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- ABSTRACT

A comprenen51ve computer program is developed for t;o
methods of spectral analysis. - ‘ “ \
The Fast Fourier Transform is used as the basis for |the
modified periodogram method. This method is found to be

highly efficient. It is used as the p:imary technique for

evaluating Aloerta climatic data:

The . Maximum Entropy Mefhod of spectral énalysis is
investigétééland found to be lacking in -ease of use and
accur&ﬁ}f This method is intended to éktraCt‘very long
period$qwg§§§ént in a data set. Tae unaQailabiliéy of
unbia$éd;ldata ‘casts doubt on the vaiue of this method for
climatologicai investigations;

An evaluation is made of ihe climatic data availablé on

microfiche from the Atmospherlc Environment Service,

Fisherles and Env1ronment Canada. : :

~y

Eight Alberta gtatlons are chosen for the study. A

detalled hlstory of the Changes of the meteorological site

’

is complled for each station. : : - i

A five;year peniodicity is found to be statlstlcally

s1gn1:1cant 1n the fall temperatures oz all elghtn statlons,
. / /
Also, three- and tbur-ynar perlddlclties are. found to, be

éignificant in  the 'winter //and spring - temperatures,
espectlvely, of a najorlty 1%:the.eight stations;_
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A thorough investigation is made of the five;year

period but no evidence is found to indicate that it could

result from causes other than true climatic fluctuations.
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CHAPTER 1

INTRODUCTION

1.1. Periodicizy or Fanta§¥3 , ' <

Thé seaich for ggriodic fluétuétidns in the Earth's
climate ha? been pursued;for many years. The motivation for
such researca has centred around tne hypothesis that the
climate of our planet may repeat itself at ‘more \or less
regular intervals. Should such a pattern exist, its
discovery would contribute great.ly Jto long-range
predictions. However, we may be deluding ourselves at times

by accepting too quickily: results which appear at first sight

> -

to be "statiscically Significant".i«

A favoured approach has been ﬁto>l%ry "to relate the
fluctuations of ' the <climate to the fair%y regular
periodicity of the Zurich sunspof npmber. A brief summary of
many such studies was compiled by ‘Lawrence (1965). Most of
the studies. feviewed in this paper involved graphical
methods. Some studies used a .visual- correlation technique
which is, at pest, a most unscientific approach, while other
studies cqfsidered only very brief periods and gave no
indicétion yof the extent of corresation outside such
périods: |

| :
Better methods of analysis have been” developed



N

following the édvent of modern computefs. Houeier, this has
not resolved the argument over the sunspot cycle and its
relatiomn to\ueather and climate. A good example of ‘this
argument is shown in arficles writtenﬂby Shapiro‘(1975) and
Bain (1976). soth authofs ana'lyzed a 315-yeaf record of
central ‘England temperatures compiled by -Hanley (1974}.
Shapiro found no significant evidence 0of sunspot-related
beriods whiie Bain, using a different analysis technique
called the Maximum Entropy Method, fodnd evidence of the 22-
23 year double sunspot cycle. The method used 'by Bain is
also used in this study. However, its results are very
difficult to assess, as will be seén later, and shouid no+
be taken at face value.

flany studies in which time-series analysié wvas used
with considerable care have been carried out over the last
twenty Years. A brief 1list of such studies would include
Landsberg et al. (1959), Julian (1971), Joseph (1973a,
1973b), Trenberth (1975), JBunting et 'al. (1975),
bradley (197¢,, Jones»anq Kearns (1976), Madden (1977) , D}e:
and Tyson (1977). _

A recent article by Georgiades 11977) has provided
evidence of a four- to five-year cycle in the annual

temperature of selected stations in the central <Canadian

Prairies. This result will be discussed at a later stage.

1.2 Thé Study N

- The present study attempts to combine sound statistical



methods, recently developéd methods of speétfal ihalysis,
the renewed iuterest in climatic phange, gna an analysis or’
the climatic conditions “over one of Jtheamore'importaqﬁ
agricultural regions of Canada. |

Based on the numéfoug studies mentioned in the previous
section, there seems fo be little hope of  finding evidence
of "true periodic phénbmena in tgmpéra£ure and precipitation
-data. Howevér, a study of the distribution of ‘'variance in
the frequency spectrum of ‘these data may show groups. of
frequencies waich contributé' significantly to the total
vagianCe. Coaversely, a wuniforn diSﬁribution ok_variénce
across the frequency spectrum would suygest that there is
little  hope pf . using ‘climatological' fnformatidn for

v

producing lony-range forecasts.

Care must be taken should an apparently significanﬁ
result be found. Such a reSu;t may be artificially induced
in the data by’fact6r5'such as the data processing method,
changes of _iocation' of the Obsetving VSite, aliasiﬁg,of
freqheﬁ@ies beyond the Nyquist frequenéy, orA_leakage of
power from the low frequencies.

To date, most of the published research has made use of

° .

the well-known autocovariance method of spectral analysis.  _

However, imporéant'new spectral methods have been re#ived or
develop<d witﬁin the las% tgg_zggrs. These are the modified
periodogr: : analysi; uging the Past Fourier Transform and }°
the Maximur jatropy Method of spectrai agalysis. Each of/}

these two methods has - distinct advantages over the




outocovariance methoq.

The Fast Fourier Transform approach p¥oduces a
considerable saving of computational time while providing as
much detail in the frequency distripbution as is available
when using the ACV mefhod. The Maximum Entropy Method offers
the ootentiai of resolviog very low frequencies, given idata
which contaia only one or slightly less than one cycle of
the pertinent low frequency. Both meéethods will be discussed
in greater detail in léte: chapters.

Rikiis@i (1976) mnade a detailed comparison of’,the
modified periodogram and autocovariance methods and found
that the fwo methods afe theoretically equivalent. However,
the modified periodogram permits direct calculation of tho
phase angle, while the autocovariance nmethod requires a
_séparate Fourier analysis in order to derive the phase.
Also, his cafculations of the computationalytime required
were based on a comparison between a ‘heavily smoothed
periodogram and an autocovarianoe fﬁnction obtained using a
fairly small maxinmum lag. Although smoothing is applied to
the periodogram in this study, the onsmoothed results are, of
equal interest since' they can be analyzed without being
concerned:about the effects of the response function of the

»

filter. A significant increase of computational time is
required to ontain as much detail from the autocovariance
method as is available from the unsmoothed periodogranm.

Thus, the modified periodogram uaé preferred}



1.3 Heathe gggame;eg§

As in any study of this type, the -availability ahd
homogeneity of the bafic data provide many concerns.

The basic data collected for _ the study are the
published monthiy mean témperatures and the total monthly
precipitation amounts (converting snow amounts to water
equivalent) at eight Alberta ‘stations. \ The selection
procedure is described in Chapter 2 along with an assessment
of accuracy and compieteness; |

One of the major problbms in climatic data analysis is
inhomogeneity regulting from changes or the instrument site.
Some of these changes, such as‘installlﬁg a different type
of thermometer or rain gauge, or a change of the observér,
are generally impossible td~determine prior ‘to the 1950's
since compreaensive recor of such changes were ill-kept
before that time.

Changes of locatioﬁ or of the surrounding obstacles are
._bélieved to be of greater significance and can usuélly«wbe
ascertained after a certain amount or probiuQ. The changes
of location of the éight stations used in this study have
been de%erpinéd and are discussed inAChapter 3.

_Different grohpings of the data are consigdered in this
- study. They consist of:

1- Using all values at one-montan intervals for
each parameter to determine the fregquency
distribution for frequencies greater than one
Cycle per two months. This-analysis requires an
appropriate filter in order to suppress the
annual cycle. - AN

*~



2- Using the data for each month of the calendar
year in order to determine variations in the
individual months, for ‘example, to determine
the frequency sSpectrunm or- January mean
temperatusgsxqr January precipatation amounts.

3- Using seasonal means in ~order to determine
variations for each season. The frequent
occurrence 'of convective precigitation in the
summer 1in Alberta will likely make this geason
difficult to assess.

A comparison of results. for each station should also be
considered. Such an analysis may shed some light on,'t§$ 
areal extent of significant results, i.e., it may indicaﬁe

whether .apparent cycles are strictly'a local phenomenon or

wvhether they can be identified over certain areas of the
/

!

province if' not over all stations involved. However,
erroneous conclusions resulting from data processing
procedures or limited sample sizes common to all stations

]

would not necessarily be revealed by such analysgé,'

{



CHAPTER 2
DATA

2.1 Selection

Hithin the province of Alberta, there are a number .of
locations which have weather records coveripg periods of the
order of 70 to 100 years.

The first step was to determine which wveather or
climatological stations had kept records that combined the
following criteria: | |

1- Length of records exceeding 50 Y§¥rs.

2- Complete temperature and precipitgtion records.

3- Insignificant or no change of iocdtion of the
observing site ‘during the length df the record.

The most convenient source that provided this

information is the Climatological Station  Data _

-~ v

Catalogue (1976). A total of 27 stations wvas chosen as a

possible set of benchmark stations for {he project;- very few
of these 27 statlons met all three crlterla but, of the over
600 statlons l;sted in the catalogqe,.these 27 stéEIGEs came
closest to meeting fhe.,cr%téria. As will be explained in

Chapter 3) this catalogue is not a .fulliy reliable source of

g

information Dut it does provide an -excellent guide for

making an initial choice.



The next step was to examine the records available.
This was readily done using the microfiche station records
available at the yestern Regional oOffice (RRO) of the
Atmospheric Environment Service (AES) located in Edmonton.

‘The WRO has available, on microfiche, the completé
monthly recora of every station.in'Alberta up to December
1972. Each nmicrofiche plate provides such items as monthly
Rean maximum, mean minimum and Tean température, extreme
temperatures for the month,"total monﬁhly Precipitation,
Tainfall and snowfall, and many other monthly values.

Of interest were the monthly mean temperature and t he
total monthly’ Precipitation. A scrutiny of the microfiche .
récords provided immediatg‘and detailed information as - to
the conmpleteness of the records. This process reduced the
total number of Suitable stations to 1y.

Copies of the pertinent information were obtained for
these 19 Stations. Values for the period after 1972 were
obtained from the Monthly Record (1973-1975,, published by
the AES. ‘ , ,

0f the 19 stations, 8 wvere chosen as the main stations
‘- to bé‘used in the¢ project. They are: |

1- BEA ~ Beaverlodge cpa (Canadian Department of
" Agriculture) - éoxyearSM(ofvrecords).

2- YXD - Edmonton City‘- 93~feégs.
3- FVR ~ Fort Vermilion CDA - 68 years.

- u-'LAC =~ Lacombe ¢pA - 68 yeérs.,“

N
¢

LTH - Lethbridge CDA - 68 years.:
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6~ MAN - Manyberries CDA - 47 years.

7- YXH - Medicine Hat - 91 years.

8~ RAN - Ranfurly - 71 years.

Although MAN falls short of the S50-year «criterion, it
was chosen pecause of the compieteness of its record; the

value of such a record will become evident later on.

2.2 Verification

In order to determine the accuracy bf'the data kept on
microfiche, d’ brierf éompérison of these data was made:with‘
the published values in the Monthly Record (1880-1972) . This
comparison reveéled éQnumber of disc;epqncies. As no one at
thé WRO could .provide definite information concérning the
accuracy of ‘the microfiche data, a compreheﬁéive' cpmparison

.0f data was undertakeq to determine the extent Af these
diSérepancies. Hhére avaiiable, daily values were used to
recalcuiate che mon{hly values uﬁen {hese values d;d g;t
agree with the microfiche‘record.

After a number of discfepancies were found, a letter

'was sent to the Information Section of fhe Headqﬁarters of
the AES in Toronto, Ontario,‘requesting verification of ~;he'
microfiche dafa in cases where it did not agree with the
published moﬁthly values. The comparisons that vere
undertaken and the results are shown in Table 2.{. It should
\fe noted that foleranées of .2F (.11C) for_tépperathre and
.02 igchéﬁ (.5am) for’ précipitation were ‘aliowed since

earlier data would have been recalculated 'by computer

-
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resulting in'slight differences due to round-off of daily
and monthly values.
Table 2.1 shows that of 350 discrepancies found by

. comparing 8565 values, . 88 weref verified and 4dll1 findipgs

supportéd the values given in the microfiche record. Of the

ad .
350 discrepancies, 207 were for differences greater thap-eme

degree Fahrenaeit (.56C) or 6ne tenth of an inch (2.5mm) of
precipitation; 61 of the 88 values resolved were also‘in
this category, uitﬁ sone differences being as large as one
order of magnitude or more. .Also, 103 of the .350
discrepancies océurréd in yhe very early data (prior Fo
1891). The oreakdounv of these‘103 values is contained in

Table 2.1, where the values in _parentheses represent  the
. - »

10

period prior to 1891 and are included in the number given

for the total period of comparison. "
As a fesult of these findings, #dr. Derek Aston was
contacted in Toronto. He. explained the procedure used to

compile the- microfiche records/which are available foq most

stations across Canada.

The process began in the early 1960's and required

several years to complete. Trained -~ HeteorOIOgiqal,

Tegwnicians verified the original weather records for each

station up Ep/the time when ‘'comprehensive verification of
data became routine. Errors and- conflicts found in the

original records were - resolved using all available

information and the technicians' knowledge; errors and

conflicts which could not be resolved 'gatisfactorily

.

.
o,
)
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resulted in a -missing value on the microfiche. Major
differepces between the new computed values and the original
published informatio& were aéain verified. The objectivé of
this program was to broduce dataAwhiéh nad‘been processed
uniformly for the entire length of the record and the final
product wéé made available on hicroficne.

Although there exists a slight possibility that errors
may be present in the microfiche record due 'Fo key-punch
errors, this author feels that che‘ findings of the
comparison carried out reduce the fréquencyvof such errors
.to insignificant proportions. The time and effort involved

in conpiling the microfiche record have resulted in one of

the most accurate amd homogeneous sets of weather records
. , .

available.

Having accepted the microfiche records, the next step

" ¥as to determine values for the few missing entries.

In carrying out the comparison, some of the ' values
entered as‘_missing on the mierofiche were foundgin the
Monthly Record. Some. of these nmissing values were also
'investigated by Mr. Aston. However, no chgnges were made to
the microfiche record, indicating that the avai'a‘le -data
for that monta did not meet specified reguirements.

First-guess estimates of the missing values wer= made
. -

using the values published in the Montaly Record or, if also

missing in this source, by estimating a value based on other

12



Table 2.2. Summary of data sets. (T - Temperature,
P - Precipitation.) .
Data Set Period - Total Number Number Number
Number Missing Foundx Est.
BEA T Sep/1915-Dec/1975 724 0 0 0
P Apr/1915-Dec/1975 729 2 1 1
YXD T Sep/1881-Dec/1975 1132 4 0 u
T P Apr/1882-Dec/1975 1125 1 0 1
FVYR T Jul/1908-Nov/1975 4809 0 0 0
P Jul/1908-Nov/1975 809 - 5 1 -4
LAC T Dec/1907-Decs1975 = 817 1 1 0
p Mar/1908—Dec/197% 814 6 3 3
LTH T Mar/1908-Dec/1975 814 0 0 0
P  Feb/1908-Dec/1975 815 0 0 0
MAN T Sep/1928-Dec/1975 56 8- 0 0 0
P May/1928-Dec/1975 572 2 0 2
"YXH T Jul/1884-Decs/1975 1098 4 1 3
’ P Oct/1883-Dec/1975 1107 15 11 4
RAN T Jan/1905-Dec/1975 852 0 0 0
P Jan/1905-Dec/1975 852 :5 4 1
Sub T o . 6814 9 2 7
Total p ’ ' 6823 36 L .20 16
Total 13637 45 22 23
* Data. 'Found' refers to data .published in the Monthly

Record but rejected when the microfiche_data were compiled.

stations in tne same area. Table 2.2 snows the total periods

from the eigat stations chosen,

Only 45 values were missing

.out of 4 total

}
of

of data involved and the numbers of missing data values.

13,637

and 34 of these occurred in

. 1916 or earlier. Thus, for the period 1917 to i975, only 11

values were missing from a total of 11,050 values, and seven

13
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of these were found in the Monthly Record.
]

Further discussion of the missing values will be made

in Chapter 7. It sufrices to say at this time that the data

prepared for this study are believed to be as sound as

possible .



CHAPTER 3 .

STATION HISTORIES

3.1 Sources orf Information

Any stat;stical analysis of meteorological information
must £ake inco‘account changes of‘location of the observing
sites. The listings in the <Climatorogical Station Data
Catalogue provide a history of eaéh station in terms of
latitude, longyitude and elevation. Howevef, comprehensive
‘bn—gite :inspection by AES of observing stations did not
begin until tae early 1950's; thus «earlier knowledge of
station locations 1is often very neager and Subject to much
doubt. An appeal for improvement was recently made by

Catchpole and Ponce (1976).

Since the Catalogue showed no.change in fhe‘location of

Medicine Ha- since 1883, doubt was immediately cast on the
accuracy of its listings; it did not seem 1likely that the
present Medicine Hat Airport would be ‘located at the
original obser;ing site.

In order to eiiminate as much of tﬁis doubf as
possible, a tanorough search of all information available u%s
made. The pest local sources of information are the
inspection report‘files at the WRO. These fiies provided

o

good histories of Medicine Hat and Ranfurly. A history for

15




_each station. The possible consequences of observing site

b

Edmonton was readiiy available‘in'a separate source. As for
the CDA stations, 1little information could be gained from
the files so that letters were sent to these places
fequesting historical information irf available. All replies
were very com?lete and most included maps showing the exact
changes of the meteqrological sites.

-The history of Medicine Hat, as found in the WRO'files,
was not totally clear. There were references to commercial

establishments, some of which are no longer in existence. A

e
&

visit to the Alberta Government Telephones archives was
neckssary to determine the exact locations. of ' the

meteorologicali sites.

The remainder of this chapter outlinés the history of

changes will be discussed along with the numerical .results

v

in Chapter 7.
Appendix A contains ;F topographical map for. each

station “showing -the varidus positions -o the observing
I ) ° '
sites. o ‘
2 f

-

3.2 Beaveriodge CDA

A letter received from Mr. H. Hall,. Aériculturgl
Meteordlogicél Technician at the experimental farm provided
detailed»informgtion.on the Beaverlodge site.

The.first site; at an elevatioﬁ of 750m (2460 feet),

wvas to the North of the present site at an elevation of 739m

(2425 feet); the distance betveen tae two sites is 373.7nm

a

f
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(1226 feet). rhe terrain in this area is §1ightly rolling.

Mr. Hall also advised that prior to the official move
of the observing site in 1958, a three-year comparative
study was made. Although the origindl records could not be
found, this studj; .referred to by carder (1962), will be
édiscussed in Chapter 7. |

The official position of the presént site 1is 55912t
North 119925' WHest at an established elevation of.731.5m
(2400 feet) apove sea level (ASL) . (Established poéition and
elevation may differ from actual values because of the- scale
of the topographical map used; WRO uses maps Hlth a scale of

1/250,000.)

3.3 Edmonton city
The history of Edmonton was readiiy available in the

Annual - Meteorological sSummary for Edmonton (1974) . As data

to be used start in September 1881, the  history prior to

is date is presented for completeness 6nly.

he following text is ‘taken from the Annual Sunmmary:

History ’

On December 29, 1879, 'Mr. G.S. Wood, a
telegrapaer, completed instaliation ,of a
meteorologicail station at Fort Edmonton.

Instruments included tvwo standard thermoneters,
one maximum and one minimua thermometer, a rain
gauge, oue (common) thermometer screen and shed,
and ~a Forsters Small anemometer with double tail
vane. On May 19, 1880, a Greens Small Barometer,
N0.2389, was first used. S
Dai¢y observations commernced July 11, 1880,
with minor interruptions when Mr. Wood was absent
repairiny the telegraph ‘line. Evidently, the -
- ,.anemometer was set up outside the Port, because
several evening observations of the vind are

-

17



pissing with the notation: WFort gate locked

prematurely; could not get outr to
gauge".

take wind

In 1882, the meteoro%ogical station was
turned over to the Hudson Bay company. ¥r. C.F. 3

Young and his brother took the reports

at <« - site

just north of Jasper Avenue OI what is now 115th
Street. This is just™ 3.2km (2 miles) south or the
present weather station and is about the same

altitude. ‘ N

In April..1912, Mr. . S.M. Holmden pecame
responsiole for the observations and the site was
changed to 63rd Street in the Higaiands. Altitude

of this station was only 7.6m (25 feet)
the present Airport site. ’

" lJower than

Mrs. E. Owven took over the observing duties

~in 1915 and continued in this post
climatological station was closed

till the
in 1942.

(neteorological reports for Edmonton use ‘the data

collected at the Airpert since 1937.)

Present Location

The approxinmate loca#ion of the Airport is

53035' Koxth, 113930¢ West. The OILL

icial elevation

of the Airport is 670.5m {2200 feet). The Airport
is surrounded by the City of Edmonton and is
approximately 4,8km (3 miles) northwest of the

city ceuntre. The meteorological offic

noved to the Airport as 4 perganent
approximately the first of Septemper, 1

e was first
arrangement
937. 1t was

then located in. what is novw the western Airmotive
Hangar. spproximately the first or November, 1942,
it was moved toO the Airport AdministratiQn

Building.

A new terminal building has' opeen completed and the

Weather office was relocated early in 1976;

however the data

base ends with December 1975 and is not affected by this

latest move.

CDA

——

3.4 Port Vermilion
A letter received from Mr. B.
superintendent of the \experimental farm,

<

following information:

Siemens, the

) relayed the

18
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From 1908 until the winter of 1935-36, the

site was docated on a river flat on the south bank
of the Peace River.... at an estimated elevation
of 259m (850 feet) ., I bpesieve that this
meteorological site was in an open area well away
from busu. »

Since 1936, the meteorological site has been
‘on the Experimental Farm,.... at an elevation of
277m (910 feet). The site is in an open field.

The ' move was approximately 7.65km (4.75  miles)
eastwards. The ptesent location of the station is 589023
Nortn, 116°90.' West, and the established elevation is 279nm

{915 feet) ASL.

o)) N o

" A letter Treceived from Mr. J.R. Gi.'le e, the

3.5 Lacombe
Meteorological Observer at the farm, advisec thet the
observing site had been moved only once in its history.

The site was moved 1.15km (0.72 mile) southwestwards <o
a more open area. This move was made on July. 1, 1972.

The terrain in this area is very level. Thus the move

resulted in a negligible change of elevation (approximately

one meter lower than the previousAlocation).

\ " '

The official position of this site 1is 52928' ~ North,
113945* dest, and its established elevation is 8u7m (2780

feet) ASL.

3.6 Lethbridge CDA

A letter wvas received from Mr. E.H. Hobbs, a research

scientist at the CDA,  outlining the histor} of the

meteorological site.

19



since observations began in 1968, the site has.. been
moved only once - in June oL 1966. The move was
approximately‘ 602m (1975 . feet) - southwestwards, with
negligible change in elevation (a decrease of 3.4m over very
flat ger;ain). |

The present location is 49°u2i.North, 112947t West, and

the established elevation is 899m (2950 feet) ASL.

3.7P§gnybexrig§ CDA

Manyberries CDA 1is a substation of Lethbridge CDA.
Mr. E.H. Hobbs, in his letter about Lethbridge CDA, outlined
tpe nistory oxi the meteorological station .at ﬂanyberries
CDA. — |

since opservations began in 1928, the site Aas been
moved twice. Both moves were done because +he shelterbelt
had grown tpd high over the years. ’ y

The origyinal locationvwas'frfeﬁ nundred meters west of
the Headquarters Building (HQB). In 1944, the site was moved
to a location 129.5m (425 feet) €ast of the HQB; and in
1;49, the site was moved to a location 259m (850 feet)
norihnortheas: of the HQB resulting in an clevatiorn increase
oi 7.6m (25 feet). ' : :

The present location is 49°07' North, 110°928' West, and

the established elevation is 934nm (3065 feet) ASL.

3.8 nea;gine dat

A newspaper article written in 1933 by an unnamed

20
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author was found in the inspection files of the WRO. A
concise history, taken from this article and updated to

1956, was also found in the files. The history is as

folliows:

The first month for which observations are’
complete 1is that of September 1883. The observer
. vas Mr. J.L. Evart. The station was situated on
Second Street on the site now occupied by Taylor
Bros. (in 1933). The elevation was 665.3m (2183
feet) above mean sea level. ‘

In 1891, the station was taken over by Mr.
J.K. Drinnen, and moved across the street to " a
point where the Cawker Drug Store now stands.

Another <change was made in 1901, when Mr.
Walter <(rosskill took over as observer. The
station was located where the Moore furniture
store is now situated (about Y0Om south of City
Hall). .

In “January 1911, Mr. H.H. Hassard was the
‘observéy. The station was moved to. the corner of
Fourth street and Ash Avenue, wanere observations
were taken until Mr. Hassard's death in 1929. ir.
W.H. Phelps became acting observer until August
1930. ‘ .

In August 1930, MNr. C. Pickering, was
appointea full time weather observer to set up and
operate the weather station in connection with the
opening of the Prairie Air Mail Service. The
station was set up temporarily at the High School
site where the elevation was 706.5m_ (2318 feet),
then moved to the airport at an--elevation of
720.8m (2365 feet) in the Spring of 1931. When the
Prairie Air Mail was abandoned in March 1932, the
weather station was moved back to the city to a
location on Crescent Heights at an elevation of
703. 12 (2307 feet). :
In 1933, the station was moved to a location
immediately west of Division Avenue on Third
Street at an elevation of 704m (2310 feet) . '
The station was moved back to the Airport
Radio Range station in 1938 at a location on the
north side of the Airport which is 1located abou*
3.2km (2 miles) southwest of the city centre.

There are no records of any changes after 1938. In
brief, the observing site was “located in the South

Saskatchewan River valley fronm 1883 to 193¢0, and“it has
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remrained out of the valiey since 1931.
The present location is 50°01¢ North, 110°43¢ West, at

an established elevation of 720.8m (2365 feet) ASL.

3.9 Ranfurly

A brief history found,inlthe iqspection files at the
WRO shows that the climatological prograe’ has been
maintained by the same family sinée‘{he,first of January,
1905. Presently, the grandsonszéf the original observer are
pecrforming the ddties. |

The instrument site was’ noved about*0.8kn (.5 mile)
westwards in. the Fall of 1931, Previous to this, the
location was closer to brush and more sheltered. From the
Fall of 1931 to June 18, 1951; the thermometer screen wés

situated in a more sheltered location, some 12m (40 feet) to

‘the east of its present site. The move in 1931 resulted in

no appreciable change in elevation.
The position of the station is 53°27¢ North, 111939¢

Hest, and tné established elevation is 685.8m (2250 feet)

~ AsL. : )

&F

IS
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CHAPTER 4

o
FAST FOGRIER TRANSFOhHM

4.1 Theory

The Fast Fourier Transform (FFT), first developed in
the "early 1900's, returned to prominence in the mid 1960's

‘ , )
as a method capable of saving cosnsiderable computational

time (Cochrap et al., 19€7; Bingham et al., 1967; Cooley et

al., 1967). -
. ‘ \\
The basic formula for the transform is A

2! -2k,
Mi=2 Hge /1 (4.1.1)

k=0

where x, represents . a time function, Y; reprégents the
transform, andg j=0,1,....;g—1,

Equation (4.1.1) forms the basis éf the.FFT even though
it 1is the definition of the DisiFete Pouriér Transform
(DFT). |

In calcuiatzéns of the FFT, the data .set is factéred
into multiple components of two before using (4.1.1). Using
matrix notation, the procedure, as described ' ﬁby
Robinson (1967), consists of taking two 1x§‘row vectors X
.and Y and a gxg matrix W té obtain

Y = XN (8.1.2).

"here x = [j ,X,,....-,I,_,J, . — :i



24

n

Y [y’,yl'cocooly,_l,]l.

[e42Txi4] " k,3=0,1,2,....,q9-1.

W

The matrax W i's symmetric and has the prdperty that
W= qI. | " (4.1.3)

. . ' i . i .
The FFT algorithm factorizes the matrix W into n sparse

matrices S1452444.,5, and a permutation matrix P such that

W =5 S;.00..5,P (4.1.4)
where . n = logyq.
-“’/,Ehe‘sparse and permutation matrices can be illustrateqd s

for g=23=8. If we define w as
- o
> v o= e 2T,

then the matrix W can be vritten as

W= (wki) : k,3=0,1,2,....,q9-1.
Thus we nave - ' i
(;b wo wo wo wo wo vo wa_ s
wo wl w2 w3 T we wS wo w7 o
o wo w2 we wo w8 wio0 wiz2 wle
W = wo w3 ﬁ6 we wli2 y1s wis wal :
Jwo we w8 wilz wlé weo wZe w2e
wo wSs wio wils w20 wes w30 w3s
wo wo wil2 wle w2e w30 w36 we2
wvOo w7 wile w2t wae w3s we2 we9

but wZQ;w16=H8=],‘w36=w28=w20=w12=u4,'etc.' and

[1 1 1 1 1. 1 1 1
1 w2 w3 we W3S yeo w?

1 w2 . ye wo 1 w2 we we
=11 w3 weé L] we w7 w2 wS .
1 we 1 we 1 we 1 we
1 "~ WS w2 w7 "L wWoé w3
1 we we w2 1 wo we wa
1 w7 \‘w6 WS we w3 w2 V|

The order of the powers of w in the 3parse and
permutation matrices is determined by the reverse binary
2
values of 0,1,2,3,4,5,6,7 which are 0,4,2,6,1,5,3,7.
S -

)
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This yieuids

pp—

1
10

0

p = |0

0

0

0

@_

‘ 1

4]

0

.. S = |0

P wo

, 0
g

Ay 0

- 1
0

wo

S,= |0

10

0

0

0

. 1

. wo

0

and AS3= 0
: 0
0

0

0

Thus the

points be

data set

0 0
0 0
0 1
0 0
1 0
0 0
0 0
0 0
0 0
1 J
0 1
0 0
0 0
wo 0
0 .« WO
o 0
0 1
1 0
-0 we
- wo 0
0 0
0 0
=0 0
0 0
1 0
W 0
0 1
0 w2
0 0
0 0
0 0
0 0
algorithm

EOOQCQa0O00

OCOOOE OO

0 0
0 1
0 0
0 0
0 0
0 0
1 0
0 L0
1
0
0
0

we
0

B 0"
o 0
0
0
0
. 0
1
0

Yy
0
0 0
0 0
1 0
wé o 0
0 1
0 ) w
0 * 0
0 L0

requires

a power of two. If-the number

o000 o

0, .0 G
0 0 0
0 J. 0
0 1 0
0 0 0
1 0 Q
0 0 0
0 0 1]
0 0 . 0
1 0 0
0 1 0
0 .0 1
0 - 0 0]
we 0 0
0 we Q
o 0w
0 o 0]
0 0 0
0 0 0
0 0 0
0 1 .0
1 0 1
0 wé 0
we 0 !:
0 0|
0 0
0 0
0 0
0 0
0 1 1
0 w3 !:

tnat the number

of values

the total number q meets this requirement.

Once

-

o]

of data

in the

is not a power of two, zeroes must be added until

»

W has been broken dewn. 1into its many' compopeht

matrices (4.1.9)} the computational procedure becomes much

shorter; in fact the computing time reguiréd.is qg(log,q)/a?

7,

of the time required - when using the DFT on the full data

25



set.

: /
All computations are done using complex function§j such

that, for reai-valued xx, the cosine aamplitude is

i q-1 .
Re(’%')' = KZ A~x COS (21K j/q) (4.1.5)
.0
and the sine . )litudé is

-1
Im(/y«,) :’:\: A SINV (ZTT’fJ/9> . T (U4.1.6)
P ’

It 1s easily seenl that for frequéncy zero and the
Nyquist frequency, the imaginary part of the ampiitude will
* be zero ghen using real data and an Fr§ techhigue based on a
power . of two. Also, the real part of the amplitudells
symmétric abbut the Nyquist frequency, f,=;%;, such that

Re (Vg -#) = RetYy ) " for r#1,2,....,%r1,

. and ihe imaginary part is_anti—symmétric about the Nyquist

freq@enéy suca. that N |

- “Imgyg o) = -Imgyg,.)  for r=j,2,....,%-1.
,:‘The véluegﬂfor the cospectrum are calculated using

By = 2{(Re(y;))2 + (Im(y;))3 - (4-1.7)

Since tae data are standardizea by removing the mean

“and dividing by the standard deviation prior to aﬁalysis,

the square of the amplitude is recovered from (4.1.7) by

using R

N

»

~ aj = 2P =

o (4.1.8)

" ' o &
where ¢-2 is the variance of the q data values and o¢32=1 1is

the unit variance of the standardized values.
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If, as is frequently the case, the number of values in
the data set 1s not a power . of two, a second multiplicaiion

factor must be used in order to compensate for the zeroes

added; thus N

where N is the number of values in the original data set.

Therefore, we have that
14 2P, 03 .
AJ T ee————— (4.1.105)

or Al = 2Pa? (4.1.10b)

where g2 is‘tne variance of the original N data values.
The corresponding . phase and frequency are readily

obtained by using

7{,‘= ‘tan"[% 4117

Re ()
L

and , B (4.1.12)
) 4 ' .

vhere 4t is the time interval between data values and
J=0,1,....,9/2. The phase -angle ¢; refers to the phase lag

of a cosine wave.

4.2 Pilter &

Two filters were programmed as options in calculating

the FFT of tae data. The first was a’ tapering filter

2 9
/A' = ‘z;'IT ' (4.1.9)
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28
(Subroutine TAPER) which would tapei: the ends 6f the data
sample in order to avoid pronoupced discontinuities at the |
ends. The second was ‘a Daniell fiiter (Subroutine DANI)
which would \smooth the Autput values for easier
interpretationu. The theory for bothbfllters is described by
Kanasewich (1375).
The tapering filter consists of a pair of cosine bells.
The weights for one half of the filter are calculated using

V.. - 7%.(]-& Co\érlZLQFiQ) : (4.2.1)

with m=0,1,....,i, and are applied using
Ym = Vi A and Yy..:‘;= vm X y-m
where N is the total number of values and m=0,1,....,L.

The shape of the filter is given in Figure 4.1.

Vim

3

0 L N-L N

Figure 4.1. Taper filter.

The Daniell filter has a rectangular or box car shape
.responSe in tae freguency’domain'as shown in Piqure 4.2.
Kanasewich recommends using the Daniell filter on the

periadogram'calculated by the FFT since it reduces the



Uwwn lT

m
e 0

4
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- 2r {}'

Figure 4.2. The Daniell or rectangular spectral window.
(From Kanasewich, 1975.)

SRt

vafiénce“of tae periodogram.

In order that q be a po;ﬁr of two, the data must be
augmented by zeroes; this résulfs in a smoothing of the
spectral window as shown in Figure 4.3 for N/g=0.7 aﬁﬁ 1.0,

with r=7. The shape of the window is given by

- ! = 5IN‘(A“U'”£%££)»
Hw) = 75 JZ_; 27r S (ws 2T (4.2.2)

The spectral estimate now becomes

-

P(v) = ﬁg-zr't

jer

S F(U-3)F(U-J) (@.2.3)

whére F is the FFT of the data, F* is the complex éo&gygate
of F amd U=0,1,....,9/2. The factor 1/(2r+1) normalizes the

wiﬂdow.] )

Spécial consideration mﬁst be given to the weighting
‘faCtOISxVHhen the fiiier isvappliedrat or.near the endpoints
Since tke required number of values of the periodogramg is

not aiailable‘ to cover the full width of the filter. In
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Figure 4.3. Daniell window forbN/q=0.7 and 1.0, and r=7.
(From Kanasewich, 1975.)

'order‘to avoid this problem, the end points were ignored and

.the fiiter was applied only as needéd'to obtain the required

number of values of the periodogranm.
. A i

4.3 Programs and Data Manipulation

The priﬁe subroutine used in tihe FPT analysis was
FASTFT. The auxiliary suﬁroutines required were TAPER,
VARSD, NLOGN, POLAR, DAﬁI énd DANY; subroutineVVARSD will be
discussed in Chapter 6. Ail programs are ;isted in Appendix

B.

Prior to the FFT analysif{fthe data were manipulated as.

follows:
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1- The data mean wvas removedy

2- If desired, the data were tapered to zero at
both ends using a cosine bell filter.

3-' Zeroes were added at the beginning and/or the

end of the data set until the desired size ot 2"
was achieved.

4- The hean, .variance and standara deviation, were
Calculated for all 2" values using -VARSD.

5- The data were standardized using the
' relationship
Yi = (Xi -EM)/SD C(4.3.1)

where EM is the mean, SD 'is the standard
deviation, and 1=1,2,....,2".

' 6~ The resultant values of Y. VWere assigned to the
‘ real part of a complex array X. : ' o

The actual calculations of the FFT were performed by
the subroutine NLOGN. This subroutine appeared in

Robinson\(1967).

NLOGN calcu%ates the FFT of the data and assigns the

Tesults to the complex array X. This Subroutine» is ‘capable
of célculating the reverse operation rrom transfornm to real
data; this is accomplished by Specifying the index of the
exponential fuhction to be +1.0. 1n galculaiing the
transform; the ihdex is specified as -1.0.

The compiex array was broken down into its real and

obtained wusing the subroutine POLAR. The subroutine POLAR
Was also obtained frop Robinson (1967) .

The square of the amplitude was calﬁulated' for each
value in the powe; spectrunm using (4.1.10). .

If the results obtained a* this step did not require



filtering, they were printed as shown in Table B.15 in
Appendix B.

The read (CO5) and imaginary (S1N) parts of +he pcwer
spectrum and the compiete power spectrum could be  filtered

B

using a Daniell filter {Subroutine DANI), as described in
the previous section. The resultant smoothed values of‘ Cos
and- SIN were used primarily to calculate the phase values.
The frequency was filtered in a slighﬁiy different manner by
using a modified Daniell filter {Subroutine DANY); the power
spectrum was used as a weighting factor in order to obtain a
better estimate of the true peak . frequencies. Both
subroutines aave a variable filter size as explained by the
comment cards in the progranm listing.

All values obtained were printed (see Tables B.16 and

B.17 in Appendix B).

h
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CHAPTER 5
MAXTHUM ENTROPY NETHUD

5.1 Theory . \

J.P. Bury (1967, 1968) proposed a new spectral analysis
technlgue calied the Maﬁlmum Entropy Method (MEH). The first
publication alscu551ng MEM (appeared in 1967, at the same
time as the publication promoting ihe f£FT was released.

This technique was subsequently extended by other

o

authbrs,J in particular by Parzen, 1969 and Lacoss, 1971.

T.J. Ulrych (1972) gave considerable impetus to MEN by

obtaining amazingly good results with the technique. Some of

these results were later challenged by. S and

Stegen (1974). However MEM does have aesirable p. + cties;

the positive and negative aspects of this method will be

examined‘in Cnapters 7 'and 8.

In very recent time, the use of MEM has found its way-

into meteorologlcal research (Bain, 1976; Dyer, 1976;
uesen, 197¢) . *' ‘

As often happens, the_syergence of“lsomething new 1is
soon followed by variations on the main thene. Ulrych and
Bishop (1975) provide two methods for calculating the
spectrai estinates using MEM, and Andersen (1974) presents a

flow chart for one of these two methdds.
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Kanasewich (1975) discusses the method presented by
Andersen (1974)  and, as indicated in a personal
con%ersation,(recoﬁmends this approach.

MEM is a recursive method which "bears greater
resemblanc% to ?he autqQcovariance (ACV) method of spectral
anaiysis than ﬁo the FFT method. The following.description
of MEM is taken from Chen and Stegen £1974), and Andersen
(1974) .

The entiopy of a Gaussian band-iimitéd time series is

proportional to

fu ‘ )
/"’3 P(’C) d £ ' (5.1.1)

s, : -

where P(f) is the peri spectrum and f, 1is the Nyquist
freguency.,Based on the idea that the spectral estimate must
be the most random (i.e. maximum entropy)ﬁof any power
spectrum 'that is ®&®nsistent with the measured .data;
Burg‘(1967, 1968) -maxihized the entropy shown in (5.1.1)
through- the use of Lagrange mnmultipliers ﬂﬁ under the
“constraints orf
. — - |
] P(£)2" af = &n ) -N<n<N (5.1.2)
f : .
uhere}hz = exp(i2nfat), ot is the sampling intefval, and dn_

is the autocorrélation with time lag nat. Thus

7 fn | o
| J[f» {Io; P(f)'nzvhh[P(f)z"—zi: }d,‘:O (5.1.3)

which in turmn yields ‘ .
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multipliers

where the Lagrange are to ' be determined by
sgfigfy}ng the constraints (5.1.2) . Now, (5.1.2) is
equivalent to
P
P(JC)=—2; i ¢5,,2"” . .(5.1;5)
RGN PEYY
) g ' )
Since P(f) is real and nonnegative and fy =377, (5.1.4)
can be rewritten as
_ Pm At . :
P($) = = T eeat: ~ (5.1.6)
, "Zd,qne
v . n=t
where N replaces N and is the lag value chosen to optimize

the results.

MEH consists

coefrficients d,,»n and a cbnstant Pw. From these values the

power spectrum is>estimated by (5.1.6) with £ being limited

‘to the Nyquist interval,

- ! < £« _1_
24t f - 24t )

P, and tue coefricients .4 are determined by

(5.1.a;

~of  calculating a set of filter

rﬁ\ é;.”t.uunén F ! F&.

¢' \\\\\- E ..4;..., o ?
f\\ N \\ . : — !

\\ \\ N : : - : (5.1.7)
‘ / N\ N N . ol .

3 h N : | i
: (N \¢ : !
- \\ \\ ' i
: N . . []

-¢m.¢’ °J _'_'l;‘““‘_J __O_J

so tqiE/Bm‘is the output power of the m+1 long prediction
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error rfilter (1r~amiseeeer—amm) - EJuation 15.1.7) is solved
iteratively by stepwise indérease of the matrix dimension

from m-1 to m. For B=0, Pe is estimated by

I & 2 |
Poz'iv"_?; e . (5.1.8)

-

In general, after solution of (5.1.7) for m-1, the next

36

step o 1invoives the determination of a set of m+2 unknowns—

) o ,
(Qumisecees@ppidmi: Pm) from the m+1 equations. . .

According to Burg (1968) the followjng conditions
>

should be used: the average outéu: power of the n+1

prediction error'filter

= s [(~, 5_’ 2y o) (Agum —.f 4”‘“4“”«)‘] (5.1.9)

™ 2(“ -m) o3

is minimized with Tespect to the single. parameter apm. The

dependence of the other filter coefficients on “dwm 1S
determined by the m lower équations in (5.1.7) having the

solutious

-

dmx':a -I)(—d)")ﬂ‘a"‘ ) - ) (5 1 10)
for k~1 2,e00.,m-1 and using ame=-1 and aMK—O for k2m.

U51ng {5.1. 10), (5.1.9) can be written as

Th = g 5 L b= mm i) (bt 8] 5111

2(N-m)
where 5
m ™ . .
bmt = K.Z, am-lx ’?"c-ok - g am-lm-x /’Ltom-K 7 (5, 1. 12&)

h‘lf = Zo dm_’x /¢t'n—x “‘g’ QM-, m-) /tt "K_ . (5‘1-12b)



Since b... and"b!,. are independent of - Y

)

2 Mo = 0 . (5.1.13)

Thus 7/, is a winimum with respect to Ay this yields

N-» '

2 2%’ bt bs : ,
mm = L2 I 3 ° (5-1.14)
(b * bu)

T

Useful recursion formulasi_for the arrays b,,, and bl ¢
are deiived by means of (5.{.10) and (5.1.12): | -
be bmeit =Bt bluwie (5.1.15a)
- b',.‘f = A;,,_,t,, = Dt -t - bm-/tﬁ . o (5. 1..15bl)
It ié seen that the arrays b,. and bLs are constructed
from the arrays b,.. and bj .+ by a simple linear operation.
The starting values are
’ b,e = bbby = x,
S .
for.t=1,2,.;:1£N. But since these arrays are not used in the
calculation pzocedure,‘the values for r=1 are used(;nstead
b,s = X and p!, = Xgo) o (5.1.16)
By 4+userting (5.1.10) into (5.1.7), fhe recursive

formula for Pm is found to be

PM = PM-, (1‘&,‘%‘,“). (501017’)

)

5.2 Akaike Final Prediction Error

") : ,
The = number M of filter coefficients required to

optimize the results obtained from MEM can be determined by

?

two methods. : _ _
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A

One mefnod is based on a uindou-closing tevhnigue
similar to the one described by Jeﬁkins and Watts (1968) for
the variance Spectrum analysis method.

A’superior method has been devised by Akaike (196?a,
i969b, 1970) . \This method, now Caitled the Akaike Final

: * A Y
Prediction Error (FPE), has been Suggested for use with the
ACV  method (Akaike, 1971) and with muirtivariate tinpe series
(Fryer et al., 1975), as well as for MgM.

Since ﬁhe‘emergence of the Akaike fPE, many authors
have incorporated it into the Mgk (hkaike, 1969, 19690,
1970; Gersh and Sharpe,‘;1973; ‘Jomes, 1973; Ulrych and
Bishop, 1975). " | N | |

The calculation. of the Akaike FPE ig }eadily ohtained

°

by»ﬁsing .
(FPE) = NM-| g2 , o (5.2.1)
MoON-MEl e -
where N is the number of data values analysg&} M is the

bumber of filter coefficients, and Sf 1s the residual sum of

Squares given by

Mz

| | |
S s 2 (2 Za,,,,mc,, m) (5.2.2)

=1 s/ 9

3

in which Aymm are the filter coefficients, X, areﬁéhe data
values with tae data hean removed, ang Xy=0 for n=<o0.
The objective is to fit the autoregressive model of

order M by the least~sghaies method; this Fequlres the mean

square of reszduals (5.2. 2) to be mininized with respect to

{ampmsn=1, 20000.,H}. It  ig generaliy observed that ‘33

-
- -
~—~ @

- -
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decreases and (N+M+1) / (N-8-1) increases as the value of M is
increased. Thus the FPE tends to be too large Qhen a large
value of M is used. The minimun value of the FPE provides a
balance between the order of the autoregressive model and

ihe size oI tne mean-square prediction error.
| An estinpate (FPF), of ‘the -auroregressive .nodel is
calculated by (5.2.1) . An iﬁitial value is calculated using
(Fpey, = Nl p ' (5.2.3)

where P, 1is é;ven by (5.1.8). |

Foz thé rurpose of conparison of the mégnitude of

(FPE%«lwith (FPE)j, the relative value

' - _ (Fpe) i
S / (RI:PE>M f"?;JEEiL (.2.4)

can be used.

5.3 Programs and Data Manipulation

Two subroutines were used to calculate the power

' spectrum using MEM: they are BUR&ME and SMSQR.‘ Both are
listed in Appendix B. '

The data were Standa;dized before béing passed on to
the sublbqtine BURGME using (4.3.1) for i=1,2,....,N, where
N is the total nu;ber«of déta values. ‘

o The subroutine hBURGME combines the theory of the MEM .
with the Akaike FPE. The theory and the flow chart,
presggted 'in  Andersen's paper, wer;  used extensively in
writing;the subrodtine. |

. The Akaike FPE has been incorporated as an"optibn Such

o~
s [



that the minimum- value of (FPEL‘ cah'ue.éutomatically found
and thé associated filter_ coefficients retained. However,
the number of filter coefficients can Lbe specified,
‘bypassing.the_calculation of the FPE. K

An e;pansidn factér has alsd been inédrborated into the
program‘in of&er to éxpand the lower end of the spectrum for
better definition oflﬁeaks. If Q is thlsvvexpénsioh bfécfo:,.
then the printout coveré the range of Erequency from f=0 to.
1=£fy/Q wLere Ly is“the Nyquist.frequency. ‘In.‘ihis ranner,.
there isw no aliasing of values in the range f=f;/Q,....,f~
onto thé’fange f=0,....,E8/Q; aliasing of f.equencies beyond
£y nust neve:iheless bé inveétigated; this will be fédne in
Chapters 7 and 8.

The subioutine SMSQR\ calcﬁlates the residual sum of
squares SZ given by (5~2.2)~ and required >by’ {(5.2.1) if
Akaike's "FPE is used'to obtain the obtimum nunber of filtér
coefficients. - |

»

Sample print-outs are shown in Tables B.18 and-B.19 in

. v

Appendix B.
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CHAPTER 6

AUXILIARY PROGRAMS

6.1 Hain and Plotting

The ma.in progran (MA&N) links toyether gll' the
subroutines méntioned in Chapters 4 and 5. It also allows
for plotting the raw data and fhe power spectra from both
| the FFT and MzM analyses.

The plotting is accomplished with subroutlne PLTG uhlch
is a slightly nodified version of a program available 1n the
Compdtlng Services Program lerary of the University of
Alberta. ~The subroutine PLTG is not ;nc;uded in Appendix B
as it is too lengthy and could prove difficult to implement
on otyer computer systems.

The subroutines PLTDAT, PL:FFT and PLTMEM provide an
interfacé between MAIN, FASTFT, BURGME; and PLTG. These

three interface Subroutines isolate nmost of. the commands

required when producing a plot and provide  an easy method

for .inserting a different plotting subroutine. B

If no plotting facilities are available, the program
need only be slightly altered by deleting the subroutlnea

_RLTDAT, PLTFFT and PLTMEM and by . removing all caLL

subroutlnes are listed in Appendix B

41

/
\,

3

statements to these three subroutines Irom MAIN. The three -



The subroutine VARSD is used to Cdlculate the mean 5u),
variance (c?) and standard dev1atlon (") of the data. It ig
called once in MAIN inp order to obtain these three véiues
from the raw data. It is also called in FASTFT in order to
obtain a new set of values from the expanded data set.

The mean is calculated using

( N
/(:Tz}:,- L (6.2.1)

3

and the variance is calculated using
P s 2
.O-z:II_Z (,,z‘.) - U . . {6.2.2)
= v

Statistically, the values/a and ¢2 are known as biased
estimators of the true Population values.

A listiny of VARSD can be seen in Apperndix 3.

S

——oZn _——as

It was afnticipated that sonpe bethod would Le requlred\

to eliminate the very strong annual Cycle when analysing a

- full set of temperature data at one-month intervals.
The filter aesigned for %his Purpose is called a notch
filter; if ,1Is also referred to igs a  rejection filter

(Kanasewich, 1975) or a recursior cilver in the Z-plane

-

(Shanks, 1967) .

a

The fpllowing theory, as descriped by Kanasewich {1975)

.

and Shanks (1967) , shows how the notcb\ filter is .used to

remove .the annual cyéle. The program, as. written (see

2
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Appendix B), can be used to eliminate any frequency.

Consider a unit circle in the imaginary plane. The -
positive imagyinary plane prog;ésses from £f=0 to f=fy, the
Nyquist frequency. |

The geneial form of the filter equation is given by

_ (=-2) (2-2) 6.3. 11
F(ﬂ (2-2)(z-2) (631

where z, and z, are the zeroeé and z; and z4, are the poles
of the filter. |
The zeroeS, or discontinuities, of the filter oécur at
Z = cosfO + i sinb
wvhere © 1s the position on the unit circle of the unwanted
treguency. Thus, for f., the frequency of the annual cycle,

the value of O is determined by

= :’-I8O°':‘—1%L . 180° = 30°
‘ T | )

assuming the aata interval to be one month.

The zeroes of the filter occur at

zZ, 0.8660 + 10.5000 (6.3.2a)

and Z, 0.8660 - 1i0.5000 . {6.3.2hb)

However, when the poles of the filter coincide with the

zeroes on the unit circle, the response is very poor. It is

necessary to place the poles near, but,not on, the unit

circle, say at 2| = 1.001. Thus the poles are located at
z, = 0.8669 + i0.5005 . - (6.3.3a)

and Zy

Substituting (6.3.2) and (6.3.3) into (6.3.1), fhe



filter equation becomes

- 0.9980(2*-1.73202 +1)
2/ = 6.3.4
f’ . F() |- 1.7303% +0.99802* ¢ J

which incorporates a static gain factor to insure a gain of

unity at the nyquist frequency.

Next, the filter is applied to the data using

i

Y(z) = F(z) X(z) | (6.3.5)
where X aré the raw data and Y'are ﬁhe filtered data. The
recursion equation is obtained by substituting (6.3.4) into
(6.3.5), by multiplying both sides fof (6.3.5) by the
denominator aad by rearranying to obtaain o

Y(z) = O.9980(1~i.73202+22)X(2)
*+ 2Y(z) (1.7303-0.9980z) . (6.3.6)
Whenever z occurs in (6.3.6), the input or 'gﬂtput is
: <

delayed by one unit and simil rly z2 causes a delay of two

units. Thus, the recursion equafion is

_y" = 0-9980 ( Xn = -7320)(,,-, + X)‘-‘)

- 4 T + 1.7303y,., - 0.9980y,_, (6.3.7)

where x, is the data input and y, is the output from the

filter. >

The a;piitude response of this f%lter is shown in
Figure 6.1 in ﬁhich 120 frequency values are aésumed £o lie
in the interval O0<f<f,. |

_The recursion equation k6.3.7) is programmed to filfer
-the data in a cascade fashibn; A cascaaevconsists of passing

the filter twice over the data set, once 1imn a forward

direction from x, to x, and once in a backward direction

o
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the ends of tne input data

initial pass of the rilter

The program for +the:.

spectral progranm. -

+

response of the notch . filter
annual cycle.

prevents a phase shift in the
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to become significartly small.

notch filter is separate from the
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CHAPTER 7

RESULTS

7.1 Program Performance

Part of the development of the programs involved tests

which were pexformed usihg synthetic data. These data
consisted of uiffdrent comb nations of five to seven exact
periodicities. Ever nerated  wave had a specific

frequency, amplitude and phase angle. The waves had small

amplitudes at 1low freéuencies and larger amplitudes at

higher frequencies. The periods ranged - from 100 to 2
"years", The length of data used was equivalent to
approximately 70 years of real data. Taus, when using the

modified periodogran, zeroes were added to the generated

.data as if real dq&a of finite length'qere oeing used. These

generated data were analysed using thé modified | periodogranm
mefhpd and MZd. | >

’ {The modified periodogram performed quite well and was
able to analyze the peqipdicitieé provided. Periods greater
than approximately qne—thiad _the length of data were not
resolved as accurately - as f‘the shorter periods. Periods
approximately equal +to or greater than the length of data
wvere detected at the first frequency value above Zero, but

Lo values"of freQﬁency, amplitude or phase could be
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determired with precision. The values of'the_spectral peaks
exceeded the 99.9% significance level for the resolvable
waves present in the'synthetic data (significance levels are
discussed in the next Section). The spectral ﬁeaks were
analyzed at tae output frequencies which were closest to the
frequencigs specified in generating the data. The weighted

frequency proved useful in this regard because it provided

47
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interpolated values or frequencies wiich were better
estimates of the Vactual values. Similarly, the smoothed
phase, obtaiaed klsing a three-point Daniell filter on the
real and imaginary parts of the Fourier transforns, aléo
provided better estimates of +he phase- angles than the
unsmoothed phase angles,

Tapering was performed on “he data in order to assess
the effecgg'ot truncating the Qata sef. No improvements were
. observed in +he resolution properties of the periodogranm.
JAll periods within the range of detectable freguénc;es were
revealed witn equal or slightly suberior results when no
tapering'uasqapplied to the ends of the data.

The'ﬂaximum Entropy Method did not prove to be as

[

accurate or as convenient as the-modiried periodogram. Mény
“u o
Observations made about MEM in this study were also

discussed by chen and .Stegen (1974).
The 'spectral outpuf of MEM was ‘mOre difficult to

interpret. It required. considerable time and care when

determining cthe power <resolved for a certain frequency,.

since it was not the value of the pPeax which provided an

o
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“Wfstimate of the powqr but rather the area under the curve.

For example, the maximum single value of variance attributed
to two periods of equal amplitude, amoug ‘a combination of
tive generated periods, differed by a factor of twenty in

the same analysis. Thus, confidence limits could not be

applied as weasily to MEM results as was possiblevﬁith the

modified periodogfam results. At this time, the true meaning
of the numgriéfl values calculated by 4EM is unknown. The
value of a speactral pPeak is subject to wild flﬁptuations
when slightly different data sets are used. The periodogranm
method was wunot subject to such wilag fluctuations and the
paximum single vélue of variance attriputed to periods of
equal amplitude difrered by less than a factor of two. MEN,
unlike the periddogram method, must be calibrated using test
data before beihg uéed on real data. .

The resoliution propérties of MEM were highly deéendent
on the number of filter coefficients uséd,respécially if MEM
was used to determine the value of a very low frequency. The

_ndmber of coefficients required was- usually higher than the

humber determined by the Akaike FDPE. Taus, HEN required a.

process similar +to the determination of the optimum‘lag
value for the ACV method.

A}so, thé spectral peaks analyzed u;re not necessarily
at the proper freguency. cChen and Stegen (1974) found
frequency shirfts which ‘resulted from a combination §f the
init%él Phase and the data length. At‘this stage, MEM can

only Rrovide an indication of low frequencies present in the
™. '

"
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data. However, a recent paper by Ulrych and Clayton (1976f
discusses a. method by which the zirequency shift may be
reduced considerably. This paper was .brought to the
attention of the author by Dr.“T.J. Uirych during a private
conversation. Unfortunately, this>conversation took place at
) :

a very late stage of this study and no time was available to
make the modiifications necessary to improve the method.

MEM was 1ound to be guite <costly in computer time,

R

especially ~wli B loug data sets. The Yime required when
cially y d

L ,
calculatg-ng? 3 ke FPE ,was also significant and was

‘calculation of SZ usimsg (5.2.2). A
modificatidn; . g

Low “min

discussed wita Dr. dl}ych. He outlined the justificafion for

Qgtained'ﬁgte.by accideut than by design, was

replacing the value of 52 obtained zirom (5.2.2) -by the
latest value of P, obtained by (5.1.17). This substitution

is justified since both S2 and P, are measures of the

variance of the error between the caliculated set of filter

"coefficients and the iddal set of filter coeffi@ienFS.
Substituting P. for the calculation of Sg would reduce the
computational time required.
’ The hotca filter was found to bé”*quite eéfective in.
reducing or eliminating an unwanted frequency. A "before and
after" exampie of the effect of the filter is shown in
Figures 7.1 aud 7.2. The upward shift qf the plot'in Figure
7.2 results £from the rédistfibutionbof that portion of the

normalized power which has been released by eliminating the

- annual cycle.
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7.2 Data Analysis and Evaluation Procedure

a

The results of the climatoiogical analysis are
"discussed under four main headings. This section deals Qith
the procedure used to analyze and evaluate ‘the results.
Section 7.3 deals with rgéults affecting Alberta as a whole
based on, ali stations analyzed. The remaining sections of
this chapt@tygisguss each sté£ion on a regioﬁal basis.

The primary metaod used was the periodogram analysis.

Unfortunately, MEM was used very licttle for reasons which

have been detailed in the previous section.

51

The procedure used to analyze the data consisted of

performing a periodogram analysds on various data groupings

as outlined in Section 1.3. The power spectra obtained were

plotted on. a Calcomp plotter. Both smoothed and unsmoothed

spectra were -calculated. The “smoothing was normally"

performed with a three-point obanieil filter. Nearly 600,

graphs of poﬁer spectra were eventually produced.

Confidence ‘“ntervals were caiculated using the -

assumption or a white~-noise spectrum and a Chi-square

/ ' -

distribdtion. The value pf the white-noise variance was

dependent on the number of spectral lines analyzed and wvas
. . / Al

-

easy to determine. The confidence limits . were obtained “by

multiplying -the whité-noise. value by X:_,‘/y and Z:/y for
the upper ;nd louer'limits,;respeétiVéiy,i where ) 1is the
apprqprihte aumber Qf  degrees of freedom and o is the
probability level selecteY. The degrees of freedom for the

o

Afperiodogi%%ﬁﬁﬁalysis uefe-detefmined by using

P

-



where N is thé number of independent data values uiegiﬁ the

52

analysis, 2"—1 is the nunmber of spectral 1ljfies obtained when' -

—

the N data values are sdpplemented b 2"—N'zeroes (see

Section 4.3), and D is the width of the Danilll filter used

on the periodogram (D=1 when the periodogram is unsmoothed).

o

‘The number of ~data values is reduced. by two degrees. of

Ireedom as a result of u51ng the data to calculate the mean

and variance valpes.

The degrees' of freedom for the unsmoothed perioéograﬁ
varied between one and two. If the calculated degrees of
freedon were 1.5, an erroneoué régult could have been

obtainqﬁgby using Y=1 (over-restricting) or V=2 (under-

i
. ‘l‘,?

restfictiné) ~since  the- distribution of the Chi~square
function varies considerably and non:llneaply betwveen these
two values of V. For this reason, graphs vere plotteg of the

Chl-square function in order to obtain more a\\hsate

'estrmates of the confldence 1ntervals for both unsmoothedn

and smoothed spectra. .

o

The 95% and 5%‘confidence limits and the white-noise

spectrun were drawn-on the graphs as shown & in Figure 7.3.

All -spectral 1ines‘exceeding'these limits ,were noted elongu

( . . N . v & - ) ,.\\ V .
with the significance level reached. The levels/"cbnsidered

< o

were 0.5%, 14, 2. 5%, 5%, 95%, 7. 5%, 99%, 99 5%, and 99.9%.

el
*

The spectrum ;llustrated in P!bure 1. 3 i§‘ typlcal of the

e

spectra obta¢ned in this study’ an¢ 1t .demonstrates the

B
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Figure 7.3. Perlodogram analysis of YXH winter,
precipitation showing a white-noise spectiun ang
. a 90% confldence interval.

validity of assuming a white-noise model.

A ' . ST
The analysis for all mo:-ths and for each 3pnth'-of the -

N mcalendar yeag,was accompllshea using. the data as collected.%
The temperaturo and prec1p1tat10n data were averagqg and
sunmed reSpectively over the appropxlate time 1ﬁterval-to
obtain the annudi“and sgasdnal values. The group{ngs‘ were
wade as follows: - \\ ~

1- Annual - January ‘to Decém?er.

2- Winter - December, January, Fenrﬁary?

LA
e
RIPTRIN

W3- Spriny --March, April, May.

: . . . 4- Summer ~ June, July, August. e
St ~ 5- Pall - September, ‘October, November.

F‘w:‘ J :’ ’ : S 9 [ - i
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) Sect‘,on 7 3.-(

These groupings, as opposed to the,full sets of monthly

® values, were chosen because it was’ felt that t. .ey would

eliminate the necess1ty of remov1ng the annual cycle which

generally accounted for 80% or more of the data variance.

however, poss.ible 51de—effects of removing such’a tremendous

B

portion of tue variance might have inrluenced the remaining
results. : o iy

Beaverlodge was chosen for an in-depth analy51s of some

CA
< -~ v

of the results ,ohtalned. This.k%nalysis is discussed .
~ . . e

aﬂtlods. of\g32 years or greater were con51dered to be

'~«Yéry &oubtful because, in most cases, only 64 spectral lines

.

.werg analyzed An example of such an danalysis is shown 1in
vTahle " B.15. The flrst five values of frequency output

) correspond to periods of oO 128, 64, 42.7, and 32 years. A
[} P

s1gn1ficant' peak with 3 period of 32 years Cr mére was
’ L

viewed as posslble but not necessarlly .definitive éVidence

.0of long perlod1c151es present in the data. Such significant

periods are i. °ided in Section 7.3. Houever, a discussion
of their validity is reserved for Section 7.4.
“In addition it is often difficult to dec1de whether a

wave is signiricant by 1tse1f or is a harmonlc of sone other

3. ”
waveJ for example, 51gn1f1coqt perlods of 8 and 4 years

could eas‘ly result -from: tﬂe analysis of a single 8- year'

uave pattergbzwhere both waves are needed to describe

‘ :
accurately tie Have.»The 1dent1fication of such a harmonic

LS
~
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The notch filter proved capabre of ellmlnating'this period,



&

)
wave would simplify the task . of finding the causes of
~

signifiégit periods.

It nmust be remeﬁbered that the analyses of annual,
seasonal, and individual month variations for BEA and MAN
pfovided only 32 spectral estimates between zero and the

Nyquist Irequency while 6u estimates were obtained for all
. P"i',

other stations. Also, 5% of these estimates were exyegéfd to
i

exceed the 95x co - .ce 1limit. Therefore, an anagg'_ with

three estimazes exceeding the 95% significance le el out of

64 spectral estimates did not necessarily provide meaningful

results, as will be shongln the remaining sections of thig

-

chapter.

)

7.3 Alberta as a Unit ' , s

&,
A Province~wige comparison was limited wostly to

results é%talﬁed from annual ang seasonal values 'y of
f 28

temperature and precipitation. This limitation was due to

the volume of results generated and tape tipe restrictions

involved. A more detailed analysis orf individual months is
: R .
discussed in the last three sectiwhks or this chapter.

The "spectral gaps" or esthates,whichwafq'below the 5%

"confidence limit are not discussed afﬁ%this time. Instead,

attention is locused on frequencies or groups of frequenc1es
that appear to account for relatlvely large amounts of to al

variance.
ww

Tables 7.1 to 7.5 show the tebults obtalned for the
|

analysis of annual and seasonal ﬂvalues. Only significant

55
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Table 7.1. Periods (years) of significant peaks and
siynificance levels (P, %) for annual values.

Iemperature \ Precipitation
P(%) 99 97.5 95 99 97.5 95

FVR 128. 64.0 14.2 . 128.
16.0 5.33
‘BEA 16.0*  64.0 7.11

RAN none R none
YXD none 10.7 2.25
LAC 2.67 9.85 9.14

’ 2.61
. [ 3
LTH 2.67 , , ' 12,8
5 4,27
Yoyxa . ®4.0* . 128,  4.92 18.3  "25.6
‘ o nL2
Lff.: . ‘ N 2>' 37
. N

MAN 21.3 : ”3{ 64 0

AN TREPEEEEE

*+ indicates that the peak exceeded tHe 99. 5%'level. ii,f >'

peaks (295%), obtained <ron vthe unsmoothed periodogran
analyses, are listed in thpse tables. The@?teasons for not
using ’the smootped perlodogram results"qye d;§cussed in
Section 7.5.

Few results for any one particular station exceeded the
expected number of“significant peaks. One such case is in
the winter pLec1p1tatlon of YXH from which four 51gn1flcant
peaks were resolved. However, periods 21 3 ‘and 18.3 are
adjacent peaks (see Figure 7.3) which are likely to-indicéte o

a =ingle period of approximately 19.7 - Years. This then

reduces the number of peaks to $he expected number ’ élthdugh

~~
w



Table 7.2. Periods (Years) of.sigunificant peaks and
significance levels (P,%) for winter values.

Temperature - Precipitation

P (%) 99, 97.5 95 99 97.5 . 95
FVR - | 16.0 128. 42.7
’ bu. 0+ 4,27
BEA 16.0 3.20 . none
-— 2.21 .
RAN " 3.28 L i 2.3y
2.25 ' L .
YXD 3.28 S 1047 R 3,20
© 2,21 . : «
LAC ‘ noneafﬁﬁw s - o L 474
LTH 6.74 . C " 64.0
3.28 - : ~
YXH 3.28 2.46, C - 21.3+ . 2.78 128.
18.3+ ' E '
HAN 3.20  16.0  o4.0+
7.11
© 3.39

+ indicates that the peak exceeded the 99.5% level,

';* indicates that the peak exceeded the 99.9% level.

the fact remains that these adjacent peaks ‘grei both

?

significant at the 99.,5% level and that' together they

account for 26.6% 6f the variance of the data. This result

\

is considered'further in Section 7.6.

Three results are the most prominent when all stations

. _ are examined. All 'three results come from the teg@erature

A

Y

e -

-

analyses. They consist of a 3.2- to 3.3-year period in the

vinter .%r*?s;: -stétions, a 3.8- to 4-year period in the

j;fhﬁbigng at fivfﬁsigtion;,?and a-4.9- to 5.1-year period in

n
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Table 7.3. Periods (years) of significant peaks and
siynificance levels (P,%) for spring values.

)7

remberatureo\ Pcecipitatlonv
P(%) 99 97.5 95 - 99 97.5 - 95
FVR 128. "16.0 6.74
BEA 16.0+ - _ none
RAN 3.88 128. 64.0
o 2.42
YXD ‘ 5012 none
7 a.oo
2.61
LAC . .. 3.88 none
, LTH B 3.88 . " none
YXH " .+ 128, 25.6
' 6.0 ) 18.3
4,00 6.74
< 2.61
MAN 2.46 10.7

-+ indicates that the peak exceeded the 99.5% level.

the fall at all stations.

The most prominent result is tke approximate five-year
period in the fall temperature vélues. All stations’ have a
signif;cant peak at 4.92 years and  five of_ these stations
have a second significant peak at an adjacent period such
that the true period can be thought to lie somewhere between

the two peaks. In the fall values; the amplitudes of the

B .significantrieaks at and-.adjacent to the 4.92-yeaf peak

account for 10 to 30%vof the variance of the data used. This

result is as Bgffling‘ as it is sdfprising because it

v s
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Table 7.4. Periods (years) of significant peaks and
sigynificance levels (P,%) for summer values.

AN

Temperature Precipitation
P (%) 99 97.5 95 99 97.5 95
9 —
FVR 32.0 128. . 8.00 3,39
42.7 2.617
BEA o 2.37 16.0 | R BT
2.13
KAN 42.7 o 21.3 none
YXD © 128.%+ - . 32.0 10.7  12.8 )
) f
LAC . 25.6 - 3.80
LTH 12.6 42.7 ‘ 12.8
YXH 64.0** 128 2.37+ - 12.8
42.7,. :
12.8
4.00

MAN: ‘hone, ’ ) none
PR : : v s - : 1,\;.\:
MR

+ indicates tﬁai the peak exceeded the 99.5% level,
*+ indicates that the peak eXpeeded the 99.9% level.

provides possible support for the results obtained by

Georgiades (1977) while having no known physical'cause.

59

This five-year period was investigated as to bossible

sources other than a true periodicity present in the data.

This investigation was carried out using fall temperatdres

.kfor‘BEA. A plot_of the fall temperatures is sheun in Pigure

7.4. The . periodogranm vanalysis of the raw, data is shown in

Figure 7.5. An 11-point Tukey filter was passed ovef the raw
data; thkis reduced the number of data values from 61 to 53.

The filtered data are shown in Flgure 7.6 and the

~e
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Table 7.5. Periods (Years) of significant peaks and
significance levels (P,R) for rall values.

Temperature Precipitation
P(%) 99 . 97.5 95 99 97.5 95
FVR 5.12 4.92 - none
BEA 4.92 6.40 2.56 32.0 3.05
RAN 5.12 2.84
4.92 - 2.78
YXD 4.92+ 4.57
LAC - 5.12 10.7 6.40
| 4.92 2.51
LTH 5.12 7.53 : none !
4.92 - ‘
» i l\ \A\‘)) .
YXH 4,92+ 7.53 , 16.0
MAN 4.92 4.57 ‘ 9.14

'+ indicates that the peak exceeded the 99.5% level.

perlodogram apalysis of these data is shown in Figure 7.7.

Comparln, Figures 7.5 and 7.7 it will be seen tha+t the
power of the low ILrequencies was reduced and the power of
most higher frequencies was 1ncreased sllghééy as a result
of the Tedistribution of ‘the total power. Thus leakage 5}
power -from the low frequencies did not appear to contribute
to the pover of the flue:§ear period. - : .

The next.problem was to determlne if aliasing had taken
place. The power spectra of da;ly and monthly temperature
values were not included in this thesis due to the size of

A .
the figure required for adeguate display. A series. of daily

3

mean temperature values was readily available for BEA. an

.~
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analysis of foK: consec
A Y . .

that daily vaiues follow a red~-noise spectrum. The annual

']
years, 1950 to 1953, showed

cycle was ciearly‘evident andy no other frequency was found
to be significant.

The analysis of monthly values, in which all monthly
mean values of temperatures were used, was performed after
the removal of the annual and semi-annual cycles using the
notch filtel. This analysis showed significant peaks
associated with 16.7-, 1.82-, 0.30-, and 0.208-year periods.

The last three periods are beyond the Nyquist frequency of

0.5 as showa in Figure 7.5. Using a linear folding method,

the three periods would be aliased onto the 2.22-, 3.28-,
and 5.0-year periods.;However, ;hn variance observed at each

of +the three highest frequencics was less

63

4 R .
total variance of the data. All these factors are discussed -

in the next caapter before drawving cqnclusions.

oAt this time, a few more facts concerning fall
teméerature aualység are yresented. Of the eight stations,
three records '(FVB, LA& and LTH) began in 1908. The phase
_ gles\computed were 43°, 29, and -15, respectively. The
phase éngle for YXD, beginning in 1881, was 519, and for
YXH, beginniny in 1884, was —820;’using an approximétq value

of 729 for the phase change each  year based on an eiéct

period of five years, the phase angle for YXH in 1881 would

have been 62°. The phése angles obtained by édjusting the

values fbr SBEA and RAN froam 1415 and 1905 to 1908 .were 609

-and 38°, respectively. In order to compare the phase angle

~
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of two' statious, a correction of 720 per year was applied to
the derived paase shift. This cortection is not likely to be

‘exactly 72° such that 30- to 40- year corrections could not

easily be appiied in order to compare all- stations. The
similarity of the resolved phase angles is nonetheless
striking.

v The amplitude of the five-year period was approximately
1C for most stations. The values which dltfered the most
from 1C were 0.78C at YXp, O. 84C at YXH, and 1.16C at MAN.

The data variance was smallest at MAN with a value of 2.20c2
such that this-period accounted rfor 30.4% of the Vcriaﬁce.

!

The values obtained from the ,analyses of individual

months also proviged some interesting Lesults with respect

to the five-year period. Significant peaks associated with
this. period were found for six stations in the Sepiember
data, and for five»statiqns in the November data, but no
station revealed such a ‘pe5k in the Oetober data. It was
found upon closer examination that, for all stations, the
pefcentage of variance explained in the October data by an
approximate flve—year period was equlvalent to, or 1less
than, the percentage expilained by a white-noise spectrue.
The anaiyses of summer values revealed no sing;e
frequency which was as frequently significant as the
.fregueneies revealed for the vothe: seasonal values.
Generaiiy, taoe \siénificanf peaks occurred af very low
frequencies.” Such a resuit is very diffieult to interpret
using the periodogram,‘and, as discussed in Section 7.1, the

o ' A
‘La
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MEM analysis would add little information. ' 5}

Both stations which did not exhibit a 3.2€ to 3.3-year
period in winter temperatures at the 95% confidence level
did bhave such a period at the 90% conridence level.
Similarly all three stations which did not exhlblt a 3.8~ to
4-year period in sprlng/temperatures v+d vave such a period

at the 85 to 3J0% confideuce level. cCor-iderable doubt is

cast on the ,statistical signif. aince of these results'by‘

going below tae 95% level. However, because so many stations

had these results in common, the presence or absenee of

P .
-these periods at the other. 'Stations could streng*hen or

-

weaken the hypothesrs that an, approxlmate 3.2-year period in

,-

wvinter temperatures and dn  approximate 4- year period in
spring temperdtures may be found at many statlons across the

prov1nce although the true existence of these perlods at the

Y

~,~.

”statlons‘wlth the low confidence level is doubtful.

Wiad

Closer scrutiny of the individual months used to derive
the  winter temperature values showed that, for December
tenperatures, all statrons‘except RAN nad significant peaks
at, the 95% leval for a 3.12- to 3.2 year period; that, for
January\temperatures; oulj RA@ and YXD had such pears for a

¢]

3.28-year period; and that, for Eebruary-temperatures, six

stations‘had such peaks for a 3.28- to 3. 39-year period

while the other two stations had peaks ror a 3.56- to 3.66+

year period. . \"'

A ’Similar comparisén done for spring temperatures

"showed that, for March temperatures, only PVR and MAN did

]
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not have significant peaks for a 4-year period; that, for

April temperatures, no station had apy significant peak
- B - . [
close to a 4~year period; and that, for .May temperatures,

only RAN and YXD had significant peaks for e 4-year - . 1od.

7.4 Northern Alberta

Figure 4.2 in Appendix A shows tﬁellocation of all

66
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Alberta sgationS’used in this study. BEA and F¥R results are -

discussed separately in this section. 4ll other stations are

dicussed in tne next two sections.- The __terms Northern,

Central and Southern Alberta have been losely applied and

are used here as a éonvenient way of grouping the stations.

Tables 7.6 to 7.9 present the results obtained for FVR

and BEA based on the seasonal, annual and 1ndiv1dual monthly
s

values of both temperature and precipitation. Only.

sxgnlflcant spe“tral peaks (295%}‘1are l;sfed in these

,,,,,

iablﬂs. All peaks were obtained from the unsmooﬁ?ed

periodogram analyses. o ////\\\, Y

A marked feature_found in the énelvses"bf FYR values

'ﬂaa the relative absence of spectral Aines itth values less

than the 5% s;gnlflcance ilevel. Thls rGSult’ was common to

..;“

most of “the statlons azelyzed.,VThe' statlens v1th the

greatest number of such gaps analyzed vere BEA, YXD andcYXQ;f;.’

Thls finding cast considerable douht on the'.useIulnessi bf

q ¥
significant gyaps. Alternatlvely,. the gﬁest;on arose as to

the meanlng of a’significant gap for the purposes of this

study, since the amplltude of the_wage associated with such
, . , . a .

1

N

R
-
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O

2

_gnalyzed vere not 1ncluded dn the +a£1és pr

.

Table 7.6. ﬁeriede (years) of 51gn1f1cant peaxs and .
significance levels (P, %) fQr annual and

seasonal values at FVR. . o o
’ Iemperature 5 .: g Precipitation "
P (%) 99 97.5 - 95 99 97.5 95
Annual  128.  64.0  14.2 128,
‘ . - 16..0 - v 5.33
] . § »~
Winter - | 16.0 128. , 2.7
‘ q.of’\l ) - “.254 B
spring | {28. 16.0 N - 6% 74
ST 14.2 S
Summer  32.0 128. ©  8.00 C e, T 3039
R 42,77 o L 2.67
Fall 5.12 4,92 «  ghone

++ indicates thaﬁ rhe peak exceeded the 99.9% level,

2

a gap wquld be near =zero. It is of .interest, for . some

purposes, to Xnow which periods = r % present in ait;ge
.eorological time-,

v,

serles, but this is Rot the case fo
. ¢ . - ¥ b ® o

series predictioh:_ For.tﬁése reasous, the_»lgnlflcant gaps

»

chapter. - 4 .mhl." B L L

Table 7.6. §§&§* sents tne analyses of adhual and seasonal

values of’ temgerature’}nd prec1pltatlon at FVR.- Perlods of

64 and 128 yearé?appear ‘a number of rides- in thls ta?le as

vell as in Taule 7. 7 Such perlods have llttle meanlng when

analyz d by the perioddgram method. MEM was used to obfain
te of the p0551blexlong 'period ”indicated by the

<

perlodogram analy51s of FVR annual temperature values.. The

v,
an esti

analy51s vas performed using 22 filter coerflclents"on 66

-

;’\.
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v R R
: \W
Tapole 7.7. P‘\Dds tyears) of significant peaks and K
oph , siguificance levels (P,%) for monthly values
. at FVR.. _ & v
s Temperature Precipitation
P (%) 99 “97.5 95 99 ' 97.5 95
Jan. 18.3 16.0 3.39 =
" ' 2.25 :
- 3.66 64.0+ 138,
N 1640 14.2 , 14.2 _ 6.40
3.05 ‘ ' noéne
‘ 128. 42.7 e 5.82
32.0 PO . STRE FY
32.0 1282 . | .+ none ) .
C 2.7 | 73.39
(44 - X 2.
;oo 18.3 & 2.29 .
. - - L
¥  hug. ‘ » 912 8 - 32.0 - B
s : ¥ - N ’ 4.2
- 9 oy -
Sep. none. - 2.13
> " N o g’
e oct. - . - . , \ , ¥ Y.’ none
R {7 S D A e :
RS s Nov. 2.56 "2.61~ C : C ., 128. 64.0
7 pec. ., . . 31240 v od4.0*r 128, - 5.12
. . . {,ﬁgvn . 82, 7 '
. Ty . i N A .
R S ot J.ndlca,tes tbat the ;? K. #xceeded ¢ he 99.5%. level,. W
#'4%  #*+ indicat8s that the pex exceeded the 99.9% _level. .
i - ‘ . tf) ’ |
N : ' o - |
%, <, data values: MEM Levealed a peak at .the 82. year period. l
Lt However, the uum'ber of data values used anﬁ, he initial SR
o phase m-ay hav’e shlfted thls peak from the t;ue value, as TN
- descrlbed in S\ectlon 7.1. An estlmate of the true period of’
this peak- might be 82 5£10. ‘ears, based on the reeu.}ts N ﬂ
cvv : . X s - k:» . ' , ""g ° ., ! ' . o . . : I
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Table 7.8. Periods (years) of 51gn1r1cant peaks and
significance levels (P,%) for annual and
" . ¢ seasonal values at BEFA.
A s
. lemperature Precipitation
o v . ',‘a‘
P(R) 99 97.5 " 95 o 99 ' . 97.5 95
Annual  16.0%  64.0 . . ' 7.1
t BN ‘ N
Ninter F 16.0 3.20 . none
' 2.21
— /1* e . ‘ |
Spring 16.0 | ’ ngge o
Summer 2,37 16.0 : 7.1
' . .2.13 : B
. i -4 ‘ : . :
Fall 4,92 . 6.80 286 - 32,0 3.05
* 1nd1dates that the gﬂak exceeded the 99;5% level .

data. Such’ an

¢, obtained durlng the ana
A :

E B ﬁl*'.

... A

estlmate was og little use in fl dlng true pern¢ﬂ1c1t§ps.
. A

Aﬁﬁsumlng,* for th}m%%ent, that an 82. S-year perlod did

b A 4
-

.‘églst-ln the FVR annual temperagife dh;ues, h%% real w:uld

this perlod‘ne7 Chapter 2 showed thag‘Ehere were‘no monthly R o
N . . .

wﬁmean tempegaﬁgre values missing in the FVR Lecordf qguever, 7}

14

‘a change ‘of 1ocat10n of the observlng 51te was nﬁﬁéd in’ g

i

Chapter 3. Thrs ehange “taok ﬂa&e 1n 1936, a fev years prior

tb th% m1d°p01%t of the da+a, ecord anH 1nvolved a move of

‘ :
: &
nearlﬁ Bkm to thea ~new 51te. Thls move cou’d have eas:Lly ER
resuited 1n a change in the surroundlng ﬂ@mperatu ’regime .
§ T
which could be 1nterpreted as a port#on of 4 very long . //’

3 L :
. period. The 611stence of physical differences between+ the

twvo sites is ‘not Xnown and could only be determlned by an
' + . \ teh /
on-site 1nvestlgat10n. '

L.

1} ' . L e
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L4
Table 7.9. Periods {Yyears) of significant peaks and
. siguificance levels (P,%) for monthly values ~
. at oEA. /_.- o . Q
yu‘ - - :»ﬁ;
4yf‘“ « Tempefature Precipitation
P (%) 99 %3.5 ~ 95 . 99 97.5 95
i Jan. 16.0 none
4y 3 A
. Fe! 3.56, SR VA 3.56
. i : ' 3.05.
. ' - >
rooo 01600 10.7 3 4.00 64.0
. s n 16.0 .
: Apr;‘ 3.05¢ none
s B e o
N Hay 64.0 none 5
' Jun. 2.13 3.76 ) |
Jul. - 16.0 ) 2.06 *
. Aug. 2.37° - 5.82.
AP \ o »_\é’ . ’:‘:;‘. " ; . P ﬁ’ L4
Sep. o 6 405 . 2.46
» b et 4.92 - gp“} '
o oct. . 5.33 . . 3505  21.3
? S . | 2.00 ° 5.33
e NovS p.5eve | # 32.0+ 6,40
N PR ' R %
. F Dec. P . 3.20 ' oo Tt 8.00
‘5’ ) ) . 2021 w U.“y - kr’/
e e indicates that‘the peak exceeded the 99,5% tevel,
£ *+ indicates that the peak exceeded the Y9.9% level, 3.
“7 _ _  An articie recently vritten’by Schaal and Dale (1977,
. ( - . o ) . .
Creates more dJdoubt about the existence of lopng periods in
N\ ’ ~data éa es. Briefl th found that ecause of a change -
V7ot guenies. orieniy, ther foua e, b
R { . . . . . i '
X - in, th® tfne period used to descripe the "climatological ;

day", the mean Harch- temperature ovér Thdiana

bias. of

acquited a_ ... . r7
° L

e

0.67C which is. nearly 'equa; to.fthe?amouhf of "~ . i

BRS

o !
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climatic "coodling" observed in the mean March temperaturc
P “ ‘\‘

values- . Indiana over the last 40 years. Mr. T. Donnelly,
Chief oir Surfdace Inspectors at WRO, related that, shortly
after the second World War, the World Meteorological

Organization standardized the observation times. The end of

- i '
the «climatological day in Canada was moved from O0OOOGMT E?

-

0600GMT for tae AES-controled statiors. Mr. Donnelly also
- " . advised that no requlations are imposed at  privately-

operated stations and‘that the time of observatibn may vary,
- ' &
pr&ﬁumably as the work load of the observer varies. S

In view of these fidndings, it is impessible to say.

K . ' . . s . . v
jg_ whether a period of 82.5 years with an amplitude of 0.64C at
FVR 1is reald or results from some,or all of the factors

mentioned above. This uncertainty added to the reluctance to
e :
use MEHM because apparentuwaves could have been introduced
R . .
I

o 1nt:> the data- ‘byglone q“mom obscure factog:s. &_’
P - It is J.nterestlng tg:}. qnotg that - the re,sults fg“
: v

fr sbpwnyin Tabies 7.8° and ' 7.9, conralned few very lpng

N

periods. The site ~at BEA »waskinoyed once in 1958.
\ -
51multaneous records were kept at the two sites dufing -the* o
Ie ' -
three- year perlod precedlng the move. Larder (1962) referred '

"vvto_ this move ~ and ”stated that the  comparison, whlch he
carréed out, auid not reveal any 'éignificant difference' in'
. : . R

the .temperature and prec1p1tatmpn records. Unfortunately,

"
-

, the data collecteﬁ;’Eur;ng thesef three ', years were never. lﬂﬂjﬁ~k4
r . . .

publlshed./and are not available from the station. However,

o

”j“'? 7¥%ﬁ§%@$ﬁ%ingxCér&e:'gfsyémemsnﬁayeuld be equiwalent to ignbring

. “~ .o» * N o . . . . . ~ .
e R . TN X . : S :
. °© ’ - ’ h
S - . . ' -3
' . ) - ) ; .

A
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L

. by the 16- yea-

. previous section. : ' o 5

“‘3 2 ,uere 01:, lltt.].e fbéx;n, because feu of,che resul.ts of

Fua o

©

712

the change of location of the observing site. The only-

result affected by such an assumption would be the 64-year

period found an the annual temperature values. However, too

3

many -unknown variables remain and any conclusion associated
™ B

Mith this 64-year period could .only be called irresponsible.

i

All further discussion in this chapter deals with

>

: o $
significant peaks‘with periods of.less than 32 yeaﬁs,

Very few analyses of FVR or BEA data values showed anf

u

. . . . '4.’\
"unexpected" results because, as mentlone% in  Section 7.8

K] .
5% of the analyzed spectral llnes vere- expected to exceed-
gov . o

i - - f
gy ‘ : »

The falriy freguenga,occurrence of a Té—year peak,
w i, u

mqgnly %F tae temperature analyses ~for FVP“and BEA, vas

the 95% significance level;

‘investigated, but l;ttle agreement was Iound among the phase

i

anglesa Regard‘,ss of the 99'5% sagniflcance level achieved

&

K]

ﬁﬁg,f

o

_ﬁkj

Vo

."\"\A‘

flod in tne analyses‘of annual and spring-.

teqperature uaiues at Bgﬁgr(see Table’ 7 8), there uas-

1nsuff1c1ent &v1dence available for any p051t1ve stat%ment.

The shorter periods, towards the 2-year "Nyquist"

. period, = showed 1little organiza&ion..‘Too few of tggse

pefiods; derived from the ‘analysig of indi@idual' months,

were evident 1in the results of analyses of seasonal or
/ "-/

annual data.’' fhere vas no pattern ev1dent,,e1ther(at FPVR or

BEA, .or conmon to both, other than th}t d;scussed in the
- o o ot
4

M,
bd

D
Lo

The data“values whlch were 1sted as m1ssxnd in Table

2+

Pl

o



the precipitation analyses were of interest. The two values,"

‘missing from the BEA‘ record, were for August 1915 aud ‘Cl
January 1916 hﬁoth months were in the first year of '
observations. The rive .missing values for the  FVR
,precipitarion record uereu September-October 1911, March-
BT "Aprii 191l§§v__and April " 34.
17 5 Central’Alberta e | ' .
AR )
- Tables 7. 10 to Ta 15 preSeﬁt th&y results obtained for
¥ tg?RAN, YXD and iAE based on, 6 the hseasonal annual and
?» individual %monrilyr valués of boch tfmperature &End

a bl
¢~ CL A e <

prec:LpJ.tat;Q,n, : (ln"ly SLgnlflcant spectratl peaksv (>95’)

L : & T, "
obtalnea from f&ge~ unsmoothed perlodogram analyses, ‘are
tg'\“ - Q [ ,
1sted in. these taﬁles. '
,' . ; : _t.' LY x.’ i

~The rhree‘ statrons cou51dered dn thls sectlon ethblt

3 N ~; A

patterns 51m1lar to those thCh have already been dlscussed

uv‘l

a1n Sectloﬂ 7 3 Perlods of the order of 2.517 years appear in
a number oft places buﬂ with 1nsuff1c1ent regularl*y and

s;gnlrlcanceuco~1ndacate éxtraordlnary*élrcumstandes. There
i N .
g . are, however, one or two periods worthy of mentlon.

Flrst, consider the%18 3- to 21. 3-year perlod analyzed

 from the July temperatures of both RAN and LAC. The 18.3-

year period was also apparent in the January tempegatures of

.//

these tuo sratlons., of the four occurrendbs“of‘(hls peak

~

only the -July peaks for RAN exceeded the expected number-' of

¢

tnree srgnljlcant spectral peaks. The.January peak-fqr LAC
. 'lacked,cnedibility‘hecause>lt'uas the only spectral 1line

.o . o -
. .

I3
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Table 7.10. Perlods (years) of sfﬁnlflcant peaks and

wﬁﬁg';‘qj ' e significance Jewvels -(P,%) for anQual and ..
TGS S : , seasonal val%ds at RAN,
\,“'l . ) - . '#
v LA .
Menperature Precipitation
P(%) 99 - 97.5 95 99 97.5 95
. Annual _ none “ none
t Winter o - 3.28 v ' ’ = 2,37
) © 2.25 ' o
'« -"spring , 3.88 ‘ 128.  64.0
2042 I
Summer 42.g’ '2};3 : none !
¢ ‘%all 5.-12 | 2.84
; . 4. 92 2.78
which exceeded - the 95% ~ significance level. A few

obseryationg are ;;esented concerning the July peaks.

A J;:»’

gguenc1es 1nd1catea 51gn1f1can; perlods

of 20.04. and 1§~

i

phase angle fqr the RAN peak was found to be- a1° -based on

- LAC peak vas found to be 104°, based on 1908, with an
i - ) - -
~amplitude of 0.64C; the phase ang¢e, vhen adjusted by
-\( ) * o
189/year (based on, an exactw
e

ZO-year period), becanme. 509,

jovever, these results'are not necebsarlly as 1mpre5519e as

w‘a

+hey seem because YXD, uhlch approx1mately equldlstant

« . : N

July temperatures. . ‘ , L
. . - ° ' > i o t . :

* The movements of the observing sites at LAC and RAN
offered little heib in idéntifying a feason which would have
N 7 fl. A- ‘ ' : . o . R ‘.' .

o :

1905 with an ampl;tude of 0.66¢C. Tne_phase angle.for the

74

‘ears for RAN and LAC, reﬁpectlvely."The;

/; from RﬁN and LAC, shoued no ev1dence of this perlod in the

'
L2
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Table 7.11. Periods (Years) of significant peaks and
51gn1flcance levels (P,%) for monthly values

Temperature - Precipitation
P(%) 99 97.5 95 ’ 99 97.5  gs,
Jan. V Co. 18.3 , : none
3.28
2
Feb. o 3§g8 ‘ . . 18.3 21.3
N ‘20 10
Har. 3.88  4.00 T %8.00
- - , , 4 2 _4e
. (A %) )
Apr. none 11.6
- ; | 2.61
May . 42,7 T \/;) none
k3 } 4.00 » * ’
R Jun. S 1248 2.37
T gull . 64.0  21.3 o ‘ 9.85
4 2 18. 3 : 3.56
9.85 = -
. 4 L ‘ &
Aug. ~ Done .- . ' none,
. Sep.. . 4,92 : mone
: . ¢ . 4 :
° Oct. none T R 2.67. . 5.33
: ~ ' : 2.84.
Nov. 2.56  -2.61  s5.92,. 2.25 42,7
Dec. , néne = ©2.25 -.8.00 ¢
. s ‘ N 2.21 N
D [i N i . .

explained this period, espec1ally 51nce the gﬁp 51te vas in
J

. the ‘sane place £0r 65 of the 68 data years used The missiNng < ; :

datg oifered llttle help’ é% well becaust - the only )

tempnrature gﬁlue mlss1ng from the RAN and LAC data set° was

for November 1913 at LAC. ’ : Coel f. " .
b ‘ - -
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Table 7.1<. Periods (years) of significant peaks and
sigunificance levels (P,%) for amnual and
— seasonal values at YXD.

@‘ B .
. ) Iemperature S%% Precipitation
P(%) 99 97.5 95 * ’ 99 97.5 95
Annual : none 10.7 2.25
i Winter 3.28 10.7 SN 3.20
b - ‘ 2.21 ‘ .
Spring 5,12 . none
‘ 4.00
2.61
®  summer  128.++. 32,00 . 10.7  12.8 S
Fall 4.92+ . 4.57
» o .'+ indicates that the peak exceeded the 99.5% level,

T indicates that the peak exceeded the 99. 9% level.

\;ﬁﬁ\ 'Nery licztle informationficould be obtained from the =

analyses of prec1p1:$10n val& t the Central Alberta

amlt was a 10.7-year peridd

-4 ’ i % , 1>

S1s of summeE ’precipitatrgh values

statlons. The most\-g jorthy

2

obtalned fron the anaj

for YXD. This period was also the m@st significant peak in

the YXD annuai precipitation analeis. This result could-
hardly ‘be cou51dered as overuhelmlng. However, a brief test&,
wes performed on the semmermpeféabecaqif thls ‘peak accouq}ed 3
,f“r 9.2% of tae varlance in the summer data uhlle Jthe\ same

- peak in the annual . values accounted for = 8.5% iof \ ffe
. n . R X g s ' ) l.‘

-

. 4
varlance.\

f)' ‘ Data were generated for a- sxngle‘hor7-year wave)with‘ a.
. Yﬂ ¢ - o i *
mean of A22 .4mm,' amplltude' of5’28.7mm and pheee_éegle of"
11. 66° based . ~an ' origin of 1882.° These values were
i 1" - 74 ~ . . .

« e ,
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Table 7.13. Periods (yearsp of significant peaks and

d A significance levelg (P,%) for monthly values
- 3 #.'\f’: o " —
< # ..,\_-? i }
e Temperature - : Precipitation
-1 P(%) 99 97.5 - ' 95 99 97.5 95
- Jan. 2.13 3.28 - ' none °
Feb. 3.28 . 4.27
: 2.33
@ Mar.
Apr.
b
May
Jun. 7
0 gul. 128++
Aug.
.V s ;’I
‘ - L. -@@ - . s
Noy. 2.56+ ‘ ' <57 | W 4 32.0 -
. 4.92 .61 ‘ ‘ s i
Dec. 3.12 2.2 . 2,25 - <
2.46 . ~ 2.21. )
. + indicates that the peak exceeded the 99.5% lewel,-,s.
L ** indicates that the peak exceeded-the 99.9% level.
. X 72 B A - " - g‘,’. .
3 st R
. V . ) - e
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Table 7.14. Periods ‘(years) of significant peaks
significance levels (P,%) for annual and
seasonal values at LAC.

—

- Temperature ) , érecipiﬁétion
© P (%) T99 97.5 95 : 99 97..5 95
Annual 2.67 9.85 9. 14
2.61

Hinter none - 4.74
spring " /' 3.88 : none 5
Sumner - " 25.6 | ] - J : 3.80"
Fall s | 0.7 6.40

' 4.92 2.51

+

obtained from the analysis of summer,piecdpitation data. -The

sums of the squares of the dif erences between the actual
s M 7 s Rl
and generated values and betvgen@&p?.actpal values .and the

data mean were calculated, i.e., .using a persistence

] v
forecast in tane second rase. The sum®obtaiffed, using the

generated values was 13% smaller than the sum J&téined-hSing'
“ ’ 4

persistenée. "This would seem -to iggicate some measure of
validitf.in assuming the presenée ©of a 10.7-year period.
The smoothed periodogram proiided .'slightly -diffqrent

. N y R L ) . . . - E r«‘ .
results than the raw periodogram. The ' raw periodofzan

T

‘précfpita"‘ da%é. ~These ?peaks were 'separated by a non-

éighificant 11.6-year peridd. The sgoothed' periodogram

. (using a .ﬁh ee-point‘ Daniell filter) derived five

»

significant pgaks among‘wﬁich.théj 11.0-year peak exceeded

the 99.5%\ significance levelt.oifﬁicultieé arose in trying
e T = Rk ,

& - )

3

&

derived 13Z7— -and 12.B—year/'peaks from ‘the YYD ‘Eummer
i<} A ‘
on

4

-
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Table 7.15. Periods (years) of significant peaks and
significance levels (P,%) for monthly values
. at LAC.
Temperature Precipitation
P(A) 99 97.5 95 99 97.5 95
Jan. <7 18.3 2.84
Feb., 3.28 . "  3.05
Mar. ‘%,3.88 ‘ 3.88 -
Apr. -' 3.05 - 2.61 -
/ , b he \ - ! 2. 56 - N
P x’ %‘ 7 s ) :
Ty uﬁfa May . none E , 9.14
e odun. © honpe s - 14.2
R . R ) I .
L ogE « ‘ v
%&;g; Jul., 64.0 121:3 X ® Y o4 3.66
‘4 . ‘3" oo
. "8.00 o 9.85 .
. <N , X 5. 12 J:)"
to4.927 , N : nonel‘v oy
ES . He ) nongm“ " " ] v é_n 14 )
, - : '§§ : - L | . i . ) C . ; - c
S Nov. U 2.56%  2u6TY  4.92 S " 2.56.-
_Dec.. . . ! S 3012 L none i
’ * ’ ‘0 . . . . ~
s+ + indicates that the peak exceeded the 99.5% level. ;
2 2 -
v 'S . . : N . . 'ﬁ : \-‘-..

to- 1nterprenpthe results of the smoothed parlodogram because

these flve peaks uere no - longer 1ndependent The number of:

D

degrees of freedom used to calculate the confldence 1nterval'

~

was approxlmately 4.5 fbr' the smoothed perlodogﬁam .as

opposed to 1.5 H£or the unsmoothed perlodogram. " However,
unlixe the’ ACV* metﬁod where a small‘ﬂag valud ylelds few

spectral llnes, the modlfled perlodogram analyzes the ‘same

.
ifx
*
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\:d;-

-

LTH,

.obtaine& from ‘“the unsmoothed perlo’ogram apalyses, are

' v

KY . '-"',

number of spectral 1lines for both smoothed‘and unsmoothed

results. How then are the five adjacent peaks assessed _and:

what ‘are the implications of smoothing? These were queStions
Pl . o) ’

which uouiq‘nave proven very difficult to answer and .based

on the resuits obtained - while using the smoothed

periologram, would likely have resulted in little~additionall

information than was available from ¢the ‘unsmoothed
- o . o

periodogranm. . - ) .

7.6 Southern alberta ’ . : - |
a .'J a
Tablesn& 16 to . ,7.21 present the re§ults obtalned for

3 »

aad MAN, based on ' tthe seasona;,’_annual and

%

oY

iodividuaﬁ monthly values  of both temperature and -
precipitation. -Only yéigﬂificant spectral peaks (>95g),;

“

llsﬂéh in these tables. o c , ~

(6% g CT -
3 ’ t Y :

Neglecting thev.periods}-already-’discusse@‘inféectiod

v L. “ ) & S - .
7.3, there remain one or tWwo points worthy’ of nmention
. ' EE 3o : R o 5
.o

‘concerning these last.three stations. . o

R, , . -
YXH? was the only - station which ergblted an

;‘

"unexpected“ number of 51gn1f1cant peaks on nore thana one

oy 3 .

Kl

‘nosca51on. Some of the 0ccurrenCEQ 1hv0¢ved very 1dng ilodsﬁ

whlch were ceadlly disnlss‘B ov1ng to the fact that the

statlon HaS*moved out of the river valley 1n 1930. However,

V" :.»‘
there remalned the frequent occurrence ‘of an 18. 3- to 21, 3&

. . ‘ Y%
year perlod in the prec1p1tatlon -data, as shoun ‘in Tab;e'
.18 akd 7.19. - e & ,‘fpﬁ'QT__ 3
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Table 7.17. Periods (years

) of signitficant peaks and

sigunificance levels_(P,%) for monthly wvalues
at LTH. . . \
ifenperature K ﬁrecipitatiou
. y ‘ L ‘ — ;
P (%) 99 97.5 - 95 99 - 97.5 95
Jan. - 6.74 ¢ S Y
’ \ : : 7.."11
! ’ ‘
Feb.. 3.28 9.85 32.0
‘ 2.21
Mar. 3.838 - » 2.78
. : ' 2.25
2.21
. . ' -
Apr. 2.78 v 2.6 .
. A . ‘ - « [N
May '2.00 . 3.66
Jun. 12.8 ° none
Jul. 3.39 " 356
Aug. *12.8 2.72
8.00 .
-Sep. 7.53 ' none
v - 4.92 g
Oct. none’ none’
Nov. 2.56 2.61 2.06
Dec, 3.12. 4.41
: 2.46 '

Tbe‘reason'fOB this may Possibly be seen by conéidering the

data plot in Mgu

re 7.8.

The unsmoothed periodosran analysis

of these data was shown in Figure 7.3.

The 20-year
between 1884 and

Y -
“the wave wvas

1

period

can be seen,

to_.a certain extent,

-

1ol Presdhably,vthis early existence of

sufficient- in

- -~

order to be analyzed by the

82
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Table 7.13. pPexiods (years) of significant peaks and
significance levels (P,%) Tor annual and

Sedasonal values at YXH.

oy 4

— iemperature : Precipitation
P(%) 99 97.5 95 . 99 97.5 asg
" ' - _.\
Annual 6u,0r 128. 4,92 18.3 25.6
- ) 14.2
2:37
Winter ©3.28. 2.46 21.3+v  2.78 128.
18. 1+ i
Spring ‘ 128. *25.6
64.0 ’ 18.3 ,
4.00 6.74
2.61
Summer 64, (++ 128. 2.37+ ‘ 12.8
A 42,7 ~
. 12.8
B 4.00
Fall 4.92+ ©7.53 ‘ C16.0

\ e '

+ indicate§ that the peak excedded the 99.5% level,
** indicates that the peak exceaded the Y9.9% level.

- . -
0

periodogram method. ATt is conceivable that this wave wvas the
result of tue numerous "chanées of location bf\ the
neteorologicas site in +he period between 1883 and 1930. The

station remained approximately 10:years at each of the first

three sites and 20 years at the tourth site. The station has

s

1

not ‘been nmoved since 1933. Based'én this iqformation, it
becomes impossible to state whether the 20-year period is
truly a cliamatic fluétuation Or" results from the many
relocations or +he station.

\ Slutzky f1937), using a rigorous mathematical approach,

demonstrated that series of randon data could provide

L
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Table '7.19. Periods (years) of sigunificant peaks and
- significance levelds (P,%) for monthly va103§

1 at YXH.
A . 4 ]
Temperakuref ' Precipitation
P(%) 99 97.5 95 99 . 97.5 95
Jan. 2.13 | 21.3 128.
' - 18.3 2.78
3.05
Feb. 3.28 - ‘ ' 21.3++ 42.7 18.3
‘ C 2,46
SR » S 4,00 - 18.3% -04.0  42.7
2.17 . 4.2
ApI .- o 12, -\ - . 6.7¢  128.
‘ 3.05 o 3.56
May | 2.17 3.56 o« - - 42.7
Jun. 64.0* 42.7 L2.37 2.84
12.8 :
Jul. . 64.0+  3.39 128. , . 5.57
: '2.03 o : 3.88
Aug. ' | 2.8 -  6.74  25.6
- 8.00 '
N .
4.00 R

Sep. ' 4.92 * S 8.00
oct. 2.91 - 18.3 - 18.3
: ) , - 5.33

Nov.. 4.92 ’ 2.56 ' - 16.0
4.92
Dec. 2.46 3.12 8.00
:  3.56
2.18

+ indicates that the peak exceeded the 99.5% level,
++ indicates that the peak exceeded.the 99.3% level.

evidence of periodic fluctuations  either throughout the

whole series or ip segments of the series. These findingé

v
’
v
- .
. N

o Aaa T e -ty
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Table 7.29. Periods -(years) of significant .peaks and

significance levels (P,’%) rfor annual and
seasonal vadues at MAN.

lTemperature ) Precipitation

P(%) 99 97.5 95 « 7 g9 97.5 95
Annual’ 21.3 . T 6t.0
Winter 3.200  16.0 o4 .0+ ‘

7.11 . ‘

3.39
spring 2.46 o 10.7 .
Summer ﬁone none
Fall 4.92 9.14 »

L

+

-
L™

150 { \\NL { + } } {
1264 T
=
=
"z 10pH +
&
— L}
[en " <+
H-75
—
= |
o 50-
Lid
m .
a.
‘25"*3 4
0 T 1 1 T T T T T Y
1875 189S 1815 . 1835 1955 1975
: YEAR . . . .

Y ‘e . o
Figure 7.8. YXH winter precipitation.

4

vere ‘especiaitly valid~ fqr data series which did not have

totaily independent elements. The analogy of this iést -

finding to meteorological data is obvious, even if the data -

v - ’

-
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Table 7.21. Periods (yeafrs) of significant peaks and .

- significance levells (P, %) for monthly values
at HAN. . _ ’ ]
. Temperature - gpecipitption
P(%) 99 . 97.5 - 95 99 . 975 ' g5
~ Jan. 7.11 © 63,0 ‘
Feb. 10.7 . 3,89 ‘ none K
© Mar. none . Ve ‘ 12.8
: R 2.56
. . : ¢
Apr. noae o none
May none ‘ T 10.7 3.20
Jun. . 12.8 2.91
Jul. 64.0  3.39 3.39
A - o .
Aug. 10.7 ; 8.00 -
’ 8.00 ,
. '}
Sep. . none , R 3.76
: = . 3.39 -
Ooct. 21.3 ' none
Nov. +2.56 4,92 : 9.14
Dec. 16.0 ) = . none (\
" 3.20 o y

A2
PR

-

consist of mean temperatures  for a particular menth or

season.'.
The -

numerous nor as drastic as.the changes at YXH. ,Similariy, S !

-
- 1

- -

changes of the sites at LTH and MAN were not as

the resﬁ}ts of the analyses for LTH and MAN were not as

dramatic as taose for YXH. -

/

] - N , r .
also./;o the gemération of errontous results. The winter

/J

/

uissigg data in the YXH recd%ﬁ may have’ contributed i ¢

¢



'precipitation daia contained three vaiunes which had been

estimated, wholly or in part, or obtained from the original

0

published records. However, the information  in  these

original records was rejected in compiling the microfiche,

. ' . ’ ]

data files\which were described in Chapter 2. /Two of the
three- estimated values - were varied by gOmm. The resultant
spectrum revealed the same significant peaks as previously

mentioned. This would seem to indicate that *the existence of

* .

three estimated values in this data set did not contribute

significahtly to the resultant spectrum. The missing values
of monthly precipitation were October 1883, November-
Deéember 1885( January-April 1886, January-ﬂarch 1887,

. .. /
1889, October 1889, November-December 1910 and

August
'Jahua;y‘1911.
No other periods were felt to be truly significanf.

-
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- CHAPTER 8

SULMARY AND CONCLUSIONS

8.1 Spectral Analysis Methods - . Y

-

-

¥l

The set of programs developed for t hig study Qprdvi

the capability of using the modified periodogram method and

-the Maximum Entropy Method. The periodogram could calculate

raw. ahd; smoothed values of phase, freguehéy and ampli;ude
squared. Smoothing was performed by 'a Daniell filter.
Tapering: of the ends of the data 'vés avaglqblé. Three
subroutines provided an intérface between the- specfral
output and a slidhtly modified _féxsion of a “plotting
subroutiqé available from . the Compﬁtiné Services Prqér;m
Library of ‘the University of Alberta. .

’

The unsmoothed modifiéd_pefiédogram pethod wvas used in
all cases studied. It ﬁas found to be a highly effidient
analfigﬁ tecaonique qnd.it pe;formed excéllenfly‘of the tesf
data which were different combiﬂations of cosine waves.

' Thé smoothed phase angle and the 'weighted frequency

-

FVproved to. be quite useful in providing better estimates of

the phase angue and frequency thén the wunsmoothed  values.

Tapering was round to offer no advantayes. Caution should‘be

exercised - da - adopting ihese features of the program.

Anaf;ses of test data would provide a better understanding

n

88
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of its capabiiities.

The smoothed modified periodogram was calculaied for

! ~

! A

call data groupiﬁgs. Smoothing did édd_a measure of stability
to the.'resul:s, bui,‘ for the purposes of ‘this study,

'providedL no improvement on the information a}ailable from

. @ .
the unsmoothed periodogram.

G

_ Robinson (1967) describes how the Subroutine NLOGN (see

4

‘Section u;g and Tabfe B:8) could be used to calculate two

- v . .
real-valued signals siwmuitaneously, and to calculate the

- {
. b ‘ .
cross correlation between two Teal-valued signals. Both of

these mpdific&tions would be desirable. additions to the
_ Program prepared for this study. .
| < The. Maxiaum Entropy Method was used very little. This
was dqe.in pért'to thé probléms of interpreting the‘resu;ts,
a; ’ deséribéd - in Section 7.1. Aiso, "there are the

w
~difficulties presented by inhomogeneous data. Results

' obtained by using MEM acquire dubious’ credibility given the

89

discussion on the existence of long, waves, presented in

Chapter 7. This would be true even if MEM were improved

| beyond the technique presented by Ulrych and Claytoh (1976) .

The greater improvement required is in the reliability of

the meteoroloyical data.

8.2 climatoloyical Analysis . °

.The . data used in this study were considered to be as
good as any available. However, findings such as the .omes

presented by schaal and Dale,6 (1977) illustrate the degree of

YO ASER R e
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*inhomogeneity of the data.

Compreheusive histories of the meteorological stations

,are sadly lacking. The compilation of such histobies“ for
only eight stations demanded much more time than should have

been necessaiy, but these histories were required in order

»

to evaluate tue results properly. The histories presehted in
. \ . .. .
Chapter 3 do not contain all the information which should be

considered when making conclusions ~bat, -as indicated in

’

Chapter 1, changes of instrumentation, observer or observing
practices ware frequently difficult if not impossible to

‘ascertain.

)

Three ooservations may be made .following the

Climatological invesé@gations. These are the thref distinct
\r\ ,

periods reveaied by the andlysis of seasonal temperatures.

The most notable of the three observations involves the.

-

five-year period revealed in the fall femperatures at all
stations. . No explanation can be formuiated at this time, to
diépél the existence of this period.| Little evidence was
found to indicate that the period was fhe'reéultfbf,leakage

/

of power from 1low frequencies or aliasing of ‘»hlqp
. . ./

frequencieél The . occurrence of this perlod at all stations -

K2

and the 51mllar1ty -of the phase angles supported the theory

_that this perlod may be quite real.

Georgiades (1977) ' resolved a five-year period for

\

annual mean  temperatures at Regina 4nd.- Saskatoon,

Saskatchewan. Only the annual mean temperatures for YXH gave

evidence of a five-year period (see Table 7.1). NO’reasons,

i PARE i

Pk DRI LN




. b
can be presented at this tinme, which would erplain this

apparent difference-between Saskatcheuan and Alberta.

The ~ two remalnlnq observatlons are not as motable as
the‘first. Houe;er, there-appears to be ev%&encél 6f fairly
widespread turee- and four- year éer;oésfin the winter and
spring medan temporatureb, respecPicéig,“izfi\iﬁ
Clos;r investigation’ bffthese é%;;;upeflods ;hould be

Sl ‘\. ‘\ N ‘

made 1n order. to determlnék*helr p0331ble causes 1nd the

N 2

extent of theuar existenCeiacross“Canada.

L
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‘ APPEND&X A . ,

w“ )
4 e

TOPOGRAPHICAL MAPS

[y

. This Appendix contains a set of maps, the first of

which -shows tne geographical distribﬁtxbn:a¢ross Alberta df
. ,

the eight stations used in this study (Figure A.2) all

other maps show the detailéd geography at each l&cation

it

n

(Figures A.3 to A.10) .

The detailed maps were constructed using the
\ . b}
topographical seriesAavailable from the Surveys and Mapping

\

Branch, Department of Energy, Mines and Resdurces. All

elevations are givep{in feet and can be converted using the «

.,

~
scale shown in E}gure A. 1.

100 50 0

Figure A.1. Conversion scale for elevations.

kY
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" Figure A.2.
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v _— ) CONTOUR INTERVAL 50 FEET
Scale 1 50,000 ’ All Elevations in Eeet above Mean Sea Level
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Fiqure A.3: Beaverlodge CDA site locations.
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APPENDIX B

COMPUTER PROGRAHMS AND

SAMPLE PRINT-OUTS

fhis Appendix contains a copy of the computer programs
used in this study (Tables B.1 to B.14).

Sample pgint-outsﬁof the FFT and MHEM subroutines are
also included (Tables B.15 to B.19). All print-outs were
obtained from the data values listed in Table B.15.

-

The programs were written for a FURTRAN G compiler.

-
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Table B.1. #8ain program), as described in Chapter 6.

nnnnnnnnnnnnnnnnnnnnonnnnnonnnnnnnnnnnonnnnnnnnnnnnnnnn

BAIN PROGRAM
‘.““““ﬁ‘ LA RS E SRS TR 3T TR FEEREK R ESEE KR RN (A RIS R LT SIS 2
FOLLOWING ARE THE PARAMETERS TO BE INPUT: _
I1 = NUMBER OF DATA ON FIRST CARD(S) IF DIFFERENT PROM SUBSRQUENT
CARDS.
=0 IF ALL CARDS ARE THE SAMNE. ‘ -
NCAS = NOMBER OF DATA POINTS, MAXIMUM u096.
NX = THE INTEGER POWER OF 2 USED TO GET NZERO; IT MUST BE A NUMRER
FROM 1 To '12.
FZERO = TOTAL NUMBF OF DATA POINTS NEFDED TO HAVE AN INTEGER
POVER OF 2. IT MOUST BE GREATER THAN OP EQUAL TO NCAS: IT
HUST BE ONE OF : 2,4,8,16,32,64,128,256,512,1024,2048,5096.
JOB = JOB NUMBER FOR IDENTIFICATION.
KP (POSITIVF) = NUMBER OF DATA VALUES PLOTTED AND PRINTED.
(NEGATIVE) = NUMBER OF DATA VALUES PRINTED ONLY.
= 0 NO DATA PRINTED OR PLOTTED.
NOTE: UNLESS ALTERED, THE PLOTTING SUBROUTINE PLTG WILL REJECT THE
JOB IP MORE THAN 1200 DATA POINTS ARE PASSED ON TO IT. ;
LB = NUMBER OF SPACES ADDED AT THE BEGINNING OF THE DATA .
DISPLACING THE FIRST VALUE ON THE DATA PLOT WHICH ALLOWS THE
USE OF A COMNON ABSCISSA FOR PLOTS WITH DIFFERENT FIRST
ABSCISSA VALOFS. (NOTE: NCAS+LB MUST BE LESS THAN 4097.)

NOM = 0 NO TAPERING OF DATA.
= NUNBER OF DATA POINTS TAPERED AT EACH END (INCLODING THF
FILTER WPIGHTS ZERO AND ONE), MAXIMUM 100.
KT +1 OR -1 FFT SPECTRAL ANALYSIS ONLY.

+2 OR -2 MEM SPECTRAL ANALYSIS ONLY.
+3 OR -3 FFT AND MEN. :
(POSITIVE) SP-ECTRAL OOTPUT PLOTTED. .
(NEGATIVE) . NO<PLOTTING OF SPECTRAL OUTPUT. .
+1 UNSMOOTHED PPT POWER PLOTTED ONLY. : ‘
+2 SMOOTHED FFT POWER PLOTTED ONLY.-
*3 BOTH UNSMOOTHED AND SMOOTHED POWER PLOTTED.
(NOTE: KN IS NOT OUSED WHEN KT IS NEGATIVE)
NOTE: UNLESS ALTERED, THE PLOTTINC SUBROUTINE PLTG WILL RFJECT THE
JOB IF MORE THAN 1200 POWE2 VALUES ARE PASSED ON TO IT.
NFIL = 0 NO PILTERING OF F.F.T. *ESHITS. A
ELHUHBER OF POINTS IN THE DANIELL PILTER WHICH MUST BE PLUS

ot n

KN

Honn

R MINUS 3, S, 7, 9 OR 11.
OSITIVE) FOR FILTERING ON COSINE, SINE AND FREQU®NCY.
(NEGATIVE) POR FILTERING ON POWER SPECTROM AS WELL AS THE
OTHEF THREE PARAMETERS. . :
MENN = BER OF FILTER COEPFICIENTS FOR MF¥M SPECTRAL ANALYSIS,
MUN (NCAS-2).
0 , NUMBER OF COEFFICIENTS CHOSEN AUTOMATICALLY USING \
KAIKE'S PINAL PREDICTION ERROR. N
= MOLTIPLICATION FACTOR FOR EXPANDING THE LOWER END OF THE
PREQUENCY SPECTRUM. SET ENUAL TO ONE IF NO EXPANSION DESIRED.
= +1.0 OR -1.0 DETERMINES THE SIGN OF THE EXPONENTIAL
FONCTION OF THE TPANSFORM OF THE FPFPT. °
TINE INTERVAL OP THE DATA IN UNITS CHOSEN POR THE. PROBLEM.
FOR1 AND FOR2 ARE VARIABLE FORMATS (MAX. 60 CHARACTERS) :
POR1 ‘READS THE PIRST 1I VALOES (OMIT IP II = 0),

FOR2 READS ALL OTHER VALUES. :
tt*ttttt*tt#tttttttttt#tttt#*ttt*tttttttttt*tttttttttttt#ttttttttt

3
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Q060

000,

[sNeNeNsXg]

100 PORHAT(1315 FS.1,FP5.3) - L '5?
101 PORMAT (1H1, Taxnes NX AND HZEPO ARE NOT CONPATIBLE. t*tt"q
102 C<PORMAT (15A0) ) : G
103 PORMAT(1H1,¢'JOB NUMBER',I6,' WITH',I5,' VALOES USED .OP HHICH' 15, B o
. * VALUES ARE PLOTTED AND/OR PRIHTED THE QICN POR THE PFT Iﬁ'.FS 1. . -
. *///) ‘ L e
104 FORHAT(1HO *RAW DATA HEAN = Y,P10.3,' RAW DATA VARIANCE = ',F13.3, . Tooab
*' RAW DATA STANDARD DEVIATION = ' ,F10.3,/)
105 PORMAT (1HO, *POINT NO. *,;121I8)
106 PORMAT (1H ,*VALUE',6X,12F8.2)

107 PORMAT(1H1,***ex* YOU BLEW IT, KT = 0 #**xax1)
A R R L e R R R R P R e R 2 s 2]

LX T

DIMENSTOR DATA(4096) ,FOR1(15) ,POR2(15),V (4096) ,¥ (4096} , PLOT (4096)
5 READ (5,100, END=95) 11,NCAS,NX,NZERO, JOB,KP, LB, NON, KT, KN, NF1L, NEAN,

*MEMY,SIGN, DT

NZO=2%*NX

IP-(N20.EQ.NZERO) GO TO 10

WRITE(6,101)

sToP : , - ’
10 IF(I1.EQ.0)GO TO 15 : : o

READ (5, 102) FOR1 . , » ;
15 READ (5, 102) FOR?2 :

IF(II.FQ.0)GO TO 20

READ (5,FOR1) (DATA(L) ,L=1,11)
20 IM=II+1 . .

RFPAD (5, FOR2) (DATA (L) ,L=IM,NCAS)

g .

PIND THE VARIANCE, MEAN AND STANDAPRD DEVIATION OF THE DATA. oA s
CALL VARSD(NCAS,DATA,EHNM,S,SD)

NT OUT THE JOB PARTICULARS.

KQ=IABS (KP)
WRITE (6, 103) JOB, NCAS,KC, SIGN.
VRITE (6, 104) EM,S,SD

PRINT OUT DATA IF REQUIPED.

&

IP(KP.EQ.0)GO TO 40 _ _ §
' EN=1 , ‘ ‘ :
25 NN=MN+11 : "
IP(NN.GT.KQ) NN=KQ , ’
WRITE(6,105) (J,J=HN, NN)
WRITE(6,106) (DATA (I),I=HN,NN)
NR=MN+12
. IFP(MN.LE.KQ) GO TO 25
IF (KP.LT.0)GO TO 40 .
PLOT THE DATA.
“THE PIRST (LB) DATA VALUES ARE SET T. VALUOES WHICH ARE HOPEFOULLY '
BBYOND THE RANGE OF THE PLOT. _ P

IP (LB.LT.0)LB=0

DO 30 I=1,NCAS -
30 PLOT(I+LB)=DATA(I)

1P (LB.LE.0)GO TO 38 >

po 35 I=1,LB
35 PLOT (I) =1000000.0 .




[sNsNeNeKe!

[aNeNeNeNeNeNe)

38

{ NORMA

Ly

a5

50

55

60

65

80

90

95

NTOT=NCAS+LB

CALL PLTDAT (PLOT, NTOT)

RFHOVE THE MEAN FROM TH® DATA FOR USE BY THE F F.T. AND STORF

IN ARRAY V.

DO 45 I=1,NCAS
V(I)=DATA(I)-EN
W(I)=V(I)/SD

NOW PERFORM THE ANRLY§I§ REQUIPED AND THE PLOTTING.
SPECIFY PAFAMFTERS FOR
AND SMOOTHED POWER

IF BOTH FFT AND MEMN

THE FFT PLOT FIRST.

LIZE THE DATA ARRAY FOR THF M.F.N.

OUTPUTS ARE PLOTTED,

SPECTRUM FROM THE FFT ARF PLOTTED,
UNSMOOTHED SPECTRUM FIRST.

KT2=KT+u
NZP=NZERO/2+1

G0 TO(50,55,60,65,70, 7S, 80) ,KT2

CALL. FASTFT(NCAS NX,NZERC, NON,NFIL, SIGN OT, vy

CALL BURGMF (NCAS, DT
GO TO 90
CALL BURGMT (NCAS,DT,
GO TO 90

W,MP, MEMN, MEMX)

W, MP, MEMN, nan)"

IF BOTH UNS”OOTFEﬂ

CALL FASTFT (NCAS,NY, NZFFO’NOH NFIL,SIGN,DT, V)

60 TO 90
WPITE(6,107)
GO TO 90

CALL FASTP”(NCAg NX NZERC NOM,NFIL,SIGVWN, DT, V)

" CALL PLTFFT(NZP, KN)

GO TO 90

CALYL. BORGME (NCAS, DT,
CALL PLTMEM(MP)

GO TO 90

W, MP,MEMN, NENX)

CALL FASTFT (NCAS,NX,NZERQ, NON, NFIL,SIGN,DT,V)

CALL PLTFFT(NZP,KN)
CALL BURGHE(NCAS DT,
CALL PLTHMEM(MP)
CONTINUE

GO TO 5

STOP

END

W, MP, NFMN, NONX)

AND STORE IN ARRAY W.-

_SPSCIFY PARAMETERS FOP THE

109



Table B.2. Subroutine VARSD, acs described in hapter 6.

[sNe Np!

10

20

s

SUBROUTIN® VARSD(NCAS,DATA,EM,S,SD)
b S e Tt

FIND THE VARIANCF AND STANDARD DEVIATION.
bbb b b bR R R R L T L R T e

FORMAT (1H1,20X, ****** ZERO OR NEGATIVE VARIANCE *&&##7v)
3"#"‘*‘#**‘#t‘*#*t*#*t‘#t‘#l‘#t"*t LR RS R SRR RS RS R RS 22NN

DIMENSION DATA(NCAS) - -
RCA=FLOAT (NCAS) *
$50=0.0

EMN=0.0

DO 10 I=1,NCAS
EMN=EMN+DATA (I)
SSQ=SSQ+DATA (I) *DATA (I)
EM=EMN/RCA fBPa
S=SSQ/RCA-EM*EM
IF(S.GT.0.)GO TO 20
5=0.0

WRITZ (6, 110)

$D=0.0

RETURN

SD=SQRT (S}

RETORN

END

110
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Table B.3. Subroutine FASTFT, as described in Chap*ter u,

{

[sNeNeNeNoNeNeoNe)

o000

000

SUBROUTINE FAST?T(NCAS,NX,N?ERO,NCH,N;&L,SIGN,DT,DATA)

i R R L L P
X IS AN ARRAY OF COMPLEX NUMBERS.

A LABELLED COMMON BLOCK WILL HOLD THE RFSULTS FOR PLOTTING.

ADD ZEPFOS AT THF BEGINNING AND/OR THE FND OF THF DATA TO OBTAIN
THE REQUIRED LENGTH NZTRO. '
FIND THF NEW MEAN AND STANDARD DEVIATION, AND NORMALIZE THE DATA.

*t*‘t#*t"#t’t##’#t*#‘tttt‘****t‘#t*#‘t**t##tttt#t#*‘t“#t*t“t#t*

119 FORMAT (1H1,'#*2®+x NZERO TOO SMALL *EXEXS)

120 FORMAT(1H1,*FOP THE F.F.T., THE MFAN = ',F10.6,' TOTAL VARIANCF =.
*',P13.5,' STANDAPD DEVIATION = *,P10.4,/,' AFTEP APPLICATION OF A
*¢,1u,) POINT TAPFR.')

121 FORHQT(1H-,12X,'TIHF':8X,'P€AL X*,5X, " IMAGINARY X',/)

122 FOPMAT(1H ,11X,14,2(7X,F8.3))
123 FORMAT(1H-,' ALL SMOOTHING APRLIED USING A',I3,' POINT DANISLL (BO

.‘XCAR)'TILTER',//,SBX,'UNSMOOTHSD SMOOTHED + SMOOTHED W
*EIGHTED SMOOTHED', /,* FREQUFNCY COSINE',10X,*SINE', 10X,
*PHASE',BX,'POHER',10Xf'POHFR',8X,'AMPL. S0. FREQUENCY PHASE
', 1/

124 FOPRMAT (1H ,F9.5,1X,2E15.5,F1§.3,3E1q45V°11.5,F12.3)

125 PORMAT(1HO,' THE SUMS ARE',39X,3E15.%, 7/, ALSO NOTF THAT THE FIR
*ST AND LAST',I3,' POINT(S) OF THE SMOOTHED POWEP, AMPL. SQ., PHASE
*'s/+' AND WEIGHTED FREQUENCY COLUMNS HAVFE NOT BEEN SMOOTHED?')

126 FORMAT(1H-,' ALL SMOOTHING APPLIED USING A',T3,' POINT DANIELL (RO

*XCAR) FILTER',//,SBX,'UNSHOQTHBD UNSMOOTHED WEIGHTED SMO
*OTHED',/,*' FREQUENCY COSINE',10X,*'SINE' 10X, *PHASE', 9Y, 'POWE
*R*,8X,"AMPL. SOQ. FREOUENCY PHAST' , /)

127 FORMAT (1H ,P9.5,1X,2E15.5,F12.3,2E15.5,F11.5,F12.3)

128 FORMAT (1HO,' THE SUNMS ARE',39X,2E15.5,//,' ALSO NOTE THAT THE FIR
*ST AND LAST',I3,' POINT(S) OF THF SMOOTHED PHASE',/,"' AND WEIGHTE
*D FREQUENCY COLUMNS HAVF T BEEN SMOOTHED!)

129 FOPMAT (1H-, % NO SHOOTHIN@AS BEEN APPLIED',//,10X,'FREQUENCY',7X,
*'COSINE',12X,'SINE', 12X, ASE',10X,'POWER',10X,'ANPL. SQ.',//)

130 FORMAT (1H ,8X,F9.5,2E17.5,F1U.3,2E17.5)

131 FORMAT (1HO,' TH® SUMS ARE',52X,2E17.5)
tttt*tt*t“#t**#*#t*t*****tﬂt****#**#*tttt*tttttti**tt*’tlt*******

DIMENSION CX (205C),SX(2050),PHZ (2050) , DATA (NCAS) , XX (4096) , XC {2050
*, XS(2050) ,WOP(2050) , ZHF (2050) , QERF (2050) , ANPSQ (2050) ‘
COMPLEX X (4096)

COMMON /OUTPLT/ FREQ (2050),POW (2050) ,SOW (2050)

TAPER THE DATA AT BOTH ENDS (IF DESIRED) USING A COSINE BELL.

IF(NOM.LE.0)GO TO 16
CALL TAPER(NCAS,DATA,NCHM)

3
CALCULATE THE MEAN AND VARIANCE AND ASSIGN THE DATA TO THE COMPLEX
ARRAY X. T

16 DO 17 I=1,NCAS
17 XX (I)=DATA(I) . ,
JIF(NZERO.EQ.NCAS)GO TO 30 A
IF(NZERO.GT. NCAS) GO TO 20 i

1



20

/25

A 30

[sNeNp]

[sNeXe]

OO0 00N

e Ng!

35

45

S0

60

WRITE(6,119)
RETURN

MNM=NCAS+1

DO 25 I=NNM,NZERO

XX(I)=0.0

CALL VARSD(NZERO, XX, EMM,SS,5D)
WRITE(6,120) FM4,SS,SD, NOM

po 35 I=1,NZFRO

X (I)=(XX(I)-EMM) /SD

CALL NLOGN (NX,NZERO, X, SIGN) |

WE NOW HAVE THE FOURIER TRANSFORM GQF THE DATA STORED IN ARRAY X.

IF(SIGN.LT.0.0)GO TO 50 - \ .
WRITE(6,121)

DO 45 I=1,NZERO .

ARITE(6,122) I,X (1)

RETORN

RNZ=FLOAT (NZERO) *DT

NZP=NZERO/2+ 1 N

DO 60 I=1,NZP

CX(I)=REAL (X (I))

SX(I)=AIMAG (X(I))

FPREQ (I) = FLOAT(I 1) /RN2 , 7

CALCOLATE THE POWER AND PHASE.
Dl

CALL POLAR(NZP,CX,SX,POW,PHZ)

FAM=2.0*%*SS*FLOAT (NZERO) /FLOAT (NCAS)

APPLY DANIELLI FILTER WHERE REQUIPRED.

A MINIMUM VALUE OF .000000011 IS ASSIGNED TO THE POWER (AFTER

Y PRINTING) IN ORDER TO PREVENT ERRORS INe THE PLOTTING
PROCEDURE.

BX=.11E-08

PSUM=0.0 b

SsomM=0.0 .

ASUN=0.0

- IF(NFIL.EQ.0)GO TO 80

MFIL=IABS(NFIL)
KA=(MFIL-1)/2

- CALL DANI(MFIL,NZP,CX,XC)

CALL DANI (MFIL,NZP,SX,XS)

CALL POLAR(NZP,XC,XS,WCP,ZHP)
CALL DANY (MPIL,NZP,FREC,POW, QERF)
IF(RPIL.GT.0)GO TO 70 -

CALL DANI(MFIL,NZP,POW,SONW),

THE RESULTS ARE PRINTED.

WRITE(6,123) MFIL
DO 66 I=1,NZP
AEPSQ(I)-FAH*SOH(I)
WRITE (6, 124) FREQ(I) ,CX (I}, SX(I),PHZ(I),POH(I),SOH(I),AHPSQ(I).QERF
*(I),ZHP (I)
PSON=PSUM+POW(I)
SSOUM=SSOM+SOW (I)
ASUM=ASUN+AMPSQ(I)

IP (POW (I).LT.BX) POW (I)=BX

112
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66

70

75

80

85

IF (SOW(I).LT.BX)SOW(I)=BX
CONTINOE
WRITE(6,125) PSUM,SSUN, A'SUN, KA
RETORN . '
WRITE (6, 126) MFIL
Do 75 I=1,N2P
ANPSO(I)=FPAM*POW (I) :
HRITE(é,lZ?)PREQ(I),CX(I),SX(I),PHZ(I),POH(i),AHPSQ(I),QERP(I);ZHP
*(1) . . '
PSUN=PSUM+PON (1)
ASOM=ASUM+AMPSQ (I) .
IF (POW(I).LT.BX)POW (I)=BX
CONTINUE

WRITE (6,128) PSUM, ASUM, KA.
_RETURN '
WRITE (6, 129)

Do 85 I=1,NzP
AMPSQ(I)=FAM*POWN (I) .
ﬂPITE(6,130)PREQ(I),G&(I),SX(I),PHZ(I),POH(I),AHPSQ(I)
PSOM=PSUN+POW (I) _ . !
ASUM=ASUM+AMPSQ (1)

IF(POW(I).LT.BX) POW(I) =BX

CONTINUE

WRITE (6,131) PSUM,ASUN

RETORN S

END . ,

113



Table B.4. Subroutine DANI, as described in Chapter u.

4

oonnnan0n

O n

400

10

20
30

40

50

SUBROUTINE DANI(NFIL,N,POW,BNP)
HEREKEE R R RRR 't‘#‘.*t*#f‘#‘l‘#‘#t't“##“#ﬁ**‘#"#"*#‘#*‘##t *ERE RN
NFIL = NOMBEROF FILTER POINTS: 3, S, 7, 9 OR 11.

N = NZRRO/2 + 1.

UNFILTERED ARRAY INPOT.

FILTERED ARRAY OOUTPUT. ¢ r

POwW
BAP

NOTE THAT THE FIBST AND LAST (NFIL-1) /2 POINTS OQAQ?E:ARRAY WILL

EMERGE UNPILTERED. .
t:nnuru:tt:umﬂxtttttt****xttt**tt*tnt*tumuw*tttttt*tatttt*t LA T 2

FORMAT (1H?1, “#**xx RUMBEFR OF PILTER POINTS EXCEEDS 11 #%xxx1,
FEEXERERAREK AR KRR R SRR R KRR K XA & BEEERRE AR R RR KRR KRR R R kR

DIMENSION POW(N),BMP (N)
IP(NFIL.GT.11)GO TO 50 7

DO 10 N=1,N

BEP(M)=0.0

FIL=FLOAT (NFIL)

KA=(NPIL-1) /2

HA=KA+1

NB=N-KA

DO 30 I=NA,NB . : p
HC=T-KA . :
KD=I+KA . v

DO 20 J=NC,ND ‘

BMP(I)=BMP (I)+POW (J) L
BME(I)=RMP(I)/FIL

NK=N+1 ‘

DO 40 I=1,KA )

BMP(I)=POW (I)

BMP(NK-I)=POW(NK-TI)

RETORN '

WRITE (6,400)

RETURN

END o ~
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Table B.5. Subroutine DANY, as described in Chapter u,

‘nnnnnnnnnnnnn

nn

450

10

20
30

ag

50

s

SUBROOTINE DANY(NPIL,N,PR,PO,QE)
“*t*.tt#t#tl*ttt‘#*tt*ttttttltt##t*'#t#t#ttt#‘t#tttttl###ttttltt#

MODIFIED CANIELL FILTER FOR RESOLVING THE PEAK FREQUENCIES USING
THE POWER AS A WEIGHTING FACTOR. o

NFIL = NUMBER OF FILTER POINTS: 3, 5, 7, 9 OR 11,
N = NZFRO/2 + 1. .

PR = ARRAY TO BE FILTEPED.
PO = ARRAY USED AS WEIGHTS. .
QE '= FILTERED ARRAY OUTPUT. ‘

NOTE THAT THE FIRST AND LAST (NFIL-1) /2 POINTS OF THE ARRAY WILL
EMERGFE UNFILTERED. :
tt*tt***tttt#‘t*Qt*tttt**t*ttt#*tt*#*#t*#t#*#tt##*tttt#*t**t#tt*#t

FORMAT (1H1, * *x®x*x NyMBER CF FILTER POINTS EX&EEDS 11 *xxxxv) b
ttttttttttt#t*tttttttt;tttt*t*t*t#*ttttta*ttttt‘tt*ttt*tttt*t*ttta

v

DIMENSION FR(N),PO(N),CE(N) v
IF(NFIL.GT.11)G60 TO 50

DO 10 M=1,N : &
QE (8) =0.9 ' '

FIL=FLOAT (NFIL)

KA=(NPIL-1) /2

NA=KA+1

NB=N-KA

DO 30 I=Na,NB -

NC=T -KA ; -
ND=I+KA : o
POW=0.0

DO 20 J=NC,ND

QElI)=OH(I)*FR(J)*PO(J) : -
POW=POW+ PO (J)

QE(I)=QE(I)/POW

NK=N+1

DO 40 I=1,Ka

QE (I)=FR (1) ]

QE (NK-I) =FR (NK-T)

. RETORN ' .

WRITE(6,450)
RETURN
END
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ki

Table B.6. Subroutine TAPER, as described in Chapter 4.

-t -

v

SOBROUTINE TAPER (N,X,LC) .
bbb b A T T T T L R T T L T T T T Y o
N = TOTAL. SIZE OF ARRAY X.

X = DATA ARRAY.
LC = NUMBER OF FILTER POINTS IN HAL® THE FILTER, "MAXIMOM 100.
R b L T T Y

DIMENSION X (N),T(100) ,
PI=3.141592654 i
CH=FLQAT (LC- 1}

DO 10 1=1,LC ) :

& 10 T(I)=(cos(PI*FLOAT(I-LC)/CMLM.0)/2.0

anNnoooon

T = 0.0 , T(IC) = 1.0 .

T T T

[sNeNe}

Do 20 1=1,LCc 7~
K=N-X+1
X(I)=X(I)*T(I)
20 X(FK)=X(K)*T(I)
RETORN -
END ) .

htanes TR SN 2
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Table B.7. Subroutine POLAR, as described in Chap*er .

i

+

nooOoOo0n

60

SOBROUTINE POLAR(L,RE,XIf1,AMP,PHZ)
P R Pt R R e P P I T P ISP s

OBTAINS THE PHASF AND THE POWER (AMPLITUDE SQUARED).
EXEESERAERR R ERRREANE AR AN RAXRRRRRE AR R A REE R AR BR R AR AR KRR E R R R R R RAN R K

DINFNSION RE(L),XIH(L),AHF(L),PHZ(L)
PI=3.141592654

ANG=180./PI

DO 120 1=1,L

ABMP(I)=2. Ot(RE(I)*RE(I)*XIH(I)*XIH(I))
IP(XIM(I)) 10,20,30

IP(RE(I)) uoO, SO 60 . : )
IFP(PE(I)) 70,80,60

IP(RE(I)) 100,90,60

PHZ (I)=ATAN (XIM(I)/PE(I)) -PI

GO TO 110

PHZ (1) =-90.0

GO To 120

PHZ (I)=ATAN (XIM (1)/95(1))

. 6O TO 110 : : .

70
80
90
190

11
120

'

PHZ (I)=-180.0

GO TO 120

PHZ (I) =0.0

GO TO 120 |
PHZ (I) =90.0 i ~

GO TO 120 . /
PHZ (I) =ATAN (XIM (1) /RF(I)) +PI
PHZ (I) =PHZ (I) *ANG

CONTINUE

RETURN

END

.2
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Table B.8. Subroutine NLOGN, as described in Chapter 4,

aoO0n0nan

10

20

30
a0

50

60
70

80

SOBROUTINE NLOGN{(N,LX x%cn)

"“““.“"“#“'""ﬂ““’*““'*‘“"“““*“***““‘*‘ﬁ*“'.
THE RETURN OOTPUT IN APRAY X IS THE FOURIFR TRANSFORM OF THE DATA.
M IS DIMENSIONED TO HAVE AS MANY VALUES AS THE LARGEST VALUE OF N.

(PROM ROBINSON, 1967) - )
ttt:ttt:t%tttttt:ttt:*tttnttt:ttttt#tttttt*ttt‘atmtttatttttttttttt

DIMENSION M (12)

COMPLEX X(LX),WK,HOLD,C,CHPLX , B
po 10 I=1,N .
M (1) =2%% (N-1) .
PLX=FLOAT (LX)

PIX=SIGN*2,.*3,14159265u/FLX

DO 40 L=1,N

NBL=2%**(L-1) — : . \
LBL=LX/NBL . . .
LBH=LBL/2 ’

K=0 ~
DO 40 IBL=1,NBL

PK=K

V=PI X*FK

WK=CHMELX (COS(V),SIN(VY) .
IST=LBL* (IBL-1)

po 20 I=1,LBH

J=IST+1I

JH=J+LBH

Q=X (JH) *WK

X(JH) =X(J)-Q

X(J)=X¢

po 30 1=2,N ¢ ,
II=1 K
IFP(K.LT.¥(X))GO TO a0

K=K-M(I)n

K=K+M (I1) -

K=0

po 70 J=1,1X

IP(K.LT.J)GO TO 50

HOLD=X (J) : .

X(J)=X(Kf1) - .

X (K+ 1) =HOLD : ,
po 60 I=1,N

I1=1

IF(K.LT.H(I))GO TO 70

K=K-# (1)

K=K+#M (1I) .

IP(SIGN.GT.0.0) RETURN

po 80 I=1,LX

X(1)y=X(I)/FLX

RETORN .
ENRD ' v

e

) "‘
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Table B.9. Subrou*ine BURGHMFE, as described in Chapter 5.

-

noOONNoANAcCANAdANNA

SOBROUTINE BORGME(N,DT,DATA,NZP,MEMN, NENX)

‘t‘*““"*#“‘#"““#“‘**t‘t*““"#*"l#'“#t"‘ﬂ#‘*"#“l#t*‘

USING THT MAXIMUM ENTROPY METHOD, WE NOW CALCULATE A DIFFERENT SET
OF SPECTRAL ESTIMATES.

THE AKAIKE PINAL PREDICTION ERROR IS USFD TO DETERMINE THE OPTIMUM
NOMBER OF PILTER COEFPFICIENTS. IF THE NOMBER OF COEPFICIENTS
IS SPECIFIED, THE AKAIKE PPF IS BYPASSED, AND FPE(M) AND
RFPE(M) ARE SET AS ZFRO.

N = NOUMBER OF DATA POINTS.

DT = TIME INTERVAL CHOSEN AS BEFORE.

DATA = NORMALIZED DATA.

NZP = NUMBFER OF FRIQUENCY AND POWFR VALUES CALCULATED.

MEMN = NUMBTR OF FILTER COEFFICIENTS IF NOT CHOSEN AUTOMATICALLY
BY AKAIKE'S FPE, MAXIMUM (N-2).

MEMX = EXPANSION PACTOR FOR LOWFR END OF FREQUENCY SPECTRUH.

A LABELLED COMMON BLOCK WILL D THE RFSOLTS POR PLOTTING.
bR e R AL R R R LR L LR R R R L B R L b B g R g g

145 PORMAT (1H1, 'THE NUMBER OF ‘FILTER COEFFICIENTS CALCULATED IS',15,

* THE EXPANSION FACTCR IS',IS,'. DT = *,F5.3)

146 FORMAT (1H1,*THE NUMBER OF FILTER COEFPICIENTS WILL BE CHOSEN AOTON
*ATICALLY. THE FXPANSION FACTOR IS',IS,'. DT = 4, F5.3)

147 FORMAT (1H-, *THE PROCESS OF CONVERGENCE TO SINIMUM PPE NOW FOLLOWS?'
t, .

148 PORMAT (1HO,uX,*H FPE (4) P(*)7, /)

149 PORMAT(1H ,I5, 2915.5;

150 FORMAT(1H1,*FOR M = *,IS,' WE HAVE FPE(M) =" ¢,E15.5,' AND P(M) = °

*,E15.5,/, "THE PILTER COEPFICIENTS ARE ')
151 FORHAT(1H ,6F10.5)
152 PORMAT(1H1,'FPE(0) = *',E15.5,' FPE(M) = *,E15.5,' RELATIVE VALOUE (
*RFPE(M)) = *,E15.5,/)
153 FQPMAT (1HO, 12X, 'FREQUENCY*, 11X, ' PONER', /)

154 FORMAT(1H ,F20.5,E20.5)
tt*ttttt#‘#tt"#tttt*ttt##tttt*tt*t*tt***t**tt##*t*ttt#t*tt##*lttt

DIMENSION DATA (N),YA (3096),YB(4096),AA(4096) ,AB(4096) ,CA(4096)
COMNON /MEMOOT/ FREQ(4C97),P (8097)

INITIALIZE THE PPROCESS.

BT=25
RCA=FLOAT (N)
15=0- .
SoN=0.0 i
DO 15 1=1,N B
15 SOM=SUM+DATA (I) *DATA (I)
PM=SUN/RCA
FFEO=PM*FLOAT (N+1) /FLOAT (N-1)
NM1=N-1
YA (1)=DATA (1)
YB (NM1) =DATA (1)
pO 20 1=2,NM1
YA(X)=DATA (1)
20 YB(I~1)=DATA (I) . : .
' J@ : .



(o

nftoan

ANAaNO

[sNsXe!

25

30

35

q0
45

50

S5

57

60
61

62

71

/.
;‘ _ S | 120

. o

"WF WISH TO PIND THE MINIMON VALUE OF THE AKAiKE PP® AND THE

COEPFICIENTS ASSOCIATED WITH THIS MINIMOM, UNLESS THE NUMBER ([
OP PILTER COEFFICIENTS HAS BEFN SPECIFIED. A\

IP(MENN.BQ.0)GO TO 25

WRITE (6, 145) MEMN, MEMX,DT

GO TO 30

WPITE (6,146) NENX,DT

WRITE(6,147)

WRITE (6,148)

po 75 H=1,N

BA=M-1

#B=N-M - . .

IF(M.EQ.1)GO TO 85

DO 35 I=1,HMA

AB(I)=AA(X)

DO 40 I=1,MB

YA(I)=YA(I)-AB(M-1) *YB(I)

YB(I)=YB (I+1)-AB (M- 1)*YA(I+1)

pomM=0.0

DEN=0.0

po 50 I=1,MB

DOM=DOM+YA(I)*YB (I)

DEN=DEN+YA (I)*YA (I) +YB(I)*Y8(I)

AA(M)=2.0*DOM/DEN

PM=PM* (1.0-AA(M) *AA (M))

IF(M.EQ.1)GO TO 70

pO 55 I=1,MA

AA(I)-AB(I)-AA(H)*AB(H 1)

1P (MEMN-M)57,61,75 ’

THE RESIDUAL SUM OF SQUAR®S 1S NOW CALCUEATED IP THF AKAIKRE PPE IS
TO BE¥ DETERMINED BEY THE SUBROUTINE.

XFPE=SM*FLOAT (N+M+1) /JFLOAT (N-K-1)

CALL snSQR(DATA,N,AA,ﬁEsn)
0

IF(XFPE.LT.PPENM) GO TO
IS=1S+1
GO TO 73

STORE THE LATEST SET OF VALOUES.

FPEM=XFPE

PN=PH

MM=N

DO 62 1=1,M
CA(I)=AA(I)
IF(M.EQ.NENN)GO TO 80
I15=0

G0 Ta 73

CALCOLATE THE INITIAL VALODES.

IP(MEMNN.GT.0)GO TO 71
CALL SMSQR(DATA,N,AA,N,SH)

RPPEN= SH*FLOAT(N*Z)/PLOAT(N 2) C

By=1 ’ s
PN=PH
CA(1)=AA ()



—~—

n()ﬁﬂﬂﬂ.

121

IF(MESN.EQ.M)GO TO 80
IP (MENN.GT.0)GO TO 75
XFPE=FPEN .
73 WRITE(6, 149) M, XFPE, PN -
IP(IS.GT.NT)GO TO 80 , C
75 CONTINOE

NOW WE CALCULATE THE PREQUENCY AND POWER VALUES.
A HINIMOM VALOE OP .000011 IS ASSIGNED TO THE POWER (AFTEP
PRINTING) IN ORDER TO SIMPLIFY THE CHOICE OF PLOTTING

PARANETERS. . | .
80 IF (MEMN.GT.O)®PEM=0.0 , ) \\

WRITE (6, 150) KM, FPEM, PN _ /

HRITE(6,151)(CA(I),I=1,HH) . J

T2PI=DT*6.283185307 \

BX=.000011 i

RNZ=2.0*DT*FLOAT (N) * FLQAT (ME4X)

PT=PN*DT W@

NZP=N+1 -

RFPE=PPFM/FPEO : L

WPITE(6,152) PPEO, FPEM, RFPE

WPITE(6,153)

DO 90 I=1,NZP

PREQ (I) =FLOAT (I-1) /RNZ

ARG=T2PI*FREQI) -

SREAL=1.0

SIMAG=0.0 A

DO 85 J=1,MH

SREAL=SREAL-CA (J) *COS (ARG*FLOAT (J) )
85 SINAG=SIMAG+CA (J) *SIN(ARG*FLOAT (J))

P(I) =PT/ (SREAL*SREAL+SIMAG*SIMAG) k-

WRITE(6,154) FREQ (1), P (I) : \

IF(P(I).LT.BX)P (I)=BX : }
90 CONTINUE

RETURN

- END

-
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Table B.10. Subrd\.;ne ;ESQR, as described in Chapter S.

[sNeNeN s NeNeNeNs N Ne]

7

SUBROUTTINE SMSQR(X,N,A,HM,SHN) \

EEXEEEEA XXX R SNRE RS SRS R AR R RR AR AR AR AR AR PR BN E NS R E R AR AR SRS B EE RS ®

THIS PROGRAM CALCULATES A RESIDUAL SOM OF SQUARES NEEDED TO
COMPUTE THF ARKAIKE FEE.

DATA ARRAY.

NOMBER OF DATA VALUES.

_COEFFICIENT ARRAY.

NOMBER OF COEPFICIENT VALUES.

= RESIDUAL SUM QF SCUARES. .
BREEERRKEEREERRRERRR AR B AR R AR E AR R R AR R RS SRR AR SR ER AR AR A RN R &
[

20 B ]
s 3
oo ou

DIMERSION X (N),A (M
SUM=0.0 ,
po 30 I=1,N . ‘ - A
SUN=0.0 . -
pa* 10 J=1,H 5
IP(J.GE.I)GO TO 20

10 SUN=SUN+A (J) *X (I-J)

20 CONTINUE

30 SOM=SOUM+ (X(I)-SUN)**2
SH=SUN/FLOAT (N)
_RETURN
END

,.’\\ .
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Table B.11. Subroutine PLTDAT, as described in Chapter 6.

annonononoconanNNNNONONON0NOONOO0ON

600
601
602
603

10

SOBROUTINE PLTDAT (DATA,N)
###"tt#'ttt##*#‘.t#ﬁtttt#tttttt#Ot‘#'#‘t#‘ttt!t#‘#t#l#t#t#t‘#t#t‘
THE RAW DATA IS STORED IN ARRAY DATA.
ARRAY YRS IS CALCOULATED AND CONTAINS VALUFS FOR THE ABSCISSA AXIS.
ALPHA CONTAINS THE TITLE AND AXIS LABELS.
2 PLOTTING PACILITY NOT AVAILABLE.
PARAMETERS INPUT IN THIS SUBPROGRAM (FROM THE FILE ASSIGNED TO
UNIT 7):
YR1 = FIRST YEAE 7O BE.FLOTTFD (WITH DECIMAL PERIOD IF FIRST
NONTH IS NOT JANUARY). '
YRIN = INCREMENT OF TIME FOR FACH DATA POINT.
NF = AS IN CSLIB (CCMPUTING SCIENCE LIBRARY WRIT¥-OP FOR CGPL).
KA AND KB AS IN,CSLIB EXCEPT FOR KA=KB=1, WHERE -1 ROTATES THE
NUMBERS 90 DPGREES W.R.T. THE AXIS, FOFR ARITHMETIC AXIS ONLY.
KC AS IN CSLIR FOR KC = 3 TO € (ALSO SEE COMMENTS IN OTHER
PLOTTING SUBROUTINES). .
FOR KC = 1 OR 2 SYMBOL HFIGHT DETEPMINED BY HT,
FOR KC = 7 SYMBOLS OF HEIGHT HT ARE PLOTTED WITH NO LINE,
ACCORDING TO SYD AND SYS.
POR KC = 8 SYMBOLS OP HEIGHT HT ARE PLOTTED AND JOINED BY
STRAIGHT LINE SEGMENTS ACCORDING TO SYD AND SYS.
HA,HB,BC AS IN CSLIB.
VA,VB,VC AS IN CSLIB.
HT HEIGHT OF PLOTTED SYMBOLS IN DECIMAL INCH®S
(DUMMY VARIABLFE USED WHEN KC = 3 TO 6).
SYD DELAY (IN DECIMAL INCHES) BEFORE FIPST SYMBOL IS PLOTTED
ON THF LINE. . :
SYS SEPARATION (IN DECIMAL INCHFS) BETWEEN SYMBOLS PLOTTED
ON THE LINGE. |
JOTE: SYD AND SYS MAY BE DUMMY VARIABLES WHEN KC = * TO 6.
t‘**#t##‘t‘**t#*tt#t##t#t‘#ttlt*#‘t*#‘*ttt#ttt’#t“*t “EREERREEEEX
FORMAT (F9.4,F6.4} .
FORMAT (2044)
FORMAT (4I5,6710.3)

PORMAT (3F10.3) .
“*#“*‘##‘#**‘**‘**t###ttt#ttt#"#**‘*"‘*tt‘*‘“#1"'#**!**#*‘#‘

DINPNSION DATA (N) ,YRS (4096),ALPHA(20)
READ (7,600) YR1,YRIN

po 10 1=1,N

YRS(X) =YR1+ (I-1) *YRIN -

READ (7,601) (ALPHA (I) ,I=1,20) .
READ(7,602) NF, KA, KB, KC, HA,HB HC, VA, VB, VC

* ~—gEaD(7,603)HT,SYD,SYS

CALL THE PLOTTING SUBROUTINE.

CALL PLTG (YRS, DATA,DATA,N NP,KA ,KB,KC,KC,HA,HB,HC, VA VB,VC,ALPHEA,®6
*,HT,SYD,SYS, 1)
RETURN

END

123
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Table B.12. Subroutine PLTFPT, as described in Chapter; 6.

4

NeNeNsg] nononnon

nnNno

610
611
612
613

10

20

30

40

SUBROUTINE PLTFFT (N, M)

“*“‘ﬁ#“ﬁ‘#t‘#‘!‘ﬁt‘t*###*tlt‘####*"‘t#t#l‘##t#t#l!t#"#‘#t‘#‘#

THE PARAMETERS TO BF READ IN THIS susaouwxnv (PROM UNIT 7) ARE THE
SAME AS IN PLTDAT.

IF NO PLOT IS WANTED AT THIS TIME BUT THT INFORMATION IS TO BE
STORED, SET KC NEGATIVE AND ASSIGN A FILE TO UNIT 1.

l#t*##t'#t#l’7‘*#“#'#“i‘##l’t####t}#"‘l“t#*t##‘#t#l#*ﬂ‘*‘#ttt#

PORMAT (20 A4) o~

FORMAT (4I5,6% i0.3) :

PORMAT (3F10. 3)

FORMAT (8F10.5) _
#'*#*#tf“’#*##t#‘*t#’#tt##*t##ttt‘##.t‘*'#it‘#lt‘tt‘##"#t*#‘t‘*#

DIMENSION ALPHA (20)
COMMON /OUTPLT/ FREQ(2050), POW (2050) ,SOW (2050)
IF(N.EQ.2)GO TO 20

FLOT THE. UNSMOOTHED POWER SPFCTRUM.

READ (7,610) (ALPHA (I) ,I=1, 20)

READ (7,611) NP, KA, KB, KC, HA,EB, He, v} VB, VC

READ(7,612) HT,SYD,SYS

IF(KC.GT.0)GO TO 10

WRITE(1,613) (FREQ(I),POW(I),I=1,N)

60 TO 20 ,

CALL FLTG(FREQ,ROW,POW,N,NF,KA,KE,KC,KC,HA,HB,HC, VA, VB, VC, ALPHA, 6,
*HT,SYD,SYS, 1)

IF(8.EQ.1)GO TO 40

PLOT THE SMOOTHED POWER SPFCTRUN.

READ(7,610) (ALPHA (I),I=1,20)
READ(7,611)NF, KA,KB,KC,HA,HB,HC, VA, VB, VC

READ(7,612) HT,SYD,SYS .
IF(KC.GT.0)GO TO 30 :

WRITE (1,613) (FREQ(I),SOW(I),I=1,N)

RETOURN

CALL PLTG(FREQ, sou,sou N, NF,KA,KB,KC,KC,HA, HB,HC,VA, VB, VC, ALPHA, 6,
*HT,SYD,SYS; 1)

RETURN

END

124
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Table B.13. Subroutine PLTHSH, as described in Chapter 6.
' /

noaonNnoaon

620
621
622
623

20

SUBROUTINE PLTHEH($¥\}*

MR ok ok R R ok ko AR AR AR R KRR R KRR R AR AR R R R R SRR K

THE PARAMETERS TO BE READ IN THIS SUBROUTINE (FROM UNIT 7) ARE THE
SAME AS IN PLTDAT. »

IF NO PLOT IS WANTED AT THIS TIMF RBRUT THE INFORMATION IS TO BE
STORED, SET KC NEGATIVE AND ASSIGN A FILE TO UNIT 2.

###t#tt#t‘#tt#**tﬁ##t*‘t##*#t#**##tt#t*tt#‘t*##t*tt*tt#tt*!*tt#**t

FORMAT (20A4) ) '

PORMAT (8I5,6E10,.3) g

FORMAT (3F10. §5”

PORMAT (8F10.5) .
‘.*#tt*#t##*##‘*t*#**#‘###t‘##t#ttt*#*‘**‘#*?ﬂ#t##**tt#t###*#ttt#*

DIMENSION ALPHA (20) -

COMMON /MEMOUT/ FREQ (2097),P (4097)

READ(7,620) (ALPHA (I) ,I=1,20)
READ(7,621)NF, KA, KB, KC,HA,HB,HC,VA, VB, VC -
READ(7,622) HT,SYD,SYS » :
IP(KC.LE.0)GO TO 20

CALL PLTG (FREQ,P,P,N,NF,KA,KB,KC,KC,HA,HB,HC, VA, VB,VC, ALPHA, 6,HT, S

*1D,SYS,,1)

RETORN

WRITE(2,623) (FREQ(I),P (I} ,I=1,N)
RETURN

END
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Table B.14, Notch filter program, as described in Chapter 6,

a0

nnnnnnnnonnnnonnnnnnnnnnn

700
701
702
703
704

-705

706
707
708
709

"NOTCH FILTER
t**t***t*#**Qt##ttt*t**#*tt*#lttt#*t**#**t##t#*#'t##tt**#t#ttttt#*

THIS PPOGRAM PERFORMS A FILTERING PROCFSS ON THF DATA USING A
NOTCH FILTER TO REMOVE A PARTICULAP FREQUENCY.

IF REQUIRED, THE PROGRAM WILL CALCULATE THE FREQUENCY RESPONSE
FONCTION; IT CAN ALSO PLOT THIS PUNCTION.

ZA = THE NFIGHBOUPRHOOD OF THF UYIT CIRCLE DESIRFD.

M = NOUMBER OF TIMES THAT THE FILTER IS APPLIED; ONE APPLICATION
INVOLVES A FOWARD AND A REVERSE PASS OVER THE DATA.

ZB = THE ANGLE ON THE UNIT CIRCLE OF THE UNWANTED FPEQUFNCY IN

RADIANS.

0, NO CALCULATION OF THE PREQUFNCY RESPONSE FUNCTION.

NUMBER OF FREQUENCY VALUES REQUIRED IN THF PREQUENCY

RESPONSE FONCTION.

(POSITIVE) RESULTS ARE PRINTED AND PLOTTED.
(NEGATIVE): RFSULTS APE PRINTFD ONLY.

THE REMAINING INPOT DATA IS THE SAME AS FOR THF MAIN PROGRAM OF
ANALYSIS.

THE PARAMETERS TO BE PFAD FOR PLOTTING (PROM UNIT 7) ARE THE SAME
A5 DESCRIBFD IN THE MAIN ANALYSIS PROGFAM.

NFR

"won

THIS PPOGRAM CAN BE RUN IMMEDIATELY BFFORE THE ANALYSIS PRCGRAM IF
UNIT 8 IS ASSIGNED TO THE FILE FROM WFICH THE ANALYSIS
PROGRAM WILL OBTAIN ITS INFORMATION.

#t****t****t***tt**t#*tt*ttt*t###t***t**t*ttt*#*tt*tt#t*‘**ttt*#*t

FORMAT (F7.5,1I3,710.7,1%) .

FORMAT (1315, %5.1, F5S. 3)

FORMAT (1H1, '"THE COEFFICIENTS FOP THE NOTCH FILTFP ARE:',3F10.7)

FORMAT (1H-, 12X, * FREQUENCY', 11X, ' RESPONSE", /)

PORMAT (1H ,10X, £10.5,10%,F10.6)

FOPHAT(ZOAU)

FORMAT (4I5,6F10.3)

FORMAT(3F10. 1),

FORMAT (15A4) ..

FORMAT (1H-, 'POR THF FREQUENCY = *,F10.5,', THE MODULUS OF THE FILT

*ER IS *',F12.5,' FOR FACH CF THF',I3,' CASCADE(S)."'

*l#*t#*ﬁ****‘t*tl***#*t*******tt*.***##t*#*#t*#*1***#*********#***

,DIMENSION X(41Q6),Y(4196),F(u097),V(u097),ﬁLPHA(20),FOR1(15),FOP2(
*15)

COMPLEX YA,YR,YC,CMPLX,CABS

RFAD (S, 700€) ZA, M, 2B, NFR

A=1.0/(2K#*2) oo k
B=2.0*COS (ZB) ‘ .

C=B/ZA . .
READ(S,701)II,N,JA,JdB,dC,ID,JE,JF,dG,JH,31,dT,JK, AR, DT
WRITE(6,702) A,B,C ‘
PI2T=2.0%3.1415327#DT

IF (NFR.EQ.0)GO TO 10

NUX=IABS (NFR)

MON=NUM+1

DEN=PLOAT (2% NUM)

WRITE(6,703)

PO 5 I=1,MON

P (1) =FLOAT (I-1) /DEN

v
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2ZC=PI2T*F (1)
ZD=2.0%*2C

YA=CMPLX (COS (2C) ,SIN (ZC))
YB=CMPLX (COS (2ZD) ,SIN(ZD)}-

YC=(A* (1.0-B*YA+YB)} /(1.0-C*YA+A*YB)
V (I) =CABS (YC)

WRITE(6,704)F(I),V(I)

CONTINUE

IF (NPR.LE.0)GO TO 10

READ (7,705) (ALPHA (I) ,I=1,20)
READ(7,706) NF,KA,KB,KC,HA, HB HC,VA,VB,VC
READ (7,707} HT,SYD,SYS

CALL PLTG(F,V,V,MUN, NP, KA, ?B KC,KC,HA,HB,HC,VA,VB,VC,ALPHA,6,HT,SY
*D,SYS,1)

TF(II1.EQ.0)GO TO 15

READ (5, 708) FOR1

READ (5,708) FOR2

II=II+100 _

NO=N+100 o

IF(IX.EQ.100)GO TO 20

READ (5,FOR1) (X(L),L=101,1I1)

IN=TT+1

READ (5, FOR2) (X (L} ,L=1IN,NO)

=N+101

N4=N+196

N6=N+198

N7=N+199

N8=N+200

N9=N+201

DO 25 I=1,100

X(1)=0.0 ¢

Y(I)=0.0 '

DO 30 I=N1,N8

X(I)=0.0

Y(I)=0.0

DO 60 L=1,M

DO 40 I=3,N6 ,
1(1);Ax4x+fr-a*xi1—1)jX(I~2)-Y(I-2))+C*Y(I—1;

DO 50 I=1,N4 '

X(N7-I)= A‘(Y(N7 I)-B*Y (N8-I)+Y (N9-I)-X (N9~ I))fC*X(NB I)
CONTINUE

1I=0

WRITE(8,701) II,N,JA,JB,JC,JD,JE,JF,JG,JH,JdI,J3,JK,AA,DT
WRITE(8,708) POR2

WRITE(8, POR2) (X(I),I=101, NO) _
FREQ=ZB/PI2T .
ZD=2.0%*2B ' ) . &
YA=CMPLX (COS (ZB) ,SIN (ZB))

YB=CMPLX (COS(2D) ,SIN(2D))

YC=(A*(1.0-B*YA+¥B))/(1.0-C*YA+A*YB)

"YC=YC*YC

AMP=CABS (XC) - *4:
WRITE (6,709) FREQ,ANP, N -

STOP ‘

END

Y]
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