions for 1951-1960 were obtained from the U.S. Weather
Bureau's "Decennial Census of United States Climate - Summary
of Hourly Observations," published separately for most Weather
Bureau stations.

20
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(4) The W-standardization was suggested by Wadsworth in 1967.

It employs the average monthly temperature t and its standard
deviation S, obtained from the hourly observations:

Thus temperatures are expressed in terms of the standard devi-
ation of all hourly records for that month, measured from their
average. The average monthly temperature becomes 0.0 and the
highest ones come close to 3.0. In stundardizing temperatures
in station groups, in which all stations have the same distri-
bution except for the values of the mean and the standard devi-
ation, this standardization would give identical results to
that designaced G. For instance, this would be true if all
these distributions were normal. Actually, however, this is
an improbable situation. To obtain the values for the average
and the standard deviations, the same source as for the G-trans-
formation was used.

An Ry - transformation, using average daily extremes simi-

larly to Numbers 1 and 2 above, was also attempted, but was
given up soon for lack of promising result.

The effect of standardizing actual temperatures on t-d
statistics is illustrated in Figure 1. Temperature ranges for
five stations are shown, all with different temperature means
and ranges. Durations are also shown f three fixed t; values
at each station: 1.0, 0.8, and 0.6. The actual temperature
corresponding to each of these values can be ascertained from
the adjacent temperature scale (on the left of Figure 1).

Ob ously, if durations above a fixed temperature value (say
above 90°F) were examined, then the corresponding durations
would differ widely among the stations. At Phoenix, the
longest t-d at or above 90° in July averages about 18 hours;

21
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at Miami it is 2.7 hours; and at Bethel it is never even
attained. However, turning to the durations corresponding to
a fixed standardized value, the differences between the sta-

tions become very small. Thus, for a standardized temperature
of 0.8 (second value shown for each station), the durations at
the same stations are 8.0, 9.1, and 10.90 hours, respectively,
which ars very close to each other.

Technically, standardizing the temperature values lends
to t-d distributions from different stations a more uniform
pattern than is attainable without their use (see Fig. 2).
The ideal situation would, of course, be to find a transfor-
mation that would eliminate all differences among stations.
Referring to Figure 2, this would mean the practical coinci-
dence of the curves for all five stations shown. Clearly,
this is not effected for these particular stations by any of
the standardizations, but some come closer to that goal than
others.

The effectiveness of the standardizations suggested above
was compared with respect to their effect on the uniformity

of the patterns of t-d distributions among the stations studied.

With an ideal standardization the patterns should be freed
from all peculiarities cf the individual stations. Conse-
quently, t-d distributions in all of them would coincide. As
an indicator of the extent to which this ..s effected by each
of the standardizations, the variance among the duration
patterns in the individual stations was used.

The var.ance "between" station averages was arrived at
through separate analyses of variance for all individual
durations corresponding to each single temperature level. An
example of the numerical results of the analysis for all four
standardizations is presented in Table VII.

The results were also plotted on a continuous basis in
Figures 3 and 4. To compare the results for all four standar-
dizations, those obtained for temperature levels expressed in

23
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Caribou, Maine
Knoxville, Tenn.
San Diego, Calif.
Seattle, Wash.
Springfield, Mo.
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Figure 2. Illustration of the effect of temperuture-standardizations:

The average longest temperature-duration in July in 5 stations, plotted on
various temperature scales. The characters R, W, G, Ry refer to trans-
formed temperature scales described in the text.
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Table VII

Analysis of variance of the longest duration at

or below given temperature levels in January, in pooled
distribution models (19 stations) based on different tempera-
. ture standardizations. The results of the analysis for each
temperature level are contained in one line. F-Values should
be interpreted in terms of statistical significance.
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four different terms had to be plotted on a common basis. For
this, the average dqration corresponding to each level was used
(see second column in Table VII and also Figures 3 and 4.)

The analysis of variance brings out two different aspects
of the variability of t-d's for any fixed temperature level.
As mentioned above, the effect of the temperature standardiza-
tions is best brought out by one of them, the variance "between"
stations, Sp. (In effect, the square root of the variance is
used all through this discussion.) However, we will not use
it for that purpcse, because it is the combined effect with the
other component, S, in which we are ultimately interested. The

variance "within" stations, S.. is affected much less, of

1t
course., This component reflects better than the others the
variability that'is inﬁetent in the t-~4 variable in nature.

It represénts the actual year-to-year variability of the longest
t-d in a month observed for constan: temperature level and con-
stant climatic regime, i.e., at a single station. Obviously,
this variability is a feature of the natural phenomenon itself
{(under constant coaditions), and is irreducible by &ny mani-
pulation ({except effective weather control).

The effects of the two components are combined in the total
variance, S. Thellatter reflects the variability in a pooled
frequency distribution; obtained for a group of stations. It
will be used to estimate the variability of the predictions
that can be made when using that distribution as an estimate
of a model distribution.

In terms of the total variance, S, in July, the R, stan-
dardization appears to be preferable (Fig. 4). Differences
between standardizations are not large altogether, but the
variability for average durations of 5 to 15 hours is about
15-40% lower when using Ry rather than the R-standardization.
Differences in relation to the other two standardizations are
even smaller; consequently, the advantage offered by use of
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any of them is definitely too small to justify the consider-
able practical complications involved in their use for stan-
dardizing temperature values.

For t-d's "below" in January., the situation is reversed,
even though to a rather insignificant extent (Fig. 4). This
probably indicates a stronger relationship of the longest dura-
tion of low temperatures to the extreme temperature than that
of the longest durations of high ones. The variance of the
t-d's "below" is altogether very high compared to that of the
July variable, which makes the percentage differences among
standardizations in January very small. Therefore, the poten-
tial improvement of a distribution model effected by using any
particular standardization could only be small. Thus, there
seemed to be no compelling reason for adopting a different
standardization for the January variable than for the July
variable, and Rm was uniformly employed throughout this study.

The choice of the R standardization was also supported by
analyses done on data from smaller groups of stations. This
includes stations that had been included in the above analy-
sic and also 10 others that had not*. It was also found that
when considering the t-d patterns, the stations lent themselves
much better to stratification with the use of R than with
any of the other standardizations, as explainedwin the next
section.

In conclusion, it should be pointed out that even though
differences among the suggested standardizations are small,
the use of any of them greatly reduces the variability in a

* Barrow, Als.; Bismarck, N.D.; Boston, Mass.; Dallas, Tex.:
Des Moines, Iowa; Fairbanks, Als.; Fresno, Calif.; San Juan,
P.R.; Tatoosh Island, Wash.; Washington, D.C.
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pooled distribution model, as compared to what it is on an
unreduced temperature basis. G and W standardizations did not
seem to offer any advantages. Use of either of them requires
extensive information that is readily available for relatively
few stations over the world. This would largely restrict the
practical applicability of any model that could be achieved.
Therefore, these standardizations are not recommended for use
in t-d studies. The R, standardization was chosen for use in
this study, but its advantage over the R standardization is
admittedly not very strong. In some respects, the latter
would have been equally suitable.

6. Stratification of Stations

In the preceding section, an attempt to reduce the varia-

bility of the frequency distribution of the longest t-d in
a rather diversified group of stations was discussed. Another
way to achieve the same goal readily presents itself. It
arises from the recognition of the possibility that the t-d
distribution patterns may be more similar among themselves
in groups of stations fitting into some climatic classifica-
tion or other. A stratification of the stations was there-
fore attempted. Here again, the components of the variance
were used for analyzing the effectiveness of any grouping.

Essentially, a stratification is intended to reduce S;,.
the variance between samples (within strata). This is so in
our case also, where samples are t-d data for individual
stations. Sy is the only component of the variance that can
be substantially affected by the grouping. Unfortunately,
however, this component has little weight in determining the
total variance because for standardized t-d data the variance
"between" stations is, generally speaking, not much larger
than "within" them. Consequently, the net effect of any stra-
tification on the total scatter is limited.
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Stratification of a group of over 20 stations was attempted,
considering t-d distribution patterns of individual stations.
Such attempts were made, using each temperature standardization
separately. As the variability "within” stations is essen-
tially irreducible, attention was focused on the variability
“"between" average t-d patterns at individual stations, some
of which are shown in Figure 2. A separate attempt was also
made to concentrate on stations at which the variance "within"
is low.

Some interesting groupings emerged when using the R, stan-
dardization on July t-d's, even though only one of them seemed
to be of practical significance at this stage of the study.
The only group of considerable size that clearly presented
itself consisted of all the stations of pronounced continen-~
tality that had been included in the study, namely, Dayton,
Ohio; Denver, Colo.; Edmonton, Alta. (Canada); Knoxville,
Tenn. ; Phoenix, Ariz.; Spokane, Wash.; Salt Lake City, Utah¥;
Springfield, Mo.; and Yuma, Ariz. (see group 1 in Figure 5).
The effect of separating this group from the rest of the
stations in establishing a pooled distribution model is
brought out in Figure 6. It can be seen that although the
reduction of S, is outstanding, the overall effect is much
less impressive: for temperatures higher than tgp 0.65, the
overall scatter in the continental group amounts to 80-90%
of the original, which is only a small improvement. It is
probably not altogether insignificant (see Section 8), but it
is definitely less than was expected by some experts** as well

* Data incomplete.
** Minutes of meeting of NAS-NRC Committee on Military Geo-

graphy, Advisory Board on Military Personnel Supplies, US
Army Natick Laboratories, 20-21 July 1966, p. 5.
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Pigure 5. The range of the average longest temperature duration in July

te groups of stations, mapped below. The stations in each group
are listed in the text under the same group numbers. Temperatures standard-
ized on Ry-scale.
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as by the present author. This could be attributed to the
fact that in terms of the variability, "within" stations,
both the complete (and rather diversified) group of stations
and the group consicting of continental stations only, hardly
differ from each other. Both groups include some stations
with a high internal variability and others with a low vari-
ability, but the group averages (S,,) for both groups are the
same. Figure 7 shows that the average duration in both the
complete group of 18 stations and the "continental" group,
is also practically identical for all temperature levels.
Consequently, the statistical distributions corresponding to
these groups cannot differ considerably. This will be illus-
trated in a later section (Section 8).

Some other interesting groups of stations also emerged
in the process of stratification discussed above. Some of
them seem to be of real climatic significance, but at this
stage of the study none can as yet be used in establishing
a separatc Zistribution model for a narrowly defined group of
stations, A surprisingly close co
patterns was fcund within such groups as the following (see
Figure 5): (2)* Brownsville, Tex.; Mobile, Ala.; Savannah,
Ga.; (3) Cape Hatteras, N.C,; Caribou, Me.:; Key West, Fla.;
Miami, Fla.:; and San Diego, Calif. In group (2) the longest
durations for all temperatures except the highest are uni-~
formly shorter than in the continental group. 1In group (3)
the opposite is true; whereas the short and medium durations
are largely like those in the continental group, those above
about 15 hours are consistently longer.

As the number-of stations in each of these groups is small,
these results may be regarded merely as indicative of some

* Class (1) consists of continental stations, as mentioned
above. .
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sort of classification and not as a basis. Also, the scatter
within the stations in any of the groups is far from uniform;

it tends to be so large that the potential improvement afforded
by this approach is small.

A more significant improvement can be achieved by further
separating stations within groups, but with a view to the vari-
ability "within” stations, rather than "between"” them. The
3 i stratification alone would suffice if the mean longest dura-

; ' .i tions were the only estimates desired. However, for deter-
% ' mining durations for any given probability level, the varia-
o bility "within” individual stations has to be considered as
well. The latter reflects the extent to which the factors

affecting the longest duration in a month are recurring uni-

formly from year to year. In some stations this variability

- A is considerably lower than in others. Estimates in either of

- them could obviously be improved by adapging the breadth of
the distribution to the variability of t-d's within stations.
To achieve this, four stations were separated from the "con-
tinental" group, including those within which the longest t-d
varies only little from year to year. These are Denver, Colo.;
Phoenix, Ariz.; Spokane, Wash.; and Yuma, Ariz.

The effect of the last manipulation was quite impressive.
For a considerable part of the temperature range, the stan-
dard deviation of the t-d variable is not more than 2 hours.
For the t -range of 0.50-0.85 (corresponding to average dura-
tions of 6-18 hours), the standard deviation amounts to about
10-20% of the corresponding value of the average duration (see
Figure 9). Practically, this means that the longest durations
for stations of that type can be predicted to within very
narrow limits (see Figure 12). -

The difference between the internal variability of the four
stations mentioned above and the remaining four is well re-
flected in the variability of the monthly maximum temperature,
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S (tmax)' as shown below. The latter value, which can be de-
termined with relative ease for stations frcm standard pub-
lished data, reflects the variability (between recurrent
Julys) of the warm spells that affect the correspondingly
longest t-d's. The value of S (tp,,) given here (in degrecs
F) is related to the period 1951-1960 only, because the vari-
ability of the i-d's themselves has been evaluated from data
for the same period-

Denver, Colo. 2.8° Dayton, Ohio 4,0°
Phoenix, Ariz. 2.1° Edmonton, Alta. 3.6°

Spokane, Wash. 3.0° Knoxville, Tenn. 3.0°

Yuma, Ariz. 2.5° Springfield, Mo. 4.9°

From these values it appears that Knoxville could probably
have been included in the first class, but as it has similar
distributional patterns this could not affect the pooled dis-
tribution obtained for the first group.

Other stations, for which the variability of the longest
t-d in July has been found to be high, are given below, with
the corresponding value of the standard deviation of the
monthly maximum: Bethel, Alaska 4.8°; Seattle, Wash. 6.0°;
San Diego, Calif. 4.2°; Caribou, Maine 4.1°; Edmonton, Alta.
3.6°. Other stations with low variability are: Brownsvilie,
Tex. 2.4°; Savannah, Ga. 2.6°; Mobile, Ala. 2.2°; and Miami,
Flz. 1.8°. The relationship between the variability of the
longest monthly t-d and that of the extreme monthly temper-
ature in July has not as yet been investigated beyond this
point.

The preceding attempt indicates the approach for an effec-

tive refinement of the station stratification. The suggestion

is to separate stations by the variability within them, thus
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adapting the width of the corresponding distributions to the
actual extent of the regularity of the t-d phenomenon in the
stations concerned. Predictions for stations that have regu-
larly recurrent weather patterns will be most favorably
affected by having ranges of predicted t-d's reduced to a mini-
mum. For other stations, predictions will be possible within
wide ranges only. This, however, would not reflect any weak-~
ness of a prediction method, but rather the actual irregular-
ity of climatic conditions of these stations.

The stratification of the January data was attempted with
the same approach that was followed in the previocusly dis-
cussed case. There, a stratification by average distribu-
tional patterns was even less evident than in the July case.
The reason was that the variability of the January t-d's
"below” is considerably larger than that of the July t-d's
"above" (see Fig. 4). This is true of the total variance and
also of the variance “between” statione which, being so larce,
tends to obliterate even those grouping tendencies that may
well exist. The larger variability calls for longer time
series in studying the stratification of the January variable.

A grouping by internal variability was also attempted. Gf
the 19 stations included in the analysis cf variance previ-
ously mentioned (Section 5), those with the highest and lowest
internal variability of t-d's were separated. The first
group included the stations listed below; for each station
the value of the standard deviation 5f the monthly tempera-
ture S(tyjin)., in January is given (in parentheses} and some
causal factors are mentioned that could well explain the
variability of the t-d's concerned.

Bethel, Alaska (6.6°): Alternately affected by coid

continental 2ir and warm air from the Gulf of
Alaska-Bering Sea areas.
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Denver, Colorado (8.38Y): Alternately affected by northr-~
erly and southerly flow associated with passage
of cyclones and anticyclones; chinook winds.

Edwonton, Alberta (9.9°): Same as above; foehn winds.
Sydney, Nova Scotia (7°)

Spokane, Washington (12.8°)

The stations with the lowest variability include the following:
Honolulu, Hawaii (1.2°); distinctly maritime.
Miami, Florida (4.3°); distinctly maritime.

Phoenix, Arizona (2.3°); protected from extensive cold
outbreaks.

San Diego, California {2.9°); maritime and protected from
extensive cold outbreaks.

Savannah, Georgia {3.3°)

Yuma, Arizona (2.9°); protected from extensive cold out-
breaks.

This grouping also brings out the predominant effect of
latitude on the variability of extreme t-d's, which nappens
to be in good agreement with the findings of other investiga-
tions conrerning monthly temperature (Anderson 1955, Thom
1956). In these studies, the variability of the mean monthly
temperature has been found to decrease from north to south.

The remai.ing stations, which could not be uwaambiguously
classified are: Brownsville, Tex.; Cape Eatteras, N.C.;
Caribou, Me.; Dayton, Ohio; Knoxville, Tenn.; Mobile, Ala.;
Salt Lake City, Utah; and Springfield, Mo.

The variance ot the pooled distributions in each of the
twc extreme groups is presented in Figure 8 along with the
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variance of the combined group. The direct effect of this

grouping is clearly brought out by the Sw-component. Inci-
dentally, in the class of staticn with low variability the

variance "between" is also favorably affected.

The net effect,
reflected in the S-graphs,

is quite impressive and is even
better illustrated in Figure 9. In the latter, the variabil-
It shows that in

the scatter of
January t-d's "below”, in stations of low internal variabil-
ity, is only slightly higher than that of July t-d's "above”.

This is so at least for durations up to about 24 hours.

ity is related to the average duration.

terms of the relative standard deviation,

In
other words, if a station can be clearly defined as belonging

to that class, t-d's can be predicted within a relatively
narrow range,

For other stations, the scatter is as much as 2 to 3 times

higher even when taken relative to the corresponding average

duration. This is so both for the stations with the highest

internal variability and probably also for most intermediate
ones, as the variability in the compleie group is only insig-

nificantly smaller than that in the extreme group

(see Fig.
9).

It must thevefore be concluded that fo:i stations other
than relatively "stable" ones, high year-to-year variability

is an inherent feature of the longest duration of low tem-
perature.

In conclusion, two grouping methods were attempted and

evaluated in this section: a stratification by averages and

a grouping by the variability within staticns. Cenerally

speaking, the data did not lend themselves very well to a

stratification. Even some well defined groupings appeared

tc have iittle practical effect on the t-d distribution.
However, this effect would probably be more significant if

he averages of the separate groups had been more different

This seems to be true of the January data,

ot

from each other.
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but to investigate it, records of at least 20 years or more

g are needed. The length of record needed for each station can
i be ecoriomized by adapting it to the estimated variability of
s : t-d's in the same stations.

* Even where the practical value of the stratification can
be doubted, it may well be of theoretical interest by adding
a new aspect to the differentiation of climatic regimes.

Some impressive similarities between distributional patterns
at climatically similar stations were found. It seems,

however, that for a more fundamental study in this direction,

data for more stations are needed. For t-d's of low tempera-

tures longer records of data are also reguired.

A more effective scheme of grouping the stations is that
of separating stations with a low variability of t-d's from
those with a high variability. Strictly speaking, this is
not a stratification scheme in which uniformity of the aver-

ages within strata is the main concern. In grouping by the
internal t-d variability, the size of confidence limits for
expected durations is adapted to actual conditions at the sta-

tions concerned. For low variability stations, predictions

"'\‘ﬂvx

within narrow ranges are made possible; for others, the width
of the distribucion will appropriately reflect the irregular-
ity of recurring events. Also, there are strong indications

that the t-d wvariability within stations is well reflected in

3 ‘ the variability of monthly extreme temperatures.
Best possible results will be achieved by grouping the
stations by internal t-d wvariability within an already strati-

[ i

fied sampie. Under these circumstances, both the averages and
the scatter are made uniform within classes. The establish-
ment of such a scheme should be the ultimate goal of any fur-
E ther study on the distribution of temperature durations from
actual observations.
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7. The Variability of Extreme Monthly Durations

In the foregoing sections the variability of extreme t-d's
has been used in determining the effectiveness of certain
treatments. This variability may be of interest in itself ard
it seems worthwhile to consider it briefly.

Two variables have been considered: the longest duration
above given temperatures in July and below given temperatures
in January. The latter was found to be very considerably
larger, as shown in Figure 9 and in the following table:

Table VIII: The average variability of extreme monthly tempera-
ture durations at 19 stations in North America,
1951-1960." The January durations are those of low
temperatures; the July durations are of high ten-
peratures.

Average Duration (hrs) Z 4 6 8 10 12 14 16 18
Rel. std. dev. January 2.5 1.9 1.6 1.4 1.3 1.2 1.1 1.1 1.1

Rel. std.dev. July 1.2 .7 .4 .3 .2 .2 .3 .4 .5

Unlike daytime temperatures in summer, low temperatures in
winter are not dominantly controlled by one factor that uni-
formly affects air temperature from year to year, such as the
sun. Durations of low winter temperatures depend more on
broad effects such as flow patterns, air m=azs evolution, and
sometimes also on erratic local processes. The occurrence of
any of these within one month is quite irregular. In fact,
any specific situation that is liable to affect a long dura-
tion in a given area in the winter, can easily fail to occur
during one particular month. Consequently, the longest dura-
tion below a given temperature may be 43 hocurs in a particular
vear, and cnly 3 hours in the following one (9°F at Dayton,
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Ohio, 1959-1960; see Appendix A). Variations twice as large
are also not uncommon.

Like any other climatic parameter, the variability of the
longest monthly t-d also varies considerably between stations.
Among those considered in this study so far, the lowest vari-
ability has been found in marine tropical stations, such as
Honolulu, Hawaii; San Juan, Puerto Rico; and Miami, Florida.
Relatively low variability is found even in the winter in
stations that are effectively protected from large scale ad-
vection of well developed air masses. This is probably the
case in southern Arizona (Phoenix and Yuma). Stations with
high variability (in winter) include those that are affected
alternately by two different air-masses or are subject to some
other irregularity such as those at the periphery of cyclone
tracks. Local features such as foehn winds can also affer:
t-d's. Data on the t-d variability in the stations treated
can be found in Appendices A and B.

The larger variability of the January variable is mainly
due to the fact that temperature in general is subject to a
larger variability in the winter as compared to the summer
(Thom, 1956; Anderson, 1955). Values of S(tmin) and S(tmax)
obtained ror the present study also indicate that these sea-
sonal differences are more pronounced at night.

The variability of extreme monthly t-d's can be found
directly only by obtaining the durations from the detailed
hourly temperature record. However, as has been mentioned
above, it can be estimated from the variability of extreme
monthly temperature S(t;,) or s(tmax)’ respectively. The
assumption is that the éxtreme monthly t-d is closely related
to the monthly extreme temperature, and that the variability
of either of them reflects the regularity with which weather
patterns are recurring at a station in annual returns of a

given month (e.g., July). This relationship between duration
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and extreme temperature has been indicated by other authors
and is further mentioned in the following section. At the
stations included in the present study, a very good agree-~
ment has been found between the two parameters (see Section 6).
8. Estimated Model Distributions

For some of the station classes discussed in the preceding
section, detailed distributions of the longest t-d have been
worked out and are presented in this section. Within eacli of
these classes, the t-d data from all stations have been
pooled, using the R -standardization. A distribution thus

derived is an average distribution over a period of time for
all stations included. It is therefore an estimate of a
“true” distribution pertaining to stations that would fall
into the same class.

The distributions presented in this section illustrate
various patterns, as different among themselves as possible
within the scope of the data available for the study. Dura--
tions of highest and of lowest temperatures have been treated,
as well as durations subject to high and low variability.

The distributions were plov..’ "n a logarithmic duration
scale because, in general, Jdurations iuacrease rapidly and can
be more effectively dealt with on a logarithmic scale rather
than on a linear scale. It was also felt that the accuracy
of the duration values is more appropriately considered as a
constant proportion of the corresponding average than in terms
of a constant absolute value, of say * 1 hour. The direction
of temperature increase on the abscissa was so oriented as to

have the mean temperature on the left-hand side and the extreme

one, high or low as the case may be, on the right. Thus dis-
tribution patterns for both variables considered in this study
can be more easily compared. It should be noted that almost
no "smoothing"” was done in drawing the percentile lines.
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Some of the distributions presented can be used for practi-
cal purposes such as for determining the longest duration in
a month, above a desired temperature at a given station, and
at given probability levels. At this stage this can be done
effectively only for July t-d's at continental stations. As
the differences of the July variable between stations have
been found to be relatively small, predictions for other sta-
tions may also be reasonably accurate. The January distribu-
tions could not be stratified so far as the variability
between stations is very large. Therefore, their use is still
hardly practical; at some stations very good results may be
obtainable, but this cannot be determined beforehand. Reliable
results can be obtained »nly for the lowest part of the tem~
perature range, i.e., for tp values from -0.05 to about 0.20.
The information necessary to’make a "prediction" for a
given station and month includes the monthly extreme tempera-
tures (both maximum and minimum) for an adequate period of
years. From these data the average monthly minimum Emin
average monthly range R, are obtained for use in standardizing

and

the temperature values, The standard deviation of the extreme
monthly temperature (maximum for durations "above" and mini-
mum for durations "below") is needed for more specific classi-
fication of a station. These are designated here S(tmax) and
S(tmin)-

The following is a discussion of the distributions pre-
sented. In all, six of them are included here (Figures 10-15),
three for durations above given temperature levels in July,
and three for durations below given levels in January. One
distribution each for January and July, is an overall averaage
for as many stations as could be included in each. Stations
with unique distributions, such as San Francisco or Tatoosh
Island, were omitted. Nevertheless, there still is consider-
able diversity in these two groups of stations. The other
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Figure 10. The average distribution of the longest uninterrupted duration
at or above given temperatures in July, in 18 different stations in North
America and the Pacific Ocean, 1951-1960 (see Section 6). Temperature
glven on Rp-scale.
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Figire 11. The average distributior of the longest uninterrupted duratica

et or aiove given temperatures in July in "continental" stations. Based
on 8 stations in North America (see Section 6) and applies to stations in
which the variability of the above duration is medium in size (S(tma.x )
L°r).
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Figure 12. The distribution of the longest unintecrupted duration at or
above given temperatures in July in "continental” stations, in which the
variability of the above duration is low (S(tpy,) approximately 2°-3°F).
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Figure 13. The average distribution of the longest uninterrup-

ted duration at or below given temperatures in January, in 19
different stations in North America and the Pacific Ocean,

1951-1960 (see Section 6).
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Figure 14. The average distribution of the longest uninterrupted duration
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Figure 15. The average distribution of the longest uninterrupted duration
at or below given temperatures in January in 5 stations (see Section 6) in
wnich the variability of the above durations is high (S(tpy,) 8°F).
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distribut.ons include two for more particulayr classes in each
of the two months.

Two essential features are common to all six distributions.
One is the linearity of the duration-increase with tempera-
ture~change in the range of durations from about 2 hours up
to about 20 hours. This could be better krought out on a
linear duration scale as in Figure 7, rather than on a loga-
rithmic one. It was not further investigyated here. This
relationship has to do with the considerable ‘niforwmity of
the temperature increase in the morning andé decreaze in the
afiernoon and evening on any particular day. The irreqular-
ities inherent in daily temperature charts are of a random
character, and are eliminated when data for a considerable
number of days are taken together. For two special cases,
the linear relationship between duration and departure fzom
the extreme temperature can also be found in data from othsys
stations published previously by other authors (Court, 1952;
Ganor, 1966).

The second feature is the scarcity of durations of about
24-36 hours and 48-60 hours. Obviousiy this is affected by
the diurnal temperature cycle. A duration usually reaches
24 hours when approaching a daily temperature extreme, which
is also a turning point of temperature change. Once it has
passed the 24-hour mark, a Aduration could hardly terminate
before approaching the extreme of the following day. The
distributions are therefore “stretched" at these levels. 1In
the graphical presentation of the distributions this is
reflected by a rapid increase ¢f durations just above the 24~
hour and 48~hour duration levels.

Another characteristic c¢f all distributions, not indepen-
dent of the two already mentioned, is the fact that the
relative variability of durations is smallest in the range of
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about 12-20 hours. This means that the relative accuracy¥* of
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predicted values is higher in that range than for both higher
or lower durations.
Outside the stretched parts, the distributions seem to be

AP DO WA syt o

nea%ly symmetrical.

Turning to the distributions of Tuly t-d's, reference is
made to Figures 6 and 7, in which the variance of these dis-
tributisns is analyzed. It is evident that the distributions

AR N
P ey o 1o

differ only in scatter. The important fact, however, is that
the scatter of each of the distributions is of the same order

e

of magnitude as the corresponding variability of t-d's within ’

stations. It follows that the error of predictions made from

v

T e P

e A etk saren e W 1

*his type of distribution is minimized to its natural limit. %

; Figures 11 and 12 pertain to "continental"” stations. 1Inci- ’ %
: dentally, since the distribution in Figure 10 has the same g
i average as Figures 11 and 12, it can be applied also to con- %

; vinental stations that have higher internal variability, i.e., %
o S(t,,,) of about 5°F. ]

(el st

A tentative attempt to ver:fy estimates obtained fromr the

distributions was made using actual t-d data for ccntinental
stations from Westbrook's tailes {1968). The result is shown
in Table IX. The specific aistributions used to make the
estimates for July were determined from the standard deviation

of the monthly maxima, S(tyay)- The results show a high

! degree of agreement.

Wostsctry

The distributions for the January variable (Figs. 13-15) g
are presented here mainly to illustrate their features as

well as the proklems involved in “he prediction of durations

reer

of low temperatures, The variance in these distributions is
analyzed in Figure 8, and the stations included are listed in
Section 6.

FRIvTee,
.

* Accuracy in terms of percent of mean duration.
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The distributions show that the rate of increase in dura-
tion per unit of temperature change is invariably larger
than that of durations of high temperatures. As a result,
the average maximum duration below the monthly mean tempera-
ture in Janvary is 50-100 hours long, as compared to 20 hours
long, as comparced to 20 hours or less for durations above the
mean temperature in July. This has to do with the typical
shape of the hourly temperature pattern around the daily
extremes, in which temperature maxima are "peaked” whereas
minima are “shallow” (e.g., on a thermogram). As a result,
durations of low temperatures are much longer than those of
high temperatures.

The large scatter of the January variable is reflected in
each of the three distributions shown here. The scatter is
smallest in Figure 14 and largest in Figure 15 (see also
Figures 8 and 9). To bring out these extremes in scatter, the
stations were grouped here by the variability of t-d's "within"
them (see data in Appendix A), since the latter largely deter-
mines the total variability of the pooled distributions (see
Fig. 8). The corresponding S(t ;) values were determined
later, but they fitted the same grouping very well indeed
{zsee Sec. 6). The narrower of these distributions gives an
idea of the minimum size of confidence limits that can be
proauced for this variable by any method. Obviously, this
applies to a special type of station only, whereas for most
other stations the confidence limits will have to be consid-
ered wider. Figure 15 illustrates this convincingly. It
should be noted that the variability in this group i1s not at
all increased by differences between staticns; consequently,
the variability reflected in Figure 15 is that of actual
occurrences in stations of that type. This means that natural
conditions are such that even the most acgurate t-d prediction
that could be made for these stations by any method would
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necessarily have an extremely broad range. Thus, a 90% range

for the duration above a temperature corresponding to t, = 0.20

(i.e., -17° in Bethel, +11° in Spokane) is 0-130 hours. Such
predictions are obviously of lesser value than narrower ones,
but when internal variability is high they are the best that
can be hoped for. The accuracy of the foregoing prediction
can be tested by checking actual occurrences at the stations
mentioned (Appendix A) and also those at Fairbanks, Alaska,
which belong to the same type (see Table IX). At Fairbanks,
tm = 0,20 corresponds to -30°.

Estimated t-d's were checked for a few more stations, the
results of which are shown in Table IX. 1In view of the large
scatter and the large absolute values of the durations in-
volved, the result is impressive. Howevevr, though this may
be indicative of the potential of the method as a whole, it
does not constitute any sort of a test of the distributions.
9. Summary and Conclusions

The length of the period during which air temperature
persists uninterruptedly above or below given values may
affect military items and others more than such abstractions
as temperature means, mean extremes and ranges. For this
reason, the statistical distribution of the longest uninter-
rupted duration of temperature above or below any given value
was studied from hourly temperature records from 25 stations.
The purpose was to examine the temperature duration variable
from different aspects and to explcore the problems involved
in the development of a general distribution-model. Besides
its value for the development of an empirical model, this
information is also essential for the study of theoretical
models still being pursved by this author.

The distribution of temperature durations has been derived
for some types of stations and can be used to make accurate

predictions. The variability in these distributions was
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Table IX.

Test of estimates with actual data: 80% confidence limits of
the longest duration belcw (in January) or above (in July)
given temperatures, compared to actual occurrences in 8 out of
10 years, 1951-1960 (Westbrook, 1968). 1In parentheses are
values of S(tpay) in July and S(tp;,) in Januaiy. The specific
distribution used is referred to by the figure number.

JULY - continental stations

Temperature (°F) 65° 70° 15° 80° 85¢° 20° 95° 100° 105°

Bismarck: N. D.

{4.3) Fig. 11
Estimated 14-23 11-17 9-~14 5-11 1-9 0-5 0-1
CObserved 15-21 11-16 8-12 6-9 0-7 G-5 0-0

Dallasg, Texas
(3.7) Fig. 11

Estimated
Observed

15-27 11-16 6-11 o0-e 0-5
18-21 13-16 8-12 2-9

Des Moines, Iowa
(5.2) Fig. 10

Estimated 13-19 9-15 5-11 1-8 0-4
Observed 14-22 9~17 4-11 0-8 0-4
Fairbanks, Alaska¥*
(3.7) Fig. 11
Estimated 13-20 10-15 6-12 1-9 0-6 0-1
Observed 16-20 13-17 9-14 2-11 0~7 0-1
JANUARY
Temperaturs (°F) -40° -35° ~30° -10° Q° 10° 20° 30° 40°

Fairbanks, Alaska
(8.4) Fig. 15

Estimated
Observed

0-40 0-74 0-105
0-57 0-62 3-102

Des Moines, Iowa
(3.6) Fig. 13

Estimated
Observed

0-11 1-40 11-90
0-9 13-18 24-92

Dallas, Texas
(5.6; Fig. 13

Estimated
Observed

0-18 6-65 15-130
0-20 6-60 23-126

Fresno, California
(3.0; Fig. 14

Estimated
Observed

%1952-1961

2-14 13-46
0-9 13-34
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reduced almost to the natural limit set by the variability in
time inherent to durations in nature. This has been achieved
by reducing actual temperature values to a uniform standard
scale and by stratifying the sample of staticns. Data for
more stations are needed to widen the scope of the stratifi-
cation scheme that has been started here. For further study
of durations in winter months, data for 2C years or more are
needed.

The distributional patterns of durations of high tempera-
tures and of low temperatures have been shown to be quite
different from each other, The latter are considerably longer
and, in the winter, also much more variabie from yecar to year.
Such differences must be reflected in any distribation model
to be sfiggested, whether empirical or with some >ther basis.
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APPENDIX A

Tables of longest uninterrupted duration of
temperature at or below given values in January
(Rp temperature standardization)
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R{M) TEMP. STANDARDIZATION
BETHEL+ALASKA 1953-1962 {10 YRS)
TEMP'TURE YR=1 2 3 4 5 6 7 8 9 10 AVRG
T(M} DEG
55 7 215277131267134225338223 55237 21442
50 4 154273124266120222337211 86227 20340
45 0 103196114264 47212331173 82224 17446
40 =3 90154111240 21143261149 47190 14046
¢35 =7 76149108233 17117249142 42176 13C.9
«30 -10 73 88106208 14106 48138 32143 9546
225 -13 71 631013186 G 75 20134 14121 7845
«20 =17 43 49 96 64 O 50 4132 © 97 53¢5
«1% =20 42 44 94 18 ) 4uv 1104 O 61 404
«10 =23 18 31 61 12 U 35 0 36 ¢ 18 2161
«05 -27 16 25 24 5 o 8 U 13 0 5 Se6
Je00C =30 8 2218 0 3 O 0 & O 0 Sels
~+05 =33 215 14 O U w O 2 v L 3el
~e10 =37 0 &6 v 0 0O O G O O ¢ Y-
-el5 -40 0 1 0 0 0 O O O ¢ O ol
BROWNSVILLE TEXAS 1951-1960 (10 VYRS)
TEMP ' TURE 1 2 3 4 5 6 7T 8 910 AVRG
Ti{M)} DEG
¢e55 60 68101 33 4S5 42 53 84101 89 93 T71.3
«50 58 68 54 32 48 41 40 81100 B8 68 620
45 56 68 53 31 48 37 19 63 48 88 67 522
o4l 53 63 51 29 48 29 18 62 42 8B6 65 4943
¢35 51 63 46 28 29 25 17 53 22 84 42 Gle4s
«30 48 63 22 27 25 23 14 56 13 79 17 33.7
«25 46 62 2 27 24 22 12 55 11 76 15 3046
«20 44 62 0 26 14 18 11 52 10 72 11 276
015 41 60 019 12 7 8 37 &4 57 6 2140
«10 39 59 0 C 7 0 4 27 U 5% O 15.2
+05 36 56 3 0 4 6 0 8 05C 0 11.8
Oe0v 134 53 ¢ v O 0O U 3 0 39 9e¢5
-«05 32 §2 2 0 0 9 U 0O 015 v He7
-e10 29 33 0 ¢ 0 0 0 ¢ 9 343
-e15 27 6 0 0O 9 0 v 0 0 e

LONGEST UNINTERRUPTED DURATION OF TEMPERATLRE

VAR

503346
554846
704048
5357e4
514645
3064342
31003
1828.9
125746
35443
818
6ls6
32.9
3c2

o0

VAR

£87.8
4638
36846
38GCs+4
4152
4926
5564
5652
4478
49940
43244
34347
24840
980
3.2

STD
DEV
70495
T4e49
83.91
73619
71e74
5517
55468
4277
35460
1882
9405
785
5732
180
30

STD
DEV
2%el4
2154
19.20
19450
2028
22-19
22+59
23,77
21e16
2234
20679
18.54
i575
Q90
1.8C

th Januar7

REL
STDEV
«33
e37
48
52
¢35
58
«71
«8C
«88
«89
e 94
1645
1.85
300
3.00

REL
STDEV
+34
35
«37
40
«49
e66
77
+86
101
1e47
176
195
2435
300
3,00
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, C+HATTERAS ,MC.  1953-1962 (10 YRS)
- TEMP'TURE YR=1 2 3 &4 5 6 7 8 9 10 AVRG VAR  STD REL
T(M) DEG DEV STDEV
«55 80 81100157386181282208174162143 18744 7153¢6 84.58  o45
«50 48 72 7811232¢180280139172114120 15941 6276e1 79422 <590
145 46 62 77107212146238117170113119 13641 28413 53430 39
60 44 48 67 6119110820€117159113 97  116e7 260544 51+046  okk
; 35 42 33 65 56189102121115137112 53 9923 204748 45425 <46
! «30 40 28 63 55114100118106 93112 S1 34¢0 91648 30428 36
{ «25 138 11 39 28 72 79 73 61 83 68 42 5506 52644 22494 o601
) «20 36 7 38 27 61 46 6O 59 42 43 3¢& 41s9 24943 15,70  ,38
f 15 36 2 37 16 42 22 55 55 21 38 17 30e5 27949 16473 .88
«10 32 0 16 10 18 18 27 36 11 18 13 16s7  B85.4 9424 o858
! +05 30 013 6 10 15 16 33 8 10 10 1201 57¢5 8422 <68
0.00 28 0 2 0 2 8 321 5 0 0 4e2 3746 6013 1ek6
-.05 26 0 0 06 0 0 014 0 0 0 1o 17¢6 4420 2400
-e10 24 0 0 O 0 0 010 0 0 3 1.0 9.0 3,00 3.00
3 -e15 22 0 6 0 0 0 ¢ 5 0 0 0 o5 2¢3 1450 7400
: -e20 20 20 0 0 9 0 2 0 0 0 o2 4 060 3.00
1 CARIBOU MAINE 1953-1962 {10 YRS) N
: TEMP'TURE YR®= 1 2 3 4 5 6 T 8 9 10 AVRG VAR  STO  REL a
3 T(M) DEG DEV STDEV % :
: e55 12 71170 98 60251 69 88175217110 13142 4139¢0 64233  +49 3
: 50 9 62164 95 58151 68 B6156215108  116e1 24763 49476 &3 5
= 45 6 241C4 94 36103 65 81105142105 85¢9 113605 33.68 +39 2
= 40 3 20 85 93 19 82 61 73 63 68 46 6140 59048 24031 <40 P
4 e35 0 15 82 30 18 76 19 43 59 66 43 451 550¢5 23446 52 =
3 030 -3 10 75 28 11 72 17 20 57 64 &1 39.5 592.7 24434 462 -
3 .25 -7 5 22 27 969 13 17 22 18 18 2240 283.0 16482 .76 3
] «20 =10 01912 767 9 717 17 15 1740 30846 17.57 1.03 =
- e15 -13 01710 565 0 4 13 10 11 13,5 32243 17.95 1.33 2
: ¢10 -16 015 6 066 0 1 7 9 7  10e9 33449 18+3C 1.68 B
3 .05 -19 C 7 5 018 0 0 0 9 2 el 31e5 5461 1437 2
3 0.00 -22 0 & 3 01 0 0 0 5 0 28 18e8 4¢33 1.5% =
3 -e05 =25 9 2 0 010 0 0 0 2 ¢ P 8e8 2e97 2412 E
= ~-¢10 =28 0 0 ¢ ¢ 7 ¢ 0 0 0 o o7 bGele 2410 3400
: -e15 -31 6 0 0 0 3 0 06 G ¢ 0 o3 o8 <90 34,00
£ DAYTON OHIO 1951-1960 {10 YRS)

o

TEMP*TJRE YR= ) 2 3 &4 % 6 7 & 9 10 AVRG VAR sT0 REL
T(M} DEG DEV STDEV
«55 34 143156124137240356294140207163 196¢L 545640 73.86 «38
«5C 32 102 84120115119163161137 93160 125¢4 75042 27439 022
45 29 101 77106 69115116155110 88154 109.1 736.5 27.14 225

N S S TS o T

£ «4d 26 87 68 47 64116116153109 83126 965 94203 30470 32
£ «35 23 76 47 41 60111 42150 86 72114 7929 1158.7 %4e04  o43
= «30 20 69 41 21 52109 19147 23 69 44 $9e4 153840 39422 %6
3 225 17 56 37 16 39 47 17 77 19 67 21 3946 43148 20478  L52
Z «20 14 19 18 13 19 43 14 44 16 60 12 258 25440 15494 <62
£ W15 12 18 16 12 16 19 11 40 13 §9 7 21e1 230.9 1%.20 .72
£ . e 9 16 9 9 12 18 1V 38 5 43 12 1545 16047 12467 82
S «C5 & 10 5 515 233 142 © 1123 195¢6 13.99 1e24
£ 000 3 8 0 U 013 w1T 020 O 5¢.¢ 58¢6 7465 1432
£ -e85 0 3 0 0 010 015 017 o 435 62e1 6448 1444
£ -e10 -3 0 9 6 0 7 ¢ § o01% o 2.9 22.5 4. 1.64
E ~el5 =6 0 0 0 0 4 0 9 010 0O let 96 3410 2422
£ ~e20 -8 200 0 2 09 0 5 8 0 140 5¢3 2641 2441
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DENVER COLORADO 1951-196C {1C YRS}
E . TEMP*TURE YR=)l 2 3 & 5 6 7 8 9 10 AVRG VAR STD REL
X T(M) DEG DEV STDEV

5% 34 120 Bz 47112165 80183 66 84226 116¢5 297507 54455 %
50 31 120 38 4410% 68 79183 66 83162 94¢8 207748 45458 248
«45 28 119 37 42 65 46 58182 66 76 91 7862 173844 4169 «53
«40 25 119 26 19 41 23 33163 19 76 90 62:0 215560 46442 ¢75
¢35 22 119 2% 17 40 18 33108 18 76 69 5343 128064 35478 67
+30 19 119 34 16 34 16 31 59 16 76 65 4606 99648 31657 68
25 15 1046 364 13 12 12 18 40 16 72 42 36e3 B38.0 28495 «80

T TR
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