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THE PERSISTENCE OF AIR TEMPERATURE

1. INTRODUCTION

The present thesis discussea the outlines of a mathematical
model for meteorologlical temperature which Includes elements of
perslatence. It presentsa and discusses the results of exploring some
statistically determined characteristics of a proposed measure of
porsi stence, namely, noa=clrcular cosfficlencs of lagged correlation,
and concludes with suggestiona for further work toward deriving and
applying such a model.

Ferslstence of alr temperature at a point may be defined as
any direct numerical measure of the téndency of temperature at any
level to remaln near that level over a definite perlod of time. The
reference level itself may be a location (number) on the Fahrenhelt
temperature scale, or a derived location such as a simple or complex
assumed temperature normal at the polnt,

Climactic analysts can readlly obtaln from the United States
Weather Bureau the means and extremes of alr tesperature at standard
sites in the United States.* A more restricted temporature variabil-
ity measure {8 obtalned from averages of the dally maximum and of the
dally minlmum,. Thelr difference is the sean dally range. Hourly
temperature readings are published. Departures from normal (l.e.,
lm;- term) values are also listed, and days wvith extreme temperatures

above or below arbitrary levels are tallied.

*For exsmple, see Heferences 16 and 17




Finally, the tendency of temperature to persist at levels
vhich require heating for human comfort is measured indirectly
by published degree days. As is explained on page & of Reference
19, one heating degree day (HDD) im tallied for each Fahremhelt
degree by which a dally mean temperature falls below 65°F, 1In

other words,

® -1 > T
B { base mean , bui

0, othervinse,

whare T .., 18 the mean temperature for each successive day in
turn throughout the heating year, and
o
Togaa = N

In United States Weather Bureau practice,

T - d8lly maximum + dally minimum
mean 7

.
The dally values of HDD are accumulated through the heating
season, snd departures from normal also are published.
Except for speclal studies, the tesperature statistics
published as discussed above are essentlally all that are readlly
aval lable for United 5tates stations. It Is possible to obtain
special tabulations and calculations of climatic temperature dats
from the National VWeather Records Center at Asheville, North Carolina,
on funded rm:[u.lull!:.:i However, no standardl zed computation and
publication of direct calculations of temperature persistence for
a vide selection of points, elther from this or any other source, are

known to the writer.




2. BACKGROUND

Other Indirect measures of persistence are knowm to exist.
One such measure is the seasonal accurulation of growing degree

days. The number of growing degree days (GDD) is defined® as

Tmean ~®baser Thase < Trean
GDD =
0, othervise,

vhere now T ... {8 the mean temperature for each day throughout
the growing season, and

40°F, for nEAs

fhase = o

30°F. for corn.
An accumulation of degree days during a groving seagson has been
compared with readings of an instrument called che tenderometer
to establish satisfactory ranges of GDD for marketable table peas.”
An application is to guilde and advise farmers concerning the growth
of peas to be expected in untried localities,

Muttonson (see, for example, pages 60-61 and 208-211 of
Reference 10) has developed sophisticated applications of the degree-
day measure based on 40°F to the growth of rye. However, 40°, 50°,
and 657 are not the only temperature bases that might be deemed
eritical for such applications. For example, Kuttonson (see pages
11£f of Reference 10) quotes Russian findings that

"For the transition, Into the reproductive stage,

vinter rye requires a longer exposure to low tem-

peratures (between 34° and 39°F for 20 to 55 days)

than spring rye, which re« !res exposure to 41° to
51°F for 8 to 10 days."



Nuttonson also considers that =, GOD can be approximated
satisfactorily from monthly rather than dally temperature means,
with correspondingly less calculation.

Cooling degree days (COD) are dtﬂnrd" Al

Trean = ®haser  Tbase < Tmoan
Chh =

0, othervise,

whire !"“

It appears cthat degree days sbove a varlety of levels,

o
i is BO"F.

degree davs within particular levels and degrec days below varlous
epeci {ied levels all are of Interest, Daily means and monthly means
of temperature, smong other varlates, are suggzested for the calcula-
tions. Rather than such heterogeneous treatment of essentially
siml lar applications, 1t seems in order to conslder the possibility
of applying a single measure of temperature persistence to solve
the variety of problems related to the duration of temperature in
specified ranges.

Another reason for Interest in & cwasure of persistence
different from cumulative degree days is the aforementioned
indirectness with which degree days express the tendency of tesperature
to remaln above (or below, or within) a specified level. Consider a
crop requiring consecutive hours above 8, degrees during a certain
phenological stage. At one site, the tesperature might resain within
a reasonable zone above B degrees for much of the day and drop =lldly
below 8 for much of the night, so that the favorable plant enviroament

suggested by the GDD measure 18, in fact, realized. At another, much




more varlable site the temperature might rise severely above &
during the day to an unfavorably hot environment, and drop
correspondingly low at night to a level of cold that could inhibic
or damage the crop. Even so, the numerical 300 measure could be
the same at both sites.

3. SOME ELEMENTS OF A CENEQAL TEMPERATURE HODEL

Since persistence may be thought of as the tendency of
Cemperature at a polnt and time to be clonely assecinted with
temperature at an earller time, there naturally comes te mind some
form of lag correlation coefflcient, or possibly Morkev transitione
probabllity matrix, as a measure of the tendwncy of temperature to
persist In ranges of Interest. The coatinuous nature of the
temperature varlate, and the extrese variety of ranges of lateross,
pose a difficulty In deternlning suitable discrete ronges which could
be used as mutually exclusive Markov states, Furthermore, intultive
reflections on the duallty of variance and covarlance supgost first
Interest in correlstion measures. Thus, the ouctling of a general
Cemperature model, based on variance and covarlance both throush
space and through time, stands on the horlzen as a goal toward which
fruicful research might be directed.

Flgure 1 presents a conceptual a concaptual breakdown of
components of temperature varlabllity at a point. It is not the
only breakdown which could be devised, Swt It Is consldered to be a
serviceable framevork for a point of departure In secking o construct
a matching breakdown of cooponents of temperature autocovariance such

that useful relationships can be constructed among variance elements




and autocovariance elements, both through time and through space.

Isolated blits of calculation and research have been published
on temperature variance (e.g., Reference 1 and page 38 of Reference
19) and on temperature autocovariance (e.g., References 8§ and 14).
Reference | maps a component of temperature variabllicy, the year
to year standard deviation of the monthly mean. Reference 14 charts
4 related set of components of temperature autocovariation through
time at a polnt, namaly, the day to day lag correlation with lags
of 1 (1) 30 days.

Reference 14 also presents some Interrelationships among
temperature varlance and autocovarlance, from which the following

are adapted;

i u}*l = (d) ﬂ'g" — (d=1) E‘ - (1)

where ﬂ:tl: the varlance of the dally temperature average during a
manth over the years, ﬂgl is variance of the monthly temperature
average over the years, EJ is the mean lag covariance of one daily
temperature average with each other dally temperature average during
the month, and d is the number of dayas in the month. As an example,
in practice, {f the month 1& June, then

d = 30
and . June dally and monthly averages for a sufficlent nurber of years
are usped to estimate ﬂil, ﬂ-':‘ll. and EJ « Obviously, some adjuste

ment In d {8 necessary for February, such as ignoring February 29 on

leap years. At this stage of the investigation, the present wrlter




can only suggest that s "sufficlent number of years™ for daily data is
h 2 20 years,

in the absence of thorough knowledge of the numerical behavior of the

sutocovariances and of the precision to be expected from typlcal

interpolation from climatic maps, and with due regard for the ultirace

liml tation in precision Imposed by Weather Bureau temperature readings

Eo vhole Fahrenhelt degrees. Avallable sstimates of 'ﬂ-j are belleved

froquently to be precise to within one Fahrenhelt diar“,l

= z
b O max = ""rjrt' 2 Cogemin =T min, (2)

+
where d—mw is the variance of the ¢ally maxinum temperature,
P min that of the daily minimue, end G, 4, |8 the covariance of
the daily maximum and minimum temperatures.

Relationships (1) and (2) are postulsted to hold only for
normally distributed variates, without delineation of chelr robustness,
or relative valldity, if the temperature varlate departs In various
wvays from normality. The relationships hold in the absence of year to
year corralation of the monthly varliate provided no year to year treand
exists. Concerning these assumptions, Reference | has this to say on
page 21

*The flrst assumption...that monthly temperstures

follow tha normal distribution...ls supported

directly by U.5. Weather Bureau comtract studies

of temperature normnls,..and checked for about 50

stations by Bumer( 3)...

HThe second assumption is that monthly temperatures

in successive years are independent in the probabllity
sense. Bumer found no evidence to the contrary.



"The third assumption...ls that no long tere

temperature trend affects the applicabl ity of

past records.™

This is not a conclusive basis for admitting the normality
assumption and related assumptions. Roschkell found evidence of
a small but definite third moment in actual temperature discributions.
One also could argue intultively for a dislocation or skewmess of the
temperature frequency curve near water areas, A drop In the tempera-
ture of turbulent alr to below the freezing point of water would be
retarded noticeably whlle surfaces of the freering water Irmpart
latent heat of fusion to the sdjacent atmosphere., What role evepora-
tion may play in causing further skewness (or possibly partially
balancing out the freezing dislocation) in the temperature frequency

curve 18 not known.

4. MODEL FDR ANALYSLS

Desplte reallzation that troublesome complications caused by
small but consistent departures of hourly temperature from normality
may arise, a model 18 chosen for snalysis which would be such
facilitated If temperatures were to follov closely the normal proba-
bility distribution law, It is felt that practical adjustments for
skewvness can probably be developed If the first steps are frultful.
After all, 1t i& a rare child who starts by running without having
first learned to crawl.

In view of the goal of matching the varlabllity structure
in Flgure | with a related autocovariance structure, component by

component, the model chosen for analysls of autocovariance is




T= ,Hr*T-Ir qu-ar,

Where T is an Instantanecous temperature reading, F‘I‘ Is the
overall temperature mean at that locall ty: 'r. is the annual
temperature trend (l.e., the appropriate point on & cyclie curve
of the difference between long ters dally temperature mesns and

FT“ T'd is the diurnal, or average dally, tempeErature trend;
and ey is the resldual, or net departure of T from the sum of the
three norms,

Substituting
W
we have

T= ‘r:-fdi-:r-

The model is sketched in Flgure 2,
- 18 TOFLCS TO BE EXPLORED

Pertinent characterlstics of temperature persistence are to
be evaluated by constructing coefficients of lag correlation, r,
which are functlons of the €y, and performing statistical tests of
hypothesis about the r.

In meteorology, it Is expected that temparature does, indeed,
tend to persist, or remaln nearly the same with respect to its norms,
for short periods of time. It is expected that temperature will tend

to persist less strongly over longer periods as synoptic changes (l.e.,
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short period weather changes) set In. If a measure, r, of persistence
is used that varies between =1 and #1, the situation expected by the
writer Is that sketched Iln A of Figure 3.

The sketch, A, disregards the very real possibllity that
typical alternation of weather situvations and seguences, ocourring
naturally a few days apart, would result In "negative perslstence"
over such intervals (B8 of Flgure 3). The vriter knove of no evidence
that alternation of weather patterns la that regular and consistent.

'I.'hnn“'

found no such evidence In analyzing unadjusted temperature
readings over 24-, &4f., 72-, 96-hour and longer lags. Conslderation
of negative persistence would greatly complicate follow-on studias
ﬁ based on the type of general temperature model which 15 discussed above,
In any event, effects of negative persistence on hourly lags Is not
expected to be significant.

The 1deal measure of peraistence might prove to be the
limiting valus to which r, the numerical persistence, converges as
the length of the perliod over which r 18 measured tends to zéro
(assuming such a limicting value exists and {8 not unity). No such
calculation will be attempted here. Not only is the standard interval
for repeticion of temperature measurements & minlrus of one hour at first
order Inlted States weather stations (and historically longer at many
other weather stations), but also the United States Weather Buresu
practice is to read temperatures only to whole Fahremhelt degrees.

Any notion that finer readings are realistic vill soon be
dispelled by experience in rejolning separated thermometer columns at

a climatological headquarters of the Buresu, or callbrating firste

—-—_———_E_'—'__—__



order remote reading tesperature bridges. Vagarles of srall air
pockets also affect Instrumental responses at the Instant of reading,
and no benefit is seen In complicating wide area studies by such
microclimatic considerations at this stage of preliminary
exploration of the general model discussed above.

The resulting precision, at best

T = "true" instantaneous temperature + 0.5 r.?,
is consldered too wide for any attempt to determine a limiting value
as r Is taken over shorter and shorter perlods that tend to zero.
The practical limitation of one<hour persisteénce is accepted for
this exploratory Inquiry, and this 1s the only lag to be analyzed.

A measure of persistence, r, s deslred which may be used
frultfully as a supplesentary independent varlable in the regression
of phenological measures on GDD. Since r must be computed from some
particular serles of readings, freedom of secondary correlation of any
computed r with r computed from another serles nearby in time will
avold complications in statistical inference. For example, a
situation such as Is deplicted In A or B of Flgure & could severely
limit the mathematical tractability of r. An r vhose behavior is
random with respect to time (C In Flgure 4) would seem more promising.

The tendency of a particular formulation of r to behave like
A or Bin Flgure &4 Is to be investigated here, Elithér sltustion could
be expected to result in reducing the number of runs of successive
values of r, computed from readings evenly spaced In time, above or
belov a reference value of r. The objective of cthls snalysis is to is-

alates & formulacion of r which does not show Ehis second-order persistence,




The sssumption that the population irom which r is sampled
has Pearsonlan
Hot ? -0
also 15 to be tested statistically from an adequate series of
actual temperature data.

6. TEST STATISTICS

A possible statistic for this time series analysis is the
stralghtforward coefficlent af correlation, L between N separate
palrs of 2N values

LS
derived from individual successive resdings of hourly temperature,

namely,

C v ¥
Ty = g/ -j Z2N-=1 2R

H H
WoKo t Xy vt KXo = %“zh%xﬁ/’;

V1% K~ PR - (E )]

where N 18 the number of sample pairs; C and V are the sample
covariance and (subset) variances, respectively; and the ¥'s are
considered to be normally distributed with the same variance about
the same mean (Independently distributed also 1f chere were no
persistence), If

N 2 500

12
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(sce page 136 of Reference 7*), the null assumption could be made
that

ry = NID (0, 1/N}.
By means of this statlstic, the existence of persistence could be
tested.

However, it 18 in the implicit comparison of pairs of X's
that the above statistic wtilizes the information about peraistence
that is present in the somple data. It takes 2ZN X's to provide N
palrs. Potentially, there are 2N - 1 palrs of successive values
among ZN X's, and in routine computer processing, at least, the bulk
of the work Is In falthfully obtalning the X's, processing them for
entry and entering them in the computer.

For this and other reasons, a2 better statistic¢ for the present
kind of analysis would be a lagged correlation coefflcient. Anderson®
ascribes the cireular definicion of such o coeffliclient to Hotelling,
namaly,

R = & /Y
LN LN N

N a
[ — .“
I[xl.-l-l * xlxl.il.‘r B xH':':L {E I}/M

:EE-JLr -— (€§;1Li}tff}4 ,

=l

* jowever, Mood {(page 314 of Reference 9) suggests that N =2 23
g sufficlent for valld use of Fisher's =, and Snedecor (sea
page 150 of Reference 12) apparoently places no lower limit on N
for valid application of Fisher's =,
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where L 1s the lag, here, In hours: C and V are the lag ecovariance
and var!ance, respectively; and the X's are consldored ta be normally
distributed about the Same mean. The central large-sample distribu-

tion for LA 15 found (page 6 of Reference 2) to be

il
A = w0 [ -1/eken, oe2y/ere1)? ]
If Hy 1s true. For data series with
N =5 (1) 15 (3) 75,

a table of critical values for L=1 and

¥ ui. ol { 93

« 99

vhere § is the level of conflldence and O\ is the risk of & wrong
decision in testing mull hypotheses, is provided on page § of
Reference 2,

To provide a simplification in calculations, the noncircular
lag correlation coefficlent {8 used for the present expleratory study,

namely,

N A
x, :“ * XKalhimt ---+:"~',.;“|_,,, o I:“'I,' 1*=”i/,'”

Y&~ E Al K- Exn)

(4)

where Lcﬁ L is the autocovariance. Anderson's distribucion for
-

R“ is believed to hold more closely for r than any other
L L ar

& b

distribution which the writer has found in avaol lable litersture.
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However, E{LrH}l will be taken as zero Instead of =1/(¥-1) In the
interest of applying a sufficlently severe tesat criterion.

For the reasons discussed in Section 5, L I8 saken as one
hour., 1In the interest of sufficient degrees of freedom to make the
test stacistic also tractable for the kind of large sample analvsis
vhich iz desirable* in climatological work, withsut at the ssxe tioe
overlapping into a different season, a six week perlod during the
flat winter portion of the annual trend is selected, namely, January
1 (co avold overlapping separate vears for practical reasons) through
February 11. This provides 42 days, or 1008 hours, of sequential
temperature values.

The statistic by swans of wvhich the exlstence of -ersistence
is to be tested becomes

s oo jas¥
'E.:;:,.; - Ex;f:.l!;,/n;nr

r £ i=

O - B R -]

* In meteorclogical work, flelds of climatic expectancy often are
spproximated by plotting site values on maps and drawing {soplechs
as & tool to Interpolate or even extrapolate to other lecalities of
concern. Interest In the usual statistical confidence limics tends
to be replaced by Interest In a tolerable physical errer in locating
the isopleths. This suggests only an underiying need that the noint
values againsc which isopleths are drawn be definltely more precise,
such as by an order of magnitude, than the physical considerations
gulding the isopleth analysis, so that the (physical) precision of
the isopleth fleld can control the error inherent In such a chare.
One reason for Interest In correlation of the tonperature variate
through space, mentioned above, is to butireus by statiscical controls
the physical understanding, or lack of understanding, whlch governs
precislon of most isopleths. For lsopleth charis In which time is a
coordinate, lag correlations through time can play a llke role.




16

For testing possible second-order perslstence, subsets are
selected as follows
1724 (4b)
172 {4e)
The reason for interest In 4c s that the writer has the
opinlon from applied work with a falr amount of temperature data
that temperature speils of two to four days' length tend to occur
in winter in middle latitudes. As a guide to further research on a
varlance-autocovariance model of temperature, it 18 desirable to
lsolate a relatlively homogeneous unlt of statistical aggregation.
7. ests
In order to verlfy with high confidence that the strongly

suspected persistence exiats, the folloving one-talled test I3z made

on the statistie (&4a).

L 1 ? 1008 = ©

(5
Byt g ? 1008~ O

Since

N o= 1008 275
(see page 6 of Reference 2), the assumption is that 1Ty is
distributed under random sampling as

Z
% NLD [ 0, (H=2)/(Ne1) ]

when persistence is absent, Hn of (5) 18 rejected, verifying H1

at significance level d, provided




L?

%K 20+ t{ﬂj.}'ﬂ_—?fﬂi-ll - lr;-

since the establishment of real physical persistence is
basic to further exploration of a varlance-sutocovarlance model
the confidence level,
¥ =1-¢e ,
ls set very high at

¥ - 999,

Accordingly,
A=1.48 « .00
From page 473 of Referwmce 9,
*t(.001) = 3.090.

The test criterlon becomes
oo

T1o0s = 3090 /100671007 = .0973. (6)

In attempting to detect any second-order persistence which
may exist, such that 1F24 for a particular 24-hour period is
correlated «ith 1¥3, for the preceding 24-hour period, a test using
runs above and below the median is made on a sequence of the atistics
{4b). The run test developed on pages 177-152 of Reference 6 is
applied, supplemented by the more nearly exact significance values
tabulated in Reference 13. This nonparametric test s selected since
the yr) are not expected to be distributed normally, as will appear in
the sequol (see Flgure 6).

decause Interest here is in detecting any Important second-

order persistence 1f reasonably possible, the sign!ficance level §s




set much higher than for test (6), at
A -2,

The hypothesis of randomness is rejected (f

pluu,) |.2
for

ng = my = 21, (M
where n, 1s the nurber of values of r;, above and ny, below the
median, and u, 18 the number of runs counted. The achlieved signifi-
cance level will be determined from those in Reference L) after u,
has been found.

In attempting to determine whether =ay provide a more

1¥72
homogeneous unit for further research on & variance-sutacovariance
model of temperature, a sequence of statistics (4c) leads similarly
to rejection of the hypothesis of randomness if

plu £ u,l 5,2

for
I.'l. = ﬂh - ?l {a:
7. DATA SlJEII.EEE

Hourly temperature data for Los Angeles Weather Bureau Office
from 00 hours, January 1, 1961 through 00 hours, February 12, 1961
were taken from Relerences 17 and 18, See Table 1.

Dally temperature normals were taken from Reference 13. See
Table 2.

8. DATA EVALUATION AND PROCESSING

It is, of course, not possible to state that all published

Weather Bureau data are free of reading, transcription, and keya-
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punching errors. However, the routines used to avold such errors
are very good, in the present writer's judgment, and the publighed
data are of high quality. 1In any event, economics will dicrate
that these be the data for most climatological snalyses.

The normals are simply dally averages caken over the period
1921 through 1930, during which peried the official thermomater
location was moved four timesl®, However, it is the definite
orally stated opinion of 5. Miller, Meteorologlst at the Los Angeles
Weather Buresu Offlce, that these station breaks do not affect the
notmals by more than 0.2 F2 at most. Since the precision of the
readings i5 at best 20.5 Fn, Ehis I8 not deemed critical.

The steps used in processing the data are those shown in
Tables 3 through 5.

All data processing was accomplished by desk calculator.
This 18 an extensive processing based on over 1000 data, and it is
recognized that the risk of error 1s size=able, while the tolerance
for error is small. Techniques used to control the errors include:

a. Tha body of Table & was filled out and partiaslly checked
by computing the first, or 1 January, entry on a Marchant calculator,
differencing mentally for successive entries until the annual trend
value changed on 7 January, and recomputing the 6 January value on
the calculator 82 a check. A like procedure was followed from
7 January through 26 January and from 27 January through 11 February,
Other values, such as those where the sign of the residual changed,
also were checked by recomputing in individual cases of possible

doubt. Among other things, a rumning mental check was malatained
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on the reasonable vertical continulty of the residunls as they ware
determined, and susplclous values recomputed., Several errors were
detected by these weans and corrected.

b. While collecting sums of squares on a Marchant calculator,
the residual was first entered on the keyboard, then deliberately
"Eorgotten" and copied from the keyboard dial into the multiplier
colum of keys in an effort to make the sum of residuals accurately
reflect the numbers entered in the keyboard as & check on the sum of
squares. The sums of residuals were then computed independently on
a ten-key adder end compared with thoae copled from the calculater
dials.

¢. 'whlle collecting sums of lagged products, & reverse
procedure was used, The lagged residual wss entered Into the
multiplier, then transferred by memory Into the keyboard and then
checked back against the tabulated value before forming the next
cross product, Also, one erronecus residual was detected and
corrected by attention to reasonableness during the calculation of
lagged products,

d. Only 24 squares or products were accumulated at a time, it
belng felt that to Include more would invite error with high proba-
bility. The 42 partial sums were then comblined on o ten-key tape
adding machlng.

[ Ef, El“tﬂndllzﬁf;ﬂ were reconciled in thac order to
detect arrors (7 were found), and the cross-products checked for the

possibility of erroneously exceeding the cerresponding sums of squares.

£. The 42 partial X, Eh'ﬂm‘,#z Kiﬁ-l, =%t ane = x|
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were summed in turn on a ten-key tape adder and the tapes checked
against the tabulated values.

. Table 5 was calculated on a Friden calculator with
square Toot feature. Each keyboard entry for subtraction, multi-
plication, square root and division was mentally read back from
the keyboard against the tabulated value before depressing the
appropriate operation key., Multipller entries and dividends were
read back against tabulated values after reaching the lower and
upper dials, respectively. After tabulating each result, a few
seconds were allowed to lapse, after which the new tabulated value
was read back agalnst the appropriate calculator dials before
clearing the machine in the next operation,

h. All tests and transcriptions of data were checked at
least once, and all tabulations scenned for figures that might be
out of line.

9.  ERRORS

Regarding the seven particular errers in sums of products,
mentioned In paragraph 8e above, six were ascribed to inversions
by casting out nines from the amount of the net correction. The
other error in sums of products was ascribed to eantry of an
erroneosus digit into the calculator.

Assuming all such diglt-entry errors were detected,

p (error) = 172017 = Enlﬁ-ﬂ.
since 1008 individual cross products and 1009 squares wvere calculated.
The same probabllicty is assumed for another such error, which may or

may not compensate for the flrst error. B3y cursory inspection of
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Table &4, the number of digits In the residuals 18 found to average
at least 3, ylelding probabl ity

p (compensation) S 1077
that the second crroncous diglt would compunaate {f made in cal-
culating the samoe subsidiary sum of 24 producta., This could occur
only in one of tha other 23 products accurnilated in the subsidiary
sum, Thore are 42 such sums of cross products and an additional 42
sums of squares,

Therefore, the probability way be estimated to be

(4

p (undetected compensation) = 5110 ‘n*]}zltﬁﬁ} +hl gher-

order terms

& 511{}'?
that two dlgit-entry ervors, affecting one v, , ona ,r,, and one
lrIDUB‘ would occur which would permit the reconciliation of Z. X,
= [.‘l{{a.nd " Ea " X 41 to be gatisfied without correction of the
errors, This probability is low with respect to the significance
levels chosen for the present statistical tests and is entirely
negligible with respect to the assumpfions and appraximate
distributions used,

Tha probabllity of undetected error Increases as longer data
gerles Increase the factor, B84. Therefore, It could well rise abave
the probabllity of data-entry errors into digltal computers,
especially with veriflcation of the data-entry punched cards, The

probabi 1ity of accidentally compensating an error of Inversisa must

be too small to be worth estimaeting, and no attémpt will be made to
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evaluate the risk of undetected errors like the unreasonable
reésidual, MHowever, other errors may well have crapt In to which
no thought was given, and it is generally recognized that overly
long human calculations often foster excesslve errors.

These observations tend to suggest the practical desira-
bility of digital computers in order to control errors in large
scale application of such a temperature model. Considerations of
econcmy and time schedules relnforce this cpinion.

11. RESULTS

The result of test (5) as quantified In (6) 18 (see Table 5)

Lhiat
1F1008 = +963 >.0973 - lrtﬂﬂﬁ'
Consequently, Hy 18 rejected,

The result of the test of randommess as quantified according

to (7) is (see Table 6) that the medlian value of 1T74 18 such that

843 < medlan (.r.. ) < .863

1724
and that

u, = 18.
In order to evaluate this result, significance values tabulated in
Reference 13 are extrapolated graphically in Figure 7, indicating
that

p udlB) = 14 <.2
for

n, = 0y = 2l

Consequently, the hypothesis that successive 1¥q, Are random 18

rejected,
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The result of the test of randomness as quant!fied

according to (8) 1s (see Table 6) that the median of 1¥73 is
such that
898 € median (. r__ )< .901
L 72
and that

= 3,

Yo
It 18 found!® that
pluio = .79 22.2

Eor

Consequently, the hypothesis of randorness is not rejected,
12, DISCUSSION OF RESULTS

The high signiflcance of 1¥ 1008 18 no surprise. Thumlq
found perslstence Into the fourth day which he consldered
slgnificant, wherecas the statistics (&) consider persistence
caly for one hour. It should be mentlioned that Thom used raw
temperatures and not residvals from annual snd diurnal trend,
Persistence hns not been verifled heretofore in the residuals
to the writer's knowledza,

However, the statistic appears to have a defect. Table
7 compares each 1¥92 with the average of the three relevant

1F24 and also with the maximum of the three relevant In

1724°
all cases except two, 1¥72 18 closer to the maximum than to the
average, and in seven instances 1F77 ®%ceeds the maxioum of its

consti tuent 1¥24+ In #11 fourteen cases, 1{F7p ®xceeds the

average of lts constituent 1524 It Is suggested that this
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results from geometric averaging in the denominator and implieit

arithmeclc averaging In the numerator of the correlation

coefficient. The value of the statistie caleulated from

L'N
repdings equally speced In time tends to rise as N increaszes.
The same effect i1s present in 1T 1008 4% compared with lts

constl buent 11-:rz and 1ru.

This effect leads the writer to wonder whether the large

N reduces the efficacy of the test made by means of 1%1008+ The

table on page 8 of Reference 2 provides the exact significance
o

values, 1Py for
of wis ¥ w0l

for lﬁiﬂ and 1H15 as follows,

o
1“10 - 512
L
lnfﬁ - 394,

Interpolating linearly,

W
lHEh = 405,

Making the modification proposed in Section 6,
W L]
lrzﬁ - I.HEIEI- + lllf{N-l:I = LG03 & L0483 = 448,

All of the calculated values for rp, listed in Table 5
except one are significant by this test. The exception is ,439
for 9 February. Apparently, there may be individual days when
weather variabllity suffices to cancel out the net persistence

of alr temperature as measured by 15240 at least in winter,




although .439 18 significant at the .05 level by this test.

For

ol )
H is sufficlently close to Anderson's recommendod 75 that his
large=sample approximation will be used here, with the modlfication
proposed in Section 6. We have
[F3p = 3:090 +TOIT1 = .364.

The smallest value of 1T729 namely, .7%94 for 4-6 February, s well
above 1r;2.
The above tests sugoest strongly that paslclve perslstence
from hour to hour over 72-hour periods 13 a real and universal
property of temperature residuals from durnal and annuwal trend.
It would be desirable to test this assumption for a wide selection
of slites and sessons. If the suggested persistence 1s verified and
1f lagged correlations are, indeed, found to be a mansgeable and
useful measure of persistence, then maps should be developed showing
isopleths of constant persistemce, where the measure of persistence
is some function of ;r, and N 15 in the neighborhood of 72 hours.

4 recormendatlon cannot be made at this time as to the
axact function to be used. One factor will be the determination of
that function which best serves as a supplementary independent
variable in regressions of phenological measure on GDL, Ansther
will be the statistical tractabllity of the measure used. [In
developing the measure of persistence, some central value of

erE might be obtalned such & a geometric mean or a4 moedian of
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individual 1T7z over an entire season for as many as 6 or 8 years.

Perhaps, despite the evident tendency of to rise with

1N
length of the data base, 1¥100g ™aY prove as useful ss shorter-
perled measures in the suggested regression calculation. Perhaps
the square root of the autocovariance will prove useful and w111
match the standard deviation of temperature in deriving a palr of
supplementary measures for phenological studies and other
applications.

In developing isopleth maps for selected "seasons™,
confidence limits on the persistence measure that is adopted
should be derived as a guide to how closely the isapleths need to
follow site values, especially where the data sites are sparsely
located. As to the Yseason", the use of monthly values may induce
miner difficulties since

28 5d =31,

where d 1s the number of days in a month. However, practically
all climatological analvses are based either on months or on
trimenthly seasons. While the winter trend is small®, the longer
and nonlinear spring and autumn trends suggest a possible difficulty
in using Loy based on entire seasons. An example of the anticipated

difficulty 1s that might prove less valuable in producing

LK
regreselons of crop grovth on a serles of Independent wvarlables
including

, 4f the base for Lr ls taken too long, because the

4

1

* 50 small, in fact, that it probably could have been ignored in
the present calculations with negligible effece,
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persistence characteristic itself may have a directed trend during
times of progressive weather advancement such ag spring and
autumn. Perhaps “"seasons" of two months would be a practical -
Gompromise. At least, there is no obvious trend in el ther 1724 OF
erE over the six weeks calculated here (see Fligure 5), albeit most
of the values are far from that of 1 1008°

Whercas the test (7) Indicated that second-order persistence
provably exists in the Fag the test (8) showed no {ndication of
second-order peralstence in the 1¥72 a5 measured in terms of too
fow runs above and below the median., In fack,

Plesud > L5
. If too many runs are found conglstently in further studies along
this line, a meteornlozical reason for this should be sought,
However, this single weak result would not &ppear to varrant the
further inquiry.

The presecat analysis Eupiestas that 172 ils & better
candldate thin 1724 [or the basic temperature sutocovariance
stabistic in an attenpt to construct a variance-autacovariance
model of alr temperature, as well as for studies af regression of
phenological measures on Lompersture expectancy, including measures
ef temperature location, varlability and persistence.

On the whole, the results encourage the view that a matrix
of mean, varisnce and autccovariance of alr temperature at a point
(in many ways llke the vari ance-covarlance matrix of regresslon

. methods), can be developed and Lts Hohages, or interrelationshlps,
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can be found. Further work for other sites and periods is
desirable to test the present results sgainst {ndependent data
and to Improve or extend them.

13, CONCLUSIONS

Hour to hour persistence of temperature has definitely
been shown to exist over 72-hour perlods at Los Angeles Weather
Bureau Office site durlng the first six weeks of 1951,

Correlation coefficients of hourly Weather Jureau
témperature readinga, adjusted for annual and diurnal trend, with
readings for the next succeeding hours may be useful measures of
température persistence 1f the number of readings used for
calculating the coefficients is In the neighborhood of 72 successive
readings.

Mumbers of successive readings in the neighbsrhood of 24
probably admit second-order persistence into further analysis.

From these preliminary results, further werk toward con-
struction of a variance-autocovariance model of air temperature
at a polnt appears feaalble.

Use of digital computers is recommended for follow-on
studies, to control errors as well as to reduce costs and the tima
required,
lé, SUMMARY

Lagged correlations of hourly residuals of alr temperature
at a single polnt were calculated from data for a single six-veek
period near the flat portion of the annual temperature curve. A

sub-period was determined for which succcssive coefficients appear
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to be randomly diatributed through time about thelr median value,
Convinelng evidence of pesitive lag correlation over a sub=pert od
of approximately three days indicated that appropriate Auto-
covariance statistics can be used to measure perslstence of
temperature rosldunls through time in developing a rmore comnlote

mathematical model of Climatologleal terperature.




i

Portion of varlability lest 4f hourly iather

than instantanecus date are used (probacly a
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Figure 1 = Schematic of Temperature Yariatlion Model
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Table 1 - Los Angeles Hourly Temperatures,
January to 12 February 1961

DATE, 1961 1 Jan 2 Jan 3 Jan &4 Jan 5 Jan 6 Jan 7 Jan

HoAIR

0000 48 48 3l 53 54 36 54
0100 48 &7 32 34 21 33 52
0200 49 &5 33 52 20 30 30
0300 20 43 50 52 33 32 52
0400 50 i 48 3l 49 L9 52
0500 49 a3 4B 20 L8 32 al
0600 49 43 aé 3l 48 33 20
a700 48 43 a8 30 L 74 30
0800 &7 41 a1 50 i 34 30
0900 48 45 57 33 38 60 at
1000 3l 51 61 59 62 66 63
1100 35 58 b4 63 66 1o 68
1200 57 39 66 67 63 12 10
1300 60 63 69 69 71 73 13
1400 62 65 10 &9 T2 10 73
1500 62 63 69 69 7l 69 69
1600 59 60 69 68 0 67 67
1700 36 58 63 66 67 &4 65
1800 34 35 62 63 B5 62 -3
1900 53 35 &0 61 &2 60 58
2000 52 53 38 60 38 38 57
2100 32 32 36 58 33 55 37
2200 a0 a2 55 37 17 33 57
2300 LYy 49 34 36 57 35 37




Table 1, Continued

DATE, 1961 8 Jan __ 9 Jan 10 Jan 11 Jan 12 Jan 13 Jon 14 Jan

HOUR

0000 59 57 60 Gl &0 33 51
o100 55 57 56 b2 29 a2 59
0200 54 56 59 6l 58 53 57
0300 55 54 58 61 58 52 56
Q400 54 55 53 61 59 50 56
0500 53 57 4 | 39 57 30 80
DE00 51 54 52 59 56 &9 57
Q700 32 53 50 58 37 &9 56
Q800 a5 38 55 B3 58 3 &0
0900 59 [TA 62 Bo 61 L2 65
1000 B& 63 67 10 (i) T 70
1100 71 69 T2 73 71 10 14
1200 73 71 75 75 73 73 17
1300 16 T4 77 18 14 75 g0
1400 17 15 17 77 72 73 80
1500 75 73 77 17 70 b 19
1600 72 70 73 75 &9 0 79
1700 69 67 70 73 66 65 74
15800 &7 &6 &8 70 Al 55 72
1900 65 63 &8 &7 60 63 72
2000 62 39 &7 65 53 61 69
2100 LT ] 58 bt bl 37 59 (%3]
2200 59 37 A4 &3 57 1 65
2300 59 59 63 63 36 &1 63




Table 1, Continued

DATE, 1961 15 Jan 16 Jan 17 Jan 18 Jan 19 Jan 20 Jan 21 Jan

s

HOUR

0000 62 B1 bl &b 61 6l 63
0l00 61 a9 63 62 &0 1A 63
0200 49 57 G4 63 9 b4 61
0300 56 35 L &0 +9 62 60
0400 36 35 62 58 36 62 60
0500 a3 34 62 60 35 B 59
0600 55 35 60 2B 3B Bl 57
Q700 a4 35 39 60 35 64 37
g8500 58 59 62 62 38 64 37
0900 63 1 L L 66 63 65 39
1000 71 73 12 71 12 68 A
1100 73 18 16 76 T4 Il 10
1200 18 79 20 79 17 73 71
1300 80 82 23 82 18 T2 73
1400 a1 83 a2 82 9 72 73
1500 19 &1 80 Bl 9 63 72
1600 11 81 73 76 79 67 69
1700 77 78 76 73 7 63 63
1800 76 T4 T4 12 15 63 1
1900 72 70 70 69 T2 62 =4
2000 68 &8 67 67 Tl 62 6
2100 67 68 67 &6 68 58 61
2200 &6 17 66 63 6o 9 39

2200 L 1 68 6b 63 67 6l 9




Table 1, Contlnued

&1

DATE, 1961 22 Jan 23 Jan 24 Jan 25 Jan 26 Jan 27 Jan 28 Jan
HOUR

LH I 59 54 3 58 a7 55 33
alo0 a9 54 54 38 57 4 54
0200 39 54 53 57 58 53 53
03040 a8 33 3z 37 37 23 53
0400 58 52 51 56 56 52 51
0500 37 52 a0 b 1. 53 51
G600 57 a3 30 56 33 52 3l
0700 57 51 1) 36 56 21 20
0800 58 55 52 k1 57 53 52
0900 59 59 34 a7 27 36 3
1000 B2 63 57 58 a7 59 57
1100 fé LT G 1] 57 6l 39
1200 B 68 61 60 57 62 62
1300 LY 10 1A 60 39 63 63
1400 6% 6% 63 60 9 62 635
1500 B &6 b6 B0 39 Bl 62
1600 B3 63 63 Bl a9 B b2
1700 By 61 59 Bl 58 59 60
1800 ¥ 59 59 ] 37 57 58
1900 1] 59 58 59 57 27 58
2000 60 59 59 38 57 36 37
2100 58 57 59 58 55 56 56
2200 56 2B 59 58 5 35 55
2300 23 23 a9 a7 35 33 35




Table 1, Contimued

DATE, 1961 29 Jan JO Jan 31 Jan 1 Feb 2 Feb ) Feb & Feb

HOUR

0000 23 a5 54 39 S L1 39
o100 L1 ol 33 39 Sk Sl 38
0200 a3 53 -1 a8 b 3l 37
0300 32 52 52 1. 33 2l 37
0400 il a2 5l 57 3] 32 33
0300 il 30 3l 6 52 32 3]
0600 sl 50 51 36 53 52 33
0700 b} | 31 3 36 - 32 k2]
0800 52 54 53 58 3% 52 55
0900 54 58 pT 9 33 35 62
1000 57 62 57 6l 36 57 66
1100 60 64 60 63 L) 61 &9
1200 62 67 63 63 60 10 T2
1300 6 69 63 67 62 7 74
1400 63 70 67 1] 63 72 78
1500 62 70 63 61 61 71 73
1600 62 6a -H 61 62 70 1
1700 61 T &0 62 61 68 10
1800 39 62 59 61 60 b6 68
1900 60 &0 39 60 39 67 66
2000 58 58 59 59 -] G 63
2100 37 57 59 58 37 61 61
2200 a7 56 59 36 35 62 39
2300 56 55 39 33 54 60 60
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Table 1, Continued

DATE, 1961 5 Feb 6 Feb 7 Feb B Feb 9 Feb 10 Feb 11 Fedb 12 Feb

HOUR

0000 a7 58 55 34 33 58 8 58
0100 36 58 33 3 33 58 37
0200 54 33 = 52 34 8 3y
0300 33 55 55 52 -1 a8 54
0400 33 33 35 5l 3 a7 34
0500 5 34 34 il 33 37 b 1
0e0d 52 53 33 al 41 37 56
0700 1] 54 52 il L] L. 56
ca00 b % 54 3] 33 60 56
0900 62 58 57 36 58 65 57
1000 66 60 60 58 62 70 9
1100 69 61 62 63 65 T4 61
1200 71 &2 63 L 68 75 £d
1300 73 63 63 &5 71 75 6l
1400 72 65 65 65 73 75 63
1500 71 14 Bé b 68 72 =T
1600 71 B 62 61 67 69 71
1700 68 63 &0 60 .1 -1 59
1800 65 61 39 9 62 61 38
1900 b4 58 9 38 &1 62 58
2000 63 58 58 38 61 60 58
2100 62 37 57 37 39 59 38
2200 60 56 56 57 60 ¥ 58
2300 58 56 55 57 39 38 38




Table 2-Los Angeles Daily Normal Temperature,

19211950
Period Hnln-'f:
“ﬂl :ﬁ-J-IIh ﬁ H
Jan, T-Jan. 26 a5
Jan. 27-Feb, 12 56
Feb. 1)=Feb. 25 57
rlh-- “-HII.". 5 H
Mar, G=Mar. 19 29
Mar, 20-Mar. 30 60
HII-'- jl-mi I-I. 'ﬁl
Apr. 12-Apr. 22 62
May iI-May 10 bh
May ll-May 19 63
May 20-May 29 66
May 30=Jun. 13 67
Jun. lé=Jun. 20 ba
Jun. 21=Jun. 25 69
Jun., 26=Jun, 29 10
Jl.'lﬂ.l- ]u'Jlil. dy ?l-
Juls 3=Jul. 11 12
Jul. 12=Jul. 25 73
...I"I.1-1- zﬁl-.ﬂ.ig.. ﬁ Ttl-
.ﬂ'l-lgq ?’ME. !E ?3
Aug. 29-Sept. 14 72
Sﬂ‘ptl L'i-SlpI:. i 11
Sept. 25-Sent, 29 70
Sept. J0-Dec, & 69
Oc. 5-pct. 10 6a
Oct. ll-pce. 17 67
Dok, 18-pDce. 25 (i1
Oet, 26=Nov. 1 65
"“l E-Hﬂ#. 'ﬁ “
How. T=Kov. 14 63
m- li""ﬂ'[ :g H
Nov., 20=Novw. 26 Bl
Nov. 27=Dec., 2 60
IHH- 1"““!9 59
M1 lﬁ*m- 25 5?



Table ) == Calculation of Los Angeles Diurnal
Temparature Trend for the Period
| January through 11 February 1961

Hour ug .l -

sm - E xyl ) Xy DXy
0 2391 56.93 =3.6%
I 2]“ Hllh 'ﬁl;“
2 2324 55,33 5,25
3 2308 54.88 «3.70
4 2264 53,91 -6.67
5 2254 53,67 6,91
b M 53.26 =7.32
7 2240 53,33 -7.25
B 2322 55.129 =5.29
9 2474 58.91 1,67
10 2639 62.83 2.2%
1 2780 66,19 5.61
12 2876 68,48 7.90
13 2954 10,33 9,75
14 2070 10.72 10. 14
15 2901 69,07 B.49
16 2842 67.67 7.09
17 1747 63,41 4,83
18 2664 63,43 2,85
19 2605 62,03 (L
20 2543 60.55 «0,03
21 2L90 59.29 -1.29
22 2451 58,36 2,22
23 2437 58,02 2,5
& 61,068 145400

N L02381

24 M 1008

&5




™

Table &4 = Residuals from Annual and Murnel Trend

DATE, 1961 1 Jan. 2 Jan. 3 Jan. & Jan. 5 Jan.
R, LST.
m Iﬁ.,., :j -I-ﬁq. 35 - 1- j! u'- 55 I li"
Dlm ‘:.H -ﬁlliﬁ 'D-H I-u ‘-u.H
0200 «1.75 5,75 2.2% 1.25 «0.7%
0300 =0.30 =5.30 -0.30 1.70 2.70
D‘lm uq.i? '5*:‘3 —l-l-j! IIE? ‘n‘lz
0500 «0,09 «6,09 =1.0% 0.91 -1.09
0600 =, 32 w5,68 2,58 2.3 =0, 068
0700 =0,75 =5.75 0,75 1.25 2,75
0300 =3.71 «9.71 0.29 0.29 0.29
0900 «6.3) «3.33 2,67 0.67 3. 67
1000 =7.25 7,25 2.7% 0.25 3.7%
1100 =h,.6] =1.61 2.19 1.39 &.39
1200 =b,90 =L, 90 2.10 3. 10 &, 10
1300 5,15 =2,75 3.25 3.25 5.2
1400 =, 14 =1.14 3.86 2,85 .86
15m h:vﬁg -ll-ﬁlg ﬂ-l-:'I ﬁ-ﬁ‘l 51-51
1600 =l , 09 «3.09 3. 81 £,91 6.91
1700 =4 .81 =2.83 b, 17 5.17 b.17
1800 ] =3.85 3:15 L£.15 b.15
1900 =L, 4 S 2.53% 3.55% L. 455
2000 =3.97 =297 2.03 L.D3 2.0)
2100 =271 =2.T1 1.29 3.29 0,29
2200 =3,78 =1.78 .22 3.22 0.23
13'00‘ ‘-ﬁfh'ﬁ -"h.ﬁ-ﬁ Dr!ﬁ ?-..5'5 ]...'lﬁl
24
xy 86,11 =107.11 37.89 59.39 61.89
i=]
2
i‘l"hl 410.90 348 .45 145,65 188,12 35.69
i=]
51
L] 1‘1“
in M1 g4 10611 50413 60.39 68,45
14
=x} 430,36  591.16  164.90 197.26 49,46
i=1
24
p = 88,09  107.11 52.89 59.39 Ta.21
i=1

ib

& Jan.

3.65
.44
-0.75
I-?ﬂ
0.3

2,91
4,32
3.25
3.29
5.67

1.75
8,39
8.10
7.2

3.58

L R
-

[F R L -
.

L¥ L T

2,03

.29

=0.78

1.56

82.89

410,10

69.55

£49.50

B6.61

488,10

100.89

486,42

95,89
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Table 4, Contlinued

DATE, 1961 8 Jan 9 Jan 10 Jan 11 Jan 12 Jan 13 Jan 1& Jan

HOUR, LST.
Q000 7.65 5,65 8,65 12.6% 8.63 1.65 .65
Q100 bbb 6,44 5,44 11.44 B.44 1adids YA
0200 L£,25% B,25 9,25 11.25 B.25 .25 7.25
Q300 3:,70 4,70 3.7 11.70 B.70 2. T0 6.70
0400 5.67 6.67 4.67 12.67 9.67 1.67 7.67
0500 4.91 8.91 2.91 10.91 B.91 1.91 11.91
0600 3. 6.3 &3 11.32 B.32 i.32 9.32
aroo 4,25 5.25 2.25 10.25 9:2% .25 8.25
Q0800 5.29 B8.29 5,29 13.29 B.29 4.29 10.29
0900 5.67 10.67 8.67 12.67 1.67 5.67 11.67
1000 8.75 1.75 9.75 12.15 8.75 8.7% 12.75
1100 10.39  8.3% 11.3% 12.3% 10.%% 9.3% 13.139
1200 10.10 B8.10 12.10 13,10 10.10 10.10 14.10
. 1300 11.25 9.25 12.25 13.25 9.25 10.25% 15.25
1600 11.86 9.8 11.36 11.86 f.86 7.86 14.86
1500 11.51 9.51 13.51 13.51 B.51 B.51 15.51
1600 9.91 D.91 12.91 12.91 6.91 7.91 16.91
1700 8.17 7.17 10,17 13.17 6.17 5.17  1&.17
1800 2.15 B.153 10.15 12.15 3.15 B.15 1&.15
1900 8,55 6,55 11.5% 10,95 3,55 6.55 15.533
2000 7.03 4.03 12.03 10.03 3.03 6.03 14.03
2100 B.29 4,29 12,29 10.29 3.29 5.29 1%.29
2200 6.22 4,22 11.22 10,22 4,22 5,22 12.22
2300 6.56 6.56 10.56 10.56 3.56 8.56 1G.36
%‘a 177.89 170.89 221.89 284.89 171.89 133.89 287.89

gltil‘“* 1637.52 1283.80 2302.19 32354.51 1014.30 S51.6& 36&1.1&
CL
'E. Xi#r 175.80 173.89 225,59 280.59 164.89 141.89 290.39
55 N
L 1470.32 1296.58 2306.90 3412.18 1365.40 962.42 3639.70

177.89 170.89 221.89 284.89 171.89 133.89 287,89

s
® £y

¥



falrle &, Contintdd

TE, 1961 15 Jan 16 Jan 17 Jon 18 Jen 19 Jan 20 Jan 21 Jan

= ==

HOUR, L5T.
Qo060 12.65 9,63 12.65 14.63 9.65 9.65 11.65

0100 10,44 Badd 12.44 11.44 065 13,44 12464
Q200 925 7.25 14.25 13.25 %.25 1.2 11.25
0300 6.70 3,70 14.70 10,70 .00 12.70 1070
Q4apo 7.67 6.67 13.07 9,67 7.67 13.67 11.57
Q500 6.91 3,91 13.91 11.91 6,91 15.91 10,41
Q600 132 .32 12.32  10.0a . e P 9.32
a700 b.23 T.25 11.25 11,235 Tam L6.25 .23
04500 8.29 9.29 12429 12.29 B, 20 14,29 7.29
G900 0,67 12,67 14.6T7 12.67 11.67  11.67 3,67
1009 i o 13.73 14.75 13.75 14.73 13.75 6,75
1100 14,39 17.38 15,39 15.39 13.20 13.39 2.3
1200 13.10 16,10 17,10 16.19 14,10 15,10 6.10
1300 15:3% L7133 18.23 17.325 13.23 T.23 5,25
1400 15.86 17.B6 6.6 16.B6 13.8¢ .86 T.36
1340 17:31 17.21 16,31  17.531 13431 fiezl 8.51
1600 14.91 18,591 15.91 13.91 16.91 4,91 6.51
1760 17.17 15.17 16.17 15.17 17.17 3.17 517
1230 1%.15 16.13 16,15 14.15 1713 3.13 B.13
1900 15.55 13.55 131,55 12.55 13.55 R 7.35
2000 13.03 13.03 12,03 12.0) 16.5 Ta03 F.l3
2100 13.29 14.29 13.29 12:2% 14.39 e 7215
2200 131,22 1322 13.22 2,22 13.22 b, 22 6.22
2200 9.56 13.56 13.56 10.56 14.56 B0k £.56
¥y

E“ﬂ{ 289,89 304,49 36489 31E.3% Z297.59  Z31.83 0 201.59
LE

&
ﬁgu“iﬁl+l 373442 4335.94 5044,83 4259,34 307E.07 2612.38 1743.78

e LT 286,89 307,89 346.89 311.89 297.79 133,39 197.39

%‘q 3810.64 4337.66 5034.62 4230.54 3062,66 2634,00 1799.66
=

H-I;}q 289.89 304.89 344.89 118.8% 297.89 231.3%9 201.49
v

Rt i
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Table &, Continued

DATE, 1961 22 Jan 23 Jan 24 Jen 25 Jan 26 Jas 27 Jan 23 Jan

HOUR (LST)
0000 7.65% 2.65 2.65 6,565 5.65 2,65 2.65
0100 B.b4é 3,44 344 7,44 &, 2.44 2,584
Q200 Q.25 b.25 3.25 7.25 B3 2.25 2.25
Q300 8,70 .70 2,70 7.70 7.70 2.70 2.70
Q400 9,67 3.67 2.67 7.67 T.67 2.67 1.67
0500 8.91 3.91 1.91 T.01 .91 J.91 1.91
Q600 9.32 5.32 2.3 8,32 1.3 3.2 2.32
0700 9.25 .25 2.2% B.25% 8.2% 2.25 1.25
0800 5,29 5,74 2,29 6.29 7.29 2.0 1.29
0900 5.67 5.67 0.67 3.67 3.67 1.67 <0.33
1000 G.75 5.75 =0,25% 0.7% =0,2% 0.75 -1.2%
1100 3.39 5.9 =0,61 2,61 <381 0,61 <2.61
1200 3.10 5.10 =1.90 2,80 <5.80 =1.90 <1.%0
1300 3.25 5.25 =073 =b, 73 5,75 =2.75 =2.75%
1400 3.86 3.86 =0.16 =3.1& 6,14 4,186 =1.14
15W 'Dl:"I 2151 215: '}i“ -#.4? "II’*? '2-“!9
lﬁm z.gl 0‘91 Eng‘l —I-W "'J'I-W ‘-]"Dg -I.W
1333 417 1.17 =0.83 1.17 =1.83 <1.83 -0.3)
b4.15 I.15 1.15 2,15 =0.B% =1.85 <0.85
1900 1.5% 2,55 1.55 2.55 0.55 =D.45 G.55
2000 5.03 4.03 4,03 3.03 2,03 0.03 1.03
2100 4,29 3.29 5.29 4,29 1:249 1.29 1.29
2200 3.22 3.22 6.22 5.22 1.22 1.22 1.22
2300 2.56 2.56 b.50 b, 56 2.36 1.56 0.56
%xi 133.89  87.89 47.89 74.89 45.89 10.89 7.89

L
G X% as.u0 357.26 207.29 65828 631.87 126,41 62.45

AP, -
g;‘h- 126,89 87.89  51.37 106.29 105.11 &9.83 34.61

T
mﬂ 922.90 369.26 205,74 689,40 676.98 133.40 74.96
LE
,."4 133.89 87,89 56,85 114,85 109.71 51,11 32,37




Iable &, Continued

DATE, 1961 29 Jan 30 Jan 31 Jan | Feb 2 Feb 3 Feb & Feb
HOUR _(LST)
Dogo 0.65 2.65 1.65 B.B3 1.65 1.65 B.65
o100 2,404 g 1.44 T.bbs 246 2. 044 [
0200 2.25 2.25 3,25 725 3,25 2.2% B.25
0100 1.70 1.70 1.70 1.70 2.70 2,70 B.TO
0500 1.91 0.91 1:91 6.1 2.9 2.91 1.91
D00 2,32 1.32 2.02 .1 be32 3.32 G 32
0700 2,28 2.25 2.2% 7.25 5.25% 3.25% 7.25
0RO0 1.29 o L 2.29 7.29 b, 29 1.29 &.29
0a00 =0,33 J.6T  =0.13 b, 67 0.67 0.67 T.67
lmﬂ -I..I} 3'?5 -II!} 21?5 ':.:ﬁ -‘lnii ?-?5
1100 =1.61 2.3 .1.61 1.9  =).61 -0.61 7.39
IIW 'lvgn 3!1“ -ﬂiw Iil'ﬂ ']-gu bllﬂ E-lﬂ
1300 =275 3.25 <=D0.75 1.25 =3.7% §.2% B.25
1400 =3. 14 3.86 0.86 «0,14 3,14 .86 9,86
1500 =249 5.51 =1.49 =149 =),49 6.51 B.51
1600 =1.09 4.91 <2.09 0,09 «1.09 6.91 7.91
1700 0.17 .17  =0.83 1.17 0.17 7.17 9.17
1800 0.15 3.15 0.15 2,15 1.15 7.15 2.15
1900 2.55 2.55 1.55 2.55 1.55 9,55 B.33
2000 2,03 2.003 3.03 3.032 2,03 8.0 7.03
2100 2.29 2.29 &, 29 1.29 2.29 8,29 6.29
2200 3,22 2.22 5,22 2.22 1.22 8,22 5.22
2300 2,56 1.56 5,56 1.5 0.5 6.5% 6.56
E R
=% 14,589 66,39 29,89 90.89 18,89 106.89 168.89
=
XX, 91438 202,00 166,32 32269 17781 676.2 1209.87
1]
:?-“F;-. 45,01 65:89 &7.73 B6.T1 $6.51 100.91 166.89
]
B g
ﬁ!; 98.40 212.50 142.20 55).48 199,06 689,06 1246.28
e
ﬁ"ﬂﬁ 4h.01 66,89 48,39 94,33 61,35 110.61 168.89




51

Table &4, Continued

DATE, 1961 5 Feb 6 Feb 7 Feb 8 Feb 9 Feb 10 Feb 11 Feb 12 _Feb

HOUR (LST)

0000 .65 5,65 2,65 1.5  2.65 5.65  5.65 5.65
o100 bbb B.64 366 2,04 D44 644 5.44
0200 3.25 4,25 325 1.2% 328 T2y 3.35
0300 2.70 4,70 470 170 370 7.70 70
0400 3.67  3.67 5,67 L.67 467 7.67 487
0500 4,91 491 491 191 3,91 7.91 &9l
0600 3.3 4,32 432 2,32 4.3 B2 1M
0700 7.25  5.25  2,2% 2,25 4.2 9.2% .18
0800 3.29 5.29 3.29 2.29 4,29 9,29 5.29
0500 T.67 3.67 2,67  1.67  3.67 10.67  2.67
1000 .75 175 175 =25 375 11.75 0.75
1100 7.3 0.3% 0.3 1.3 1LY 12.39 -0.61
1200 7.10 -1.90 =0.%0 0.10 4,10 11.10 ¢©.10
1300 7.25  =2.75 2,75 -0.75 5.2% 9.2% .1.75
1400 5.86 1,14 -1.1&4 l.1& 6,86 5.3 1,14
1500 6.51 <0.49 0.49 =0.49  3.51 .51 -0.49
1600 7.91 0.91 «1.09 2,09 3,91 5,91 -2.09
1700 7.17 2,17 0.8 -0.83 .17 5.1 .1.83
1800 6.15 2,13 0,15 0,15 3,15  4.15  -0.85
1900 6.55  0.55 1.5%  0.5%  3.55 4.55 0.55
2000 7.0 2,03 2,03 2,03 5.0 4,03 2.0
2100 7.20 2,29 2,29 2,29 4,29 4,29 3,29
2200 6.22 2,32 2,22 311 6.22 5.22 &2
2300 4,56 2,56 1.56  3.56 3,9 4,56  &.56
%K; 141.89 58.89 42,89 26.89 99,89 178,89 56,89

E-:fi:'h 881.72 256.05 176.42 71.32 438.48 14868.97 318.62

il'“‘l‘x_
E.‘ by 162,69 62,33 54.19 23.91 102.89 178.89 63.39

¥

Eh X 898,28 286.04 189.10 79.94 439.28 1479.10 340.78
L3 I

?EIJI'[ 141,89 71,45 57.29 37.99 99.89 178.89 74,41
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Teable 5 = Open-Ended Lag Correlations :llm1I IrM and ltlﬂﬂﬂ"
DATE, 1961 1 Jan 2 Jan 1 Jan & Jan 3 Jan
By
=¥ R, 410.90 548,45 145,65 184,12 315.69
=% %

| -86.11  -107.11 37.89 59,19 61,589
T
E}i -86.11  -=104.11 39,89 60,39 63,89
'.I:-:‘ A’f 308,96 464,63 62,98 149 .44 164.76
WEw
Murmerator 101.94 B3.82 B2.67 38,68 150.93
il oy
E- %y 430.46 %91.14 164,90 197.26 3946
el
w 'ﬁ - - - -
n. L /:’w J08.96 78.02 59.82 146.97 159.60
'I'ﬂ ‘.‘.
.-n X {f. % 121,50 113.12 105,08 50.29 159,86
| S
ﬁ‘;“t 430,45 574,04 163,50 199,36 360.06
53 ™
(ﬁ;"ﬁ?/-l/‘l 308.96 451.62 b6, 30 151.96 170.08
WLy o >
E X = (2% 121250 122.42 97.20 47.60 189,98
Denoninator® 13,848, 10,213, 2,393, 36,069,
1504 1760 8040 6028
Denominetor 121,50 117,68 101.06 48,93 189.92
L5319 .12 .a18 791 .795

1724



Table 5, Continued

23

DATE, 1961 6 Jan 7 Jan 8 Jan 9 Jan 10 Jan
-2 2
ZHKig 410,10 488.10 1,437.52 1,283,80 2,302.19
"E)
Ly
E*F,' 82.89 G5.59 177.89 170.89 221.89
Ay
5
'-l_-.?: 81.89 100.89 175.89 173,89 £225.89
: L 1
i
25 2K
2 X/ 282,83 403.10  1,303.71  1,238.17 2,088,45
] [t 1
Humerator 127.27 85,00 133.81 45,63 213.74
L N
ﬁ.‘ﬂ; 449,50 486,42  1,470.32 1,296,358 2,306,956
et
{ﬁnﬁx/ﬁu 286,28 383.12 1,318,54 1,216,881 2,051.47
v o W &
FI.-'*{E"-M’! 163,22 103,30 151.78 19,77 255,49
3 L
% 443,20 §37.92 1,643.72 1,339.48 2,392.16
15 %
a5 L
{';-i,f-,_ﬂn}/i'.‘ 279.42 424,12 1,289.05 1,259.91 2,126.10
1T 2 L5 "-/ 7 o
o4 *; 163.78 113.80 154,67 79,51 266,06
E_xl (E_-‘ ;J A 4
Denomlnatort 26,732, 11,755. 23,475, 6,367, 67,975,
1716 5400 Bt 2949 TS
Denonlnator 163 . 50 103 .42 153.22 78,67 260.72
1524 w778 « 184 L3713 273 20




Tabhle 5, Continued

DATE, 1961 11 Jan 12 Jan 13 Jan 14 Jan 15 Jan
14
=p
L%
= X3 284,89 171.89 133.89 287.19 289.89
Ll
i
E_?‘-.l_‘rti 280.89 164,89 141.89 290,19 286.89
-
L 157
".E.I E‘*’%y 3,334,28  1,180.96 791,57  3,472.49  3,465.27
Numerator 20.23 133,34 190,07 141.65 269.15
1y %
?.:Ja 3,412,18  1,365,40 962,42 3,629.70 3,810.64
=l
ﬁ“ )A‘i 3,381.76 1,231,009 746,94  3,436.57 3,501.51
TV 8 N &
Eﬁ,—‘{%l;) y 30.42 134.31 215,48 203.13 109.13
1 L |
iy
*ﬁf 3,326.98 1,293.30 1,052,82  3,706.60 3,743.74
15 }'il.
% /'&*1' 3,287.47  1,132,86 838.87 3,508.76  3,429.41
X~ ,.,,“ J/.ﬁ 19,51 160,46 213,95 197,84 314,33
Denominator® 1,201, 21,348, 46,101, 40,187,  97,1¢8.
8847 5964 9450 2392 5329
Denominator PN S 146.79 214.71 200.47 3172
lrzé le"’l hqug 1355 .?ﬂ'? q.:"'-{lJ




Table 5, Continuwed

DATE, 1961 16 Jan 17 Jan 18 Jon 19 Jan 20 Jan
#fﬂm 4,335.94  5,064.8)  4,259,34  3,928.07  2,612,38
= X 104,89 Y4k .89 118.89 297,89 231,89
E? i ® & ' - ®
A 307,89 W6.89 313,89 297.89 233.89
i
av iE“?f
TN T AR 3,910.36  4,984.95  4,170.68  3,697.40  2,259.86
Numerator 424,58 59 .88 BA,.&6 230.63 152.52
LY T
X, 4,337.66 5,036.62 4,350.56 3,963.66 2,634.02
1 -
(L R:)/2% 3,873.25  4,936.21  4,230.12  ),697.44  2,240.34
u L
ﬁif—{ﬁ‘iw‘* 464,41 78,41 113,42 266,22 393,43
= yr 4,406.56 5,089.22 4,229,06 3,963.66  2,676.62
e
{?‘:.:m)",&q 3,949,846 5,013.86 4,105,290 3,697.46  2,279.36
1
ar
éﬂ- {.ﬁ,‘t]#{ ¥ 454,72 75.36 123.75 266,12 397.76
Denominator? 211,176. 5,908, 14,035. 156,313,
5152 9776 7250 8648
Denominator 459,54 76.87 118,47 266.22 195,37
1724 924 779 748 866 .892




Table 5, Continued

DATE, 1961 21 Jan 22 Jan 23 Jan 26 Jan 25 Jan
1]
Eﬂ.l;lau 1,743.78 878.40 357.26 207.29 653,28
L]
14
E.Ia 201.89 131.589 B7.89 47.8% 74.89
wf
& K 197,89 128,89 87.89 51,89 73,89
L%
E:-,%‘.‘fﬂ 1,664.67 719,05 321.86 103, 54 230.57
Humerstor T9.11 159,35 35.40 103.75 &27.71
Moy
Ei* 1,799.66 922.%0 369.26 205.74 689.40
T
fﬁ;ﬁ/ﬁ 1,698,.32 746,94 321.86 95,36 233.69
-“ “ i
E:{'—fﬁﬂ:}/’;nm.u 175.96 47.40 110.18 455,71
i
13 .
R:;’n 1,722.46 B71.40 369,26 242,96 677.10
L1 L™
lﬁ-‘ﬂ] % 1,631.69 692,19 321.86 112,19 227 .49
W oy af L .
F_,; _(zx;j/ﬁsu.n 179,21 47 .40 130.75 44561
,._ " LT
Denomina- 9,198, 31,533, 14,406, 204,891,
tord 6318 7916 0350 7731
Denominator 95,91 177.58 &7.50 120,03 452 65
1rHI «325 L8387 o TLT7 . TR



) 172, - 944

Table 3, Continued
DATE, 1961 26 Jan 27 Jan 28 Jan 29 Jen 30 Jan
1y
E;:-,IH, 631,87 126.41 62,45 91.38 202.00
a
X 45,89 10,89 7,89 14,89 66,59
151{
F Rl 42.89 10,89 5,89 16.89 65,89
3 M
‘(:-'F;'E-,‘r/ﬂ* 82.01 4,94 1.94 10.48 183.64
Numerator 349,56 121,47 61.51 80,90 18,36
g
o oy §76.98 135,40 74,95 98,40 212,50
ey "/
{%ﬁ} 24 B7.75 b.9¢4 2.59 5.24 186,43
o o ol >
o e (E.I;}/{q. 589,21 130. 46 12,37 89.16 26.07
(4] -
L J
f?j.ﬁ" 652,08 135,40 68,36 105,00 208,20
Ly r
{}:xi}Aq. 76.65 L.54 1,45 11.89 180.90
ATk
ar <3 7
Ex=(EX1) /2457543 130.46 66.91 93.11 27,30
ﬂ‘l..l IS =
Deneminators 319,060, 4,842, 8,301. 711.
6189 2767 6576 7110
Denominator 582,29 130,46 69.59 91.11 26,68
.931 .884 .888 688



Table 5, Contlinued

38

DATE, 1961 31l Jan 1 Feb 2 Feb 1 Feb & Feh
1y
R 146.32 527.69 177.81 676,26  1,200.87
bt i+
3
g 29.89 90,89 18.89 106,89 168.89
vEi
2.7
pall 34,80 83,89 18,89 111.89 166,69
12 %
ay 5
2 N SR U FLE 125,27 14.87 498,33 1,174.42
VI izs
Humorakor 16287 197,42 162.94 177.23 35.55
iy 1
lE—-“h 143, 30 553,45 199,06 639,06  1,266.28
=1
iy kN
(}.:T:{i)ﬁ‘f 37.23 ki, 21 14,87 476,06  1,188.49
*(Eﬂ}(fma a7 200, 27 184,19 p12i08 57,79
,.'T..:vi1 183,70 %11.98 199 .06 720. 54 1,223.68
=L
Fiy
(;;.,1‘}1/4.-; 50,72 307,34 16,87 320,64 1,160.51
7y,
2 s M V
"i..i.:.x;‘(*g'“{fi 132,08 204.60 184.19 203.50 63.17
=
Denominators 13,453, 42,816, 33,925, 44,491, 3,650,
9106 6420 9561 5220 5943
Denombnatar 118,15 204,92 186, 19 210.93 €0.42
r 871 954 .885 L447 L387

1°24




Table 5, Continued

TE, 1961 5 Feb 6 Feb 7_Feb 4 Feb 9 Feb
L4

ok ey

Ly

?_;‘g‘i 141,89 58,89 42,89 26.89 49,89
T
=X 142.89 55, 89 41,89 27,89 102.89
w M
FI;EJHAH 844,78 137,14 74,56 31.25 428,24
B Ll
Mumerator 36,94 118,91 101,56 L0.07 10.24
s, =
=X, 898,28 286.04 189,10 79,54 439.24
e

iy 2
(Ex)AY 838,87 144,50 76.65 30.13  415.75
=)

ay XN 'f‘/
Eirl?z;“l 2% 59,41 141.34 112,45 49,51 21.58
2
=% 508, 58 261,14 184.80 B4.24 L6L, 18

« LT
{%-L‘-f:) 2% 8s50.73 130.15 73.12 32.41 £41,10
¥ ¢ 2F 2
Ex,— {'{Eﬁ-}/{’i 57.85 130.99 111.68 51,83 23.08
Denominator? 3,436, 18, 540, 12, 558. 2,381, 543.

K685 1246 4160 5523 G724

Denominater 58,62 136.16 112,06 50,81 23.30
1T24 630 873 906 .759 439




Table 5, Cont!nued

DATE, 1961 10_Feb 11 Feb
1
%i;'ﬁaﬂ 1,468.07 318,62
=
A
¥s 175,89 56,89
i=
5
=X 175,89 36 .89
sy
i AF
E“\?:-,," 74 1,333.40 134,85
Humoratbor 135.57 183.77
4
= 1,479.10 340.78
21
al L
(Z.%)/3% 1,333.40 134,85
iz
L T .
‘fifﬂi-i'?_;i-l%u 145,70 205.93
T i
il %
K 1,479.10 340,74
i=e
W 2P
(;IKJ/E'\‘ 1,333.40 134,85
=1
4% 1 LI
=4 (EX) /N 145,70 205,93
e TR
Denominator 145,70 205,93
1Tay 930 892

i8]




DATE, 1361

Table 5, Continued

1=3 Jon L=b Jan 7-9 Jan 10=12 Jan  13-15 Jan
F
t‘xirhl 1,105.00 913,91 3,209.42 5,971.00  8,357.20
Ll
£y -155.33 204,17 44b 67 674,67 710,97
o |
13
:..«:';H'-. 150,33 206,17 450,67 671,67 718,97
-8
2. Ex. S 22n 564.64  2,783.33  6,331.14  7,099.53
Kumerator 780.68 329.27 426 .0% £39.86 1,257,867
L1
=R 1,186,50 996,22  3,253.32  7,084.34  8,412.76
73, .
{;.a_'_:.xi} 72 335.10 378.96  2,746.27  6,397.12  7,020.3)
: T | S, §
GV
%”E %x 851,40 417.26 507.05 687.42  1,392.23
T3 5
=5 1,168,00 1,002,582 3,321.12 7,012,454 8,303.15
L 8
% iR
{-‘-_‘E}j;)/;a 313.88 590.36  2,820.88  6,265.34  7,179.41
T3 9 T3 T
z:‘—{.?:.r‘}/{;. 834,12 412,46 500.26 746.50 1,323.75
=L L
Denominator? 727,197,  172,103. 253,646, 513,227, 1,842,964,
7650 0596 6920 1720 4625
Denominator 852.76 414,85 303.63 716,40 1,357.56

+926




Table 5, Continued

62

DATE, 1961 16-18 Jan_ 19-21 Jan  22-24 Jan  25-27 Jan 2830 Jan
13,

2 KKy 13,640.11  B,284.23  1,442,95 1,416,536 355.83
L

13

".g'l_Lx, 968.67 731.67 269.67 131.67 89.67
L

13

=" 968,67 729.67 265.67 127.67 88.67
e
7, 1 :
'-5-“-.1‘3-” T2 13,032.24  7,414.97 1,006,28 233,48 110,43
im tiza b
Humerator 607.87 BE9 .26 436,67 1,183.08 245,40
Fhyt

2 ¢ 13,722,82 8,397.3&  1,697.90  1,501,78 385,86
1=

4
{_ﬁ;{i}/u 13,032,264  7,435.28 1,010.03 240.79 111,68
150

-1

ﬁ‘,:}'— [ﬁ‘i{}ﬁ: 690. 58 962.05 487.87  1,260.99 274,18
[ | 5 1]

:l:l

o 13,722.82  3,362.74  1,483.60  1,464.58 381,56
13 l/

(‘-f-;-:f-'fﬂ 74 13,032.24 7,396.70  1,002.55 226,38 109.20
31 4 pdd T
(%) /72 690.58 968,04 481.05  1,238.20 272.36
et 18
Denoml nator? 931,302, 234,689,  1,561,357. 74,675.

B820 8615 8180 6648

Denominator 690,58 965 .04 LEBL.LS 1,2649.54 273.27
ll.'?z iBE'D |g'ﬂi. .?ﬂ'l <47 898




Table 5, Continued

31 Jan =
DATE, 1961 2 Fub 3.5 Feb 6-8 Feb 9-11 Feb
¥
S ¥x: 806.82  2,767.83  503.79  2,226.07
(2 17 A
%’:H 139.67 417,67 128.67 335.67
A
ﬁﬁ_ 139.67 421.67 125.67 338.67
j3y !
Fy 'Ei-/?l 270.94  2,446.10 224,58 1,578.91
e “-:L y
Humeraktor 375,88 321.73 279,21 64T, 16
-l i _
-, 894,76 2,833.60  5355.08  2,239.16
".-n
A £ .
(=X i} 72 270,94 2,422,89 229,94  1,564,%2
i
o WL P i
E:H;'{,E_f{i 71 623.80 410.71 325,14 694,24
= ir
i i e &
 3uig & 894,74 2,862.B0 530,18  2.284.06
i=d
13 L N
— %) /72 270.94  2,469.52 219.35  1,593.02
=2
) I 11 A
ol o {f“?,xi} 72 623.80 193.28 310.83 691,06
itl]' Tl
Denominator® 161,524, 101,063, 479,747,
0288 2662 6096
Denominator 623.80 L01.90 3790 b92.64
T 923 801 .878 934

b3




| e gF
g”ikhﬂ
j"'
Tl
=N

jocd
= X
=2

jopk’ 1o0%
X: ¥ of
2 'g_':l L/n

i=p
Mameérator

i 1
15 !

fERE 9
("?':T f,:;,/w?
s 2
ﬁﬁf— (g Ii}%ﬁﬂ?
'f-'o-?ﬂl
it a

ST x5 oot
%I;’ - {:;'%‘: ) Aoog
Denomi nator
Denomi nator
1F 1008

Tabkle >, Continued

52,040.72

5,006, 18

3,106.18

25,815.49

26,225.23

52,981.62

25, 764,93

27,216,569

52,994,62

25,866.13

27,128.47

738,347,158.2

27,172.54
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Table 6, Runs of N, and Ny, for ry, end T4,

with Respect to Medlan

1¥24 a=above b=below K, N, r, 7T, Up= Mgt Ay

«839
712
.E-IE
«191
« 195

21 41 % g 18

Tooo T

eT 18
o 154
+B73 o
573
LA20

oo

oo

« B84

08 a
+B85 &
« 107 b
863 B

o

L824 a
779
l?ﬁ’E
LB66 a
.892 s

oo

LA25
897 a
L] ?d“?
« 04
D45

o i
= =

944
331
L] E‘EE.
. 588
.688 b

871 a
954 a
1355 A
587 b

530 b
B73
206 a

« 1585 b
439 b

-

«930 &
.892 a




66

Table 6, Continued

| R a=nbova b=below Ky Hh T, T uﬂiﬂtinhb
9135 a 7 7 5 [ 9
« 194 b

-0 b

58] b

«926 a

B850 b

901 a

901 n

W37 a

898 b

923 a

«801 b

878 b

« 934 a




Date:

1961

1/1-3
4-86
7=9
10-12
13-15

l6-18
19-21
2224
2527
28-30

2/2
2/3-5

6-8
9=11

AVErage

Maximum

Table 7 « Comparison of

Average:

3 3
E."‘H;/‘} horalley (P

1?35
« 163
«171
18

+B17
«B01
«B36
« 40
B20

«203
587
856
o 1 34

H13

1724 1572 ®™ |T1008

P e f rraen ¢

B39
!Tgi
873
.908
!BS&

-
Iag 2
I'Bg?
|9h5
A28

954
B43
+ 9056
<930

« 954

R

«915
1

«893
«926

.BBO
+901
901
947
-'E'g'ﬂ

923
201

BTE
« 234

+B58

£ 947

1" 1008

« 965

67
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THE PERSISTENCE OF AIR TEMPERATURE, A STATISTICAL STUDY

by William B. Anderson

ABSTRACT

A conceptual model of meteorological tempurature at a polnt is
discussed In terms of components of varlablility, Including hourly
tesperature trend, annual trend, and hourly, dally, nonthly and
yearly departures from trend. The notlon 18 advanced that a matching
conceptual model can be achleved in terms of components of persistence,
er autocovarlance of temperature. Some relationships between com-
ponents of tne two models are adapted from earller work.

The elements comprising the generally published temperature
statistics are summarized, and 1t 1s shown that no direct measures
of persistence are included. A direct measure of persistence is then
formilated as a poasible candidate for use In constructing a wore
nearly complete mathematical model of tempersture, Several possible
measures are consldered, ond quallties appropriate to a sultable
persistence statistic are digcussed. The measure chosen 1s a non=
gircular coefficlent of lag correlation of hourly temperature
residuals from annual mnd diurnal trend. By means of thls statistie,
calculated from & six week period of record at Las Angeles,
persistence Is shown to exist at & high level of statistical
significance,

The lag correlation based on 24 succesalve hourly temperature

rosiduals at Lom Angelea is, {tuelf, found to be subjlect to



persistence from day to day., Lag coefficlients taken over
successlive 72 hour perlods appear to be free of this second order
persistence. It also ls found that lag correlations calculated
over longer and longer perlods tend to be higher and hWigher in
numerical value. Therefore, the shortest-period coefficlent which
is free from second order persistence is recommended for applied
astucies that will prove its practical value and, {f the value is
so proved, also 18 recommeénded as a component of the complete
variance-autocovarionce model of temperature.

Considerations of error in the calculation of such lag
correlation scatistice are reviewed, Use of & digital computer is
recormeénded for further studies of temperature persistence as

measured by lag correlatisns.




