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ABSTACT ) _
f
Considerable interest is belng shown in the adoption of sophisticated

techniques in the design and operation of water resources systems in
the light<of increasing energy 4eareness and costs. The need for improved

seasonal water yield models is accentuated,by the %oﬁétary implications

/

associated with' their development. ' [ .
Several studies indicate that the qegression ofiﬁrinc1pal

compouents may possibly generate fore&;it models sup rior to the models

derived by the traditional regréss%on \E;ysis. This\study has investigated

. \ R
the effectiveness of principdl-component regression’ﬁn the forecasting
- . ' - 'j; N
-0f spring season water yield. This was achieved through the collation
of regression and principal-component regressioﬂ models for a

multi-reservoir hydroelectric system in the Saguenay—Lac\Bt Jean region
O

3

of Quebec.

A general model building scheme was adopted to aid in model
. . .

dévelopment. In addition, a detailed residual analysis (randomﬁess,
distribution), the adoption of split—sampling technique whefe possible,
the analysis of the rationality of regression coefficients, and !

the analysis of the indicators of the relative importance of the - '

independent/predictor variables were performed to aid in the model

-

‘verification step of model development. Inclusion of the above analyses
. 4

alded in the detection of inadequate forecast models.
Résults of the study indicated that principal-component re%Fession
was indeed superior to the traditional regressidn analysis in the

[ ]

development of spring season water yield models.

=1v-
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Chapter 1-
.- . INTRODUCTION
1.1 ~ MOTIVATION -
éAmOIOChO and Hart(2) purport that two diétinct-groups of
in§°stiqators exist 1in the modeé of approach to'-thebbasic
bydrologic problem of- establlshing the ralationships batwaan
prec1p1tatlon and runoff, as shown in Figure 1 ;he first ;Z-
vision of rasaarch concerning the hydrologic.cYcle is termed
vphysical hydrolpgy'. "Its primary mbtivation is "the study
" of tha physical phenomena { where] the eventual practical ap-
plication of ﬁhié kﬁgwledge for eﬁgineerinq and’ other xpuc-
posas is recognized but qot:explici{ly sought.ﬁ' Tha sacond
pafh of investig;bioq is ternéd ‘éystems inv;stigatidn'.
Its prima caussa/;s the "investigation of hydrologic systeas
for the explicit purbose of nstablishing quantitative rola-
tionships batwEeh.) precipitation and runoff,. which cangbe
used for reconstiruction or prediction of flood seqdencas and
" watershed yields;"
Amorocholand Hart (2) dalineate the reﬁearchers of the
'systan infestigatiopsf path as consisting of ¢two principal
categories called 'parametric hy&rology' and 'stochastic hy-

drology’'. They define parametric hydrology as beiqg'tha

"developnent of relationships amdhé physical parameters in=-

AR | -

s
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- STUDY OF THE HYDROLOGIC CYCLE

| — |
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INVESTIGATIONS
( PHYSICAL HYDROLOGY)

(PARAMETRIC AND

‘ STOCHASTIC HYDROLOGIES)
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AND THEIR RELATIONSHIPS

DETERMINATION OF INPUT -
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e

-
-
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I g B i o S o S it o

R

METEOROLOGY- AND P "ORRELATION ANALYSIS
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_ BIOSYSTEMS e e e e
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Figure 1 Summary of hydrologic analysis methdds(z)..'
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~volved in. hydrologic events and the use of these relation-

’ -

ships to generata, or synthesize, non~recorded hydrol§gic
sequanc:s.“. One'qf“thé p;ineipal methods of parametric hy-
drology is correlation analysis; which'representsAone of the
basic approaches ia;foreéastipg wvatershed yield (3).
| Considerahls interest is being shown‘}n the adoption of
sophisticatéd tgchuiques'fh/thé design. and operation ofluaf
ter resourcas syétems &h the light of_LnCr;asing anargy
awareness and Cos*s, The need for improvad seasonal water
vield models is accantuated'b& the monatary implications as-
sociated with their develdpment.‘ Various sources(52,64,74)

[

indicata realizables benefits which would result from evasn a

v

one Or two percant imP:ovemant }n the cost effectiieness‘of
current programs, Due to the increasing coﬁplexity and in=~
taraction of various water uses--ensargy ganeration; naviga-
tion; flood, irrigation, and pollution control--the deveiop-
ment of reliable and accuratea forecast models is
prerequisite fo£ optihum water resources management. The
desiry for accurate forecassts is easily damonstrated ip +he
prodyction of hyﬁ electric pover, whare Jpredictinq the
spring rund2f£f...i% very dimportant to the other 41 weeks of
oﬁeration"(eu).

. The river forecasting prohlem‘ in hydroiogy consists of
two basic types of forecasts(3). Tha first mathod 1is

short-term forecasting which astimates discharge from a day,

-to a waesk, to a month in the futufe(8,17).A Short-term fora-
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casts are commonly basad on the following variables: snow

cover, antscedent streamflow,’ and - observaed plus predicted

meteorological conditions, Several models‘bf'the SnOW acca=

mulation and wmelting proéess attempt to wma*thematically

i

represent each of the ‘Components of the above pro=-

- . . [
cess(3,17,37,%7) . Figure 2 shows a typical flow-chart of

such a model.

Anderscn (3) indicates'that the second basic tybe of forao-
cast is the ssasonal wa*ter yield. Statistical correlétion-
gultipla regréss%on models represent t+he predominant method

for +the forecasting of seasonal water yield. = This mathod

relates th2 mnpeasured snow covar, past preclipitaticn, and -

L]

other hydrometporological variables with the seasonal water

vield..

snyder(es) points cut one of the basic assuaptions of
statistical correlation models or wmultiple regression. He
states that <the sdy-called independant variableé should not

‘ .
be correlated with each other, while noting that in hydrol>-

gic analyses the independent variables may not b2 uncorre-

lated, Koelzer and Ford (45) indicate that high corrslatigh

betwaen indepaendent variables may result ip an apparent lack

of model consistency.: Sharp at al(€2) also compant on the

arroneous results which may be obtaired when the independent
variables are higﬁly multicellinear, - Th= ?xistencs of mul-
ticollinear indapendent variable in hydrelegy led Snydsr (65)

"to review the multivariatas technique of principal component
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énalysis; ~This technique d2als ?ith the detérmination.of
all the truly independent componenté of variation in an ar-
" ray of variables. snyder {65) states that component analysis
has “"excellent pessibilities...in hydrologic studies."

The prime sbjective of this study is to investigate the

possibilities of principal-components regression for the

forecasting of spring season water yield, 3 collation of

tentative ragrassisn and principal-components regression mo=

\ .
dels for & multi-reservoir hydroelsctric systam in thse Sa-

quenay-Lac St=-Jean region of Queb2c will be viewed.

1.2  LITERATURE REVIEW
1.2.1 Rearession as a Egngggﬁi_:iné‘ Tool

Th2 technique of regression analyéis represents one\of
tte ea:ligst statistical mathods tc be applied in water ra-
sources. Fegression analysis is used as a complement to hy-
drologic theory *o estimate hydrologic parameters and hyiro-
logic models which «could be applied in places where little
informati&n is avaiiable. Regression models are basically
usad to forecast future events and %o establish some causal
relationship ;hong variablas(78). Snyder's synthetic hydro-

grapk technique (28) represents an early application of ra-

gression analysis, as doss the use. of regression analysiSIH

for the prediction of runoff volume +o aid in the oparation

of po%ér ntilities(11,24,64).

SN
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Early investidations 1into the forecasting of the volume

" of the sPrin§ freshet are evident, Finlayson (24) examines

several prominant factors concerning spring runoff in tha
northern part of the Sﬁ. Maurice watershed in +he province

of Quabac, hs‘aldost‘half of the annual runoff to tha Goulin

reservoir in the St. Maurice vwatershed is represented by the

sﬁrinq gfeshet, _ he indicates fhat snow cover measuremants
should form the basis of forecast modals, However, his stu-
dy reveals that n> "dafinite relationship" exists betwesa
,freshat volume and the watarshed's snow cover watar agquiva-

lence, This relationship is not inproved by the inclusion

of tha precipitation occurring betwesn the date of the snow’

pack and the beginning cf. the freshet. The volume of the
spring freshet does, hCWg;eI, stow a strpong rélatibnship
with the precipitatibn occurring during the €freshet pariod--
-a factor unknowp at tﬁe tima of Fhe forecast, H2 concludas
that tha water ccantent of tﬁe snovw pack does not havs a do-
miﬁant ihfluanca on the volume of the spring freshet, thus,
lessening tha possibility of accurate forecasts based’ on
snow sﬁrvays. ’

The'follouing yesar, at the meeting of the 1954 Eastern
Snow Conference,gﬁigyins(33) discusses the selection of in-
depandan* variables for ths prediction of spring runoff. ﬁﬂg
indicatas that precipitation and snow survey records consti'-

+ute *k2 bulk of accurate informaticn collected. Other pha-

nomena such as wind, percant of possible sunskinm, <+=2pp3ra-

2

h st
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.ture, and ralative humidity affect the volume of'the runoff
'durinq snowmalt® but caﬁ ndt be satisfactorily estimated. Ha

cautions that:ggf‘averages of precipltation and snow surveys

ara-only indices whichrmay, on occasion, give biasedfrqsults

for a short period of time, The most-lmperceived factor in

pradicting §pring runoff 1s identifisd as being the "watar

loss": that is, th> amount of water required to saturata the

ground so that wa*tar will run off.

mhe realization that *the inclusiorn of significant predic-’

tor/ independent variables ‘aid in the generation of a more

accurata regrassion mod2l for the forecasting of the volums

of the freshet, marks th2 beginning of a search forrpther'

possibla variables.,  In addition to the snow survey and pra-
cipitation indices, Cavadias(11) attempts to introduce the
variables of qrounduafer, wind, and temperature. Wind, as a
variabla, proves t> be insignificant and is discardad. The
temperature ind2x during.the freshet is introduced via "eva-
potranspira+tion®, bhile the February runoff of an adjacent
river is implementad as an indirect measure of the groundwa-
ter conditicns. With the inclusion of both frashet tampara-
ture and precip%;ation,' significant results concerning the

) +

prediction of the freshet volume are insinuated. Snow sSur=
vey data or snow water equivalen* plus the precipitation

which occur between the date of thg snow survey and. the com-

4o,
mencemcnt of the freshat do not yield an accurate relaticn-

ship with the volﬁme_of the freshet (11) .

.
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cavadias(12) want on tb_analizc the problem of forecast=

ing the sprihg runsff in Quebac using a short-term approach.

Fhe introduqtion of seveTal iﬂdepgndent variables, the ana-
iysié of the distribﬁtional assumptions cdncerﬁinq tha inda-
pen£ vérfable;, and the sqbdivigkggi of éhe runaff‘peri::¥
into nine periods to increase the accuracy of the prediFtion
are tle main points brought forth in the pap;r. The inclu-
sion of the precipitation during the period under quesﬁian
and the runoff from the previous period, as indepsndant va-
riables, implies a short-term-rdther than seasonal model.
cavadias notes that the introduction of p;ecipitatiﬁn'as an
.indapandentvvarianlé necassitates thea forecasting of this
phenomena. ‘HOHever'it is also n»oted that +he attainable ac-
curacy of such forscasts - is not satisfactory. Tharafora, a
total éf\sgven mxplanatory varjables are introduced“'to tha
regression analysis. uThn firs- is the wvater equivaient of
+he snow cover for the 9325' km® {3600 ni’) drainage area of
tﬁe rese;voir. © This variable is based on measuremants mada
at only two_snow‘courses in the watershed. The second vari-
abla is the February runoff of the’ Batiscan EKiver. s in
" his prévtous pap;r (11), February runoff is used as an indax
of groundwater conditions in tﬁe watershed under study. Ru-
noff during the period prior to the predictéd period rapra-
sents the third indapéndeﬁt variable. mhe fourth variable

igs d2¢ined as the cumulativa degree ddys above 0°c (32°F)

during +he pariod under consideration. The precipitaticn
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foreéasteﬁ at the. Gouin tesérboir during +his period 1is
 identified as tﬁe,fifth variable, whila the sixth is teraed
"the wvater budget Narig%l?." It is defined as Fhe vater
qquivalanf of snow at Gouin on March 15, plus thé éracipita-
‘tion at éouin from March 1 to the beginning of the pariod
minus the run-off from March 16 to the beginning of the pear-
iod, The seventh and last variable is the cumulative dagras
days above 0°c (32°F) at Goﬁin. The value of deqfeé days is
coﬁﬁuted from'narbh- 1 to the begirning of the period to b=
forecasted, The regression models for the nine péeriods con-
fain from two to five of the above mentionad seven indspen-
Aent variableﬁ, dapending on tha period in question. Cava=-
diasf1é) comments that a scattergram of,spring‘runaff using
the regression modéls does'not "shdw any striking improva-
monts‘cver the résults achieved in the 1955 study [11]."
Cavadias cfm‘ﬁ‘ Brisebois(5) discuss a similar study/g}o:l-
- cerning fhe applization of hultiple regressicn analysis to
“he forecasting of the spring inflow of the Cabonga Resar-
volr on the‘Gatigeau River in Quebec., They list five gener-
al catégories of independent variables as being pertiment to
the for=casting of the spring runoff of the Cabonga'rasat;
voir, They are +the precipitation befor2 or during the
flood, the runoff before the flood, the_dagrae days, tha in-
fluence of the ground wateg conditions, and +he watar budg-
2t, The degr=e days, the influence of the groundwater con-

Ai*ions, and the water budgat are calculated by the sama
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method as describad by Cavadiés(11.12). Six regression mo =
dels foreéasting *he volumz of gix differenf periods of the
spfing runoff are presentsd, The depicted periods ars:
April;.nay; June; April and May; May and Juna; and April,
.nay;-and June, . |
fIn tke western United States, the soil Ccnservgtion Sar-
vice of the DPepartment of AQriculturé(GG) discuss their usae
- of regrassion analysié to bstain‘Apr}I through September ry-
neoff fér thg Columbia Piver at the TInternational Bounda}y,
The water content of thke snow pack, ?reéipitation, soil
moisture beneath the snow pack, soil te?perature, basa flow
. ‘ A
of individual rivers, wind‘spépd. and solar radiationm rapra-
sent the indespendant variableé in their study, The darived
regression model to forecast the April through Septembar ru-
noff is a “linear aaditive model consisting of the‘indapen-
dent variables: snbw vater index, the November 1 base flow
"index, and the average precipitation for 2pril. .,Ihe study
does’ not define tﬂe above mentioned independent variables.
Tt is assummed Epril precipitation is unknown at the tihe of
the April fo Septenber forecast, If tha proposed foracast
model is *o be operétional, the inclusion Afﬂfuture phanoma-
na as ind2pendent variables necessitafeg their accurate
predictien, lowever, the study dcas point out tﬁat "T5% to
85% of th2 streamflow [in the western states) is prodyced by
+he snou'ﬁhat accumulates in +the mountainous areas"(GﬁtP

This snow pack constitutes the main variable in t}ta datarmi-

v
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nation of the summer streamflow, unlike the east whera the
summar streamflow would b somewhat less dependent on tha
previous winter snow pack.

The great influencs of the‘ snow pack in the Columbia

Mountain system of western North America is also evidant in -

studies of seasonal snowmelt volumetric forecasting in Brit=-
1sh Columbia. Hunter (37) provides a general description of
the seasonal streanflow forecasting techniques of the Brit-
ish Columbia Water Fesources Service. Regression equations
are usad for the seasonal volumetric forecasts. -Huntar
classifies +the inda2pendent variables in regression modal
construct#n into thras main categories. The first éategory
includas the factors having influence on tha dépendant vari-
able, tha* is the spring and summar voluma flow érior to the
start of the snow accumulation period.‘ In *hkis category one
finds late summer and autumn precipitation‘as a soil mois-
ture indéx. The inclusion of Septembar through October pre-
cipitation improvés the regrassion model's raliability on
many river hasins in British Columbia. mhe second variable
of the firs* catagory is -tarmed +he "carry=-over groundwater

Etorage index," This index is w@most commduly taken as tha

. grevious spring and summer runoff, He found this variable

not to be *oo significant in improving the Pritish Colombia
forecast models. . The third and last variable of the first
category is base or late autumn flow for a specified data.

Novemhber 1 flow is usually selected as the late autumn £1low
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index,. Howevar, the inclussion of this third variable is

inaffactive}, The second main category of variables in ra=

gression model construction, as shown by qu?er(37{;'iﬁélude
hvdfometeorological‘yariablas obtained dufing and at the epd
of tha snow accumulation season., The first variabla of this
category is snow course water equivalents measured at-17Q
sites throughout British Ccolumbia. This is thought to be

more significant than the second variable, <hat is.the accu-

mulated winter precipitation for the .November to March per«= "’

iod. “he inclusion of both *he snbw course water aquiva-

lents and the winter .pracipitation into a single index

. ) _
improves thke derived nmodel cn some basins. The third and
€inal variable of the second main catagory is that of

groundwater conditicns., Varipus accumulated streamflow va-

~,
N

lues be*wien the late autumn and early spring are usad as
possible indicators of ground water conditions. This varia-
ble proves valuabla on mény bgsins in British Columbia whan
uséd in conjunction with snow pack and Rrgcipitation data.
The third main catzgory includes factors which occur sub-
sequent to +he forecast'date. ~ Hunter (37 realizeslthat the
variables in the third cateéory d¢ not occur prior to tha
forecast periods, but have an influence on the resulting ru-
noff, It should be noted +*hat the volumetric runoff fore-
casts are madz2 for the March-September, the April-September,
and the May~September periods. On low~leve] basins, these

periods may terminate in July. The variables in this cata-

A
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gory arelthe_ p;ecipitation vhick occurs during +he freshet
pnrlod. accunula+ted degree-day temperature, and evaporation
pan data,’ Forecast modalé, which include precipitation that
occurs during the forecast pariod as an indepandent varia-
.ble; ﬁssume that averagg%p:ecipitation occurs during tha ru-
noffvppriod. varicus ﬁfgcipitation "values may b3 lnsertad
in the model .te provide‘forecastind for planning purpdseé;
Keelzer and Ford (45) attesmpt to determine the influence

of various climatic factors on.snowmelt runoff using a Bu-

reau of Peclamation multiple-purpose reservoir system locat-

N
.

.ed in nor¢rern Colorado and southarn wYoming. _‘Anrloqous to
Aunter {37), Koelzer \and Ford group various hydrometeorologi-
cal variables| into ree broad gategorieé. The general ca=-
tegories were as follows: a) factors prior to the snowv accu-
mulaticn periocd; ' b) factors reflecting *he influence of
conditions duriag the snow-accumulafion péripd; and c) fac=
tors reflecting +the influence of conditions subsaquant to
the commancement of snowmelt r&hoff season, mhe snowmalt
runoff period is assumed to be april 1 through July 31. The
antecedent hydrometeorological factors prior to the snow ac-
cumulation periocd are the July through Septembér precipita-~
+ion and *he October through December streamflow, October 1
is assumed to bz the start-date of the ’snow accumulation
period. Tts factors consist of precipitatiorn, snow course

water content, and temperature, Various combinations of the

precipitation occuring .betwa=n Octobzr 1 and the forecast
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date, as well as_vqrious Snoﬁ cohfge watér'equivalents} ara:
used. . Tha foli5}ing measuras of ltemperature are alsé ané-‘
lyzedﬁ‘a) Septemﬁe;-Novemhér avefage temperature; . b) No&emf
ber-December temperature excess; c) Octobar-DecCambar temper-
atufa excesé; d) January-March temparature excess; a)

Novembar-ﬂaréh tempera}ure e@XCesSs; f). February averaga tamp-
eratur®; q) Marchk avarage temperature; and h) Fébruary-ﬂarch
average tampefatura. ?’Tha temperature 'indaex reprassnts tha
cum@lative degree-days of daily maximum temperaturé over the
éiven period and a choseh basa temparature. The base tqmp-‘
erature is selectel aslthe point whera. melting ;ould bagin
at the average snow eleﬁation. The'third genegal catagory
of hydromateorolagical factors, which are to represent the
melt-seaéon factors, include precipitation and temperaturs
aé independant variablés. The periods of subsequent praci-

pitation analyzed include: a) April-Jdune; b) HKay-Juna:

é)April-ﬂay; d) May-Jui@; 2) June=July; f) May; g) Jule; ahd
h) guly. The sole subsa&uent temperéture investigatad is
the avérage of April.ﬂ

] kesults of the study by Koezer and Ford indicaté that an-
tecadent July-séptamber precipitation, and fall and winfer
streamflow cenditions do not prove satisfactory in exprass-
ing the effect -of past hydrometeorological conditians on
subsaquent runoff, The,aﬁthors of the report fesl that an-

tecedent hydroclimatic factors should have been significant-

ly correlated with the snowmelt runoff, They propése thrae,
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possible reasons fqr the failure of their models to show
B {' .-

significant correlation of, antecadent factors uith Eha sub-

sequent runo‘f The explanatiohs ares: . a) +h° 1naccurac1es

in the primary factors may have obsaurad tha affect; b) tha

historic records mzy not have 1nc1uded years of sufficient

axtfame in *he "antecadant factors to yleld significant ra--

!
sults. and c) the index chosen to raflect thq antacedent

state may not have been qppropriate. Howéver, analysis of
the eﬁ;ects cf winter precipitation and snow watsr contant
indigate bqth factors should be 'included ‘when forecasting.
Inclusion of both‘factors dacﬁeasés the significance of the
model;as these factors ﬁend to be highly intardapenﬁent.
Roelzer and Ford point out that the inclusion of colinear
indapendeﬁt variables could posgibly resu1£ in a lack of
consistency in the generated model, ;

The analysis of antecedeﬁt variables by Koelzer and Pord
indicate that snow water content shéuld not be broken into
periods. Winter .temperatures are also investigatad as a
supplemen* to the snow water content and precipitation. The
authors conclude that in most <cases tha temperature ¢ndex
gives unsatisfactorf rgsults, The effact of pregipitation
during the defined snowmelt season on runoff is %150 inves-
+tiga+ad. It is intuitively’obvious to tha researchars that
the precipitation d@ the freshet‘-should have a pronounced
influence on the nelt seascn runoﬁf; : It 1is reasgnad that

the inclusion of the _pelt season precipitation, although

it o b e
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hnkqpun at”the time of the forecast, would generate a re-
gression model whose individual factors would be more cor= .
rectly expréssed. ' Thié_ié due to the incorpordtion of the
Imajo; factors'infkuencing the malt . season runoff in the rel
qressién modpl: Bhe.inclusion of.melt seasbh precipitation

in the aquation'increasés the reliability of the estimate Q£
influencae of the factors known at - the tine 6f thé‘forecasf,
However, the inclusion of melt se@son precibitation is only
of acadamic interest as the standafd'nrror of the regression
model does not satisfactoraly reflect the probablas f6}9cgst
error, as thke nmelt season precipitation is unknown at the
time of the forecast. ’

Ford (26) presents an initial study of forecasting season-
al runoff from two Aiaskan watersheds. The two basins are:
the Eklutna basin, #3 km (30 mi ) northeast of Anchor;ga;
and tte Lon§ Fiver drainage, about a3 km (30 mi) éast-south-
2ast of Juneau. The Eklutna basin, having an area of 308
km2(1{9 miQ), is roughly 8 percent glaciated. Héan runof £
frqm this basin is about 1.0 m (3.25 £t} or 305.3 Mm3(10.78.
hillion fubic faoet (BCF) ). The long River drainage area is
roughly 25 percent glaciatea. This watershed has a surface
area of 84.2 kﬁg(32.5 miz), and reports a mean annual runoff
of approximataly.ﬂ.é T m f16 ft) of depth or 410.6 Mo (14,5
BCF). The influence cf the glaciers on runoff is reportasd

to be greatest during warm dry years and least during cold

wet years, Funoff from such glaciers accentuates the influ-
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ance of temperature om . runoff, Precipitation and.tempara-
ture data comprise the giimatologiqal féctors analyzed for
foracasting seasonal runoff. Therexclusioé of other clima-
tological factors in the study is reported as 4béing dua to
the existance of only a relatively ‘shopt peried offdiécﬁérga
records for.thn sites, 0f particular importa;Le in Fhese
investigations is the analysis of evident interdependenca of,
the effects of the two primary causal factors--precipitation
and ;amperaturai it is regorted that an abundanca of accu-
nulated precipitation during the winter could possibly pra:
éuce a prcportionely high_aischarge' during tﬁe foIloiing
summer months, depending upon the témﬁeratures which oécur
during thé snow nelt seasog;

The annual éloé paftergs of +the two BAlaskan watersheds
aré éha:acfarized by extremely high flows occuring in thd
sunmer months? Ford (26) hypothesizes that earlf s2ason ru=-
noff is felt attributable to the gelting of the previous
winter's accunulated snow COVS&IL. He notes ;ha£ glacial
melt, augmented By precipitation, has a sustained influance
on summer Se€ason runoff: aspecially in “he late $8aSONS.
The modél_p;oposaa for ths Fklutna watershed forecasts .th?
major pertion of the runoff season==-July through August'ru;
noff--in kilo-acre faet. The model is based cn 0ctobar
through June total precipitation.and the mean of June's dal-

ly maximum temperature. The independent vafiablas in tha

\ _
derived regression model include precipitation, and a compo-
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site indep;ndent yériable lof precipitation mulfipliad by
temperature. The dérived regr;ssion model for forgcasting
the July through September runﬁff for.the Long Rivarluat-
ershed include January through June total preéipitaticn and
June's mean déily maximum temperature. The independent va-
riables in the acceptad nodel include'precipitation and a
multipliéativé composite variable"of precipitation and tanp--
eratufe. Ford(éﬁ) indicatas that the two derived models‘are
more accura*e than steamflow estimates made in otﬂer vgstern
states, and th?t useful estimates of.seasonal_runoff are ob-
tainabla from -hydrometeorological relationships’ dasrived by
:eqré;sion analysis,

A similar illation ié presented by Sharp et al(€2) con-
cerning the development of various regression models to a2s-
timate seascnal runoff, as well as annual and monthly ru-

.noff. These authors analyze the 2388‘km2(922 miz) Delaware
River basin in Kansés to provida -a Eacgground for an exami-
naticn of the method of multiplse regresgion analysis, = This
sﬁatistical technique is adopted because of its efficacy for
+he gvaluation of the parameters'affedting the water yield

£ the river basin, Tke authors delineate three tacit as-
iumptions iﬁ +he application of multiple regrassicn analysis
to hydrologic Sroblems. Their assumptions are: a) the inde-
pandent variables are error frae-- error occurs only in the
dependent variable; . b) the variance of the dependent varia-
ble is constant regardless of the values of the independaent

1
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variables--which is called the hompscedasfic variaﬁce; c)
the obsarved values. of. rundff be uncorreléted random varla-
bles. A forth assimption is proffered in the application of
tests of significance. That is, the pépulation of the da=-
penden* variable be normally distributad about’ the regras-
sion liné for any lével oglthe independen£ variables. How=
aver, the’ only information laQailablq concerning lthe
distribution of the population 1is providad solel? by tha
- sample, The authors remark that usuwally in hydrologic ana-
lysis the saﬁples are siqply not large enough to afford ra-

< ] .
liable information about the distribution of tha dependent

variablé& abou¥ the regression line. From this, thay daducse.

that +the fputtﬁ assumption may be suspect, and- that high
coafficients of correlation and determination and high t=-
test valueé may be misleading, Possible violationg of the
first thrﬁe assumptions are illustraéadvby the authors., The
first assumption, whichk states errors are only present in
the dependent variabie, is obviously violated to soma dagree
by hydrologic data. In the instance of the second assump-
tion, fhe author§ note that the variance' in runoff values
may not b3 entirely unaffected by the values of the indepan-
gent variables. PfeciE}tatidn is wused to illustrate the
possible violatiqn"of th; second assumption. | Figqgs(60), in
discussioq of the paper by Shafp ct al, states tha+t their
third premise whidL assumes the dependent variable to b=

random uncorrelated events is not appreciably vioclated whan
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the dependent variable is annua;, seasonal, or monthly
€lows. Ha also agrees that the first_éséumptioﬁ is ob?ious-'
ly viclatad, but adds tha*t it appears sﬁch arrors are of in-
lsufficiQnt magnitude to have apprecidbié aeffect on tﬁe Lew
;sults. o | _

The monthly anilysis by' Sharp et- al indicqte" that for
most months, precipitation and groundwater variableas ara
significantly related to water yield, Temperatures, howev-
9T, prove to be infrequently significapt when relatéd to
monthly water }ield. Thesa monthly data for +he Dmlawars
Riéer basin are combined to parform +the seasonailanalysis.
The sE£asSens aré dafingd as:ﬂf? a) April throu.gh June; b) \"July
through September; c) Octobar and November: and d} Decenmber
througl - March, Four hydromeﬁeorolgéical variables prova
significanf in all the seascns, They are monthly precipita-
tion, accumulated monthlf praecipitation in excess of 12.7 cm
(5 in} per month, firset anéécedent month's precipitatioﬁ.
ﬁnd grouhdwater in storage, Monthly temparaturg provas sig-
nifiéant only in the April through June season. The authors
' note that the signs of derived regressicn coefficients arse
not consis*ent, Thay indicate that this:frequently occurrs
in multiple regression analysis with the inclusion of two
highly correlated variables, such as monthly precipitation
and accumqlaied monthly érecipitation in excess of 12.7 cn
(5 in)'per mon+h, They also nota2 that tﬁe inclu§ion of too

many variahleg in a multiple regreséion analysis may possi~

v
R
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bly lead to difficulty iﬁ theephySical interpritation of ths
results, and is exsnplary practlce, Riggs(éO) states that
Aue to.the many factors affecting streamflow, the inability
to recognize even soﬁe;of these ‘factors, and the lack of
precision in describing théée factors'quantitativaly, dic-
tates that. streamflow ‘should be eiprassed as a sgatisticfl
ralation, He contends that multiple regression represents a
usaful tool feor this purpose, provided the reguirad assump-
tions are met. .

Golding (27) dzscribes.tha prediction of seascnal #unoff
for the 9.4 km2(3.6 miz) Marmot .Creak expatimental watershad
10cated,90 km (25 mi) southeast of Banff, Alberta, The two
snowme 1% funoff periodé are definéd as May 1 to Jung2 30 and
¥ay 1 to Juiy 31} These runoffs are correlated with snow
accumula%ion which is measured as: a)-Mafch snowpack as nea-
sured d*+* each sniw course; . b) maximum pack at aach snow
‘course; and <z} mean sub-basin water eéuivalent from‘the
March grid sampling. | May 1 to June 30 runcff has higher
correlation witk March snow-course measuremeﬁts, than with
2ither the maximum sSpow-Ccourse measurément or the mean snow
vater equivalent, The highest correlation with snow watar
equivalence is obtained for the May 1 to June 30 runoff.
Golding faels that the poorar c;rrelétion for the period May
-1 to July 31¥;alth5ugh snownmelt is said to contipue into

July-~is.due to such factors as rainfall and evapotranspira-

+ion during the extra month, It is noteworthy that the cor-
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relation' of the runoff period--May i to June 30--with
March's snow tCours2 measguyrements vyielded a "median correla-
© tion coefficient of 0,89 with 23 of yhe éz correlations szig=
nifipant at the 95% level of probability.®

The curfént uatar'subply forecasting.prpq:am of the Cali-
fornia Department of“water Rasources (58) éxemplifias the im-
portance of snow cover monitoring and subsequent runoff
pradiction, Fango et al(58) damonstrate q‘pfocedura for thao
updating of water -supply forecésts during the pericd of snow
meit utilizing snow coversd area és a p;rameter. Tha two
d2picted watersheds in tpeir study are the Kings and Ksran.
They repbrt‘that the Kings Qatershed covars an arsea of ap-
proximaﬁely u0co km2(15uu miz), and has an average annual’
rupoff of 1.93 Gm3(66.26 SCF). This represents 19 inches
(480 mm) of runoff...Tu% of which occurs during the spring
snowmelt periocd--d2£fined April to July. The Kern watershed
‘covers 5372 km2(207u mi2): and Las an average annpual runoff
of 773 Mm®(27.3 BCF). This reprasents 0.145 m ‘(5.7 in) of
runoff, about 67% of which occurs during the RApril to July
snowmelt period. Pertinent hydrometeorological information
such as water equivalehce, precipitation,_and cunof f recofds-
are developed into basin indices for the pradicticn of ppril
to July runoff through the application of reg_;ssion.analy-
sis, The indicegs used in tha davelopment of the ragrassion
models are: a) the snou.pack index which is based upon the

observed water equiivalent at approximately 20 sSnow courses
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.in each basin as of ppril 1;qb) the Rpril to June precipita=-

+ion index, based on approxipately six stations, as an indi-
g

cation of basinvide seascnal wetness; c¢) the April to Juno

" precipitation indax based on observed precipitation occuring
v - .

durinq the forecast psriod--observed pracipitation daté ra-
Place avétag€ precipitation figures as the snowmelt season
progressas; d) . the October to March runoff index which is
felt relates both to basin wetness and volunme ofuwatar'not
stored in the bqsin as a result of early season runosff; and
3) the previous year's rtunoff index which is the voluma of
the antecedent gpril to July runoff. and is thought +to
fepresent carry-ovar from the previous runoff season. Stan-
dard stepwise ragression techniques are asmployed +*o. datoer-
ﬁine'the order of z2ntry of the praedictors. Several altercna=-
tive ordars = and combinations of the \;:edictants ara

censiderad in an attempt tc reduce the number of significant

. . &
variables, The selection of the best model.is bassed on min-

imizing the averaga and “ha standard deviation of the dif-
ferences between ‘the forecast and the actuval runoff. Tha
best model developad for the Kinqs watershed 3includes the

pradictor variables: a) the April 1 snovpack index; b) the

" Nctoher to March precipitation index:; c¢)the previous year's

April to July runoff; and d) the Rpril to June precipitation

index.- The bast model developsd by the California Depart-

‘"ment of Water Eesourcas for the Kern wa*ershed include: a)

+he April 1 kigh elevation snowpack index multiplied by the
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October to March precipitation index: b) the'previous Year's

April t® July runoff; c) the April to June precipitatiecn in-
dex; d) the April 1 low elesvation' snowpack index; and @) tha

mMay 1° snbupabk iniax which is-unknown at the times of tha

' forecast. Cnly 20 and 18 years of data are used in the ca-

libration of ¥ the regression models for *he Kin?s and Kern

River watersheds, respectively, The coefficiants of detar-
miraticn are 97,1 percent for the Kings and and 97.9 percant
for tke Kerms. Ths darived F-+est values for the modals are

161.3 and 156.0, repecﬁgvely. Suck high F-values acquired

during model calibration ara usually ipdicative of ovarfit-

‘ting, That is, .EﬁiHEﬁtly a limited sample exists and the

. calibra*ed mecdels contain saveral indapendent variablas.

Simrle regfession dnalysis is Emplemented by Bakar (¢} to
predict spring runoff for the 3315 km? (1280 mi’) Cottonwood
River watarshed in south-westgrn Minnasota. The objectiva
§f his study is to show that winter precipitation could be.
used as a predictive tool in spring runoff forecdsting, . He
roason§‘that for regiohs where scils fraeze, measufement of
winter preacipitation should ﬁrovide an excellent means of

predicting early spring runoff. He states that tha propossd

. method takes advantage of the relationships betwyaen precipi-

tation, soil temperaturef and early spring runoff. Ha da-
fines wifiter precipitation as the precipitation which occurs
when the soil is frozen. The s0il is considered frozen when

the daily soil tamperature at 0.051. m (2 in) remains aqual
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to or low?r than' 0°C (32°F) . .It remains frozen until tha
minimum déily spring temberature"at 0.305 m (12 in) -rises
above 0°C  (32°F). Prec1pitatlon and soil tamperatura ara
measured at one site . ‘within the watershed. This precipjta-
tion constitutes the spring snownmelt runcoff, ‘The'runoff
period is defined @5 commencing orn the first day in March or
April when the river discharge equals twice the average déi-
ly February disqharge, and terminating on April 30 of aazh
yéir; From the saven years of data used in this study, it
can ba Se2n that the soil was considered unfrozen only onée
prior to the commencement of the spring flood. In 1962 thé
Spring runoff period commenced Marck 26, Thowever tha winter
precipitation was coﬁputed fhrough to April 24~-- the date
the.sciL vas considaréd'%haued. : simple écrrelatiqn conf-

ficient of 0.99 is obtained betweern the winter precipitatiosn

and the runsff for the.seven Years of data. A comaant by

Riggs (€0), con:erniqg the reqgression model proposed by Sharp
ot al(€2), is equally applicable for the preposed modals of
Baker (), Figgs comments that’"the compu;ed reliability of
the resulting regression equation is highker than the trua
:éliability'because 0f this inclusion of the sanme data on
both sides of the equation, "

"Material covered thas far in this chapter has del? exclu-
sively with the d+velopment of S2asonal regressicn modals.
Tt should be mentisned that regression analysis is also ip-

pleménted in the evelopnent of annual (21,53), as well as

%

/'ﬂ..h_../
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short term(1,3u,81j moddls. Although the mathodologias tend
"..' .

‘to ba consigtent yith seasonal studies, btha davelopment and

introductipn of'antecedent hydroheteorolé@ical variables for
medel construction are - no+ analogoﬁé with the seasonal mo-
ﬁdls, and thus, will not bz fuﬁther analyzed,

W Thus far}ona has witnessad a review of regression analy-
sis employed.in-seasonal vatar yield fgpeéastinq. Ths wdrh§

e

cited range fronm garly endevoufs‘ﬁaﬁrecent attempts. Tabla
: & :

1 presents a synspesis of tha paperé reviewed in {ﬁis saec-
+ion., From the review of the'liéerSEure'concerning the ap=-
plication of regression analys*s it.is evident that no appa-
ten* lcgical procedure in model buildlng is followed.
Therefore, the ;ollow1ng three basic steps in mathmatl-
cal modeling(50) will be introduced: 1)~1dent1f1catlon' 2)
calibra;ion; and 3)< verification, It is evident that there
is a need for ﬁhe d2velopment of such a logical procaedure
when employing the technique of regression analysis in sea~
sohal wafar yield fc ecas*ing. As well, the maiorlty of pa=-
pers failed to mention the basic premlses in tke development
and application of their models, Practiticnars of ragrase-
sioﬁ analysis, who did make soﬁe basic premises, found their
premises +6 differ substantially gith tﬁose 0f their col-
leagues, In addifion to the need for tﬁe dévelopment of a
logical procedure irp regression analisis, one reallzas that
hasic premises must as well be included and met ‘in the da-
velopment c¢f a sound COmprehansive proceﬂure Eqr ragrassion

model construction.



29A

—— -

“pta1d 3s3va Turavajyr

< BiaAFmrivd Juiwnean
1o 9Tt up paviErxs
ra sysfyeus uarseasdsy
PBT USTIN[I120D A1dfife

‘Acp3uT Frajy Jurp o)
REIVILILIL (7] "raljul syen
FIINIAT BYY A3uIRrILad (1)

T2x3) =g waagl

¥ 2A0Q% PUT POIRIS wGtafl
¥ I3a0 "4zl xvm Lfge

Jo eirp a2:13p aayiwinen:
®Y) rejicn) 3wAIx, "INy
icu poradd ixessaeg avil
fayrnp Fuprinido sa|gepaes
Fuspuadspu] PIIIPTIELA

prisy

#1AR FIENIOA [rUraca
1 o voriaTrard eyl u)
PeIN BRIAFIACA 3y0Y) Ajuc

“jjounst 31dag)
1122y 13tprad 03 pasgndar
woliwirdyanid alaw fyady

“pajtddng 10w saan
vuotienbs pepiarhaad
Y1 o WISF[I]FIRR

*a5w3az0}) jO ¥=d
1T CASTAUR BT yASUm
*334d taysaz) papiau;

cesfgerira 1urpradapyy
a1q1esod 1o) yriras

“riniea pocty Juyrds

BT FE I SEVUTN T
1Iysaay 3y Jupang
Fuginiza uopaesgdiaasd

Ajjouny T1idy ‘(gag pev uer) Jjount - +a3xd

TRIEAIN
N ’ sucTIvItLITRa
Funf 03 ver ‘errniviedxay wrwrare Ly1ep jo
osax sanr ‘ooTIvipdidaad Ielel sunp 01 IQ

‘uopIwajdyaagd

T IG-13¢ ‘everxe minieradeal 23g-aoy
‘sojavirdjzasd sunp ylnoayr 1 112fy ‘eyrp
18¥33s0) 'R0 41102 AcUS J& JuFIUTD IITA
fuopiw3gd)aead vfar wlep 1993310) 01 13|

»

prIvI|put hﬂﬂqumz- Tou

vopieI1diansd alvzaay [1ady "zapog nAeq)
serq | Jequeasy ‘Adds Jo Juaduol iafen

“usfawrydponad

Trady ‘oepywirdycaad yraryg jrouny yryesd
fAuOTIIPNGY 231rapuns? “slep Faalap bﬂ;

‘sdep azi¥ap Tricy ‘soyiraiepraid ydavy
[C Y23ry v 333png 283ea '#irp 321337 yrany

'
- Po11ad va wpuadap

reepavaféroralcdear 'copivydgonad
‘Fucyirpucr r2irapunoll Jo einerim v
AILJRPEII Q3] besn *Judjeainbia 23len Acur

2o

06

avimwd so frozeraay fadnaz aor ug
PAMUFIFIEA o0 T '3inywrrded) L1yluca *a¥edtin
. a1 23ara punoaf 'Yiues 1ad soydur § jo
2373 Ul worlwipdyiaad Lyivom privipan: ae
fuatirit€ya2ad L1yivom *uetiwy)dyanad emiur

Eajarstdya- ad
vrap-uny ‘s2anirrided) xewm Afjep Jo utom
Iuny ‘uoflreyyépdrazd (m1n) aunf o1 Tog

“ATAW GalkTiia3g *0lav

IR TaVew G '¥FIADEI YIAUHeAD LR Y
LI IK-UCT "3333%3 33Q-120 “EEIING Fag.roy
"alrr arj-1dag . arniraadosrlauagied

136N U) 3AVCIIDUL YIICY B 38 Ylie i

924 *T t1aofy - JuRIVED Jajen mouw jusp- 3p
*I5g- 1 Cuadey-130 = wparaad wapicaydy . ad
tROTJe s e wire130 tUn[ICIM) 1erd degad np

0oJATIrEII21L PAIN[PCAIIY ‘ACtFEETIIN 23N IA
'ualIr11E1921d 131U A tAtuw jo Jeagrod

331rA ‘sot) vohlna BIrl 30 asrva ')pmong
FFTTE e Yufsde frojadsd “unpieapleasad qag
yiroay) wlag'uogpaeapdynasd vonine pur samne

*eo[IeIpr: Avfowr *pIads prra
‘apo[j dveq *2In1vaadoa) [foe ‘ainym)ow
T¥L? *riopimyjdrsesdiacus Jo JURINOD J3icA

-129pnq i31th 3yl fur
Sa073ypuc 2eIeapunca? Yl jo wiuangruy
#lep 323¥5p 342 *poolj wyy waooq jjotng
*roelp 2yl Putanp o 21043Q volaeyjdgoaad

“foraad jno

TaTeurlag o3 aarey 1 €0ry 2,10 3r0qe Actp
azidan u:..w.:uawn.-nAa_uq> Iadpng Jairm
“retad it=330] 3yy Tuprep tojIraidyr: a4
TgepivaaprauoY aapun papaad g3 Tutonp

4,20 #4337 2hen 321¥3p 2ajivineny "pajappsuca
#uo Ayl o2 arajadrd poriad ayy Hug.ap
Jou1aTyvar1ppued 22aeapunol¥ po sojeappug
=~ Jrwnt frenyag ‘Apur jo Judragnba za'ca

2311 30daa) CpapA’yraIIpiad
1210A puneddteorrelpdpoaad Laany mous

fayprery
FafIr| 3L "Izniraadnal *Fupkune afqtecad
19 % *ruin ‘Asains pous ‘unpirapded;ad

*3WRaL) ga j:iude pur Junsjeainbs uada aq
231¢ *aprainhd fajra rouw LIS EUTELE R

‘3jouna twuonras
Alyjvow *penous

(2) 370un1 Jacmuidag. Loy
(1) Jjouns eniny.dynp

b1 LELY
10 &hr = T trady

3irmaidag oy Loy
Jequaidsg o1 11ady
1362105 01 ydary
120} jJOurs Jeucavas

Jyoun rameaiday - Trady

‘Jjount aunr puLe

Koy 11ady 'jouns duny
pur Ary '1povni L
pur 1pidy 'jjouns aunp
f1)ouns Sry')jouna Trady

spuriad

. aute oiu) poraad
FABT] JO UCiETAIPYnE
amnfoa poaf} Fupads

*TAl0A Foui] Tupide

rnieas poot} -:_um%
+

. #xntoa poory Putade

_ (swsury)
{29y 1m1af3vyy

(ry=niy)
(st)pre g

{opviotey)
{sy)pae
pur 23T(ae3

{2n)
(tgy oy

{tn :-u—-hzu -
(99)"5°3%

{2aqany)
(§1)sreqaspay
Pur vejprar)

(22qand)
[S4RLITIILE]

{ ragandy)
{tprripram

(aurm)
Yt esivton

{23q4nb)
ndﬂu-:..-.nn.._:— .

bt

*p

QIZA2IY - STRVINYA LoeIin)

02 = SPITVIEYA INIUnLIN |

{SI7TevIEYs 1Nl

1

3urlseoaiog PIRTA I9IBH Hwnommmm Jo stsdouAg

T ®T49eL




! “psipnis
eDIYRI2I®A U M3 10
P*71ddne a13m sanayor3zec)
- "syidep payjraade
I® o2201] 8F [Yos Wy3

TIYA si3juf wPoTdad proa,

ATaarizafsa1 warp 3o sawad
‘BT PUT Q7 WO pIBEN IR
#0071 1¥nby rpajrddne jou
913A RUOTI¥Rb? woyidfpaad
Y1 _jo sIuRfIfjyacd

“GC #ung - 1 Ley jo
3041 uwyy , 12100d, 13m
$1[ns21 1g LInr - | Ley

uogIeaydr3aad | poyrad prod,

rxawdnous T Ay .xun&hozu.. UOTIVAITD

nol T TT2dy "yaednous uojicas1o YAy

T 172dy*uopiwaydyaaad sunp-{yady *3jounz
AInr-17ady reak snojanad ‘uepimypdioard
Y21w-120 *xIpuy AIvdnous 1 yrady,

wa3wny183 Rowdnous Yoamy o

. uepavardyoasd  poyaad prod,

Fjouma avak enojaviad'yjouni yraed-13g
. tlotieapdyoerd sunp-ttadyuoriwdyoasd
B -+ YAPH-33p “x3putl xowdaous [ yrady

Juyrdurs pyad
Y21y 943 moaj Juatwasnba 133wm ugePqeqne
4e¥m fyordacuw mrupxen 'Ravdacie yaiep

J3ouax Ruyads

uidy ;o j;eunx Lynp
~1rady *a0aty =Huiy
Jo jyouny Anp-Tiady

.

¢
jyouni [¢ A[np ol | Aew
jjouny Qf duny o3 7 Auvy

-(=7092uuTy)
{9)2aneg

{eruaogIed),
© {gg)oiuww

(®123q1y?
(t2)tuipton

- STAYHIY

WL - {S)TIEYIUYA THIOHIIZONT -

CIWATISHOD ~ SATHYIUVA ERIINT 30NT

(S)amaviyva fxaaxa dig

- -t

FH1TY

(penurjucd) : T 3TqE]




30

Multivariate techniqueé ‘have been proposed in tha
li;erature for the fofecasting _of spring  wvater
“yleld (13,52,€5). One such technigue is the traditional ra-
qression.analysis of cartain hydrometecorological variables
“with the spring'ﬁater yield. This technique ﬁas bean pra-
sentaed thus far in the literature raview, and will be adopt-
gd for usa in this‘stué§. | A second‘proposeg multivariate
+achnique is principal-componants regression; "hat is, "a
regression of the components of certain hydrometnoroloqualt
variables with the spring water vyield is, as ﬁeli, per-
formad, L review of the literature concerning the da%alop-

ment and implementation in water resources of principal-com-

ponent <ragression analysis is presentad in the following

section,

1.2.2. Bg;ggﬁnélzggﬂaggggg§ Regressjon .
;
Factor an;iysisr developed mainly by psychologists, is
' considerad a branch of thi statistical science§(31,u6).' The
origins of factor analysis is genefally ascribed to charlas
Spearman (67Y, who‘ieveloped.a psychological theofy involving
a single general factor and a ,number of specific factors in
1904, Howaver, a crucial article by Karl Pearson in 1901
brougkt forth "the method of érincip;l axes"({56), Approxi-
mately 3% years later, Hotelling(35) provided the full da-

. Y
velopment ¢f this method, wh%ch he terms "principal-compo-

nents analysis." These investigators prima caussa is the
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.

attainment of sciéntific parsimony or aconomy of description
- by the resolution of the set of independent variablaé, 1i-
nearly, in terms of a smallsr number of categories or fac-
tors., It is evidént that a glven matrix of correlations of
the original variaﬁles can bé factored in an infinite numbar
of ways. Howavar, a distincticn between tw; objéctiveé can
be made immediately. They are the extraction of maximum
variance or the 'bast'"reproduction of the observed corrala-
tions. The method.proposed by Pearson in 1901 and-later de-
velopad by Hotelling'in 1933 meets *the first objective.

This mathod of principal compopents, or componsnt analy-
sis, involves ﬁtH? rotation of the coordinate axes to a new
frame of referanca in the  total variance space--an orthogo-
nal transformation wherein each of the n original variables
. is describable in terms of the n new prinbipal compo-
nents" (31). Analysis of the correlation matrix with ones in
+he diagonal leads to priﬁéipal components. The analysis of
the correlaticn with cowmmunalities--numbers othpr than ones
in the diagonal--1l=2ads to principallfactors. Componeﬂt ana-
lysis has the property that each component, ‘accounts. in
_turn, for a maximum amount of variance of the variablses.
That is, the first p:{ncipal component is the linear combi=-
nation of the original variables which contributes a maximum
té their total variance, while the second p;incipal'compa-
nent contributas a maximum tc the residual variance, and so

on until the total variancs is analyzed. Thesa derivsad.com-

.
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ponénts have the characteristic that they are " mutuwally un-
éorrelgted. | ' .

Several excellent books illustrate the toch;ique of prin-
cipal=-component ana%ysis(u,10,29,30.31,35,03,nu,81). Ken-
_dall(ma) examplifies.req:eésion of a dependent variable
based upon a principal cohponaht solution of the independant
variablas. Orthogonalization of *he regrassion situation is
attémpteﬁ due to three probléms existing in regfession ana=-
lysis, These problens are: a) the determination of tha va-
riables to be i§cluded in the model; b) the determination .of
the variables t§ ba'excluded from tke model; and c)‘tée al-
laviation dﬁ multi:oilineérity in the fndependent variables.
{T™he uvtilization of p:incipal componenté with . rggre%sioﬁ

analysis had not been previously indicated in +the litera-
ture (43).] As . w2ll, Kendall does not dwell On'the use of |
componenf analysis. ino standard regrassion theory, but ipdi-
cates that- thare saems "to be a fruitful field of inquiry
here,"

snydar (€5) discussss the.possigilities of regrassion on
principél components of the independent variables in hydro-
logic stydies. The inclusion of principal components is
prop&sed for certain hydrologic applications whera nultipls
regression‘of the original independent variaﬁles may produce
unsatisfactery results, In the derivaticen of regression no-

dels, Snyder points out two of the premises of multiple re-

.gressicn analysis, The first assumption states that tha in-
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dependent variables are fixad variétes and are .measured
vithout erfor. Thg second basic assuﬁption statas that the
“so-callea ind2pendent variables are _nat_correléteﬂ vith
aach other.h Spnyder diséusses several. examples'of tha soc-
ond premise not bzing fulfilled in-the literature. He Fhan
introduces the multivariate éechnique _6f principal  compd-=
nents as a methed to sliminate the violation of ths sacond.
premise, An examplé problem 'is then analyzed ﬁy a) multiple
régression of the ocriginal multicollinear indepéndent varia=-
bles, and by b) multiple.reqression of the principal conmpo-=-
nents cf fhc independent variables. The model bassed bn the
firgt technique yields an unsatisfactory sclution due to tha
multicollinearity of the independent variables. 1In cdmpdri-
soﬁ, the seccnd techniqua employing principal .components
gives the more satisfactory soluticn in terms of the ration-
alicy of the model coefficients. However, the gain in ra-
+icnality of the coefficienté'is acconmpanied by a decreass
in the mulziple cétrelhtion coefficient, In affecf; Snydaé
concludes that the technique of componedt ﬁnalysis has "ax-
cellent possibilit;es{..in hydrblogic studies", and ;acom-
sends their wuse for those problems for which multiple re-
gression produces ung;tisfadtorf results.

The paper by Snyder rebresents one of the first practical
applications in the field of hydrélogy of the techniqua of
principal components., He endQVOurs~to acquaint hydrologists
wit&'a pr2viously 3evgloped alternatiyg to regression analy-

k

» -~
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sis.'.Cavadiaé{13) and Pice (59) . as_uell, discuss the possi-

bilities of multivariate amalysis and, ih particular, the

method of principal components wi¥h emﬁizgfs\>0n practical
applications., A detailed dascription of'thé mathamatics in=-
volved in the method of component analyéié‘ is presented by
CaVadias(13):‘ He proffers prinéipal éomponents as a "pbssi;
ble improvement of fhe multiple regression apéroach that

nerpits a more rational elimination of some independent va-

mt— =

riables in the case of collinearities,"
Wallis(79) discusses and compares tha effectiveness of
six methods of analysis by.solving by each'method a problam
using idsan+tical data of known functional relationship, - Ra-
gression analysis and regressicn-of ﬁrincipal components are
two of tho methods investigatad;' He contands, as does Sny-
der, ttat in numsrous hydrologic studies tvo of‘the undaerly-
ing assumptions of regression analysis ari_ offiten violated,
However, Wallis;s second premisa is that tha residual errors
of the model ar= ihdependent a;d normaliy distibuted.‘ Iﬁ
this second prz2mise is not true, then the conventional F apd
£ significance tests, associatad with regression analysi;;
is plac=d in jeopardy. In. addition to these *wo premises,
he states that in the presence of multicollinear independent
variables, the coefficients of the ragression modal bz=coama
unstable. This results in the inability to understand their
nnderlying functional relationship. ~~wallis lists thres ai-

vantages of prediction equatious basad on regrassion of
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principal components -over thoSelbaséd on multiple‘regrgssion
of the independent variables, They are: a) the copfficiants
of the model ta2nd to be stable efen if.intércgrrelations are
high: b) the ﬁethod doas not capitalize on aerrors in the da-
pendent variable, therefore it tends to yield more raliable
results than regrassioﬁ Wwhen the prediction equations ara
“used with different populations; and ¢) the rank of tha in-
dependent variable's correlation matrix is determined by the
numbér of positive eigenvalues,

‘Mafsden and Davis(48) 1illustirate a practical application
oF principal-comﬁonénts rEgreséion.' They develop a model to
_forecast sunmnmer water suppfy,‘for the Colombia Fiver and its,
tribqtaries. in Hashingfon state, §ased on reqres§ion on-
principal'comp?nénté of wintar mountain precipitation data.
This forecast’ﬁodel supersades the conventional model bassd
c¢n myl+iple ragression analysis of the original measure-
ments. Depending on the tribu%ory, the number of available
ind=pendent variables range from 17 to 21. The independant
variables are comprisad of several precipitation indeces
from four nf five Wweather stations for three seasons--fall,
winfer,_ and spring. The data also includes four or £ive
sncw survay locatiosos, daﬁeqding on the tributary undar séu-’
dy., Fach individual station is considered as an independznt
variable *to the principal componant analysis. = Tha authors

state that the, resultant forecast models based on principal-

components regression prove more stable than the convention-
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al reqression modsls. They conclude that the increased sta-

bility is due to the ability of the ragression on principal
components method to include all of the independent varia-

bles, rather than just a subset of them,

A

NeCoursey and Degal (20) p;eéent a study of sonme multivari=

"ate analytic techniques in hydrology. Pegression analysis,
discriminant analysis, and canbnica; correlaticn are illus-
trated using 37 hydrologic and 12 watershed character?stics
of.90 runoff measuring stations in Oklahoma.. To illustrata
their first topic, conven*ional multiple regression, step-
wise regfeésion, i nd regre;sion on principal componénts are
compared in fha. development of wean annual flowlpfediction
equations, They note +*hat the most stable predicﬁion saqua-
tion is proﬁably deterministic or rational in design. Con-
ceptual hydrology moda2ls, such as *he SSARF(77) and Stanford
waterghed mcdelé(17y, represent the application o90f such
pradictive equations, Howaver, the implementaticn of thess
hydrologic models is usually limited by the available data,
and the jus+«ification for tﬁe timg and expense required for
modal calibration., Thus, simpler multiple regression modals
provide an economic alternative., DeCoursey ;nd Deal analyze
saveral variations of multipl2 regressicn technique. Thay
first.generatp a prediction equaticn based on 'qonvantional'
nultirle regression; This technique includes all the avai-
labla ind=2pandant variablaes in tha calibrated model. Thay

realize that historically this method predominantly yialds
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poor predictive models 4 o variable interaction causing

unrealistic coefficients,
disprove th}s realization. he second employed techniqua,
generates a prediction modeL/Lasad on a stepwise variable
saloction} This mathod calculates the potential increass in
the regression sum of squares for each variable. The varia-
ble tha*t con*ributes the most to the .regression sum of
squares 1s selectad, A regression model is then formulated
which includes this variable and all variables previously
selected in tﬁis manner, This ilterative procedures " ig ra-
peated for all remaining variables until tte contribution of
tke mos+ siqnificantlramaininq variable does;not provs sigf

k]
,nificant as indicated by an F +est, A prediction equation

-15 thanr formulated bas;d on the described stepwise proce-
dure. -Proceeding the davelopmant of the Stepvise ragraessicn
model, DeCoursey and DPeal discuss, but do not a;ply. two
other approaches to tha stepwise technique. The first al-
ternative en+ails variable addition im tke Same mannar as
previously discuésad; ' howaver, when sach new variabla is
parfarmed on the sigﬁificance of all tha praeviously selected
variables in the présence 0f the mos+ recently selected va-
riabla, The second variation of the chosen stepwise proca;
dure assumes thdt 111 variables are in the equatioﬁ initial-
ly. Using +he F test, the most insignificant variablss ara
sys*tematically removed, The authors note that *hese Step-

wise proceadures have the advantage of retaining most of thn

L
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correlation that eoxists between the dependent and indepan-
dept variables with a minimum number of variables being re-

tained in the precdicticn model.

N Two .different prediction models based on regression of

\ ‘
rincipal components are then proposed by DeCcursey and
b . )
peal, These two mod=ls differ in th® alternative criteria
utilized for the dsletion of principal componants.’ Tha

"first modal, based on the components having the largest ai-

1l

genyalues, has the anticipatad sign for most of the coof fi-

cients of the variables as compared with the conventional

reqgression model, The second modei, based on the componants
having the highes< correlation with the dependent variable,

has, as well, davelovad some illogical signs for tha coaffi-

cients of the wvariables. The authors note, however, that

L]

‘for both cases thase illogical signs are 1likely to devalop

bacause of +hka large numbar of variables that hava besn in-

cluded in the analysis, some of which have no relation to

tha dapandent variable, As well, the authors notz that a

large portion of the variance in the data matrix maylnot be
associated with the dependent variable. This is avidanced
in the second modal which axpariengesga lower standard arror
of estimate and a higher coefficient of determination than

the first model., The regression modal, based on the pravi-

ousiy'described stcpwise procedure, has a“standard error of

estimate lower +than either mocdels based on regressicn on

principal components, and a coefficient of determination

C.
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‘less than the second regreéssion’ on principal componants mo-
del; The authors contand; howevar, that the model based on
the.stepuién proc2dure does not reflect a great deal of sta-
bility whanrextrapolated to other data sets due.to variable
,inte?action. They claim that *he models developed by multi=
variatc procadures should show ﬁore stability than the com-
hCn reqression modzls whén.apnlied to nev data sets. This
rasulte from thé pr#ncipal-componénts-regression models' ca-
libration,which employs only statistically significant or-
thogéﬂal chponents. |

In general, DeCoursey and Deal conclude tha+ they are
dealing with a nonrational modal, and that anf ong of tha
previously. described me%ﬁods' of mndel construction would
probably be as good as the nax*, The authors maintain;’how—
2ver, that the multivariate techniques- have slight advantag-
s over the conventional rzgression techniques, They indi-
cate that +he only disadvantages of the multivariata
-techniéues is thers are no known methods to calculate stan-
dard errors of the coefficients ofﬂﬁo-piace confidance lim-
i*s on th=e mean and individual observations.

DeCoursey and peal proposs two differntﬁprediction models
based on regressicn of principal components., | These two mo-
dels diffar in the alternativs criteria utilized for daiat-
ing components, These altarnative criteria represent a di-
chotomy. Massey (49} lists these two opposing criteria as:

a) +the del=a+tion cof components that are relatively unimpor-

—
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/f”#’\\\\ﬁhZEEf aS'pEEAictors of the oriqinal independent variablas in
‘ " +he problam, that is tke components having the smallest ei-
qanvalues_ shouid b3 elliminatad; and}) tha d*alr:_xtion of com-
1pdnen¢s that are relatively ﬁnimbortant as predictors of tha
depandent variable in the problem,' that_is the componants
having the smallest cor;elation with the dependent variable
;hquld bé elliminated} He states thét usually in purely px-
ploratery studies the emphasis is on finding thé corralates
0f the dependant variable rather fhan tgstinq its relation
to any‘paréicular stfuctural coné;pts. However, his expari-
anca éictaﬁes that the componants with large eigeﬁvalpes are
the mest likaly‘ te yield natural intarpretations{ Wal=-

1is {B0O) “2els that a ﬁajor disadvantaqe ¢f *he principal co-
menent +*ecknique lies ié/tha inability to physically inter-
pret compcnents, ‘HoweJer. Matalas and Reiher(51) stata that
the "principal comonents are mathematical devices and have
ne prac+ical physical infaréretation." Hotelling (36) , 'as
well, when approacking the ct;teria problem, points out that
in general there is no reason why components that are impor=-
tant as far as the indapendent variablas of a- probiam are
concernrcd will be hiéhiy'correlated with the dependsnt vari-
abla in a ragression, Thus, | the two alternative critaria
are likely to lead to diffsrent\resultst Further@one} Mas=-
sey{49) comman%s that wit is aasily showrn that-y {the hapen-
dent variable ] ne=2d not be hi¥qhly correlated with componénts

having large eigenvalues in ocder for the exploratory powers -

. -~
nf the complate principal components regrassicn to be high.®
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similarly, Darlington({18) notes that .factors ‘;hicﬁ
account for. very little'variance in the pfedictor variables
are highly useful in prédicting the criterion providéd tha
pradictor vafiables are higﬁly reliable. Hé‘ proceeds -to
qi%e_an axample of the abovae poink, noting that when the va-
qiables b3ing factored contain substantial error variance,
error tends to be conc9ﬂfrated ih the factors which account
fo; the laast variance. Howevar, measuremant orrors on hy-
drologic’ variables are reported to be much smaller +han
those in *ypical ﬁsychometric étudiqs(BO). ks well, Fiar-.
ing (23), when using pringipal component analysis to traﬁs—
form a set of streamflew observaticons into an orthogpnal sat
to prévida a means of generating synthatic streamflow data,
cemments that all factoré having positive eigenvalues ara
significart and should be included in the prinéipal-c&hpo-
nents ragression, Thus, it is shown that when ona is con-
cérned with thé moialing of .the dependent variable, that the
second criteria should yield superior results,

Zuzel and cox(82) a*tempt to use exploratory factor ana-
lysis and regrgssiﬁn analysis to detérmine the effectivanzss
of wind, air teamperature, vapof pressure, and net radiationa
in predicting daily snowmelt, Thé authors state that prin-
cipal component analysis and regression analysis ar; ﬁsed to
determine which meteorological parameters are mos+ efficient
in evaluating snowmelt, Actually a rotation(39-42} of tha

principal components is employed in the d=2termina+tion of tha

i
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effectiveness of the parametars, and not the original prin-

cipal components. -

The introduction to this section, on the regression of

principal ccmponents,; indicatas that +two distinct objactivaes

axist when factoring a given ma*rix of correlations of tha

original variables, Thay are to ¢ither extract the maximum

varianca ar to 'bast' reproduce the observed correlations.

Tha papers revigwed thus far utilizo the mathod which maets
;7/ the first c?jectiva, wvhile Zuzel and ng yﬁilize a procadure
to m3et the second objective.‘ mhus the authors do not at=
tempt a ragression on principal components, but rathar uti-
lize a nmultivariate technigque in an.attempt to determine the
underlying structure of thé_phenomenaa. To-qﬁantify'the ra=
sults indicated by their factor analysis, stepwise linear
regressions are performed on all combinations of the metéo-
rological variables--where malt is *he dependen* variabla.
.The authors conclude that if only one meteorological varia-.
ble is available for snowmelt prediction, then averaygsz tomp-
\eratufe is the best predictor. However, snowmelt prediction
can be significantly improved by using vapor préssure, net
radiation, and wind rather +than the - teperature variable.
Tﬁey nots that the ﬁartiai correlation and th=2 beta cosffi-~
cients illustrate the unimportance of temperature when all
tha variables are included. A similar analysis to determine
the affectivenass of wind, vapor pressure, and net radiation
in predicting dally tomperaturse may further illustrate +th=2

-

authors' a priori knowledge.

-
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A report by Féqafasi and Moklevsky=Zubok({25) dsscribas
| . .

the first of'tuo stages of their application of .multivariata
analysis on .glacier-climatoloqical data. The first stage
incluiesltﬁn frénsformation of the multicollinsar plimatolo-l
. gical variables into new orthégonal independent variablas=--
=principal compo;ants. The authors daséribe tﬁe character-
istics"and thé interpretations of ‘these' componants.
Racommendations ara éiven fbr éﬁe second ﬁtage of the q;aly-
sis which is an application ‘of multiple regressicen on prin-
cipal cbmpbnents a;med at the estimation of daily glacisar
runoffs A total of 547 complete daily sets of data ars
available, eaéh coﬁtaing elaven, predictor variables--preci-
pitatiqn, mean *temperature, maximum.temperature, minimom
tempefature, calculated mean temperature, melting dagrea day
.temperature, relative humidity, daily total sunshine, global
radiation, mean daiiy cloudinass, and daily total wind run.
FProm the vqriance-cﬁvarianée ﬁaxrix, the authdrs_ebiminata
the mean, maximum, minimum, and calcula;ed mean temperaturss
from further'analysis. Thay fael these variab}es ana melit-
ing degree day temperature are "similar variables but witH
different names," The relative humidity is éonsidered unra-
preseﬂtative and is thus not included in the anglysis. Dai-
ly tdtal‘sunshine is also.omitted, but for.;n unexpléiﬁed
reagon, The authors perform a principal companeht.analysis

on the remaining five independent variablas, ~They then in-

terpret the derived principal components, where *he princi-
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pale of interpolation is variables having high correations
or loadings on a component help to jdentify the componant.

They utilize the following rules of thumb for component Con-

-

sideration: a) the components associated with the eigenva=-

lues less than cr egqual to cne; and b) 2ach component which

account for at least. 5 percent of the total variance. * Tha

authers conclude by commenting that pnormalities of the vari-
_ables is not an absolute necassity for principal componants
analysis, but .when inferences are to ba made which require

normally distributed variables, +hen the assumption of nor-

mality canno2t be relaxed.” As wall,” the authors note that in

multivle.reqression stiudiss the least squares +haory doas
" not require normality, however, to make inferences based on

the estimates raquires normally distributed variables. Tha

authors test the iistributional assumption of normality of .

+he d=pendent and independent"variableé, and conclud2 that

a* the 0.1C percent level of significance, only 'melting de-

gree day' is normally distributed. The authors then sug-

gesst, that proceeding‘with' normally distributed variables,
daily snowmelt can bé estimated by the.,multiple ragrassion
of the normalized runoff values on the independeht princiéal

T

“components. .
¥cCuen et al (52) introduce a study whicﬁ:- a) discusses
+he modnl seledt%ﬁb‘criteria +hat should ba‘used in sglact-

ing a wat3ar yield model from alterna+tive models; b) summarc-

jzes the advantages and disadvantages of multiple regres-

v
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‘'sion, stepwise regression, principal—compdhent ragrassion,

pol?nOmial' analysis using p:incipal. components, and tha
consrained pattern search anaiyses as methods of model cali-

bration; and c¢) comrares thase methods using hydrologic data

-7

from the Upper Sevier River basin'in'Utah. Rlthough McCuan

~e+ al utilize ‘the terw "selection" to infer some criterion

c A\ s
of goodness of fit in model acceptance or. rejectiom, it ils
commonly referred to 4in mathematical m>deling as the "veri-

fication" stap(SOi. Whilo the coirelafion coefficient and

\

the standard error of the estimate are frequently used whan

.

comparing models of seasonal water yield, McCuen et al con=
+end that +the following criteria may be more important in

"selecting one mod2)l from among sSeveral alternatives: a) the

'rationalitw'of the regression coefficients; b) the random-

ness and distribution of the residval errors; and <) the

correctness of *+he indicators of +t+he relative importancs of

the predictor variables, These criteria are used to compare

"seasonal water yield models calibrated using the above man-

-

tioned techniques. The prediction equations use the April

through July streamflow volume as'+t+he dependsent variable.

., 'The independent variables availahle to +he investigators in-

+

" clude: 5) the April 1 snow water e=quivalent of each of tha

basin's five operating snow courses; b)an arithmetic averagna
. p -

of three of the five o©f--a) above; c) one snow course'é March

1 snow water equivalgnt; d) the Cctober baseflow; and 9)the

‘Decenber bassflow, From fhair paper, it appears that vari-

]

ity o s
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ous independent variables a;e.‘introdﬁced,to tha - different
calibraticn techniqﬁes:.‘The,principal-components rdgression'
moedal contains only a) and d) of the above independent vari-
ables., The authors give no explanation in gensral as to why
the modeols are calibrated using different groups and manipu--
lations of the available ihdapendent‘variablgs; They con-
clude by no*ing that the altarnative methods for model cali=-
.bration are shown to be supasrior to the frequently émployed
multiplé reéression tachkfiigua, They mention that principal-
componenté regression represénts oné such ;ltérnative meth-
od, and should prdvidq more raliable models dus +o its abil-
ity to control tke effects of multicollinearity in model
construction.  The authors state. tha£ vhile statistical
criteria are valuable, the reliability of empirically devel-
opad models shall improve only if hydrologic and rationality
criteria are‘inco:pprated into the model evaluvation phasa of
+*he analysis. Their study shows that hydroloqié crit;ria'
proves more important than the statistical criteria for mo= |
 del evaihﬁfzgﬁi\J}hey feeldtheir improvemﬁt to the modalfézi\i\
libration and eva&hation methodology'classically employad inf
wvater resources, should lead to more reliable astimatas dur-
ing periods of extreme observations. And, in general, if a
modeling methodology includa2s the calibration of sych alter-
native models and the proposed avaluation critaria,-impfovad

vater supply forecasts should be realizable, In summary,

the me+hod of principal components attains scientific parsi-
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meny or economy of dascription of the qriginal set of inde-
pendent variahles. Component analysis has the property that
@ach component®, accounts, in turn, for a maximum amount of/
variance of the briginal set of variables, . ' It is ovident
that +vo methods axist for datermining ‘the importancq of
2ach compcnent, The first piacq; eﬁphasis‘on the relative
importancn of‘combonnnts as predictors of the original sat
of variables ;n the analysis, The second approach placas
relative {mportance on fha components as‘predictors of tha
dependent variable, In general, *hete is no reééon wvhy com-
ponents ‘tha* are important, as far as the independent varia-
bles of a problem are gpncerned,‘should be highly correlated
with +he dependant variab}e in a regressicn. Thus, the sac-
ond apbroach' should he adopted when consideripg regrassion
on principal componants, provided the variables ba2ing fac-
tored dc nd>%t contain substantial error variance. Tt should

be remembared that principal compondnts are pathematical

functicons which have no prac+ical physic¢al interpolation.
From this review of the 1litarature cocncerning ?he appli—
cation of régression on principal components, it is evident
fﬂat no apparsnt logical  procedurs in model bﬁilding has
been followad, Ths three basic steps in mathematical modeal-
ing, as mentioned in the previous section, have not baan
adkerzd to by the authors. However, one pavpner{52) doas
yield insight to the model verification step by dsnotinq.im~

portance to: a) the rationality of the regression coaffi-
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cients; b) th2 randomness and the distribution of the rasi-
dual arrors:‘ and‘CJ “the analysis of the indicators of-the
.relativa importance of'fhe bredicto: v&riables. Thers is,
as well, a need for the davelopment of g3 logical, model
building procgﬁure when employfng the technique of ragras-

sion on principal compconents,

1.3 OBJECTIVES

The literature review has shown that considerable intar-
gst is'beiné displayed in the adoption of sophisticated
tochn;quas in  the dasiqn and operation of water resourcas
Systems, TIesulting frem increased eanerqy Jawdreness and
C€OsSts., It is well realized that tha development of reliable
and accurate flow forecaétlmodels is prerequigite ‘fbr such
optimum water resources managamesn+*,

Several studies have suggested that Principal-component
regression has yBXcellent possibilities 1inq hydrologic stu-
dizs, but no attempts have bheen r;ported in applying it to
forecasting, The Prime objactive of this study is to inves-
igate tha mffectiveness of principal-component regression

n tk

B

forecasting of spring water yield. This will ba ac-
hieved through the development osf regression and principal-
Component tegression models for a multi-reservoir-hydroelac-'
tric’system in the Saquenay-Lac St-~Jean reqicn‘of Quebsc.
Thus, it is proposed that two -general classes of linéar

additive nmodels will b= analyzed, composed of- a) indaﬁen-
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"dant/causal variables, and b) components of the indaependent

variables.

A ‘general categorization of possible independent varia-

bles will be pearformed. This implies that presantly sn-

!

ployed independent variabl=as in operation forecasts will be

expanded to includa more coﬁprehensive hydrometeorologiéaL

data.

t
‘ \

In‘addition,j a qenerél model building schene will b3

adopted to aid in model development, As part of the model

** building schems, md>d2l verification will include:

1.

a (da2tailed residual analysis . (random~-.

- rass,distribution),

the adoption of split-sampling technique where po;si-
bla, | |

*the analysis of the rationality of rsgression coaffi-
ci2nts, and

+he analysis of +the indicators of the relative impor-

tance of the independsnt/causal #ariahles.
. .

Tty

4

-



Chapter 2

THEORETICAL DEVELOPMENTS

Fegression analysis is usad to develop two-sets of pfed-
jction models us2d in the.forecas+ting of spring season water
vield, mhe *wo types of ﬁodeis are: . a) regression of tha
original independent variables; ‘and b) regression of the
components of the independent variables. Feiatioships bat-
ween the depeﬁaeﬁt variabloa=-the spring ssason water yield-~-~-
-ané-those i;deﬁgnient variables for which data are availa=-
ble and which rational raasoning iﬁdiéates are responsiblse
for this flow, are d2velcped. The independent variables are
composed of Fydromateorological data which may be élassified
into three categoriss, Tha first category includes data
prior <o *he star® ‘of +ha snow accumulation period that

x
judgemrent might indicate as having an influence on the
spring ss=ason water yield, Tﬁe sacond category aré thos3
factors reflecting the influence cof conditions during the
paeriod thes snow pack is-accumulating, and that affect the

dependent variable. mhe third and final category are those

hydrometeorological variables vhich exert their influance

Y ’

during the runcff period.

-850 -
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Analyses of the dosveloped ragression models are used to

test tha hypothesis that models based on regrassion on‘pfiné
.Eipgl components are more stable and yield. better predic-
tions than models darivad by ragression of the-original in-
deﬁendent variaBles. The régféssion mbdels ‘are develaped'

amploying the logical procadure for modal construction, as

&

indicated in Figurz 3
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2.2 MODEL BULLDING SCHEME ’

The ganaral modal building scheme depicted in Figure 3 is
used in the davelopment of ragrassioh models., The idantifi-
.catioﬁ step identifies a suitable class of podels for the
purposes at hand. As any type of class may be proposed, an
abprop;iate form for the modal is .usually solected . based
upon zxperience, past information, and convgnisnce. onca an
apprepriate parsimonious subclass of models tas baen pro-
poSed; éstimates of tha paramaters of the tentatively ahtar-
tained model aée darived.in the calibration phase of the mo-
del building scheune, rt +his step, efficient astigatas of
the parameters ara obtain=d foilowing a prescribed proce-
&ure: Once the nodel paramatars have bean eﬁﬁimatéd tha wmo-
del is said to have been calibrated, This fitted model is
*hen sﬁbjecfed tc diagnostic checks and tests of goodnass-
0f-fi* to determine the adequacy of the model and the affi-
ciancy of which the fitting process has made use of the
data, TE any inadaquacy is ﬁpgnd, the iterative cycla of
jdentification, estimation, and verificaticn is repeated un-
+#i1l a suitable rapsesentatioﬁ is found. Once a suitable mo-
del passaes tha-verification step and is deensd adequate, the

regression modsl is ready for its intended use(8).
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2,2.1  Hodal Identification

The first basic step in mathematicél mo@eiiﬁé is that of
model'identifiqation. .Idnntificatibh implies that the mode-
ler has at his grasp a set of models that cover all aspeacts
‘0f the physical system of intarasst and has sufficient infor-
ma*ion *c select the mcdel that applies(50). . I+ is assunmed

that seasonal water yield cah be represented by a linear ad-

ditive mod=21 of the fofm

A

~
- i &y - -
Y = Bt ByXMF BXot ...+ BX, (2.1)

t

*rwhere y' is the dapendent variable defined as the seasonal
water yield, Xy +X2¢00.,% can ba =2ither original independent

variablas or principal compon=2nts cf the.ﬁndependant varia-

bles, and [%,62,...,BP are unknown parameters. Two types of

models are analyzed. 'Thé,first' is a linear additive modsl
of th2 independ=nt variablss, while the second is a linear
addi+ive madel cf the coﬁponants of the independent varia-
bles,

I+ is rvealized that +he idéntificaticn step of modal
building solely indicates th2 kind of rep:esentaéional model
which is worthy of fugthar investiéation fog a .given sat of
data, The tentatively proposed form of the model 1is than

introduced ¢ +he calibraticn s*ep of the model building

schenme, However, before the parameter estima+tion or model
calibration is reviewad, it is first nacessary to. brisfly
' /

illustrate how principal components are determined for a

given set of data,
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2,2.1.1 ,Principal Cémponents ‘

In multivariate analysis whén p variables are idantifisil,
they usually are’intercorrelated. That is, some of tha in-
formation centainsed in one variable is containad,. as wall,
Ain the p=-1 reﬁaining Qariablas. Principal components analy-
sis transforms these p original variables into p uncorrelat-

-

ed- or orthogonal components, This is achiaved through a 1li-

a2

near transformation of the type

g =

Inr-1o

| lé”xi 3= 1,2,...,p : @)

N

where -one tas p variates Xy+++Xp, each observed on n indivi-
@ ~ gl
duals. The cbservations may be arrayed in a matrix:

X11 %12 - - %10 _ | S

Xo1 %62 - - Xpn .

where the X is the j=th obsstvation on the,i=-th variate.
In matrix notation, suchk a linear transformations of tha or-

.iginal variables may be  written.

Z-Xa | (2.3)

ﬂbwherg X is as previously defined, 2 is an nxp matrix of n

values for <ach of p componrents, and i is a pxp matrix of

coe fficients defining the linear transformation.

As the original motive for the development of principal
componzn*t analysis is the attainment of scientific parsimo-

ny, the matrix Z is constructed such that each component,

-
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Q., explains the maximum amount of the variance of the ori-

|

ginal variates X 1eft‘unéxplained by the first 'j=1 compo=-

nents, (The originators of this technique had "hoped that:

the first g componants would axplain most of the systam var-
iance.) TIf ons can'expfess the data, ¥, in term§‘of fawar
thén\p of the {'s, tﬂen a reduction .in ths dimensions of the
problem is effected, The first step in the ﬁevelopmént of a
predicﬁion nodal based on principal .componants is thy dari-
vation_of these principal componeﬁts 0f the indepandent va;
riables. TLe derivad componants are then introducad +to tha
regression analysis as 'indepandent' variables. ‘

The‘oriqinal indapeuﬁent variables; X{ee:.Xp, usually have
differiﬁg units, +thus the‘ﬂprincipal cempondnts are darived

. J | !
from standardized data, such that A

x, = (X = X)/s,

where X, is thé i=th ofseryation on the j-th variable, X,
is the mean of the j-th variablse, S; 1is the standard davia-
tion of.the j=th variable, apd X is £hq standardized i-th
observation of the f-th variable. Once standardiied da€a is

obtained, X, the next step in tha derivation of tha princi-
* °

Pal components of a group of indepandent variablas is the -

computation of the correlation matrix, R, wheras

: S SIS PR T
L

rpl rpz. . .rpp
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"The above correlation matrix has p characteristic ' roots or
aigenvalues; kr..kp.. They are deterhined as the roots of

theofollouinq daterminant aguation of degree p:

(rl —A) ‘rlz. -_‘.‘ rlp .
TR L @)

Tpy ohe (Egh)

All the rooﬁs,of-eﬁuatioﬁ 2.5 are real and positive (43,u8).

Choosing the largest root, hl . of equation 2.5 yields the

compcnent haﬁing the maximum variance. + The p vaiugs cf

-

(rll-§ 1 +,r12312 + e + rlpalp =0

Cdh a4t (ron=0 (2.6)
A 1%l o T Fp2®12 (xp =0 . e
where - ’ : '
2 2 &
3.11 +a12+ et alp =1
The'sdlutioh of esquaticn (2.6) yields'the first componant,
given by .
b ' 2.2
&1 = ajx; + see tapxpy = L 3, .x (2.2)
: ‘ . =1 233 : ‘

The remaining principal components, §2'§3""' {P, are derC-~
lved in a sipilar manner utilizing the characteristic
Toots, N e Nge e Np. (13,30,43,44) ., And as previonsly man-

—

Eioned, these derivad components may be introduced to tha-

regressicn aralysis as 'independent' variables.

t
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2.2.1.2 uo‘d-el Calibration o | '

+

A tenta*ive form of the reqressicn model is obtained from

the identification step of the modnl bulldlng schema. . The

. "two seperate groups .of models formulated from +h15 first

step, ' ara both postulatad from thé genoral class of modals
as baing linear adﬁitive.: Equétidn.2:1‘inﬁicates the Qener-
al fofm‘of the ;odel. . - -

_”he first tentatlve group of modals is based on the ori-
qlnal 1ndep9ndent var ables, ghllg *he second &r;up consists
of a linqar'add;t}ve nodel basad on the—principalicomponants
of the independent variablas, Hav;nq proposed the tentatlve
form of the medals to be analyzed, ons may’ procaﬂd with tha
callbratﬂon ~step of the mathematical modellng. ' Cal;hration
lnfevs the efficiant estlmation of the parametéis‘of the
-ténta‘*Ve models, If +ths fl”S* tentative form of Eha ra-
gre551on moﬁ;l includes k 1ndnpend9nt variables, than 2 ra;
gression models can ba calibratad. 2s k. beconmes relati&ely
"large, it is evidant that tho number of models'fo bé cali:
brated‘becpmes brdhibitivg. ~To avoid'this dilemma, the ca-
libration and verification stAps of the mathematiéal model-
ing form ‘én aite;ativ; égbéédure £o acquire a rsuitablé
ragression - model f;om tﬂe taptaéive éroup of poséiblarmog
dels.. Pigure 3 shows the iterative Precess incurred in
mathemaéical ﬁédéliﬁg.~

Thke calibration - procedure employed is +hat 0of least

sqﬁarps. That is, the objective function of the éalibration

'
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is to minimize ths sum of squares of deviatioms from the
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proposed mod21ls, Howsver, there is no unigque statistical

procedura for selecting the suitable regrassion equation.

Several ptocadurés are available which use a few model veri-
fication techniqﬁes‘ such as goodnesﬁ-of-fit statistics and
tests of hfbothaéis to acquire a suitabls regression model.
Draper an@ smith(22) discuss sevefal pfdbedures for tha'det-
ermina+ion of a suitable ﬁodel. They include: a) all gossi*

'ble :agressiohs; b) backward alimination; c¢) forward‘eliﬁi-

nation; d) stepwiss regression; and e) two variations of the’

-

. four previous methdods. - These authors recomm2nd the use of
*

. stepwise rcgression over thae previously' mentioned alterna-
‘tive methods, They note that the stepwise proredure doss
nct necessarily selecct the absolute best model, but usually

selects an acceptable one. The salection procedure employad
. "h_--_._._

" in this thesis is the stepwise’method. . 1

: ~
2.2.1.3 Stepwise Regression

.

The procedure of all possibleﬁregressions' involvas the

[y

fitting of every possible regression'equation and may become,

cumbersom= when the number of independent variables 'consid-
erad 1s large(22,30}; If K indapeﬂdant variahbles are pdn-
tained in the tentatively préposed mode2l, +then 2" equations
will be g=nerated and analyzed to. determine the best model.
The best modal is selected accordihg +o the criterion sf tha

verification step of the mathematical modeling procedur=z.

.

et — e T
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As k becomes large”™it |is obvious that considerable computa-

tion and analyses are required to derive a suitabls model

from this proceduri;/ Praper and Smith(zé) note that~fin

general the analysis of all ‘ragressions is quite unwarrapt=-

cd,. " ¢hey;i}so'state that "the amdunt of computar tima usad

is wi§teful and. the ‘shaer physical effort of examining-all
'th‘/computer printouts is-aﬁérmous when more than a fewv va-
riables are being examined, some §ortlof selection proce—
dire which shortens this task is preferable."

" one technique which is widely'used and does shortan the
selection procsdurs is thak of stepwise reqressicen, Draper
and Smith(22) Ibeliéve this technigue to be tﬂe Gast of tha
previéusly mtntionad variable seldctiodn prbcedures;‘ and ré-
commends its use, . ' )

?he stapwise procedure is very similar *o the forvard sa-
lection procedﬁre in.that,it consisﬁs of building . the re-
gression modal' one variabla at a time, by adding at zach
stéﬁAthe variable that expiains. the larges* amount of the

ramaining unexplainad’ variation, Tha forward selaction
d - )

procadure determinzs the order of insertion by using the
partial correlation coefficient as a measure of the varia-
bles not yet imn the equation, variables are inserted in

turn until +ke modal is deemad unsatisfactory. Howaver, tha

forward selection.proc=durs makes no effort to nkplore tha

" affect that the introdubtion of a new variable may hava on

the role .played by a variable which entersd at an earliar

-

.
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step. This aﬁparent wveakness is overcome by the adoption of
the stepwise proceiure, The paréial F criﬁfrion for each
variable in tha regression at avery step of the caiculation
is ev;luated.. This provides'a measure of contribution made
by each variable as though it had bean tha most recant vari-~
abla entered,- regardless.of the step at which the variable

is introduced to the model. That is, tha first ;Lriablé-to
enter the mod;l ;s the mgriable displaying the highest sip-
nle qorrelatién ;ith tha dependant variable.. The sscond va-
riable selected is the one uhich é;plains tha greatest por-
tion of the variance of the dependent vafiable nothEggunted
fof by the firs< variabla, - The first varidble is, in ﬁurn,
:ﬂtested for significance. If the variable is d e med insiqni-'
ficant, it,is discardad, This iterative procedure is con=
tinued un+til a étable suitable podel is derived.' This im-
plies - that all the independent. variables " selectad ara
significant, and‘those wﬂich are not selectad are insignifi-
cant in tarms of 9xpléining the vérian;a of the dependant
variable, -

Onz no%es that with the identif1caticﬁ oé a tentafita.li-
near additive. regression.model consisting of k.in@ependent
varaibles, that 2k regression moyels ma? ba "~ calibrated be
the method of least squares, °© A qgreat rgduction in the cém-
putation rzquired t;'derive a sﬁitablg. model is realizad
with the adoption of a cursory yerifi;ation procedure. “Us-

M

ing the tachrique of stspwise regression for the sejectish
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and rejection of independent variables, subj cts modals to
. R _

-goodness=-of~fit tests and tests of hypotheses, These tasts

actuaily form part ¢f the verification step in tha analysas

[N

of the proposed mod2ls, Tasts empldjed in the stepwise

proccrdure, as~ well as saveral® other tosts and tachniquas .

 that are enmployed in the verificatien of the proposed model,

are discussed latter in’this thesis.

2.2.2 Model Verification :

ThelAdaquacy of a p:oﬁosgd calibrated model is detarm;ned
in éhe verification step of the mathematical modeling. _This
phase of thq'mod%ling procedure attempts to determina in
wvhat mannar a p:oposéd calibratad model is -inadaquate, thus
possiblf laading.ﬁo'appropriate modificatiopé. The emplof;-
ment of a reasonably comprehensive verification procedure in
'mathematicai modeling should enable the modeler to maintain
less doub{s'cbncefﬁing the implemen*tation of a derived mo-

9

del. -Howavsr, Box and Jenkins(8) note that judgement should

be used in the verification step as "statistical tests can

discredit models which could nevertheless be entirsly ada-=

-~

quata for +he purpose at kand, "

2.2,2.1 Assumptions'of the Regression KModael

Thus far *+here has been no mention of digtributional as-

sumptions in the development of the regression models. Ba-

sic assump*ions will now be put forth for the regression mo=-

del <
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Y, = B+ B X+ ByXpt ...+ B Xt g ;1= 1,2,...,07 (2.1)

The first assumptidn is that the error € is a random varia-
ble with a mean of zero and a.ccnstant variance. This may

be written as

v. ; - 2
E(eg d>)=0 , V(ig)=0
The second assumption statas that g and Ei are not corre-

latad for i not equal *o j, so that

COV ( g ,g

j).=0.

mhus Y; and ¥, for i not equal to j, are, as wall, not cor-
relatcd. The "final assumption is that the error, ¢ ., is a
normally distributed random variable “with a mean of zero and
variance constant. That is:
' 2
E ~N(0,c )
. .
This final assumption implies that ¢; is indavpendent, as

well as not heing serially correlated (22,38).

2.2.2.2 - The Standard Error of the Regression Kodel
The proposed regressicn model, as depicted by equation

2.1, is:

Y = Bot By X, B Xpt € : (2.1.b)
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Thg;;kandard ecror of the regression equation, o, maf be es=

timated by S, ihera

2 2 .2 .

§ =Leg /(p)=I(-¥) /(n-p) (2.7}
["'\

and ¥; is the observed value of the dependent variable, ¥,

1

is tke estimataed value of the dependent variable, n is the

number of ohservations, and p is the number of independent

- variables in the madel.

2.2.2.3 The Multiple Coefficient of Determination

An expression for the multiple coefficient of determina-

tion, Fz, may be represantad by the following ﬁazgiia:

2 -2 2

R =1- (ap) § /((n-1) Sy ) (2.8)
where 53 is the variance of thke dependant variablz; and n,
p, and s? ars as p:évioﬁsly definad,. The multipls corrzla-
tion coefficient is defina2d as the positivs sqﬁare root of
the multiple coefficient of dsetermination, The mulliple
coefficient of determination rspresents the variatioq in Y
axplained by the <conbined linear influence Sf +he indapan-
dent variables éivid}d by the total variaticen in Y. The va-
lue of Rr? may vary from 0 to 1'and‘is analogous to the sim-

ple coefficient of determination inm the bivariate podel.
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'2.2.2.4 confidence Intervals for the Standard Error of the
Estimate : )

~

Having placed certain assumptioné on the dsavelopment of
the regressicn models, one may proceed to place confidence
—

integvals-ﬁh the standard error of the estimate, and perform .

various tasts of hypotheses, Confidencs int?rvals may be
placed on the standard srror of th97 estimate, o,by noting
that '(n-p)Sz/o'2 has a chi—square'distriﬁution. Thus, tha
lower énd uoper confidenge limits on crzaﬁe(BO), respectiva-‘
ly

L (ap)s?
2
XI-a/2,n-p

2 . :
U = (n_.;l)é_ (2.9)
Xa/2,n-p K ’

2e2.2.5 Inferencsas on-the‘Regre#sion‘ﬁodel's Coefficients
"he assumptions which are crucial for the employment of
the calibration technique of least squares are: a) the ex-
pected moan value of the residﬁals is zero; b) the variance
of the residuvals is constant; c) +he independent vaciables
are fixed numbars; and d) thz number of observations axcaeds'
thé nuecbar of independant variabl?s‘ However, to d=arive
significance tes+ts and place c0nfideﬁce intervals on the as-
timat2d parameters of the laast squafes caiibration, ﬁ}, ona
must assume that in addition to the above assunmnptions, the

residuals are independently and normally distributed(38).°
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Inferences now may be made concerning the variances of

T

the parameters £u,..8, of the - model, where Bo...Ep depicts
the estimated parameters of tha calibration procedurs. TIf X
is an nxp hatrix 0f independent variablas, and XT represants-

the transpose of ¥, then onz may procesd to computs g=§T{

-1

and §4=( ng ) « Thke variance qof the .mstipated paramster ?i

may be found from

VAR(E, ) = of = C7lo? | g (2.10)
: i

2

where ¢g“may bhe estimated by sz, as previouysly defined. y As

the estimated paranmeter Ei is 4indepundantly and normally

dis*ributed with mean B, and variance -Ci':o‘2 , One may com-

pute +he confidanca intervals on the estimated parame-

ter (22,30) as: -

= A - 5.
LB. B tl—a/Z,n—p g
= B+ S~ (2.11)
Ug, = Bi¥ F1ay2,np%,
were ILg rapfasents the " lowar bound and Ug is the upper
1

i ]

bound.

L
Having computed the confidence interval of a given paraam-

ster'& , one may proceed to test the-null hypothascis that

Bi is equal <+to a hypothetical value of i , represented by
Bio » against th2 alterna+*ive hypothesis that'ﬁ is not 2qual
to By - The hypothetical value wusually assigned to Byy is

o

zero. Thus a test of H,: B =0 versus H1:Ei¢0 is in reality a
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testin§ of the hypothesis that the i—£h independent variabia
is not contributing;siggifica;tly to explaining tﬁe varia=-
ticn of tha dnpendani variable(36).” To test the hypothesis

-—

Ho: B=0, on2 nz2ed simply compute "the test statistic

e = BB | (2.12)

where'ﬁf, Byge and SE are as previously defined. Tha hy-

. |
po+hesis H, is rejescted if the absolute value of the coamput-
ed t is greater than a tabulated value of t at the (1=-0y2)
level. of sidnifi:ance kaving fn—p) degraes of fraall
dom(22,36), One should remember, however, that if a t-test
is used'to Teject a coefficieqt, it is done on the basis of
a residual variance calcula%ed by its inclusion. Ken-
dall (#4) no*3s that +his +est becomes mor?® questionable if
saveral variables are rejected at the same step,

The goodness=-of=-fit Lof the regression medel in general
maf he ‘assessed through thilimplementation of a commonl?
used hypothesis testing procedurekfs). That is, the proce-
durs is to test the null hypothésis that the multipla corre=
lation is ze;o in the population from whick the sampla is
drawn. The overall null hypothesis H,:R=0, is equivalant to
Ho s By = By=e o2 =Fp=0 versus H,: at least &;e or more of thag's
is not zerc. If the”null hypothesis is rejected, then onp2
may,conclude that one or more of the estimated parameters is

diffprent'than zard, The tast statistic employed for this

general test(h8) is
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o2, ;
LMD $Spea/ (P-1). | 2.13)

) (l—Rz) {n-p) SSRES/ (n-p)

“where SSgpeq 1s the sum of squares explainad by the entire
ragfnssion modal, SSggg iS5 thae /?ﬁsidual or Lnexpla%ned sum
of squares, and n and p are as previcusly defined. One ra=
jects H, if F excaads the *abular ﬂ-a}pqthBO)'

one may no%e that the above T taest doas not indicat2 tha
precise =2stimatad paraﬁeters which are ‘not zero. The pravi-
ously d=scribed t-test may be employed .in the case whara

only very faw parameters may be shown to be zero. Howavar,

the B;s are not inda2pendant and thus the *+ test loosas ~

cradibili+*y as tha number of parametars aqual o zero ara
tested simultanecusly. In such cases, the hypo+hesis that k
of the ind:pandent variablas are not contributing signifi-
cantly to the esxplanation of the linesar variationm in tha
dependent variable, may be testad.’ The hypothosis that tha
k last variablss are not contributing significan+tly, wmay b3

rapresented as HO:Bpk+f @m+f"'=6p=0 versus Hy,: at least oue

of these 6'5 is not zero. The test -statistic employad in

this reduced model test is given(30) by

¥l

(QZ—Q3)/k
Ql/(n-p)

F (2.14)

e ¢ ki
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wherae Q, is dafinad as tﬁe rasidual sum of squares onsthé
full medel with ;-p dsjrees of freedom, Q; is ths sum of
squares due to regression oQ-the full model with p~1 d2grees
of fraedod, Q; is the sum of squares due to regression on

the reduced modal with p~k-1 degrees of fr=edom, and n, p.
: : | .

and k are as previously defined. H, is rejected 1f the com-
~ . ' .

puted F exceeds the tabulatad F_, - .. The rejaction of tha
null hypothesis implies that at least one of the k variables

is axplaining a significant portion of the variation of tha

dependent variable.

2.2.2.6 Confidence Intervals on the Regression Model
T¢ place confiience intervals on a point Y, on thea ra-
gression line, on® must first compute the variance of Y,

. such that

Yy = XnB | (2.15)
i
vhere X, is the point in p dimensional space {(a 1 times p ma-
trix), and B:is a p times 1 vector of estimates of the re-
gression paramateré g. Tha variance is given by Haamn({30)

and Traper and Smith(22) to be

VAR(Yn) = o%tn (X X Xh (2.16)

where ?h'is an astimate of ¥, , and "g?may be estimated by 52
which' is as previously defined, One may thepnp procead to
compute the confidance limits of tha regression mod2l by usa

of the following =quation
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- o

' ~' 1/2
LOWER = Xp8 -
_hB' tl—d/?.,n'-p (VAR(Y))

I

UPPER -

[}

. - . 172 '
0B+ €1 /2 nep (VAR(EH)) ' (2.17)

where all tKt terms are as praviously dafined. If one de- -

sires to estimate the confidance intervals of a predictad

value of Y, , one need simply replace the var (f,) term in-
. . ;

aquaticn (2.17) with +he variance of an individual predicted

value of Y qiven by gX1+x, (X"Xi'x7) (22,30,

2.2.2.7 Rationality of thae Estimated Model's RParameters

Thus far only statistical goodnesslof-fit criteria hava
baen .introduced in +he verification of proposed - modals.
McCuen ét al(52) propose th;t éurrent modaling procedures,
which exclusifely lgmploy goodness=-of-fi+ criteria in model
verificaticn, «can yield more rasliable models if cartain al-
terqafive critgria are adopted, rThey suggest that tge meth-
odology of modil varificétion should include %he da2termina-
tior ¢f the ratiorality cf the model's estimatad parametars,
as well af an examination of the model's residuals to deter-
mine model inadaquacyf

The adoption. of the rationality of +he parametars as a
verifica*ion criteria attempts“to.incorporat@ hydrologic ra-
tionality into the development of seasonal wéter yi2ld mo-

dels, The ratiosnality of thg parametars may be examinad in

&
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the llgﬁwg\f 1ts szgn and magn*tude. The standardlzed par-

tial regrassﬂon coaff1c1ent is amployed to determ*ﬁe the Te-

lative importanca of-the independent variables. in relation'

to all the 1ndnpend°nt varlables which are .included in tha

.rpgrass*on modal . The baszc formula which is‘ussd for tha

computation of the partial regression coef icient or partial

correlatiqn coefficient (68) is

o rij - (rikrjk)

Lot s

Cox,, = ~ o T 2as)
ik w2120 /i’ \172 //’f_\\‘-" S
L ) ik . jk , : -

- . LI e .. \
whera kx is’the control varlable or variable whose -affect. on

" the dependanf variable,has beren 1linearly removed, r is the

LY

simple correlation, while i anad j represent the dependent
variable and independont varﬁgbles. This formula nay be sx-

tended to include more than one control %ariable._ A modifi-

- . - . : * /'-‘ . .
cation is required vhen more than.two indepéndent variables

‘are includad in ﬁhe modal #he extan51on of this formula to

T/

inclﬁde n+t éontrol varlables is acbleved by replacmng the
- simpl= corrnlationicoefficieuts--cnlthe right‘side of aqué-

‘tion (2.18)  with the n-th Srder partial coefficients (68) .

One should nots that theze is no effect on the derijved par-

tial corralation -coefficients by the ordsr in which control:

variabies1§re add2d to the computation, . The rationality of

the paramaters is determined by the ralative magnituda &£ -

,Nﬁxhéaqh paramet=2r's partial wifh respect to the intuitive im-

portance of the d2pendent variable in the raticnal detarmi- =

,/-\\

nation of the dqpendent varlahle
-! ‘; ' ‘a .

P
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médel, Residuals are usually employed axclusively in suﬁ?

forth in the ad&ption "of the ' regression analysis techni=-

72

Hawley et al(32) state that khe rationality of the sign

of the models' parameteXs may be de*ermined simply by noting

the 31gn of “the simple correlation of “the respectlve inde=- -

pendent variables with the dependent variable. If the 'sign

fof the. 51mp1n correlatlon coefficient and that of +the mo-

a

del's pa*ameter in questlon dlffer, ) then “hat parameter is

deeted i;ratipnal. The authors state that such irrationali-

ty is due tq the. *statistical manipulations in the réqres-

sion *technigua,"

2.2.2.8 Analysis of Residuals

Tt is proposed that ¢£he analysis of the regfeSsion model's

residuals b2 adopted 1in the verification of the

mary statistics$ concerning the goodness=-of~-fit of e(modals.

hd

The analysis of the averags: maqnitude of-theSe rpéiduals ig

used ag a basis cf the presanted summary statlstics, such as

the standard error of the estimate and multlple coeff1c1ent

1

- of daterminatiom., ﬁﬁﬂever, a diract examination of tha mo-

del's residuals may indicate a possible violation of the un-

-

derlying assumptions concernin§ the arrors which are put

qus (5,22,68). Th%%%—underlying assumptions are that tha ar-

rors a) ba indeﬁendqnt, b) have'zero meah, c) - have'a cons-
tant varianca, and d) follow a n?i?al»distributiou.. The
lpgic underlying the axaminaﬁidnlof‘ the residuals is'if tha

~ .. . 3 i

alibrated'

a I AT



propose d model is correct, then thé modelts residuvals should
not viplate the above underlying assumptipns. \
visual examinaiicn of +the residuals is made ,possib%a by
the use of various plotéinq schemes, Draéer and Smith (22)
advocate tha ‘use of_visdal axamiﬁation in lieu of pumeric
examination, as visual plots tend to b2 more informativa.
Th§y note that any vidlations of underlying asgumptions of
the,fesiduals tha=* require corrective‘action will, almbst
withoat a doubt. b2 revealed by .the residual plots. @ ‘
Th=2 v¢isual examxnat*on of r951duals is concerned predomi-

Ny
nan+ly with the visisble patterns of_the rosiduals when ar-

rayed 1in a scaftérgramr' I£ is suvggested that the residuals
be piotted in =very iogical manner ‘possible for a gi;sn si-
tua;ion. various methods of plotting the residuals are a)
ovarall, b) 1in time sequencs when the order" is.kanown, <)
against the fitteq or predicted ‘values of thq'dspgndhnt va=-

riable, "and d)' 1gains£-each independant #ariable(BO,GBl.

‘The overall plotting implies that the residuals are plottea

RS . . : . N - s
in on2 dimension. ThlS plot enables one to visualize how

thn rasiduals ‘are. dlst lbuted about ths m2an--zZero. Such an

analysis may enablz. one to conclude that trve residuals ap-

pear to be of a normal distribution with a mean of za3rp.,
Having assumad t+hat the residuals are indepandently and nor-
mally dlstributed Hlth a mean of zero-and a constamt vari-
ance, ¢, ona may verify that the unit normal deviatgqférm of

_ ‘the residual, e, , appears to follow these assumptions. The

qnit normal deviate of e; is defined (22) as e, /S,. where

-
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1

: n‘ (Ei hd E) n‘ ei .
Sl _(;y-z-l (n - p) )= .:Lfl (n - p) . (2.19).

T+ follows that on2 would expect approximately 95 percent of
the e, /S, to lie within the 95 percent limits of the t e
distribution,

"~ Ona .of the moﬁr important features, when making a direct

axamination of a scattergram, is the overall patarn of tha

points, Figure 4% indicates four  general patterns which
cculd possibly . emergas from the plotting of the residuals

agains* a variable. The patterns of Figure 4§ (by,(c), and

(d)‘ show an abnormality.o® the model tha+ requires correc-

-

tiva action. The pattern of Fiqure U'{b) indicates that the

variance is not constant, while pattern (c) is indicative

}

that a linear term is missing, The pattern represented by

-

(1) indica*as that a guadratic, and possibly linear tarms,

should be included in the mdde;. The"coqstant band pattern

o~ -

-

of (a) indicates that the model does not'appear to have ah-

normalities(22,€8)., If the modal exhibits a pattern similar
. - n‘
] r

to that of Figure H} thken one could conclude that the as-
sumptiong concerning the model's residuals do not appear in

j2opardy. That is, on the basis cf the data analyzed, thara

N

is no reascn to indicate that +the underlying assumptions

have baen vieTdate , - thus negating the naed for corrective
v > : .

action.,”
f
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Figure 4 : Four general patterns which occur when plotting
residuals (22,68). )
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As well; one may investigate ‘the goodness-of-fit of the
residuals to folloy a normal distribution by the adoption of
the'ponpa:ametric Kolmogorov-Smirnov tast (30,61,81). Tha
Kolmocgorov=Smirnov statistic, D, 1is computed as *ha paximum
deviation of the sample's distribution functicn F(x) .from

the specifiad.hypothetical continuous distribution function

P(x}, such that g

D = max lF(x) - P(x)l ‘ ’ '(2.20)

"he qoodnass-of-fit is determined by the comparison of the
computed.D with a tabulatad value D, for a given confidance
lavel, | ff the,é%mputed D 1s greater than D,, +then one may
stata that ths obsarved fraquency distribution &eparts sig-’\
nificantly from a h&pothesized ffeqUGncy distribution; The
sole assump*ion of this technique is that the data are con-
.tinuously disfributed. As well, Yevjevich(81) notes that
the absolhte maximﬁm differenc2, D, 1is likely to be sméllar
than thka true p of the population, as the parameters of P (x)
are estimat2d from the sample data. He indica£es this bias
o be unkndwn and suggests the adoption of a critical D
"sémewhat smaller® thén that suggested by the tabu%gt&d cri-
tical values of tha Kolmoqorov-Smirnov'statigtic. However,
Lilliafors(t47) -lists a‘table of‘cfitical values of D which
take ipto account that certain patametars of +the distribu~

tion have bean estimated from the sample.

—
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Further nonparametéic_tésts may be amployed in the dotar=-
mination of the randomness of the resgidpals of +ha ragras-
sion model, The.first.proposéd test analyzes the residuals
for tandancies to cluster in order of magnitudes. This is
performed by élassifying the observations into a few broad

categories, The number of runs in each category is counted,
where a run is dofined as a group of consacutiva observa-

tions of any category, The population mean of the residuals’

is given by'

m

2
n{n +1) - I n, ‘
- "'l N .
M, = i= ; : (2.21)
1 n

where n is the total numper of observations, n, is the num-

/}/ ber of observaticns in‘the.i—th category, and m is the cho-
<" sen number of categories, The population's standard devia-
\| o

/ tion, gy is given by the esgquation
m m T .'m . ' 2 :
s =[ In’( In,+n@+1) -2 In- n3] - (P - 1) (2.22)
Lol gt i=1

The standard normal variate is given by
i
G, +0.5-M)

Z= (2.23)
9y . _ .

-

whare G, is the number of runs. ' - .
A second tast which may be employad, shows if the direc-
tions . ' of the movements of the residuals

tend %o cluster, Ir this test +the number of runs up and
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down, G,, are counted. £ The populaﬁion mean is given by the

formula

2773 | : | (2.24)

and the standard daviaticn, (&, is represented by
| 16n - 20§72 T - _
% T 90 | ‘ (2.25) <’

The standard normal variate on which tests may be performed

is

322 = (G2 + 0.5 - Mz)/o2 ‘o (2.26)

"where all th2 terms are as prgvidusly definqd;

A fhird tast of randomneés"checks for predominance of ﬁp-
ward or downward érends in the direcfion‘ of the residuals.,
This test -is performed by counting the number of poéiti¥e
énd naga*iva residuals, The number of residualé baeing }osi—
tive or negative should not be significantly different in a

random sample. Th2 population mean is givan by

M3'= m-1)/2 ' (2.27)

while the st-andard deviation, O3 ¢ is given by
o, = (a+ vYE S (2.28)

’

The standard nd>rmal variate may be obtainad from tha foramula
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Zy = [My - (8, + 0'-5_)1{03 : [ g (2.29_)

wvhere S, is ihe smaller number of either fpositive or nega-
tive residuals, and the remainder of the fermS'are_as pravi-
ously definad, Cavadias and_Brennan(1ﬂ)‘note that the sanm=
pling distributiong for a relatively '1arge _numbar of
6bservations for thé‘thfee previodsly n2ntionad randomness
tes+s is well " approximated ‘by a normal ‘distribution. Thal
normal prqbabilitias corresponding.to tha deviations of the
numbar-in *he run from the expected value ihdicate that the
probability of thisurvalue occurring in'qf series of randosm,

indapandant observations.

2.2.2.9 Split Sampling

Split sampiinq is often considerad to be éne of the bet-
tar proceduras for the 'verifica£;on‘ of proposed, mb&els.
Goodnass-of-£it stafistics," based on the data employ2d in
tte calibrgtion of the regression model, give an indication
of +he nodel's precision during the calibration, but not for
the model's-precision during actua)l prediction. Computation-
of tha goodnass-cf-fit statistics an% the énalysis of resi-
duals from the regression model based on data not includad
in the‘calibration of the mpdel, provides an additional Jev-
ice ;or the verification of predictive models(30). Shradat

et al(€3) state that a data base independen*t of the data 2m-

ployed in the model's céiibration should be employed in the

»
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verification of regression models. They note tha+t in goner-

A

1

al, spli+ sampling represents tke sole method of - proparLis_

testiné.a model,

Shradar at 51(63) advocata the use of a random selection
process to davelop suBsamples to be used in-the calibration
and varification’of-regress;on‘ﬁodels. -However, they note

“hat for small sample sizes random selection may yield sub-

sampl2s whose characteristics are not similar *o those of-

the antirs sample, For the split sampling technique to bea
valid, it is jrequired that the_deiiyedu subsamples exhibit
somewhat similar characféristics. Thus, sys+smatic randon
sampliné is pb0posed in the case of small samplaé. _ Théy
noteAthat | ’

a valid subsample may be selactad by idantifying
‘one or morea important characteristics, seperating
tHa2 data base into groups ‘that are based on simi-
lar values of these characteristie¢s, and randomly ’
selecting an equal number of observations: fronm
2ach gZoup. This systematic-random selection pro-
cess Will ensure that +the sample is random and
that +he model will be testsd using a subsampls
that is representative of the data used in calie
bration, :
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EXPERINENTAL DESIGN

3.1 / THE PHYSICAL SYSTEN ) | ’

Tha Saqueray-lic St-Jean uafershe@ lies mainly in the
Grenville subprovince of the Canadian Shie=ld. This region
is characterized by rolling mountains having low relief,
usuaiiy lying ‘between 300 m (984 ft) to 1000 m (3280 f%)
"ébove meah -sa3 level, In +th=a northwestern region of tha
watéréhed, one finds the divide betwaen the Sﬁperier and
Ereuvilla subprovinces of the Capnadian Shield. The Superior
is, as well,. characterizad py lcow relisf lands coﬂtaininq
muchk muskegq,

Tha wa*erwvays of tge saquanay-lac St-Jean regionf-ara ax-
-tensivelY.devqlopeﬂ for tha productiod of hydroslectric pow-
2T, Alcan Smelte%s and Chemicals Limited operates a multi-
reservolr system consisting of six powerhouses havinq a
to£al installed turbine capacity- of 2687 Mw. 'ﬂThere are
three majsr reservoirs with a tofal l;vé storage capacity of
11.€1 Gm3 (409.9 BCF). Figures 5 shows the hydfoelec&ric sys-
tem existing ia'the region, while fTable 2 lists the poﬁér-
kousn data Bf the stru?tures shoyn in Figure 5 Tabla'3 lists
the liye Is;orage capacities of the thregv méjgr rgse;;oirs,

locat2d in the total watershad, 'The total watershed covers
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an area of 73,100 km2(28,225 mizy; ranging fgom-appréximata-
1y 47930' +o 52°15' latitude north and 70°15' to 74°30' 1o~
~ qitudy wes*, The locatiqn and shape of the watsarshed is
shown in Figure 6, | |
Tha crea+ion of aﬂ ‘accurate .and reliable foracasting
schema is _prereéuisite for- optimum wvater resources paﬁaqe-
ment in hydroalectri& production(76). Tha predicticen of wa-
ter yield for the "very important™ spring period greatly af-
fects the opearation of the system for the remaining portion
of tha year{f4). In the opatatfbn of tﬁe systsm, the éprinq

planning period is defined as commencing April 1 and ending

#June 15(73). ° It is, thus, desirable to obtain an accurate’

and raliable forecast for tha spring season water yield as

defined by the above dates for the operation of rhe,system:
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Table 2 :

S o s v v

Rl aahet ol e

Powerhouse Data
Installed
Average turbine  Number
Powerhouse Year net head capacity of
_ completed Meters Feet TOMW turbines
Chutp-des-Passes 1960 143.3 470 750. 5
-195.1 -640
Chute-du-Diable 1951 33.5 110 205. 5
Chute-a—-la-Savane 1953 33.5 110 210. 5
Isle Maligne 1925 . 33.5 1190 402. 12
Shipshaw 1943 64.0 210 896, 12
Chute—a-Caron 1930 48.8 160 224. 4
TOTAL " 2 687, . 43

R

i ey - -
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Table 3

: Reserveoir Data .

Live Storage Capacity

86

g

Reservolr metersB'x 10° feet3 x 10

Lac Manouan ' 2.55 90.

Passes Dangereuses 5.10 1180,

Lac St-Jean 3.96 1140,

TOTAL 11.61 410.
’//‘\\__7__ -
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3.1.1 Alcan's Current gg;ecast Hethggglogz

The forecasting of future water yield is based on antéca-
depnt hydrometeorological conditions employing the techniqfe
of stepwise ragressi;h; Tha forecastiné is facilitat;d by
&se of an interactive program. This.inferactive naturs of
+he forecasting _ system purporthly *makes the continual up-'
.datlnq o‘ the forec ast equatlons much faster and morewconvo-
nicnt than it othervise wourﬁ ba" {71} . It is realized that
the factors to b2 considered for the forecasting of yater
yield are a)} ths debéndent variable, b) thé'independent va-
riables\?r input to thE forecast, and c) £he fbrecasting
technigue, For the Alcan system, the dépegdent'vafiablesf
considered®includa uncontrolled inflows to the system.cond;~
+1oned on an initial date and a F*nal date, and uncdntrolled
inflow conditioned on an initial inflow rate and final
date (70,71,73). However, as the spring period generation
planning stidies span april 1 to June 15, an important dafi-'
nition of gpring saason wdter-yield represents the total vo-
lume of uncontrollsd 1inflow observed during- tgis per-
io0d (70,71.73). Thonpstone =t al({73) explains that "a
generation plan can be put into =ffect on Rpril 1 when March
runpff and results of the end of March snow sSurvey are
known," Porecasts of the spring freshet volume for this

generation plan ars- based on March's snow survey and uncont-

rolled inflow data, The watershed has'a mean spring flood

4
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volume for ﬁgés through 1976 of 16.2u Gm3 (644 scé;. The
standard.error of. eskimat for the forecast '~ model based on
the end of March's snow cdver and narch}s_infloq\is 3.23 6m3
(114 BCF) (70,73). The actual models relating the ipndapen-
dent variables with the spfinq freshet is not shoun.’ Howev=’

er, Thompstcne(73) does statse +hat "the bast forecast found

so far for *+he spring runoff was:

¥

¥ = -115.2 + 44.8(X) + 11.3(Xp)

where §= volume of spring'runoff, 1 April- 14 June, in BCF,
X =ond of Fabruary snow cover in inches of water equivalent
{ and] X =volhme of March runoff in BCF,". The'standard~er-
ror of estimate for thgé médel is 3,17 Ga3 (112 BCF) . it is
reported that both prdposed modqls' coefficiénts,'as wall as
the_multiple correlation'coeffiéients, could not b2 re;;éted_
at +he 95 percent level of significance (70,73). The modals
reflect 1955 ;Qrough 19754da£5.:‘ Hodel verificati?n. and
diagnoastic checking include only the §ignificanée‘testing of
the models' coefficients and ﬁhe'multiple'correlation coaf -

ficients. . . Cg

3.1.2 Development of a New Forecast Methodology

Adoption of a logical procadure for model construction is
imperative for the further developments of forecast models.
The iterative‘apﬁroaqh +o model construction, as descrjbed

in Chaptér 2, will be employ2d in this study. The ganaral -

*
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pnodel building schame includss a) jdentificaticn, b) cali-
»bration; and ¢) verificatiom, It is.assumed that the sea-
sonal'uater vield can be- represanted by a 1innar additiva
model. Tvwo general classes of such models ars proposed for
analyses. The first is a linear additive model of the. inda-
oendent variables, vhlle the second is a linear addltlve mo=
d?} of +he componeots of the independent variables. Tha

technique of least squares is employed in the estimation of

+he model parameters in the calibration stage of thé-model
‘ 3 . ) : :

I

T

bui;ﬂiﬁg\zrocess. propos2d fitted models are subjaétad to

dlaqn033; checks and tests of qcoanSq—of-Fﬂt to determine

the adpquacy of each. m>del and the officipncy of which tha

fitting procéss makes use of the dé*a. Distributional as- -

e

sumpticns regarding the resldggls of the callbrated models‘
are tested, when possible. ASryell,'spllt sampling tachni-

ques may be employed to aid’in establishing, model sufficien=

- LY

cy., . If any inadeg
,iden*ificaoion, PStlmaEWOH, and verlflcatlon is repeated un=-
t*l a suitable rEpresentaolon is found —

The factors prPV1ously axpoundﬁd upon for thea foracastiug
- of water yield fo: the Hatet:hEG in qunstlon are a) the ‘da-
v P
perdent va**ablh to ba forecasteé b) the 1ndep°ndenu varia-
ble or input to the forecast and c) +he forecasting techni-
quﬁ(f0,71,73). Numerous dzfinitions for tha dependent

variable are presgntiy employad (70,71,73). Howaver, the

sole dafinition of the dependent variable to be adopted in
. '

1

¢

' { .
found, tha iterative cycle of
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this siudy is definad as the uncontrolled 1inflow volume of

the Saquenay-lac St-Jean watershed occurring from April 1 to

€

June 15, inclusive, It is realized that this period repre- -

sents a convenient dascription of the spring £flood season,
and an important generafion planning time peoriod for tha op-
eration of the hydroelectric systenm. previously documanted

forecast mod2ls are based exclusively on snow cover in sgui-

valent inches of water and March's uncontrolled in--

flows(70,73). Additional independent variables ara invasti-
gated, herein, for possible inclusion in the forocast
nodels. The independent variables are composed of hydréme-
teorological ‘data which may be classified into thrae cafaqo-

ries. - The firs:t catzgory includes data prior to the start

+ of the snow _accumul&tion period that judgement might_indi-:

,cate as having an influence on the spring season water
yie;d. The second category are those factors reflacting'tha
influence of conditions during the period which the snowpack
is accumulating, and that affect the dependent variable.
The thfrd and final catedory are those variables which ®sxert
+heir inflyence during th® runoff period. ~ It 1is obvious
+that modsls to be employed in forecasts must ba based on an-
tecedent conditions. However, the‘dévelopment of additional
models which includa'causation factors occurring during tha
forecast period provide empirical reiatioships‘illustrating

. ) N
accurately their quantistative affects. Such models should

P

prove benificial to the operational managaﬁent of hydrosysr-
tems. e . -

R ,;..apn.——"“ P
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In gensral, the new methodology includes:
1. +the adoption of a general nodel bﬁilﬂ;nq schéme;
2, the general categorization of possible independant
variables, which implisas +hat presently employed in-
‘dependant #aridbles in operational forecasts are to

'

be expandad to include more’ comprehensive hydromatao=

roflogical datas . ‘ :
3. the I usion of detailed residual analysis and split

sampling .tachnique as part of 'the nodel building
scheme; and -

u, tpe.probosal of two general classes of linear addi-
tive mod:ls to include a) independent variables, aﬁd

-

b) components of the independent variables.

3.2  THE HYDROMETEOROLOGICAL DATA

The (independent variables to be. introduced to th=a pro-
poseﬁ ;;%ecastinq technique may be roughly classiﬁied into

: B

thr=e categc:ies, Ss proposad by Koelzer and Ford (45). Tha
first catagory is composed of antecedent factors reflactinf
watershed and . hydrometeqrolodical conditions prior to the
snow accumulation pericd. The second, isttonstituted to re-
flect th2 watershed and hydrometeo:ological,conditions duc-
'inq‘the pariod of time vhen the snow pack is primarily accu-=

mulating. mhe third, and finai category, 1is structured to

raflect conditions subsequent to the seccnd category. That

is, the third grouping raflects the conditions during the'-

l.'gx
5
o}
i
oy
N

.-; i TR
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snowme 1+ ahd ~qn > f -periods~-+he spring season ‘runocif éer---
ioﬁ.“ Undoubtadly, +he. linas of demarcation estabLishiné
these ttree categories in(nature éanﬁot be' clearly estab=-

. . S~

lished, ~as +hoir dates changa from ydar to year% Tha snow
accumulation pariol is assuned to/ﬁtart on #ecombo; 1. basaﬁ
cn thé‘genepal knowledge that tfe.snow is\usually retainad
for winter s+=orage in *he snow 'ék, The qn# 0f tha snow ac-
cumulation period is Ma;ch 3}, ashﬁbé‘sprin& finod period is
‘defined as occurring frem April 1 ﬁo June/)15, inclusiye.
fhﬁsrthn goeneral time-structuring of thq/ th:pe catagorias
are a) “June 16 to November 30, b) Qeéember 1 +c March 31,
and ¢) april 1 to June 15L‘ |

fhe hyd:ometeofalogical variables acquired for inclusion
ihfo the thraeczatagories are: a) *o+tal monthly precipita-
tion; b)' average‘manthly temﬁeraturp: ¢) monthkly uncont-
rolled inflowi and d) end.ofrJanuary, Fabruaqx, and March
average snow cover in water equivalence, Mean monthly total
precipi*atior and mean monthly %empzrature data Eér tha wat-
ershed-ar= conputed by tke arithme*ic averaging cf meteoro-
legical stations' data i;stéd in +he Federal Governmant pu-
blication ‘*Monthly Fecord', ' The metaorological sta*tions
use¢ in the computation cf th2 maeteorological monthly maans
for the watershad ate 'lisﬁéd in mable 4, while Figure 6
sﬁcws the location of the mat@oroloqicél stations listed in

mable U, Aopsndices A.71 and }s#2 contalin the m=an monthly

temperature ca+ta from January 1034 tkrough July 1977, re-
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spectively. appendix A.3 lists the average monthly uncont-

rolled inflow for the watershad from 1913 to 1977, inclu=

sive.. Average vatershed snow cover for the snow surveys .

from 1955 to 1979, inclusfve, are contained in Appandix A.G4.

mhe average watershed sSnow cover is obtainad by tha arith-

‘metic averaging of all reporting snow courses oparated by

Alcan Smelters and Chemicals Limited in the Saquenay-lac

St-Jean region(72).
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TABLE 4: METEOROLOGICAL STATIONS USED IN THE COMPUTATION
OF MEAN MONTHLY TEMPERATURES AND MEAN HONTHLY
TOTAL PRECIPITATION DATA FOR THE TOTAL UA'EERSHHJ
] - .
HINISTERE . MONTHLY RECORD
DES RICHESSES GEQGRAPHICAL -
YATURELLES COORDINATES TOTAL MEAN DAILY :
DU_QUEBEC LATITVDE | LONGITUDE P“ECI;i2271°N TENPERATURE
’ ALPHA NUMERIC NORTY WEST
0. METEOROLOGICAL STATION IDENTIFICATION |(DEG.-HIN.)|(DEG.-MIN.)} FROM; TO FROM | 1O
“1 | AIGREMONT 706 gofo .| 49 18 73 51 1973 | 1977 | 1973 | 1977
2 | AmaEL 706 0080 48 53 27 1934 | 1977 ) 193s | 1977
3. arviba |70 0326 | 48 26 10 1036 | 1977 | 193 | 19077 )
4 | BAGOTVILLE A ' 706 0400 48 20 1 00 1942 | 1977 | 1962 | 1977
5 ARRIERE 3 RAT RIVER ROAD 706" 0479 49 13 7215 1963 | 1969 - -
6 RRIERE ETIENNICKE 706 oM7A | 49 27 23 1973 | 1975 -] -
7 | BABRIERE MILOT 706 ODPC | 4B 54 71 46 1973} 1977 |. = -
§ | BARRIERE NORD CHIBOUGAMAU 706 0474 49 " 30 10 1963 | 1973 - - i
9 | BARRIERE 5UD LA DORE C 06 04TH | 4B 49 72 4 1963 | 1975 | 1973 | 1975:
.10 | BONNARD 706 0825 50 44 noo 1962 | 1977 | 1962 | 1977 ‘
1l | CHAPAIS 709 ¢ 1295 a9 47 76 51 | 1962 | 19717| 1962 | 1971 '}2
12 | CHAPAIS 2 799 1305 69 47 ™o 52 1963 | 1977 | 1963 |. 1977 R
13 | CHEMIN CHIBOUGAMAU (M 75) 706 1368 49 17 73 38 1965 | 1967 - .- :
16 | CHEMIN CHUTE-DES-PASSES (M 47) | 706 1372 »| 49 28 1 2% 1967 | 1975 | 1967 | 1974
15 | CHIBOUGAMAU : 709 1600 | 4% 54 76 18 1936 | 1951 | 1936 | 1951
16 | culsoucaMAu ' 709 1400 49 su 27 1960 | 1975 | 1960 | 1975
17 CHIBOUGAMAL A ‘ 709 1401 46 49 74 25 1971 1877 1971 1977
18 CHICOUTIMI . 706 1440 48 25 ‘ 71 05 1934 1977 | - 1934 1977 N
1¢ | CHICOUTIMI U 706 1442 48 15 nooo0 1976 | 1377 | 1976 | 1977
20 | CHUTE-A-MJRDOCK 1 706 wee | 48 3 15 193 |, 1557 | 1934 | 1958
21 | CHUTE-AUX-GALETS 706 1520 48 39 112 1934 31962 | 1934 | 1963
22 | CHUTE-DES-PASSES 706 1541 49 sS4 71 15 | 1957 | 1976 | 1968 | 1977
23 | CHUTE-DES-PASSES 2 : 706 1542 49 49 109 1973 | 1977 | 1973 | 1975
24 | CHUTE-DU-DIABLE 706 1560 48 4S e 1951 | 1976 { 1951 | 1977
25 | CHUTE SAVANE 706 1475 48 47 7151 1951 | 1974 | 1951 | 1974
26 | DOLBEAU 706 2020 18 48 722 20 193 | 1938 | 193 | 1978
17 | FERLAND 706 2368 48 12 6 50 1871 | 1977 | 1971 | 1877
28 | HEBERTVILLE 706 3040 48 27 140 1951 | 1958 | 1951 | 1958
29 | HEMON 706 3090 49 04 72 1963 | 1977 | 1963 | 1977
30 | ISLE-MALICNE 706 3320 48 35 71 38 1934 1 1977 | 1934 | 1977 .
n l JONQUIERE 106 1370 48 4 7116 1963 | 1975 | 1963 | 1975
12 4 KENOGAMI : 706 00 | 48 25 118 1936 | 1972 | 1934 | 1372
13 l LA DORE : 106 CPO9 48 46 12 43 1975 | 1977 1 1975 | 1977
3% | LAC ALEX 766 . CEES 46 15 | 71 28 1965 | 1965 | 1965 | 1966
15 l LAC BOUCHETTE 706 1560 48 16 17 12 1949 | 1977 | 1949 | 1977
36 | LAC CACHE 709 3585 49 49 %26 1954 | 1973 | 1951 | 1973
37 \ LAC COOPER 709 1920 49 00 %25 1952 | 1962 | 1952 | 1961




94 B
<
. TABLE 4 (CONTINUED) ~
MINISTERE MONTHLY RECORD
DES RICHESSES GEOGRAPHICAL
YATURELLES COORDINATES TOTAL MEAN DAILY
DU QUEBEC —Tirooe | LONGITUDE | PRECIPITATION | TENPERATURE
. ALPHA NUMERIC NORTH WEST DATA DATA
%0 METEOROLOGICAL STATION [DENTTFICATION |{DEG.-MIN.)|(DEG.-MIN.)| FROM | T0 | FROM | TO
< X
38 | LAC DES COMMISSAIRES 706 3610 | 48 12 | 72 15 | 1954 | 1975 | 1967 | 1975
39 | LAC HA'HAD 706 647 | a8 o0 0 47 1964 | 1970 | 1964 | 1970
40 | LAC MARORAN 706 w620 | so 38§ 70 32 | 1942 | 19§g |T1942 | 1961
| a1 | rac wrcausa 709 3660 | 49 25 | 74 20 | 1952 | 1960 ‘1952 | 1960
éi. Lﬁc-NlCﬁUBR s 706 CFHO 49 22 a4 07 1673 1974 1973 1974
43 | LAC ONATCHINAY . 706 w63 | s 59 | 7 o« | 1934 | 1967 | 1934 | 1966
44 | LAC ONATCHIWAY 706 1683 | 48 54 | 71 02 | 1973 | 1977 - -
‘ 45. | LAC ONISTAGAN 106 gcce | so a3 | 71 17 | 1sas | 1945 % 1944 | 1945
1 46 | LAC PAMOUSCACKIOU * 706 w686 | 49 t7 | 70 5§ ¢ 1973 | 1976 - -
| 47 | LAC'PERIZONCA DAM® - - 49 53 | 71 16 | 1942 | 1943 | 1942 | 1943
| 48 | LAC STE-CROIX 706 3690 | 48 25 7145 | 1958 | 1977 | 1958 | 1977 .
| 49 | LATERRIERE 706 4180 | 48 18 | T 08 | 1963 | 1977 | 1963 | 1977
I oso | nesy 706 2300 | 48 16 | 71 a1l | 1963 | 1977 | 1963 | 1977
! 51 | MISTASSISL. 706 2993 | 49 19 | 72 o0z .| 1973 | 1975 | 1973 [ 1975
|52 | wrstassit 706 w99 | a8 s2 | 7z 12z | 19| 1977 | 1963 | 1977
l 53 | MISTASSINI POST 709 so00 | so 25 |73 53 | 1936 | 1977 | 1934 | 1977
1 54 | wONT APLEA 706 s100 | 47 s8 | 71 25 | 1963 | 1977 | 1963 | 1977
| 55 | wmoOCK WILSOX 706 5383 | &8 31 | 7L 15 1950 |'1961 | 1959 | 1961
56 | NICHEQUON 709 seg0 | 53 12 | 70- 54 | 1942 | 1977 | 1942 | 1977
57 | SORMANDIN 106 seq0 | 48 st | 72 32 | 1936 | 1977 | 1936 | 1997
58 | NOTRE-DAME-DE-LORETTE | 706 s667 | 4o 04 | 72 19 | 1997 | 1977 | 1977 | 1977
59 | PASSES DANGEREUSES DAM -706 sgao | &9 53 | 71 1a | 1942 | 1961 | 1562 | 1961
60 | PERIBONCA- 706 5960 | 48 46 | 72 04 1934 | 1977 | 1934 | 1977
| 61 | PORTAGR-DES-ROCHES 706 6080 | 48 18 | 71 13 1936 | 1977 | 193¢ | 1977
| 62 azvxsig A MARS 706 6550 | 48 oo | 71 00 .| 1963 | 1963 | 1963 | 1963
{ 63 | RIVIERE AUX RATS 706 esay | a9 25 | .72 12 1963 | 1976 | 1963 | 1974
64 | . RIVIERE CHICOUBICHE 706 Fra0 | 48 58 | 73 18 | 1973 | 1973 | 1973 | 1973
65 | ROBERVAL A 706 6685 | &8 31 | 72 16 | 193% | 1877 | 1957 | 1877
1 66 | ROBERVAL NORD 706 6688 1 48 32 | 77 14 1934 | 1966 | 193¢ | 1967
[ 67 | ST-AMBROISE 706 6820 | &8 33 | 71 20 | 195 | 1977 | 1956 | 1977
| 66 | ST-COEUR-DE-MARIE 706 j060 | 48 38 | T 43 | 1957 | 1977 | 1957 | 1877
! 59 | ST-FELICIEN 706 j200 | &8 39 | 72 27 | 1938 | 1953 | 1938 | 1953
I 70 ST-LEON-DE-LABRECQUE 706 ° 7460 48 &40 1 731 1963 1977 1963 1977
\ 71 | SHIPSHAW 706 gien | s8 27 13 1943 | 1977 | 19437} 1977
i 72 | TCHITAGAMA 706 cpo7 | 48 s1 | 7r 28 | 1®34 | 1935 | 1934 |.1935
T VAN BRUYSSEL 107 HF96 'Y 37 72 10 1971 1972 1571 1972

*

LAC PERIBONCA DAM “g helioved to have been located Ln the construction camp of

PASSES DANCEREUSES DAM (5%).

B l.
Ty
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3.3 - NUMERICAL PROCEDURE
Two general clasgses of linear radditive models are pro-

posed for analyses, The first‘;E‘a linaar additive modal of

+he independent variable, while the second is a linear addi-,

“* tive model of tha components of the indapendent variables.

The indepandent variables, to be introduced to tho mod3l

building scheme, arIe classified - into three general catago-
“ _

ries. Th each category, -various hydrometeorological vaf;a-

bles may be . compoyndad. to reflect desired watershed condi=-
tions for the pecniod }n quastion, thus, two facto becona
apparent, The~first is the deterﬁination of the best form
of the indepeedent variables for introduction to the modal
builﬁing scheme, while the sacond coﬁcerng the form of the

model. _ | '

1

Figure 7 shows a schematic diagram of the computer pro-

grams which ars used in the numerical computaticns, Th=
mainline computer program accesses the ﬁydrometﬁoroquic;l
data bank and selects the desired variables, and their form.
mhe program then proce2ds to the jterative stages of nodal
calibraticn and verification. During thisJ%tage, mﬁltiple
stepwise regression (75) is utilized to calibrate modrels from
the proposad two general‘claésag of models. An analysis of
the rgsiduals of the galibrated models is then performed.
This analysis includas:éeveral plots and nonparametrié tasts

to aid inm accaptance OT detection of model inadequacy. If a

i
H
1
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calibrated model's: residuals'show no apparent»inéonsistan-
'clas, then thp modal 1is subjec*ad to a split sampling analy-
sis. ‘Th%s aids, as Hel;, in the determlnation of coeffi-
clent stability, In addition, one may compute the coeffi-
cient of detecrmination and the standard error of‘ the
estimate_fo{ +he split sample. relative changes in thesa
values from those obtﬁined fn original ﬁbdsiijgiibration maf
seriously implicats éﬁlibratad models for use in_foracasﬁ-
ing..’/Pro?eedipg this step, if diaqnastic checking has not
rejected the proposad nodel, tﬂén it may be daemed acc#pta-
hle for 1mplementatlon.

Appendix B. lls*s and documants the computer programs dép-

A

"icted in quure 7.




Figure -7 :‘Schematic of stages in the iterative approach to

building forecast models.
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Chaptet 4

RESULTS ‘AND DISCUSSION

8.1 THE INDEPENDENT YARIABLES
gydromatecrological data prior to the start of - the snow
_accumulation pariod., © during the snow acéﬁmulation pariod,

and subsequént,to the snov accumulation period *are used in

the development of forecast models, rable 5 lists thea hy- .

drometeqtological variables vhich may be allocated to de-
+ ' .

sired categories to reflect watershed conditions,

4.1,1 Yariables Antecadent tg SnoX Accumulatiosm Period
. . \\//.» .
Hydroclimatic factors prior to the snow accumulation p=r~

jod may have Zinfluenceé on the proqaeding voluma of the

spring flood. TFrom the hydrometsgp&&ogical variables listed
in Table 5, possible hydroclimatic factors based on total

monthly presipitation, average monthly temperature, and

mon+hly uncontrolled inflows may be proposad. The precipi-

. tation and temperature of July through September may ba da-~
scribzd as representing Summer effects on the wat~
ershed (1€,45), while +he uncontrolled inflows of October and

wovember may raflect fall conditions.

rable 6 lists the simple correlation coefficients of each

proposed climatqiogicél'factor with the spring f£lood volum3..

-
- i A
o N

- 9% -
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Table 5 :Available Hydrometeorological\Variables

Variable - Variable Description. o
Number : . - .
1 Avg. Monthly Temp. = July .
2 ( F.) ' August
3 Sept.
4 . Qctober
5 . rl—/Novem.
3] - Decem.
7 ' January
8 ~ February
9 March
10 , : April
11 : May -+ .
12 ~J Total Menthly Prec. - July : :
13 (inches) Augus'f: : ‘ K
14 - . Sept. !
15 _ October '
16 a e *  Novem.
17 ‘Decem.
18 _ January
19 ' \/ " February -
20 @ : . March '
21 a3 R April
22 o May
23 -t Uncontrolled Inflow - July
24 _ (c.f.s.) August
25 Sept.
26 ‘ October
27 Noven.
28 Decem.
29 January
30 : February -
31 * March,
32 - Snow Cover ' - January
33 (equiv. cm of water) February

34 March




.The null hypothesis that there is no association betyween the
depandent and independent varﬁ?bles cannot be rejécted at
the § perce % level of significance. ?hug} the prop sed hy-

s

now ace-

drometeofoléqical variables-occurring prior to th
cumula;ion period do not appear fgwhave a significant effgé%l
on the volume of the spring flood. 1+ is, as well, pQSSible
fhat thase factoﬁs are siﬁply not of the cdrract ’form for
corrolation with the spring flcod volume. It is interesting’

to note that summer temperature and precipitation prove to

be the mos* significant factors of this period.
: /s

v
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Table 6 .:Correlation of Factors Prior to the Snow Accumulation
Period with the Spring Season Flood Volume (1955-1976)

Variable ~Correlation Coefficient
Precipftation July 0.194
August 0,087 ;
July and August 0.265
Sept. -0.085
October .. 0.020
Nov. 0.077
Oct. and Nov. 0.064
July through Nov. 0.145
Temperature  July 0.376
August 0.120
July and August 0.300
September -0.059
Aug. through Sept. 0.011
October -0.114
November -0.196
Oct. and Nov. -0.192
July through Nov. 0.016
Uncontrolled Inflows— October -0.175
— November -0.094
- Oct. and .
Nov. -0.170




4,1.2 Yariables puring the Sno¥ Accumylation Period
Certain.hydrometeorplogical factors‘uhich §ccur during the
snow accumulation period are known Yo have a pronounced ef-"
fact on  the spring freshet, one of thase factoré is tha
precipitation occurring between December and March. Pfeci-
pitaticn which has occurrsd during 'the sno¥ accupulation
period may be\lntroduced in an alternate form--snow covar in
water equivalence,. Watershed snow “covar is avallahle sinca
1955 for the end of January, February, and March. However,
watershed monthly precipitation has been acquifed to 1934 to
aid in model verification by means of ép;it sampling.

winter baseflow is used to represent the state of the
waﬁershed's qrougdwater(11,12,15). Winter months'! uncont-
rolled inflews are used for *his purpose. Winter tempera-
tures are, as vell, analyzed to determine the effect of win~
ter severity én_the volume of the spring freshet.

Table 7 lists the simple correlation coefficients of the
sprinrg flood ﬁslumas frcm 1955 to 197€, inclusive, with the
various proposed £actors which occur during the snow accumu-
lation period. The null hypothesis that tbere is no associ-
étion betw2en the spring flood volume and certain factors
which occur during bthe snow accumulation pariod can'bé ra-
jected at-the § percent level of significance. It is avi-
dent from +the simple correlation coefficients of Table 7

that winter precipitation in the form of total precipitation

// R N
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from December through March. and both the end of Pebruary

and March vatershed snow COVeL are ;efated fo the volumas of .

+he sp;ing flood.f February and March's uncoptrolled in-
flows, used as indicators of the watershed's groundwvatar
conditions, prove to be significantly corfelated with th»

spring flood volum2. However, the form with which wintar

temperature is introduced, doas not appear to ba signifi-

cantly correlateg‘with the spring flood volume,

PRTRRTY ‘.;M" -

e e 4_,—-.1..(';-&—5 G
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Table 7 : Correlation of Fégﬁbrs which occug during the Snow
s Accumulation Period' with the Spring Season Flood
o Volume (1955-1976)

- Variable Description Correlation Coefficient
' Precip. December : 0.227
January . ; . ‘ 0.803 "
February : 0.185
March 0.233
. - Dec. and Jan. 0.418
Feb. and Mar. 0.320
Dec. through Feb, ] 0.526%
Dec. through Mar. " 0.536F

Temper. December g“\\ . -0.232

T January \ . -0.015
Dec. and Jan. N : -0.161
February . - 0.197
March ‘ 0.142
Feb, and Mar. ©0.217
Dec. through Feb. -0.026
Dec. through Mar. . —0.040 {

Uncont. December ' -0.091

Inflows January -0.020

February . 0.438*
"Jan. and Feb. ' 0.157
March 0.488%
Jan. through Mar. 0.294
Feb. and Mar. R 0.523%

.’:

Snow January 0.418

Cover  February 0.535%

March 0.445%

* :denotes significant correlation-at the 5 percent level to
reject the null hypothesis that no association exists between
the dependent and independent variables.

,é?
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'8.1.3 Yarjables Subsequent to the Spow Accumulation Rerioed

Hydroclimatic factors associated with this category are

reported to have the greatast effagg,mon the volume and dis=eg

tribution 6f-the spring freshat in the province of Qua-
ﬁec{11,12,15). The baslc factors in this group are rapre-
sented by precipitation and temperature.. These factors are
introduced as either the cgmbination of April and May or
fach of the t;o months sepetétaly. Table 8 lists ths simple
correlation coefficients obtained fbr each of the abpove fac-
tors. The null hypothesls that'there'is'no assoqiatian'bat-
waen the spripg flood volume and precipitation which occurs
during ths flood period may be rejected at the 5 percent
level qf significance. However, tha analogous null hypothe-<
'sig conc;}ning the average temparature which occurs during
the flood period can not be rejected at the 5 percent level
of significance.  Teoperatur2, in the formM;ntroduced for
analysis, does not appsar to influence the, quantity of watar
received duriné th= April 1 to June 15 period. IE is inter~-
2sting *o note that the confficient of deterpination for the
April and May precipitation is 0.48, while ths coafficient
for the precipitation which oc&urs during the snow accumila-
tion period is ornly 0.29. This supports thé‘praviously re-
portad hypothtesis that factors subsequent to tha snow accu-
mulation period;- which are usually ;;knoun at ihe time

oparationaliforecasts are performed, have th2 grsatest in-

fluence on tte volume of the spring freshet.

G |
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Table 8 : Correlation of Faét&rs which occur Subsequent to the Snowﬂa
Accumulation Period with the Spring Season Flood Volume (1955—

1976) - -
Variable Description - Correlation Coefficient
Precipitation April - | 0.526
Precipitation May ) 0.562
Precipitation Apr. through May 0.692
Temperature April ) -0.108 .
Temperature May . 0.139 .
Temperature Apr. through May 0.053
)
J
m————
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4.2 IENTATIVE BEGRESSION HODELS -

Two saperate groups of linear additive models have basn
poétulated. Hydrometeoroioqical variables which have the
greates* effect‘on the volums of the spring fréshat are
ﬁrawn from 2ach of the defined time periods. Summer temper-

ature and precipitation are chosen to fepresent.factors an-
tetedant"tc +ke snow accumulation éeriod which possibly ia-
fluence tte  spring flood volume. puring the spow
accumulation period} SnoW ué%er equivalence:at +he epd of
prruafy is used t> represent the state of the snowpack ovar
the watershed. . Total precipitation from Dacember tornardh.
‘inclusive, is used to replacea the snowpaCK'é uatgr equiva=
lence in-certain models. Fabruary's and march's mean taop-
erature Is us=d,tp reflect winter severity, whkile December's
maan temparaturé.is ;ncludgd so. as to reflect climaé}c con-
‘ditions at the start of th2 snow accumulation perind. Pra=
cipitaticn which occurs during the frashat period is intro-
dycad as either the to+tal of Aprll and May, ?r as €ach month:

seperately.

B.2.1 Analysis of Models for April 1 Forecasts

As +he April 1 forecast represents an important estinate
for producti plarning stidiss of the hydroelactric systamé}
therefore s gcial eﬁphasis #s given to its accuracy. The

LY

April 1 pred&étions describéﬂ in this saction are bas2d on
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hydrometeorologlcal varlables known at the time of the fore-

cast. A totar\of 15 mndels are developed based on the pre=-

i
3
5!
1

viously described regression of the original indapandent va-
rlables, and fegress;on of the components.of the independent
-variables. ”ha equations are given in Table 9, |
The correlation coefficieéents for the 15 nodals range f:ou
0.536-to 0.850, repressnting 28,7 and.72.3 percent'of‘the
total variétion, Pespectlvely. ‘The difference b;tu§en tha
highest and lowest represents 43,6 perc=nt of the variatlon.
and 1is signifigant.‘;“The standard errors of the estimate
.range from 2.30 cn? (81.17 BCF) to 3.50 cnd (123.73 8CF) . As
+he standard deviation of the criterion variable is given as
.06 Gm® (143.2 BCP), the diffarsnée in the standard error of
astimate is significaat. |
The stangardized partial regression coefficients or beta
weights may be usad to assass both the rationality of the
models and the 'relativé importance of the prediftor varia=-
bles. The coafficiants of the models list2d in Tabla 9 are
considerad fational, as their signs ma£ch the signs of the
correspond;ng predictor=criterion correlation coefficieﬁts.
Ifl +he predictor variable correlates positively with the v
criterion, then the regression coefficient should' also ba I
pesitive, Trratlonallty is thought *to be a result of sta~- !
tistical manlpulatﬂons in the regression technlque. The te- ‘ (
lative importance of the pradictor variables is ipdicated by

+he magni+udes of the beta waelghts, with the larger magni-
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tudas representing the more important variables. Table 9

1¥#sts the beta weights assoclated vith the regression mod2ls

based on the independent variables. Model 1 indicates that’

summer. temperature is ‘morenimpo:tént in the explanation of
the spring floéd volume than antecedent winter preciéita-
tion, while mod=2l 'S ;ndicates summer temperature to be of
+he same impertanca as vatershed snow cover. Tables 6 and 7
list the simple pr=d1ctor-critorlon correlation coefflciants

for thess variables. . From these tables, one may note that

¥
N .

+ +he summer tamparature--July "and puqust—-accounts for only
9,0 percent of trn variation of *he spring flood., However,

+he winter prncipit.tion of Dacembar through March . and the

watershed sno 4T at,the end of February account for 28.7

and 26.6 percent of the variation of the spring flood,- re-
spectively. One may PTroOposSe +hat once the effects of winter
?precipitatigp, antecadant qrdunawater conditions, and fall
conditions have been eliminated from. the spring flood vo-
lume, summer conditicns have an important role in the'formu-
lation of the proc2eding flood volume. Ein contrast, one may
propose that such a cause-gffect relationship does not ex-
ist, and what has occurrad is due solely to spurious corre=
lation, This proposal is supported by thf‘correlatiou coef-
3 ficient darived for the calibrated models of Table 9 from
1934 to-1954. One may note that modma]l 1 geperates tha low-

est correlation coefficient, while the most parsimonious mo-
-

del generatas‘thg'highest statistic.
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of model 15 is 6.4 percent less than that of modal 7.

Y » ' . _
The model described as "the best forecast found so far

' for the spring runoff" and 1is used in operational prac-

tice(77) is represented by nodel 7. It is évident that an

improvement may be achieved -by representing winter groundwa=

* ter conditions by the avaragééhncontroiled inflows of Febru-

ary and March. Model 6 and 15 represent improved versions
. . . Y . . -
of the models currently employed in the forecast nrethodolo=-

gy. The coefficients of modal 15 are obtained by p:incipal-

n

components reqression, The standard error of the estimate

S

‘Further improvement is obtained through the inclusion of Da-

1

cember's average temperature with the previously stated va-

riables. A roduction of the standard ertor of estimate of

-

6.8 percent is obtained through brincipal-componénts regres-
sicn--modal 13. Appendix C shows the plot of residﬁals fﬁr
+he tenta;iye models 1 through 15, various residual plots,
inciuding models 6 and 15, possibly indicate that ﬁhe vari=
an&e'is not constant, 'Houéver, +he nonparametric tests d;—

scribad in chapter 2, did not indicate significant tendacies

- in the residuals of the models to clustsar. :Scattergrams of

models 1 through 15 are contained in Appendix D.
various factors may be studied in the selection of pred-
iction models for water supply forecasting. The simple cor-

relation coefficient, the standard error of the estimata,

~the rationality of tke coefficients, and the relative impor-

tance of predictor variables have been considered in modal

113
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.selection._ If sumner conditions, vhen used in conjunctioqv/=\

with other anfecedant(causatlon factors, are accnpted ‘as lgl
.fluencinq the volume of the sPring flood, then modals 1,5,8,
and 12 ara clearlf the best mo@els. However, in égdition to
. the pteviodsly"mentionad:faétors, "one may analyze the ful-
£41lmen* of the underlying: assumptions of each ;3gfassion
modelF Table 10 lists valués which may be usad for compari-
son with the Koimogorov-Smirnov statistic (4l From the
maximum absoiute daviationsvof Table 10, onﬁ%ﬁay reja¢t the

" hypothesis that the residuals of models 1 and 5 are drawn

from a normal populaticn at the 10 percent lesval of signifi-‘

cance. Tﬁus, moiels 8 and 12 remain as the best modals to
accurately‘forecast spring "£f1»0d volume based on anéecedant
h?drometeordloqical condi+ticns, ~he differanca betwaen
these two models is in the 1ntroduct10n of wlnter precipita=-
ticn, Modal 8 employs total precip*tation from Deceumbsr to
March, inclusive, while model 12 uses the end of February's
* watershcd snow.cover.' Both models are derived from redresg—
sion of the principai compon2nts of the -~independent varia-
bles, Models 8 and 12 éxplain €7.9 and 72.3 percent of the
va:iation of tharcriterion variable, respectively. The
standard =rrors of +he models are 2,54 G;3(89.77 BCF) and

2.30 Gm° (81.17 BCF), respectively. &s the: reported foracast

+echnique has a stapdard error of 3.12 Gm3 (110.3 BCF}, both

models represent a dramatic increase in model accuracy.

L)
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Table 10 : The maximum absolute deviation of the

cumulative normal distribution function
with the sample cumulative distribution
function for tentative models 1 through

15.
Model Maximum
(from Absolute
Table 9) Deviation

1 " 9.1875"

2 0, 0873

3 ’ 0.1092

) 4 0.0884
5 0.1715"

6 0.0876

7 0.0991

8 0.1310

9 0.0792

10 0.1128

11 0.1119

12 0.1212

13 0.1123

14 0.1121

15 0.0839

level of significance(75) .

: one may reject the hypothesis that the residuals
are from a normal population at the 10 percent

113
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8,2.2  §§22Lga§ntnx1 Forecast Hodels

Models presented in the prgceedinghsactiénf extract &he
maximum amount of information from hydfoheteorologigal fac-
tors known at the dgte of the forecast--ﬁpril 1. It is wall
known that one of the main factors influencing the volume of
the sprinq freshet is the. pracipitation which occurs dufing
“+he spring runoff perlod It is also Harl knoun'éhat this

factor cannot yet be accurately forecasted(54) Howsver,

- . \

models which include .the precipitation-uhlch occurs during

+he forecast period offer insight into the cause-sffect re-
laticnship occuring during the period, This insight can
prove | valuable to operatlonal personnel, as an accuratsé nuE=

aric relationship including spring prec1p1tat10n is evolvad.

Probabili ties may then be associated with precxpltatlon lev-"

als, thus allowing estimates of forecast vclumes to ba gen-
erated. This permits cne to associate spfinq volumes with
certain probabilities of futura precipitation. Thisﬁenablss
the operationa; personﬁel “o determine the offect of the
érecipitation- on the magnitude of the forthcoming spring
flood event, -

The models dascibed in this gection are based on hydrome-

+teorological variables known at the time of the forecast, as

well as precipitation which occurs during the freshet per-
ied, A total of 20 models are developed based on tha da-

scribad ragression of independent variables and principle-

N
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GOmponentsl regression. . The. equations of the calibrated
models ara listed in Table 11.

The-cdrrelation coefficients for the twanty nodals ran@é

~ from 0;5;? to 0,938, representing €6,1 and 87.2 perceant of

the totarl variation, respectively. . The differepce betwaen

the highes+ and lovest represents 21.1 percent of the varia-

.tiétn, and is significant, The standard errors of the esti-

~

mate rangas frem 1,65 Gm3(58.29 BECF) to”2.52 Gm3 (88.96 BCF) .

7? As the standard deviation of the criterion variable is givan

as 4,06 Gm3(143.22 BCF), the difference in the standard er=-
ror of the estimate is - significant. In comparison, tha
- standard. ercror of - the estimate for the models based solely
on antecedent conditions range from 2.30 Gn3 (81.17 BCF} to
3.50° ¢m3 (123.73 ‘BCF), vwhile iheir correlation cosfficiants
range frem 0.53€ to O.éSO. It is, thus, evident that inclu-

sion of data whicks occurs during the freshet period does

not always infer a higher accuracy than models based solely

on antecedent conditions, However; in general; -a signifi-
cant decrease in. the standard arror of the estimate is ac-

hieved through the inclusion of spring precipitation data.

The standardized partial regression coafficiants or beta

weights may be used to assess both the rationality of the
models and tha relative importance of the predictor varia-

bles. Mnodal 25,28, and 29 contain irrational coefficients,
A . .

. as their signs do not match *he signs of the corraspcnding

‘predictor-criterion correlation coefficients, If the pred-

cecinid
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ictor variable correlates pbsitively with the qritaribn,
then the regression éoefficients should; .as well, ba posi-
tive. Ff%m the mignitude of the beta welghts listed in Ta-
ble 11, it is evidsnt that spring precipitation is the ﬁajof
factor influencing the volume of the spring flo&d. #hen the
spring precipitatiﬁn is entered monthly rather than as a cu-
mulaiive total, the April precipitaticn provés morsa impor=
tant than‘the May precipitation,

As previously mentioned, various factors may be studied

in the - selection of models for water supply forecasting.

Models 20 and 34 represent EPG best models in teéﬁﬁxof the
highéét' Eultipia correlation coefficient and Ehe lovast
standard error of the estimate. Model 34 represents a morsa
parsimenious description than model 20--due to principal-
componen*s regressicn. spring precipitation is entered di-
saggregated, whilz wvinter precipitation is entered in the

form of the 3nd cf February's watershad snow cover. Models

20 and 3% explain 87.2 and 85.4 percent of the vacriation of .

the spring flood volumep, respectively., If spring precipita-

tion is entered as one variable rather than two separata en-
tities, then models 21 and 35 are fgrmulated. Models 21 and
35 are analogous with mogdels 20 and 3¢ exceﬁt for the inclu-

sion of spring precipitation, ‘Botl of the meodels 21 and 35

axplain 83,2 percaant of the variation of tﬁg spring flood
]

volume, Thoir itandard arrors of the esfimatn'ara 1.84
'y

Gnd (€4.28 BCP) and 1.89 Gn’ (6€.87 BCP), respectively. It is

PN

. ek
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avident tha+ models 21 and 35 represent a decrease in model
. a |

accuracy. In addition-to model - accuracy, one may analyza

the fulfillment of the underlying aéén tions of the regres-
sion model, mable 12 lists values which may be ussd for

comparison with the Kdlmogorov-Smirnov gtatlistic(i47). From

the valuss listad in Table 12, oR€ Jcannot redjact the hy-

pothesis that tha residuals of h deds 16 through 35 are

drawn from a normal population at

significance, Appendix E shows the

the 10 percent level of
ot of residuals for
«the tenfative models 1¢ through 35, Thelresidual plofs do
not indicate modzal inadaquécy. As vell, the nouparametric
tests described in Chapter 2 ‘do not indicate anomalies in
the residuals, Scattergrams of models 16 through 35 are
shown'in Appendix F. 7

Models 20,21,34, and 395 represent the.best lmodels ffom
Taﬁle 11 ln terms of the various factors developad for modal
selection. Models 20 and 21-are based on vegression of the
.indspendeﬁt variables, while models 34 and 35 ar2 derived by
principal-conponents regression. Models 34 and 35 represant

a more parsimonious description than models 20 and 21.

\\\\\
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Table 12 : The maximum absolute deviation of the
cumulative normal distribution function
with the sample cumulative distribution
,ggnction for tentative models 16 through
Model ' , - Maximum
(£rom ' Absolute
Table 11} | Deviation
16 0.0795
17 i 0.0822
18 o . ©0.1123
19 : | 0.0693 E
20 . . 0.0719 ?
21 | 0.1245 ‘ 3
22 | ‘ 0.0667 E ' B ?
23 0.0712 |
24 ' 1 0.0693
25 . 0.1496 | |
26 | 0.1154 | <
27 - 0.0695 | :
28 0.0841
29 - - 0.0806 ’
30 o 0.1417 .
31 0.1482
32 0.0645
33 - 0.0733
34 0.0878
35 , 0.1536




- Chapter 5

moa

CONCLUSIONS AND BECO&HEHD&TIOHS-

5.1 " CONCLUSIONS

From the simple correlation analysis of each general ca-

+egory of ihdependantkvariables, one may state that for the

hydrometsorological data of the SaquenayJIgc Sf-dean ragion

-

of Quebec:

1.

summer température and precipifation prove to be the
most significant factors antécedant to the snow accu-
mﬁﬁ?tion period,

win*ter precipitation‘in the form'of ﬁotdl prgcipita-
tion from Deceﬁber through March, and both the end of
Febrnary and March watershed,/sSnow cover are related
to +re.volume of the freshat,

[

February's and March's uncontrolled inflows, used as

_indicators of the vatarshad's groundwater condition,

prove to b2 significantly correlated with the spring
flood volume,

tha témperature of December proves to be the most
siqnificant temperature factor during the snow accu=

mulation period,

temperature subsequant to the snow accumulation per-.

jod does not appear to influence the volume of the

sprinq'freshet, and

- 120 ©
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€. precipitation subsequent to the snow accumulation
peried'is related +o tﬁe Yolume of the spring fresh-

. et. ‘
Tt vas féund that the coefficient of determination for the
April and HMay prec;pltation with the volumq of the freshat
is 0.48, whlle th= coeff1c1ent g\} the procxnltation which
OCCUrLS durinq the snoy accumulation perlod is only 0.29.
This”supports the hYpothgsis tﬁat factors subsequant to the
SHOW éccumulation periodfﬁ which are usually unkpown gt the

+ipe cperational forecasts are performed, have the graatest

influence on the volume of the spring freshet,

~

For +the case s+udy, a collation of teptative regrassion
and principal-component regrassion models was perforaed.
mhe reviaw of the‘literature indicated that the current
ferecasting methodology fcf tha study area ;as derived using
traditional regression technigues, The standérd érror of
astimate and correlation cqefficient for the reported foras-
cast model are 3.12 Gm® (110.27 BCF) and 0.€79, respectivaly.
Through *he general categorization of possible independen:
variables and the.expansion of the hydrometeorolecgical data
basﬁi an improyed forecast nod2l was derived using tradi-
tional redressi;n analysis. Th2 new model has a standard

error of estimtta and %orrelation coefficient of 3.00
Gﬁ3(105.7é’BCF) and .710; respectively. R principal-combo-
nen+ regression of factors prior to the. spring flo0d yieldaﬁ

a forecast modal having a standard error of es+timate of 2.30

]
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(81.17 BCF) and a correlation coefficient of 0.830. It is evident

that the forecast model developed by the regression of principal
conponents is super‘i\or to the models derived by the traditional regression
technicues.

Fram models der.wed on hydraneteorologl.cal data known at the time of the
.forecast © and prec:.pltatlcxn which occurs durmg the freshet period,
it was ev1dent that the lnClUSlO.n of data which occurs during the
freshet period does not always mf.e.r a higher accuracy than models based
solely on antecedent conditions. It was also evident that spring
precipitation is the major factor influencixgg the volume of‘ the spring
flood. When the spring 'pr'ecipitation is entered monthly, rather than as a
cumiative total , the April precipitation proves more important than
the May precipitation. In additior!, the supplementary forecast models
may be used to update (restart) forecasts as one proceeds into the fofecast

The proposed fitted nodels were subjected to-diagnostie checks and tests
of “"goodness-of-fit" to detexrmine the adequacy of each model and the
efficiency of which the fitting process made use of the data. Residual
analysis to determine their rang'icrmess and normality, the analysis of
the rationality of the regression coefficients, and the analysis of the
indicators of the relative unportance of the independent/predictor
variables exposed 7 of 35 forecast mdeis to be inadequate for forecast

purposes.

—~
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5.2 RECOMMENDATIONS . - S

»

Al'though the technique described in this thes:.s is mathanatlcal

in nature, engineering judganent concernlng the processes of the

hydrologic cycle mast still form an mtegral part in the developtrent of

forecast models.

- o

l-“'&;

The study has shown that principal-camponent regre$51on is a
formidable tool for the water resources practltloner, thus the use of
principal-component regression for the forecasting of spring water " |
yield is advocai-;ed.

’Ihe determination that the beginning portlon of freshet prec:Lplt-
ation has a greater mfluence on sprmg water yield than the l.att-:er

portion should be investigated for various regions.

-
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TABLE AA‘ The total Lac St~Jean watershed snow cover, in equivalent cm
of water, as estimated by the arithmetic averaging of re-
porting sNOW survey stations from 1955~1979, inclusivg

e - MONTH )
YEAR N Januarf-t ' February March
1955 21.84 . 26.3 293
© 1956 . 112,45 16.6 23.3
1957 .13.97 . 17.9 . . 20.7.
1958 1219 | 155 16.4
1959 14.22 18.4 " 219 X
1960 116.00 | 21.7 26.0 ¥
1961 ° Co13.21 1 - 19.3 21.7 .
1962 . 20.32 24.4 . 22,4
1963 13.46 17.8 20,0 B
- 1964 . 15.49 ©o22.4 27.3
1965 13.46 ~ | 9.7 22.8
1966. - 15.75 21.4 21.4
1967 12.19 . 17.6 . 20. 4
1968 .14.99 . 21.5 23.5
1969 . 23.62 1269 28.1
1970 11.18 18.7 * 26.8
1971- 11.18 19.5 27.3
1972 17,78 © 25.8 32.4
1973 © 14.48 20.2 23,6
1974 22.10 C27.3 32.8
1975 12.70 : 16.6 : 21.3
1976 15,24 - | - 25.1 24.9
1977 23.11 26.8 32.0
1978 | 19.56 | 20.8- T 27.5
1979 20.57 22.8" ‘ 23.5




LTINS

Jm—

e e ———

<

B e s 2k bt

o

252TISTIRIS
u.._nm"lwnvlmmwﬂmuoo‘w: -

THAOH LSVOTH0d aZATIAA

*

o

SISATYNY TYNAISTE III

SININCAWOD

TYaIONIYd NO NOISSTuddad II

SHATAYIHYA
INAANEJZANT NO HOISSTIOEH I

STSATYNY d0 SHAAL

uotzezTdrosad Butads -

FATAYTEYA JINIANIGHANT
TRAOW ISYOT0d RYVINAWIIAANS IIT

uotje3ltdroaad juspsdaljuR -
arnjexsdu=] jusapedsluUR -
. JaA0D MOUS JuspIoaIjuUBR -

MOTIUT
paIIoI3uCcouUn JuUspYIIjUE -

SHTAYIOYA INIARIJIANI II
T Kew - 1 1Tady
MOTJUT poTIQIjUODUN -

TIGYINYA INFGNIdEA I

SHEYIMYA JIdNT




-

Appendix B
% COMPUTER PROGRANS USED
/7. JOB ,*PTLON', ¥SGLEVEL= (1, 1) ,CLASS= K

// TEXEC FORTGCLG
//FORT.SYSIN DD *

“.’
4

!
:
Y
s
A

C-— S - S PP Y A - D b k. S S Y A G D S S R R S A W R :

PEOGRAM TO PERFORHM -

1- REGRESSION CN PRINCIPLE COMPONENTS
2-REGPESSION ON INDEPENT VARIABLES

3‘RESIDU&LS ANALYSIS OF THE ABOVE TWO (2) MODELS

PROGRAM WRITTEN BY PAUL J. PILON
UNIVEESITY OF OTTAWA--=--CIVIL ENG.
_ SUMMER 1981

naonaoQaaoaaan

= NUMBER OF OBSERVATIONS _

= NUMBER OF EXPLANATORY VAPRIABLES ~ i

\SP1 = STEP AT WHICH STEP~WISE,REGRESSION WILL STOP CONCERNIWG
CONSTRUCTION OF PRINCIPLE COMPONWENT MODEL

NSP2 = ANALDGOUS TO NSP1 BUT FOR ORIGINAL IND. VARIABLES

NSP1&2 MUST BE EQUAL TO OR LESS THAN M. '

M1 THE NUMBEE GF INDSPENDENT VARIABLFS IN THE DATA SET

KK THE. DIMENSION OF THE C ARRAY

XY THE DEPENDENT VARIABLF UNDER STUDY

AfAANAAaONQnn0O

REAL *8 XBAR(6) ,STD(6) ,RX (6,€) (K (6,€),B(6),D(6},
17T (6) ,A (6,6) ,8(6) ,F(€6) ,C(21),2(6,€),
2BOTPC(23, 6),V(6 6) ,XSTAND (23,6) ,PC(23,6) .

REAL*4 X(23,6),X1(43,34),XY(23),%X2(6)., XFLOOD(uB).
1B1(58) ,SIGB (58) ,5{23) ,55(23)

INTEGEP ICHAE1/'X‘'/

INTEGER ID(60) ,ITITLE (20) .

DATA ITITLE/ " VFESI',*DUAL','S FR','OM T,
1'HE Ft,'EGRE','SSIC', N 1 11% v/

DATA ISUBTI/*EKSDL'/ '
c INTEGER NCTR(4)/5,€,10,21/ ~ ~
C NCTR (14)/1,2,3,4, 5, 6 7,10,11,12,13,15,21, 22/
COMMON/PAUL/ID NTN vin NVAR, NTRAN, NCONS, FIN, FOUT,IRES, IANNEE,
1 NSP, BSUBO, B1

COMMCY/PAUL2/SIGB:;

o ’ = 1388 - ' ’ .
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NSP1=6
§SP2=6

NSP=NSP1
N=23
K1=38 - _ :
K=€ ) _ _ ' DR
NSTAN=1955 : : :
NFINAN=1977
JNSTAN=NSTAN=1934
NFINAN=NFINAN-1934
TF( (NFINAN-NSTAN+1) .EQ.H) GO TO 1
WRITE (€,400) -

400 FORMAT('1f,*' ERROR WITH NSTAN,NFINAN, AND NULf1?)

STOP

INITIALIZATION OF COEF., FOR THE REGRESSION

anaagan

1 MaAM=0 . - . ‘ A
XMIN=400. o : . , T~
XMAX=1200. '

YMIN=XMIN

YHAX=XMAX : _ . g
NVIN=M+1 .

NVAR=M+1

NTRAN=0

NCONS=0 :

IRES=1 . - .~

NOBS=N . ' ‘ -

IMONTH=1

NCASE=1

MAM1=0 TMPLIES THE SCALE OF THE PLOT (X1MIN,X1MAX)
ARE GIVEN BY THE PROGFAN, ’
=i TIMPLIES THE SCALES AKE COMPUTED IN THE PLOT SUBPOUTINE,

X1MIN -~ THE HIN. SCALE VALUE
X1MAX THE MAX. SCALE VALUE.

naannnan

MAMTI=0 -

X1MIN=-500.0

X1MAX=500.0

FIN,FOUT CONTROL»THE REJECTION AND
ACCEPTANCE LEVELS FOF THE REGEESSION.

FIN=0.0
FOUT =0.0 <ﬁ\
KK= (M* (M+1)) /2

EEAD THE DEPENDENT VARIABLE. .
READ(5,490) (XFLOOD (I) ,I=1,043)
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490 FQRHAT(10F8.0/1OF8.0[10?8.0/10?8.0/3?8.0) .
c TRANSFER OF SPRING VOLUMES FROM XFLOOD TO XY ARRAY. ’
DO 5 I=1,N . ‘ '
S XY (I)=XFLCOD(NSTAN=T+I), b : - \
. C READ THE INDEPEKT VARIABLES IN THE DATR SFT. '

DO 10 T=1,43 -
10 READ(5,.500) (X1(I,J) J=1,K1) ‘
500 FORMAT (10F8.3/10F8&,3/10F8.3/6F8.3)
NATTRAL LOG TRANSFORM OF THE DEPENDENT VARIABLE.
DO 15 I=1,N - : '

15'XY(I)=ALDG(XY(I))

nao0a

NC=1
S0 CONTINUE
DO 20 I=1,N
I1=NSTAN=1+I . .
X(T,1)=X1(I1,12) +X1(I1,13)
X{I,2)=X1(T1,1)+X1{I1,2)
X (I,3)=X1(I1,33}
X (T,4)=%1(I1,30)+k1(Z1,31)
X(I,5) =X1(I1,8)+X1(I1,9) '
(I, E)=X1{I1, €y - L N
20 CONTINUE : L -
TP (NC.EQ.2) GO TO €0 .
CALL COOPZ(N,M,KK,X,XBAR,STD,PX,R,B,D,T,R,V,H,F,C,Z,
: ¥STAND,EOTPC,XY,ICHAE1,PC,XZ,
XMIN,XMAX,YMIN,YMAX ,NAM,NOBS,
IT;TLE.ISUBTI,MAH1,x1u1u,x1nAX)

[=3

W=

NC=NC+1

o THE POLLOWING 'STATEMENTS VERIFY THE GENERATED COEF.

C ‘BY ESTIMATING THE DEPENDERT VAPIABLF FROM HISTORIC DATA.

C—n-— A S e S A W S e b D WS Y A A0 - —— - —--—1-&—- - A =

WRITE (€,€00) .
DO’ 40 I=1,N -
EST1=0.0 .7
DO 30 \J=},M - /1,,/7”’"’

30 EST1=D (JN\*{ (I,J) +EST1~ :
FST1=ST1+BSUBO—— =
WRITE (€, €01 I,EST1 ' '

40 CONTINUZ . .
€00 FORMAT (*1',5%,'0BS’,3X, ' ESTINATED',/) '
601 FORMAT (6X,1I3,1F11.3)

c ANALYSTS OF RESTDUALS
C

A

CALL ANLRSD(NOBS,ITITLE,S,SS)
IF (NC.EQ. 2) GO TO 50
*60 CONTINUE o
NSP=¥NSP2
FIN=0.0
FONT=0,0
poO 70 T=1,N
WRITE (11) (X (I,J),3=1,8) X1 (T) i 3
70 CONTINUE | -
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100

200 -

300
400

€70
1
2
3

601

REWIND 11

CALL MLFEGHY (MAHM, IMIN, XMAX, YMIN,YMAX, ICHRR1,NOBS,

ITITLE,ISUBTI .HAH1 X1HIN,X1HRX)

FPWIND 11°
CALL ANLRSD(NOBS,ITITLE,S.SS)

STOP
REP.

-

SUBROUTINE ANLRSD (NOBS,ITITLE,S SS]

THIS SUBEOUTINE PERFORMS ANALYSIS OF RESIDUALS
FOR THE CALIBRATED REGRESSION MODEL *)

1-KOLMOGOROV-SMIENOV TEST

2-TENDANCY TO CLUSTER IN CRDER OF MAGNITUDE
3-TENDANCY TO CLUSTER IN DIRECTION '

4-CHECK FOR PREDOMINANCE OF UPWARD OF DOWNWARD TRENDS

COMMON/PAUL2/SIGB
INTEGER ITITLE(20) _ -
REAL SIGB(58),S (NOBS) ,SS{(NOBS) -

SUM1=0.0

SUM2=0,0

DO 100 I=1,NOBS

S(I)=SIGB(I)

SUM1=SUNT+S (I)

SUN2=SUM2+S (T) *S(I)

CONTINUE

U=SUH1/NOBS

S1=SQRT (SUM 2/NOBS=-U**2)

CALL KOLKO4 (S,NOBS,2,PEOB,1,U,51,IER)

I7 (IFR.EQ.1)G0 TC 200
LBSZ=%/SQRT{FLCAT (NOBS) )

WEITE (6,600 ITITLE,U,S1,NOBS,Z, PROB,ABS?Z

GO TOC 300

WRITE (6,601)

CONTINUE

DO 4C0 I=1,NOBS ‘

S (I)=SIGB{I)

$S{I) =S (I}

CALL RAND(NOBS,S,SS,ITITLE)

RETURN o

FORMAT("1',5X,20A4,/,6X, 'KOLHOGORDV-JH*PNOV TEST',/,

6X,'MEAN=', F10. 3,/,6X,'S.D,=',F10.3,/,6X,'NOBS=",

T4,/,6X,'2-STAT=",F10. u,/,ex,'PBoa—- F10.4,/,

£X,'MAX ABS DEV",FTO 4)

POFMAT(*1*,5X,"ERROR .WITH THE VARIANCE')

END

SUBROUTINE coopz(u M,KK,X,XBAR, STD,RX,R,B,D,T,A,V,H,
. F,C,Z, XSTAND aorpc XY, IPHAR1 PC,XZ,

»

. »a-ll-'a;’:ﬁﬂ’—_, '— -,"'_.-. En o
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XMIN,XMAX,YMTN,YMAX MAN,NOBS,ITITLE,
~ ISUBTI MAM1,X1HIN,X1MAX)
REAL*8 XBAR(H).STD(H),BX(H.H).R(H,H),B(H),D(H),
T(H).R(H.H),TV(51).H(H).F(H).C(KK).Z(H.H).
ROTPC (N, M),V (¥, M) XSTAND (N, M) ,PC(N,H)
REAL#G X (N, M) ,XY (M) ,XZ(M) ,B1(58),SIGB(58)

INTEGER ID{60) ,ITITLE (20}. e
COHHON/PAUL/ID,NIN,NVIN,NVAB,NTPAN,NCONS,FIN,FOUT,IRES,IANNEE,
NSP,BSUBO, BT . : l

COMMON/PAUL2/SIGB . .

I0=1

CAILING OF $SP SUROUTINE CORRE , WHERE
¥=INPUT, DATA MATRIX

XBAR=COMPUTED MERAN

STD=COMPUTED STANDARD DEVIATION

R=CORRELATION MATRIX

COMPUTATION OF THE NUMBER OF PAGES FOR THE MATRIX.
NP=U4/8 o

IF (MOD (M, 8) .GT. Q) NPS}P+1

CALL CORRE(N,M,IO,X,%XBAF,STD,EX,E,B/D.T)

- WRITE (6,600)

RRITE (6,601) (I, XBAE (I) /STD(I),I=1,H)
WRITE (6,€02)

WRITE (6,603) ((RX(I,J) ,J=1,%) ,I=1,H1)
J1=1.

J2=8

DO 3 K=1,NP

WRITE (6,602)

IF(J2.GT. My J2=H

Do 2 I=1,HM

WRITE (6,603) (RX (I,3},3=J1,32)
J1=J2+1
J2=31+7
COKTTNUE
K=0

Do 5 J=1,HM
DO 5 I=1.,4
K=K+1

TF (K. GT. ((M*(M¢1))/2)) GO TO 10
C (K)=R{I,J

COMTINUE"

CONTINUE

po 15 I=1,4

DO 15 J=1,.M

%({I,J)=0.0

K=0

Do 20 J=1,H

po 20 I=1,J

K=K+1 ' :
TP (K.GT. { (M* (H+1))/2)) GO TO 25
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Z (I ,d3)=C (K}
Z(3,I)=2(%,J)
20 . CONTINDZE
25 CONTINUE
NP=M/13 ;
. TF{MOD{M,13).GT.0)NP=NP#1 . v
J1=1 . -
J2=13 -\
DO 33 K=1,NP
WRITE (6,604)
TF(J2.GT. M) J2=N
po 30 I=1,H4 , :
30 . WRITE(E, EOS)(Z(I J) J=J1,d2) . -
J1=J2+1
J2=J1+12
33  CONTINUE : , ‘ :
INVERSE OF R nAmFIx ' _ !
CALL MINV{Z,M,D,H,F)
J1=1
J2=13 ,
DO 38 K=1,NP
WRITFE (6 ,606) o -
IP(J2.GT. M J2=M - . 7
D0 35 I=1,M Co J s
35 WRITE (€, EOS)(Z(I J},J J1,32)
J1=J2+1
J2=J1412
38 CONTINUE :
STANDARDIZE DATA IN X(N,M) TO XSTAND(N,N)
DO U40-J=1,M .

DO 40 I=1,N -
XSTAND (I,J)=(X(I,Jy-XBAR(J))/STD(J)
40 CONTINUE
WRTTT STANDARDIZED DATA
J1=1 .
J2=13
DO 4B K=1,MP
WRITE (6,607)
N IF(J2.GT.M) J2=M
DO 45 I=1,N
45 - HRITE.{6,605) (XSTAND(I,J) ,d=J1,J2)
J1=JZ*1
J2=J1+12
48 CONTINUE

.

SUBROUTINE EIGEN COMPUTES BOTH THE
FIGENVALUES AND THE EIGEN VECTORS,

Mv=0

CALL EIGEN(R,A,M,HV) .

K=0 ' '
po 50 J=1,H4

DO 50 I=1,H

K=K+1
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55

€0

65

70

75

78

80

85

88

90

IF (K.GT. {(M* (M+1))/2))G0 TO 55
C(K)y=R(I,J)
CONTINUE

DO €0 I=1,4
DO 60 J=1,4
RX (I,J)=0.0
K=0 ‘
DO €5 J=1,M
Do 65 I=1,J
K=K +1

RX (I,J) =C (K) ‘ | .

MAKES ENGINVALUE MATRIX PERFECTLY SYMMETRIC BY

- REPLACING NON-DIAGON}L VALUES EQUAL TO 0.0

DO 70 J=1.M4

DO 70 I=1,H _

TP (PX (I,J)«NE.RK(J,I))RX(I,3)=0.0
CONTINUE

Ji=1

J2=13

DO 78 K=1,NP _

WRITE (6 ,608) ' o
IF(J2.GT. M) J2=4

Do 7% I=1,M

WRITE (€ ,£05) (RX (I,J),I=J1,J2)

J1=J32+1 :

J2=J1+12

CONTINUE : .

COMPUTE SQRT OF EIGENVALUES D LAMDRA

DO B8C - J=1,H -

po 80 I=1,M
TF(°X(I,J).NE.0.0)RX(I,J)=DSQRT (RX(I,J})

CONTINUE

LISTS MATRIX OF D LAMDA

J1=1

J2=13

DO 88 K=1,NP

WRITF (6,609)

IF{J2.GT.M) J2=HM

po 85 I=1,M .

WRITE {6 ,605) (RX (I,J},J=J1,d2)
J1=3J2+1 ' .

J2=31+12

CONTINOE :

LISTS MATRIX OF EIGEINVECTORS
J1=1

.J2=13

DO 93 K+1,HP
WRITE (6 ,610)
IP(J2.GT. M) J2=M

DO 90 I=1,M

WRITE (6,605) (A(I,J) ,J=31,J2)
J1=32+1
J2=J1 +S1 2

144
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145 ;

CONTINGE

SUBROUTINE TRACE IS USED TO FIND THE ¢
NO OF EIGENVALUES TO RETAIN,THAT ARE GRPATER
THAN CON.

CON=.001 | .
CALL TRACE(M,R,CON,K,D)

WRITE(6,611)K : . | o
WRITE (6 ,612) : i
WRITE (6 ,613) (D(I) ,I=1,K) : :

PR S AR T

1OAD MATRIX COMPUTATION
BY USY OF $SP SUBROQUTINE

CALL LOAD(M,K,R,})
LISTS FACTOER LOADING MATRIX
NP1=K/13 '
IF(HOD(K,13).GT.O)NP1=NP1+1
Jg1=1 . _ - o
J2=13 ' ¢
Do 98 K1=1,NP1
RRITE(6,614)
IF (J2.G6T.K) J2=K
DO 95 I=1,M
WRITE (6, 605)(A(I J) 9=31,32)
J1=J2+¢1
J2=J1+12
CONTINUE
REGRTSSION ON PRINCIPAL COMEONENTS

-1 1/2
Z=X® LD
CALL GMPED (A,BX,R,M,H.H)
CALL GMPRD (Z,F,V,H,M,H) :
CALL GMPRD (XSTAND,V,PC,N, M, 1)
CALL GMPFD(XSTAND,A,PC,N,M,H)
NCOUN=0
CONTINUE
NCOUN=NCOUN+1
TO STOP REGEESSICHM ON VARIMAX MATRIX, SIMPLY
1)PLACZ 'GO TC 120* AFTER tNCOUN=NCOUN+1"® :
2)PLACE *C' IN FRONT OF 'IF(NCOUN.ZQ. 1) e« «VAPTER 'REWIND 19+ ¢

FOLLOWING THE CALL OF 'MLEFGH',
GO TC 120
IP(NCOUE.EQ. 1) GG TO 120 - =

USE OF SSP TO COMPUTE

VAFTHAX ROTATION OF FACTOR. LOADING MATRIX
CALL VARMX(M,K,A,NC,TV,H,F,D) . o ’
LISTS ROTATED FACTOR LOADING MATRIX

NP1=K/13 :
IP (MOD(K, 13).GT. 0) NP1=ND1+1 ,
J1=1 P

J2=13
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115

118

120 -

125
130
135
140

145
150

ana s

155

DO 113 K1=1,yp1

WRITE (6 ,615) _

IF(J2.GT.K) J2=K _
Do 110 I=1,M4 ° t
WRITE (6,605) (A(I,J) ,J=J1,J2)

J1=J241 o ‘

J2=J1<12

CONTINUE

START OF MATRIX MULTIPLICATION
x =1 % 1/2

2 =XR LD : (HAAN PAGE 260)

ROTATED PRINCIPLE COMPONENTS=ROTPC=XSTAND*Z¥A*RX
CALL GMPRD(A,RX,R, M, M, M) ) :
CALL GMPPD(Z,R,V, M M, M)

CALL GMPED(XSTAND,V,ROTPC,N,M,M)

LIS™S MATEIX OF ROTATED PRINCIPLE COMPONENTS,
J1=1

J2=13

po 18 K=1,NP .

WRITE (6,61€)

IF (J2.GT. M) J2=H

DO 115 I=1,¥

HRITF(G,GQS)(ROTPC(I,J),J=J1,J2)

J1=32+1

J2=J1+12

CONTINUE

CONTINUE

. IF (NCOUN,EQ.1)G0 TO 135

po 130 I=1,X\
Do 125 J=1,H

- XZ {(JY=SNGL(RCGTPC(ZI,d))

WRITE(11) (X2 (J) ,J=1,M) , XY (T)
CCNTINUE
GO TO 150
DO 145 I=1,N
Do 140 J=1,HM
X% (J) =SNGL(PC(I,J))
WRITE (11) (XZ2(J) ,J=1,M) XY (I)
CONTINUE -
CONTINUE '
REWIND 11 : ‘
CALL MLEEGU (MAM,XMIN,XMAX,YMIN,YHAX,ICHAR1,NOBS,
ITITLE, ISUBTI,MAMT, XTMIN,/XT1HMEX)
REWIND 11 _ T :
TF (NCOUN.EQ. 1) GO TO 100 i
THE FOLLOWING STATEMENTS COMVERTS THE COEP. FOR

. THE REGRESSION TO THE ORIGINAL VARIABLE FCRMAT.

PO 155 J=1,H -
D (J) =0.0
BETA=0.0

DO 160 J=1,NIN
DO 160 K=1,# gi N
D (K) =B1 (J) *A (K, ID (J) ) /STBLK) +D (K) |

146
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BETA=B1(J}‘A(K,ID(J}J‘XB&H(K]/STD(K)tBETh

CONTIRUE

nSUIC=RSURI=BETA -
WRITZ (€. €17) BSUBC, (K, D(K) ,K=1.1)

PTTNTN

FOFERT('1',3X,'VRF',2X,'KSAN‘,EI,'STRH. DIV,

TOEMAT{4X,

I

2,2Y,F10.5,6%,210.5)

FOEMAT('1',5X,'CFOSS PEODUCTS OF DEYIATICNS.FROH NGRS’ ./,
£X,40(_"1, /7 ’

FOFMAT (2X,BF15.5) .
FOFRAT('1%,3X, ' ¥ATEIX OF COPPTLATION COEFF.'. /. -

ux,28¢' _'1.//) . .
FOFRAT (2%, 13¥10,5)

FGPHAT('1',HX.'IHVERSIQH OF COSEFLATICHN XATRIX',.///)

FOPMIT(*1',u¥, ' IIST JF STANDAFDIZID DATA' ./ /70
FOFMAT('1",.3X,!" EIGINVALUSS',//)
FOFEAT(*1', 04X, "CHECK OF SQPT CF D LAFPDAY,// /)
FOFRAT('1',3X,' EIGZEVECTOES',//)
FOEMAT('1', 5%, 'THERE AFS', I3, FACTORS',.///)

TOFKLT (' ',5X,'CUMILATIVE & OF LIGENVALUES GREATER OR !

TTQUAL TO CCK' . ///}
FGEMAT{T15.5) |
FORFAT('1', 10K, 'FACTCE LOADING MATEIXY, /27

£17)
FOFMAT(' 1!

FOTMAT{'1', 10K, " VAR THAX TETATICH DR FACTOF LCALING HRTEI!;,
. N

nx,'FOTATED PFINCIPLE CCMDANENTS Ze' ,///)

FOFMAT(*1',5%,' ¥ INTEFCEPT =',F15.5,{,
30(5X,'C0?F.(',113,‘)=',1F12.5,7[j

END

SUBFQUTIKE COREE

PURPOSE

CCHPUTE
OF DEVIATIONS, AND COREELATICH COEFFICLENTS.

USAGE

ME2K¥S, STANDAPD DEVIATIONS, SRS OF_CRSSgLPFODUCTS

CALL COFRE (N,H,IO,X,XBAE,STD,FI,R,E,D,T)

COFR 50
COPR €0

cesa 70
cf@\ an
ZopR 90
CORE T100
CGRR 110

' CORR 120

DISCEIETIDN OF PAPAMETIES

N
¥
T0

XBAR
sTD

NUMBEP OF OBSERVATICHS.
MUMBEP OF VAPIABLES. :
‘gPTION CODZ FOP IKPUT DATA

CARE 120
COFR 140
coPt 159
CORR 160

0 TF DATA A®EZT-TC BE TIaD TN PFPOY INDUT DIVICE IN THECORR 179

SPECTAL SUBPCUTIME HFHED DATA. (53F SUBROUTINES
USED BY TUTS SUBFOUTINE BEILOW.)

1 IF ALL DATA ARE ALFEADY I¥ CORE.

t¢ 10=C, THE VALUE OF X I5 0.0,

-p T0=1, ¥ TS "HE THPBUT MATPTX (¥ BY M COKRTAINING

] DLTA.

QUTPUT YICTOR OF LENGTH H CONTAINING MERNS.

CUTPUT VFCTOR OF LENGTH ¥ CONTAINING STANDAFD

DEVIATIONS,

CUTPUT HATEIX (M X M) CANTATHING 30HS OF CROSS-

PRODUCTS OF DIVIATIONS FFOM MKEIRUS. ‘

*CCRR 180

CORE 190
core 200
COKR 210
copp 220
CORR 23N
CCRP 200
CORP 250
CORE 2FRD
CORP 270
coud 2890
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POOR COPY 3
COPIE DE QUALITEE INF?RIEUREN_PW_
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¥ - QUTPUT MATRIX (CMLY UPPET TRIANGULAR POETYON OF THE
SYMESTETC MATEIX OF # BY M} CONTAINING COPPELATION
COEFFICITNTS. (STOFAGT MCDT OF 1)

QUTPUT V¥ECTOF COF LENG™H M .CONTAINING THL DTAGONAL
OF THE MATEIX OF FYNI CF CrOoe-pEODUIITS 2F

DEVIATIONS FFOK NXTAKS,

[+-]
¥

D - WORKZNG VYSCTOP OF LTHGTH M,

T -~ WCEKING VSCTCR OF LTNGTH M.
REMAFES

NONE

SUBFOUTINES AND FUNCTION SUHPROGEAMS REQUIFED
DATA(M,D) = THIS SUBFOUTINI MUST BE PROVIDID BY THE USEFR.
(1) IF I0=0, THI3 SOBFCUTTNE I3 ECAPETTED 70
- PURNISH AX OPSTRYATION IN VECTIR D FFON AW
. 'EXTEFNAL INDPUT DEVICE.
‘ (2) IF I0=1, THIS SORPOUTING IS ¥OT USETD BY .
COFET BU™ ¥UST E=XIST I¥ JOB DECK. IF USFR
HAS ¥OT SUPPLITD A SUDROUTINE NAMED DATA

THZ FOLLOWING IS SUGGTISTED. _ .
SUBFOUTINT DATA A
RTTHRY
TND e , ot

METHOD
DRONUCT-KONTET COEZTLATION CNEFFICTENTS APT COMPUTED,

.

-o--o.-o-l.u..--n.----nnloc...-no-no-..---no.n----u-lc-----o-nc---

SOUBRCUTINE COERE (N,H,IO,X,IBkF,STD,FX,P.E,ﬂ,T}_ ' '
DINENSION X{1),XBRF(1],STD}1),FI(1],?(1),B(1J,D(T).T(\)

-oao.-ococ-oc----o--lncooo---cn-n..-.---noo---I-.--.---n-o--u.-

TF A DOUBLE PRECISION VEFSICN OF THIS FOUTINI IS DESTRED, THE
C IN COLOUMN 1 SHOULD BE EBEMOVED FFON THE DOUBLE PRECISION
STATEAENT WHICH POLLOWS.

DOUBLY PPECISION XBAPF,STD,EX,F.3,T

THE € KUST ALSC BT REMOVED FPRCY¥ DOUBLE PFECISION STATEMENTS
APPEAS ING IN CTHEF ROUTINES UYSED IN CONJINECTICN WITH THIS
POUTIHE,

THE DPOUBLE PRECISION VEFSION OF THIS SURFOHUTINE MUST ALSC
~CNTRTY DOUDLE PRECISTON FOFTRRY FUNCTIONS, SORT AND ABS IN
gmRTEMENT 220 MUST B2 CHANGED TC DSOF™ AND” DABS.

INITIALIZATION

Do 100 J=1,N

COAR
conn
CORR
coap
ek

-

. CCOEY

IoFP
TORE
TOER
CNOR
CORE
CORR
CPR?
oop2
CCRER
COTE
ToUR
COFR
CArE
CCGRF
CORR
COFR
COF P
ThER
COF R
CORE
TR
COWR
SOr2
CCEFP
TORER
CORR
CO%R
CORR
CORE
CNER
COEFF
COER
COFP
cor?
CORP
cnne
COLE
COSE
CTNRR
COFF
CORP
COLR
COER
cese
core®
coap
CORE
COAR

290
Jjoo
KRV

kX

-l

a0
3590
360
7o
K1Y
390

400,

410
uxn
430
sug
450
4ED
u70
480
590
500
510
520
530
San
550
560
578
580
590
600
610
620
630
auQg
650
660
£70
&80
690
700
710
720
130
Tu0
750
760
770
180
190
800
810
020

120
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100

102

"DATA ARE

POOR COPY-

COPIE DE_ QUALITE

E INFERIEURE

Bi{Jy=0.0

T(J)=0.0C

K= (Yere¥) /2

po 102 I=1,K

5({ry=0.0 L)
FR=N !
L=0

TF(I0y 105, 127, 105

ALFEADY IN COFE

10%.00 108 J=1,0 \

107

108

11¢

115

127
130

135
137

1up

15¢

!'\ﬂ 1ﬁ'f 7—1'“ A

L=L+1

T 3) =T () +X (L)
XBAR (J) =T (J)

T (J)=T {J) /FN

Do 115 I=1,N
JK=0

1=I-X

peo190n J=1, 8 -
L=L+l
pD{My=xX(L)-

-
l'll‘"\-l‘l") 3,
-y = -
*
‘

50 115 J=1

JR=JK+1
F {JK) =F {JK) +D {J} *D (K}
G0 TO 205

EPLAD OBSERVAT JONS AND CALCULRT’ T”HPOPRFY

MEARKE TFFOU

IF(N-4) 130, 130, 135
KK=N

GO TO 137

KE=X ’

DO 140 I=1,KK

CALL DATE (%, D)

po 140 J=1,4 -
T(J)=7{J) +D (J}
L=L+1

FX(L)=D{J)

FEK=KK

pe 150 J=1,F

XBAR (J} =T (J)

T (J) =T (J) /FKL

CALCULATE SUMS GF CFNS3-PECDUCTS OF DEVIATICHNS

THESE DRTA IN T (J)

FLUON TEEPOFARY KEANS FOP X OBSERVATICES

L=0

149

CORR
CNRE
o021
CORE
wUHE
CORER
QPR
ZOBR
COFR
CQRE
CORR
CORP
[Nt o

r-r‘-n

CC?B
CO2R
coRn

830
gu g
8590
8¢0
a7
gan
490
900
310
920
933
qap
950

Com 1Y

PN

970
980
990

TORF1000
COER1010
CCRE1220
CORR1030
CORRIGLD
CrRFINGA
CCFR1CGD
coRRIOTO

ﬁf\v\“!'\ﬁ’\

- s

CGpFlasd
CORF1100
COFP1110
CCRE112D
CORR113D
COFRT110
coRR1150
COPRIIEQ
CORRT1TO
TORP11IR0
CORF1190
coav12€0
CarP121i0
CQER1220
Y=g OF 1230
CCRRPI240
CNRR1250
CNERI2EN
CCRE1279
cORP1280
CDa31290
CORT 1300
CQRPIIND
CORR1320
CORETIZ0
CCFR1340
CORF1350
CORP1360
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‘o 180 I=1,KK
JE=0
Do 170 J=1,H
1L . : -
170 D{J)=FX(L)-T(J) '
po 180 J=1.,4
B (J} =B {J) ¢D{J) -
po 1RO K=1,J
JE=JE+1 . )
180 ¥ (JK)=F (JK) +D (3} «D (K]

IF (N-KK} 205, 205, 185

EEAD THE PEST OF OBSITRVATIONS ONE AT .A TTHET, SUH
THE OB3EEVATIGN, AND CALCULATE SUKS OF CRGSS-
PRODUCTS OF DESVIATIONS FFON TEMFORARY MEAXNF

185 KE=H-KK
DO 200 I=1,KK : -
JK=0 . )
CALL DATA (H,D)
po 190 J=1,4 : ‘ v
L BAR (J) =X BAR (J) D (J) '
D (J) =D (Jp =T ()

190 B(J)=B(J) +D(J}

DO 200 J=1,8 . -
Do 200 ¥=1,J .
JR=JK+1 .

200 B {JK) =F (JK) +D {J) *D (K) i P
CMLCULATE REAXNS - . '//’

205 JK=0 ' * -
Do 210 J=1,4 . B

YBAR (J) =X DAP (J} /FN

ADJUST SUNS ¥ CECSS-PRODUCTS OF DEVIATICHS
FEOY TEMPCRAREY MEZAXS '

po 210 X=1,J
JK=JK+1
240 P (JK) =P {JK)-B (J) *B (K) /PN

CALCULATE CGRRELATION COEF?ICIFNTS

JR=0
no 220 J=1,4
JK=JK+J '
220 STD(J}=DSQPT(DLBS(P(JK)))
Lo 230 J=1,M
Do 230 K=J.n1
JK=J+ (KeK=-K} /2
L=HM*{J=1) +K
RY (L) =R (JK)

-~

150

a

pt

- a

CORR1370
CORR13R0O
COFR13I%0
CORRI4LD
COoaMIQe
CQRRIUZN

_CORRILIO

COFRTULD
CORR 1450
COEF1460
ZORR1ATO
COARRI1LAD
CORR1490
SPRRIARIN
TORR1510
COPR1520
COFKR1530
COPRIGHO0’
CORP 1550
CORR15G0
COER1570
COFR1540
~eoE1500
SeEE1ECN
CORRI1ETD
CORRIETA
~nER1520
CORR1640
COER1650
COER166G0
CORE1ETO
CORR1E68¢C
CORF169N
CORF17CO
COPR1I10

_CORP1720

COFR1730
CORRITRO
COBR1750
CORR17GO
COSRITIO
COFR1780
COFR1790
COFE180D
COFF1H10
COERIR20
COFR1630
COFP1860
CORR1850
CORR18A0
CO®R1B7M
COFP1880
CORR1B90
COPR1900
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151
Lef® (K~1) +J . CORR1910
PXAL) =R {JK) CORP1920
IF{STD{J) *STD(K)) 225, 222, 225 CORR1930
222 P (JK} =0.0 CORRIGUO
GO TO 230 ; TORRIANTG
225 F (JK) =F {(JK) /(STD (J} $STD (K)) COER19¢0
230 CONTINUY COFE1970
c . ) CORR19R80
c CALCULATE STAKDARD DEVIATIONS . CORR1990
¢ ‘ CORRR0CO
FH¥=50RT (F%=1.0) CORF2010
DO 280 J=1,H CORR2020
240 STD(J)=STD{J) /FN ‘CORP 2030
c . . COFP20UD
¢ COPY THE DIAGONAL OF THE MATRIX OF SUMS OF CROSS~-PRODUCTS OF COREB2N50
c DEVIATICNS FECHM MEANS. ) CORR2060
c ‘ CORR2070
L=~H . corr2080
DO 250 I=1,M - COER2090
L=LeH+1 . COPR2100
250 B(T}=FX (L) COFR2110
FETUEN CORR2120
END CORR2130
SUBFOUTINE CATA
\\\\_\_ AITUFN
9 END

SURTOUTINY ETGEN .
' EIGE 50
PURFOSE FIGE €0
. COMPUTE SIGENVALUES AND ETIGENVECTOES OF A REAL SYMNETRIC TIGE 70
| MATEIX EIGE 00
EIGE 90
USAGE EIGE 100
CALL EIGEN(A,R,H,MV). TIGE 110
) ETGE 120
DESCRIPTIOK OF PARAMETERS EIGF 130

AnacAnNAafaAanNAnNAnNAAanAannanannn

A - ORIGINAL MATRIX (SYMMETRIC),

DESTTOYED IH COHPUTATIOH.“EIGE 1ub

MATRIX A IN DESCENDIKG ORDER.

P -~ RESULTAKT KATRIX OF EIGENVECTORS (STORE

IN SAMF SEQUENCE 2S5 EIGENVALUOZS)
N ~ OEDER OF MATRICES A AND P
ry- IBDUT CCDE

PEHADKS

0
1

COMPUTE EIGENVALUES

DIMENSIONFD BUT NUST STILL

SEQUENCE)

AND DIGESNVECTORS
COMPUTE SIGINVALUEZS CHLY

(f NZED HOT

B=

RESULTAET EIGENVALUES ARE DESYELOPTD IN DIAGONAL OF

BIGE 150
ZIGE 160

D COLUMHNWISE, 2IGE-170

- PIGE 180
EIGE 199
BEIGE 200
EIGE 210
EIGZ 220

LAPPZAR IW CALLING EIGE 230
ETGE 240 °

EIGE 250
BIGE 2€0

OFIGINAL MATEIX A MUST B2 REAL SY4YNBTPIC (STORAGE NMODEB=1) EIGE 270
MATEIX A CAYNOT BB IN THE SAME LOCATICH A5 MATRIX R

SUBROUTINES AKD PUNCTION JUBPROGPAHS RVQUIBED

NOHE

a

TYIGE 280
BIGE. 290

SIGE 300 -

EIGE 310
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POOR COPY ' .
' COPIE DE QUAI..ITEE INFERIEURE

PO ls_. Ay, iy e e . en e ..‘A__‘v.--.....”.. - e was —

152

wv'vov o
ﬂ*AuO\\L*zn**ow HTTHOD CPYGINATED BY .JACORI AND AMRPTED

EIGE -

EIGE
TIgGY

BY VEN NETOMPUN FOP LAPGY CCUPUTEFS AS FOUND IN THATHEMATICALEIGE

wrouaTs FOT PIGITAL CRWMmmRCor, TDTTTD RBY AL FALSTIN AWD

H.S. NILF, JCHX WILEY AND SO¥§, I'EW YeFK, 1962, CHACTER 7

TTGE
EIGE
EIGE

. . -
U..'I...I'IUC.!l.lllll!'...!u..ll..llI".ll.....Il.l‘l!l'ulllllt--SG-

. -

SUREOUTINE EIGLK(A,®,N, HV) ' . _ -
DIMZESION A (1) ,E (V) .

-.-onnc.-'-ucn-o-n-on---l-------oo---n-o.-oc sa'e s -n.n'.n-c1--l..n.}"1("'

v

IT A TOUBLZ PPRECISIOK VIFSION OF *HIS SOUTINE I35 DESIPED,THE
C IY cOLUKYM 1 SHCULD BT REMOVED FROM THE POUBLE PRECISICN
"“A"EﬁEV’ WHICH FOLLCUS. . ’

DGUBL' P'ICTSACN A, B, ANGFK, AKBNX,THP,X,Y,SINX,5INX2,C0O5X,
COakZ SINCS,PANGE -

SHE C YUBT ALSO BE PENOVED FEON poust® bﬂfﬂ:s CN STATEMENTS
PETTITING T CTHTF BOUTINEE WSID I¥ COYJaumCTION WITH THIS
TAUTIVE, s ® '

O i

™7 DOUBSE EZECTSION VERSICH QF THIS SUBPOUTINE MUST ALSO

_CCU™ATY DPOIRLY PRFCTSTON FARTRAN PHNOTIONTS, SQR™ TN STETIXTKTS

10

15

20

25

3e

40, €8, 75, AED 78 NUST ST CHASGED TO DSQET. ABS IN STATINENT
62’ UST BZ CHANGID 7O DABS. THE CONSTANT IN STATIMINT 5 SHOULD
BZ CHANGED 0, 1.0D-12. % :

"EIGE
ETGE
2IGE
PIGT

320

330
3u0

350 -

360
370
80
390
ug o0
410
420
430

3E 440

nTr_

IGE
EIGS
TIGE

BIGE
- BIGT

EIGT

" FIGT
BIGES.

TIGT

RIGT
EIGE
EIGT
ETGE
LIGET

FIGY.

EIGE
EIGET

---n-.l-o-coc--c----o-o---of--c-n-o--o-c..--------.:t----nu-o.--EIG:

GENTFATE IDEINTITY HMATRIX.

F}uGE=1.0§;lg,//-*—~—a
TP(MY-1)—10725, 10

T l-._\

ho 207 J= teln

To=TQ+N

po 20 T=1,1

IJ=T0¢l . -
F(TJ)=0.0

I?(r-J) 20,15,20

T(IJI=1.0

ceyTIvgy : b

CO"PUTS INTTIAL hNQlPZHAL KOFMS (ANOPM AND ANOEMX)

) AKCPYZ0,0

DO 35 I=1,H -
Do 3% J=I,M

IP{I~JH 30,35,30
IA=I+(J%J=J) /2

EIGE
EIGE
EIGE
EIGE
EIGE
RIGZ
EIGE
FIGE
EIGE
TIGE
EIGE
EIGF
EIGE
EIGE
EIGE
EIGE

. BIGE.

EIGE
EIGE
EIGE

FIGE

n50
4eo

470

ugd

49

500
510
520
530
540
5580
S€0
S70
5R0Q
590
600
€10
€20
630
640
650

E60

670
€EBO

£90 .

160
710
120
730
740
750
760
770
780
7190
800
810
820

.830
ETGT §u0.

850

il i W S

e e i e

|
i
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R 3.
CANCPM=INOEM A (TA) *A(IA) , : EIGF BEO
35, CONTINUE . . - BIGET B70
IF(ANORM) 1€5,1€5,40 E : EIGE BEBO |
40  ANOEM=1,U14*DSOPRT (2 NORM) ) - R P BIGE A0t -
C OANENX=AROEYSRANGI/FLOAT (N} ‘ ’ ' ‘ EIGY 900 . :
c ‘ - ' Lo - o . EIFT 910
c ©  INITIALIZF INDICATORS AND CONPUTE THFESHCLD , THR : . TIGE 920
c : - . EIGF Q30 o
. IND=0 . BIGE 9ng
THE=ANIEY , ‘ EIGE 950
45  THF=THR/FLIMAT(N) i X _ o E1GF 960 !
50 L=1 : : C e RIGS 970 .
55 M=L+1 R ‘ - . EIGE 9RD
T . ) L TISE 5535
c COMPUTE SIN AND COS . EIGEI000
C : - ) X TIGE1010
€0 M= (M¥E->) /2 : : . . BIGE1020
: L= (L*L-1) /2 . " BIGF103pn
LY=L+4D © ETYGE1040
€2 IF(DABS (A(LY))-THF) 130,€5,€5 EIGE1D50
65 IyD=T - : TIGR1060
CLL=L+LO . . : EIGE1070
¥A=Me Y] ' . " EIGE198B0
X=C.5%(~ (LL)-H(“H)] ) EIGET1020
€9 Y==R (LK) /DIQST (A (LY} & (LY) +x*X) : BIGE1100
ITimorLTLLTn oL LIGTiC
0 ==y ‘ EIGE1II20
75 . SINK=Y/DSQFT (2. 0*(1 0+ (DSQFT(1.0-Y*1)})) . EIGE1130
.. - SIKX2=SINX®SINY ) o . EIGF1140
"+ 78 cosx=bso§r(1.0-sxnx2; . T EIGE1150
. " COSX2=COSX*COSK . " EIGET1C0Q’
STHCS=SINX*CODSX : . FIGE1170
C ' , - . EIGE1180
Ny IOTATT L ANT K COLUMNS _ . BEIGE1190
C ) ) EIGE1200
tTLQE=N*(1-1) ' , ‘ ' C EIGE1210
Y THO=HE(M-1) : EIGE1220
no 125 =1,k . BIGE1230
T0=(Z#%i~1)/2 ‘ . ZIGF1240
. I5{T~1) 80, 115,80 ... . ' " : EIGE1250
g0, IF(I-®) B5,115,90 . EIGE1260
85  INSI+FQ e EIGE1270
GG.TC 95 .. _ N : . EIGE1280
20 IHSX+I0, -7 : ‘ EIGE1290
95  IP(I-1j 100,105,105 - \ \\\\ EIGE?300
100 IL=I+LlQ | T . . ETGE1310
. . GO 7o 110 . : . " EIGE1320
105 IL=1+I0 : . . ETGE1330
< 110 X=R(IL) *COSY-A({TH}*SIUX : EIGETINO
. A(IM)=A(IL}*SIKX*A{Ii)*COSX : : LIGE1 350
CA(TLY SR - EIGE1360
115  x¥(rv~-1) 120,325,120 2IGPT370
120 ILF=ILQeI ' o ‘ EIGE1380

IHF=IMQ+I . ‘ ) ' EIGE1390



125

anNnnNaon

130
135

aonn

140
145

150

cr
ot

N0

160

naaoa

165

170

175

180
185

. A(LLY =& (%4) ‘
CAuey =X - ' Y

POOR COPY - N S
'COPIE DE QUALITEE INFERIEURE )

i rambmm D 4

& W e

(: 154"

x=F (ILF} *COSX-F (INF)*SINX
§ (IMF)=F (XLEF) »SINX¢R (INB) *COSX.

R{ILF) =X - : :

CONTINUE

X=2,0%A (L4) #SIKECS

Y= A{LLI*CC¢170A('H)*S*N12~

X=A(LL) #SINXZ+A (FN) #COSX2eX :
A(LH)‘(A(LL)*u{%N})*SINCSrA(LH)'(CO“K? STHX 2)
AMLL) =Y
A (1K) =X

TE5TS FOR CCHMPLETION

b’l

T FOR X = LRET COLUMNK . -

[E |
[t

-
-

IF(¥-Nj 135,160,135
M=K+ A .
G0. 7O 6O

TEST FOR L = SECOND FROM. LAST COLUNT

TR(L-(8~1)} 145,150,105
L=L+1 |

66 70 55

IF(TXD-1) 160,755,169

vunoA
-

GO TO 30 ) *

COXPARE THRTSHOLD WITH FINAL NOFH
. ~—— B

-

" IP (THR=ANEHX} 165,165,485

SORT EIGENYALUES AND ERIGENVICTOFS

10=-¥

D0 185 I=1,N

IQ=IQ+N .

LL=I+(I%I-I) /2

JO=H*{I-2)

Do 185 J=I, N

JQ=J0+K

KM=+ (Jed=T) /2 /

IF(A(LL}~A(MM)) 170 {185,185 {
X=h (L1} : I

L]

IP (%7=1). 175 185, 175
po 180 K=1,H
ILE=TI0+K

INF=J0¢K .
1=F {ILF) :
R(ILF)=E(IMF)
R(IMB)I=X

CONTIKUE

»

EIGE1400
BIGETHI0
EIGE1420
EIGE1430
TIGE4AT
EIGE1L30
ETQF14( D
EFGE1470
EIGETINED
EIGE14OD
EIGE1IGCO
TIGEIST10
E§651520
RIGF1530
EIGE1540
®IGF1550
EIGE15CQ
TIGE1570
EIGT1980
EIGE1590

"EIGEI1600

FPIGF1€10
Fig=i62¢
TIGEICF AN
EIGE1LLD

. PIGE1ASD

ETGF1560
EIGF1670
TIGET166T
PIGE1€9C
EIGE17CO
2IGE1710
FIGE1720
ETGE1730
TIGE1740
TIGE1750
TIGE1760
EIGE1770
EIGE17R0
ZIGE1790
TIGE1500
BIGE1810
EIGE1820
EIGE1830
FIGETRED
TIGEI RS0
FIGF1RE0
ZIGE1RTO
BIGF1880

‘EIGE1RYN

RIGE1900
EIGPIQ10
2IGE1920
ZIGE1930
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RETHRN . )
END . o : :
SUBEQUTIKE GNPED : e ‘
PUSPOSE . : )
WULTTPLY THO GENTRAL XATSICIS TO FORM A RESULTANI GENERAL,
MATRIX b .
. &
USAGT . )
CALL GMPED(A,5,%,N,M,L)
DESCEIPTION OF PARAMETEFS
L - UAME OF FIEST IKPUT MATERIX
B - UXME CF SICOED TNDOT MRTOTY i
R =~ KAME OF COUTPUT HATFIX
% - NUMBER GF ZOHS TN X .
?,\_,; X - NUMBER OF COLUMNS IN A AND ROWS IN B-
1 - KUMBEE OF COLUNNS IN B. -
REMAEKS ¢

ALL MATFICES RMUST BE STOFFD AS GFNTIRAL MATRIZES
MATPETX.F CANNOT BT IN TIE SAME LOCATTON AS MATPIX A
#ATFIX & CIWNOT BZ IN THT SAMEC-LACATION A5 MATRETL- B

KUMBEE OF CGLUENS CF I TFIX™A RUST BT IQUAL 7O HUX3Ra oF Tou
CF MATSIX B )

SUBFOUTIKES ARD TUNCTIOR SUBPFOGRANS TEQUIFED
NONE

BETHOD

THE 4 BY L EATEIX B IS PEFMULTIPLICD BRY THT 4 BY ¥ MATRIX A
AND THE RESBDLT I5 STORED I THE K BY I MATRIX B.

.lc...l.lIl..'l!‘a!--ll‘l.v‘.ll.--la-..o---..ua--‘llcc..-l..q.--...

v

SUBPGUTINE GYPFD(2,.8,3
DINSESION A(T).B(1) .5 (
DOUBLE. PAECISION A,B,R

PN H, L)
1

I8=9

TK==H

Do 10 'E=1,L
IK=IV+E

D0 10 J=1,8
Ip=1IR+¢1
JI=J~H
Ip=1¥

R (IR} =0.

po 10 ¥=1,K
JI=JI+¢N '
IB=IB+1
R(IR)=F{IE) +A (JT) *B(IB)
FFTUDH,

~END ' : ’4f{
. : ' h ]

oy

EIGE1940
FIGE1950

G®PE
GUDF
GupR
GKPF
GHPE
GHBF
oMpP
SHDR
G¥DT
GMPR
GHMPER
GHPF

GrpT

GHEPR

GMPF -

GMPR

5C
6u
70
BO
30
100
110
120
130
140

2 et

L i

150 .

160

430,

qaul
450
LeD
470
480
ua)
500
510
520
530
540
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USAGE

. X -

PROB -

IPCOD=-

SUBROUTINE KOLADY

DESCRIPT

POOR COPY - o \g
COPIE DE %TEE INEER_Ig:gEE i
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PUFPCSE : S
TT5TS TUE DIFFEFETNCE BETWFIN EMPIFICAL ARD THZO2ETICAL
DISTRIBUT IOXS USING THT KOLMOGOFQV-SHIFROV. TEST

CALL K&LMOU (X,¥,Z,BPROB,IFCQD,U,S,TER)

¥ QF PARANETEERS . .
TIHPUT VECTOE OF ¥ INDFPEXDENT OBSEFVATIONS. ON
BETUERY FRONM KOLYOU4, ¥ HAS BRETH SCPTED INTO A

wanTOWC KON-DSCREASING STQUTHCE, -
. KUMBER\QF OBSTRVATIONS I¥ ¥
‘QUTPUT VARIABLT CONTAINING THZ GFTATEST VALUE WITH

RESPFCT TO X OF SQRT (Ny #RBS (PR (X}=~F(X)) WHERE
F{X) IS A THEOFSTICAL DISTEIBUTICN FUNCTION AND
FE(X) AN PMPIRICAL DISTPIBUTION FUNITIGN.

QUTPUT VAPIPBLE CONTAIKING THE PPCPABILITY JF

THE S7ATISTIC BEING GFFATES THMY OF EQUAL T0 2 IF
THF- HYPOTHUFSIS THAT X IS FPCK THE DENSITY UNDER
COUSIDITATION IS TRUF, EZ.6,,TFCR = (.05 INPLIES
~uAT CNE CAK BTJITCT THF NULL PYP, “HAT THZ SZIT

%Y TS FRON THE DSNSTTY UNDEP COMSIDEPATICN WITH 5%
DEARINILITY AT SDYNG TUCARITCT, TTONC
SHITH(D) :

A CODE D3INOTING THE PARTICULAF THEMPRETICAL

PRGB. DISTEIDUTION FUNCTION SEZING CONSIDZIRED.

={=-=F (¥} IS THFT NOFMRL PDF. ’

=2-=-~F(X) T5 THE EYPONENTIAL PDP.

=3-=--P(X) I5 THE CAUCHY PDF. -

=4~-+~F(X) IS THE UNIFORM PEDF.

=5~-~F (X) IS USZF SPEICIFIED.

WHEN TFCOD IS 1 OF 2, U IS THE MTAN OF THE DIHSITY
GIVEL ABOQVE, : o

RHEEN TFCOD IS 3, U =5 THE MEDIAN OF THE CAUCHY
PEXSITY.

WHEN IFCOD IS 4, U IS THE LEFT ENDPOINT OF THE
UyHIFoRN DENSITY. ) :

WHEN TFCOD IS S5, U IS OSE? SPFCIFTED,

¥HEC IPCCT IS 1 OF 2, 5 I5 THF STMN, DEV. OF

DELSITY GIVEN ABOVE, AND SHGULD B? POSITIVE,

WHEN IFCOD IS 3, U -~ § SPECIPIFS THR FIRST QUASTILE,
0F THE CRUCHY DEKSITY. S SHMHULD BP KON-ZE20.

IF TFCOD IS 4, S IS THE RIGHT ENDPOIET OF THE UNIFORE
DIKSITY. S SHOULD BE GPEATEFR THRN U.

IF IFCOD T6 5, 5 IS USEF SPECIFIED, .
ERFOR INDICATOR WHICH IS NOW-ZFFC IF 5 VIJQLATES ABOVE
COLYEHTTIONS., OH°RETUPY NO TEST HRS BEEN MADE, AMD X
AND Y HAVE BEZY SOFTED INTC KONOTONWIC RON-DECREASIVG
SPQUEKCES. IEP IS SFT TO ZEFQ ON EXTRY TO KOLYD4,

IEF IS CUREENTLY STT TO CHE IF THE WSER-SUPPLIED PDF

I5 REQUESTED FOR TYSTING, THIS SHOULD BE CHARNSED

- ’

KLEC 5N
KLuo €60
Kiku 70
xLHCe RO
KLKrO 90
RLBO 100
ELNO 110
KLKO 120
KL.EO 130
KL®O 140
FL¥C 150

Y un AN
HE a e

KLHO 170

XLEC 180

KLYO 180

KLMO 200

KLEO 210

XLKO 220

KLmo 2

KLMO 2uq\ .
YLre 250 @
kLre 2¢0 4
KLLMD 2704

r A A
ar e re s me e

nLng;ﬁﬁg
KLK 300
KLeo 310
kiko 320
KLHO 330
KLKO 360
KLKO 350
KLFO 360
KLHO 370
KLHO 380
KL®Q 390
RLM®G 400
KLEO 410
KL®O 420
ELKHO H30
KLMG 440
KLED 450
KLKQ 4E0
KLHO 470 °
KLMO 4RO
KLKC 590
KLHC 500
KLhO 510
KLEG 920
KLKO 530
KLEO 540
KLHO 550
KL4¥0 560



nnnnnhnnnnnnnnnnnnnnno,nnnnnnr:r)annn_hnnnnnnn

nan

1

POOR COPY ' %
.COPLE DE QUALITEE INF?EEEEEF_ 8

157
{SE? REXARKS} WHEN SOMT PDF IS SUPPLIED BY THZ USEP,.

RTMASKS ' : .
N SHOULT BE GREATEP THAN OF rolAL "0 120. (SEZ THE

. MATNEPATICAL DESCPLPTION GIVIN FOR TUF PFCGEAM SAIRN,

CONCYRNING ASYMDIOTIC FCFMOLALY ALSO, PPCPBABILITY LEVELS
DETERMINED BY "HIS PROGFAM WILL ¥2T BT COFRECT IF THI
SAMY SAMPLTS ARE USLID TO TSTIMATE FAFAMETIRS FOR THE
CONTTHUCUS DISTRIBUTICHS WHICH APE USFD IK THIS TEST,

SSF THE MATHEMATICAL DESCFIDTIOR FOR THIS PROGRAMN)

F{X) SHCULD BE A CONTINUOUS FUNCTION,

ANY NSEF SUPPLIFD CUMULATIVE PPRPOSADBILITY DIJTBTBU“IOH
SHOULD DBE CODID BEGIKNING RITH STATEMTNT 26 B ELOW,

. -
:‘-::3 :‘;CULC ‘rmlr:n mo Sm\mt‘ut‘\m ‘1‘1

DOUBLE PRECISION USAGE-=--IT IS DOUBTFUL THAT THE USER WILL
WTSH TO PIRFORM THIS TEST USING DCUBLE PRFIISION ACCURACY.
IF ONE WISHES TO COMMUNICATT WITH KOLMOU IN A DOUBLE .
PRECISION PROGRARK, HS SHOULD CALL THE FOFTEAN SOUPPLIED
PROGRAM SNGL(X) PRIOR TO CALLING XCLMOL, AND CALL THE
FORTGAN SUPPLIZL PEOGPAM DBLE (X) AFICSF EXITING FRON KOLMOu,
(YOTF THAT SUBPOUTINZT SNIFY DOTS HAVE “OHPL’ PRECISICH
CAFREILITY AS SUPPLIZD BY THIS PACEAGT.Y

j—--r-u-.--f- AT R TRETAR e A Y F!vn'\r‘cﬂ"llue O"‘ﬂ!fTDT‘F\
R B N N N A L R

SHIFL, KDTH, aND ANY GSEF SUPPLZIED auovul IWI3 SIQUIRID,.

SETHCD

FOE FEFERENCE, SEE (1) W, FELLEZR--ON THE hCLMOGOﬁOV—JHIELOY
LIAIT THEOREMS FOR E1PIR‘CRL DISTFIBUTICHE-~

ANNALS OF MATH, ST+T., 19, 12u8. 177-189,

(2) ¥, SHISNOV~~TABLZ FOP ESTINMATING THE GOCDNESS QF FLIT
OF THPIRICAL DIS H*BU“IOhS--A}HALQ CF %ATH. STAT., 19,
1948, 279-281.

{(3) P. VOK H'S“S--“RTHLHR*ICBL THECRY OF PRCBABILITY AND
§TATISTICS--ACADZMIC PEETSS, NEW YOFK,19608. 490-433,

(4) B.Y, GHEDEWKO--THE THEQFY OF PFOBABILITY-~CHELSZR
PUBLTSHING COMPANY, NEX YOEK, 1962, 384=~u01,

P LR E R E R R IR IR I B RO I A L L S A

SUBFOUTIEE KCLYCH (X, N,Z,PECB, TFCOD,U,S, IZ5) ™
DINTHSION X (1)

NOH b?CEEASIHG GED2FING CP X{I)'S (DUBY METHOD)

IBF=0 :
Do 5 I=2,¥
IP{X(I)~X{I-1))1,5,5
m3KP=X (1)

IH=I~1

Do 3 J=1,IM .
L=7-J

.

KLHQ-

KLHO
KLKO
KLED
KLXO
KLY
KLY40

"YLMO

KLac
KL=G
KLEO
KLED
kLro
¥ipn
KLED
ELMO
KLMN
KLEO
KL#0
KL%0
KLMC
KLMC
KL¥D
KLus
KLKO

Yrun

_¥LHC

KLNO
KLNO
KLj¥O
KLMO
KLU0
KLNC
ELMO
KL¥O
KLHO

KLKY

KLMO
ELHC
KLKO
KLA0
KLH0
KLU0

570
S80

-590

600
il
620
£ 30
6uQ
650
GEo
670
660
690
o
710
720
730
40
750
T€0
770
TRN
79Q
a8co0
810
o0
ass
8ug
850
R60
370
880
BR90
300
910
920
230
940
950
9060
870
9Rg
990

KLEG1000
KLHC1010
KL®C1020
KLM401030
KLKO10un
KLKMG1050
KLM01060
KLN01070
¥LMO1080
KLMG10%0
KLNMo1100

-

&
X
th
¥
b
i
i
1

o}
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23
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IF(TENP=X (L)) 2,4,
X(LeV)=X (L) :
CORTINUZ .
£ {1)="ENP
GO T0 S
X{L+1}=TFNP
CONTIRUE

COKPUTES NAXIEOY DEVIATION DR IK ABSCLUTT VALUT BETHEEN
BNPIFICAL AND THECFETICAL DISTR IBUTIONS

¥y 1=

L=

DN=0. 0

F5=0.0

TL=1 ,

DO 7 I=IL,NH1’ .
J=I :

TPA(X{D) =X (I+1)) 9.7,9

CONTINUE

J=N

IL=J¢1 .

NST GF GUNBEL'S PRODBASILITY PLOTTING FHVCTICYH
FS=FLOET(J) /(XN+1.7}
TF{IFCOD-2) 10,13,17

TF(3) ib,iie 02

TEF=1 .

GO TO 29

Z ={X{J)-U) /5

CALIL, NDTRP(Z,Y,D}

GO TO 27

IF(S)11,11,14

Z={X (N ~-U)/S+1.0

IF(2) 15,15,16

Y=0.0

GO 70 27

¥=1.-3XP{~2}

GO TO 27 -

IP(IFCOD-U4) 18,20,26

I7{S) 19,11,19

Y=ATRN ({4 (J)=U) /S}*0.3183C98+0,5
GO TO 27 )

IP(S=Uy 11,11¥21
IP({X{J)-0y22,22,23

¥=0.0

GO TO 27
IP({¥(J)-5)25,25,24

Y=1.0 : '

GO TC 27 ,
Y= (X (J) =U} 7/ (5=U) .
GO To 27

IER=1

‘GO TO 29

ES=ABS{Y-FS5)

-

KLEO1110
KLRO1120
KLxo1130
KL¥0 1140

KLEUY 50 -

KL¥01160
KLXO1170
KLEG11RD
KLEN1190
LKLMO1200
KLMO1210
ELKO1220
KLMO123D
wLMOo1aIng
KLMO1250
KLMO12€0
KLMO 1270
KLMO1260
KLHO1290
KLKC 1300
KLMO1310
KLED1320
KLFO1330
KLHO1 340
KLFO1350
vrvadicn
RIEGi370
KLHO13B0
KLMG1340
KLKEC 1400
KLMO1410
KLrO1820
KLMO1430
KLNG14G0
KLMO1U50
KLMC 1U60
ELHO14T0
ELMCT1UBO
KLEO 1490
KL%C15C0 |
KLEO1510
KLM01520
KLECT1530
KLKO 1500
ELHO1550
KLMG 1560
KL%01570
KLKO1580
KLEC 1590
KLHO1E0D
RLMO1610

KL¥01£20 -

KLHGC1630
KL¥O1640

J;p
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DN NAX 1DV, £5) - :
IF (IL-K)6,8,28 _
COMPUTES' Z=DN*SQRT(N) AND PROBABILITY

Z=DNESQET (XM}
CALL SKIRN (Z,PPOD)

PROB=1.0-P30B
BETOFN
END ' N
.l..l.lll.l'll“'ll....ll‘..lllIl..ll.ll.'ll'l..l.l'..‘.llllll"ll
SURPOUTINE LOAD
PUPPOSE ¥
COMPUTE & FACTGR MATFIX ({LOADIEG) F®0Y¥ EZIGENVALURS AND
ASSOCIATED TIGEWVECTORS. THIS SURFCUTINE NIFNA QCCHRE

<K 1 SEQUENCE OF CALLS TO SURROUTINES CORRE, ZIGEN, TPACE,
104D, AND VARMX IN THET PEPFORNANCF CF A FACTOR ARALYSIS.

USAGE . ‘H_\\\\
CALL LORD (%,%,7,V) . C
DESCFIDPTIZE GF PASAMETEERS
M - NUNBEF OF VAPIABLES. .
K = RUIMBFR OF FACTORS, K HMUST AR GRFAT=R THAN DR ﬁO"AL
T0 1 AND LESS THLN "GF YQUAL TO M,
R - A MATRIK (SYMMITFIC AND STOPTD IN CO4PRESSED FORH

WITH ONLY UPP3F TFIANGLE BY COLUMK -IN CORE) CON-
TAIKING TDIGENVALDUFTS IN DIRGONAL. SIGENVALUZS APE
ARFRANGED IN DTSCFXDING OFLEP, AND FIRST K
EIGENVALOTS AFT NUSED BY THIS SUBRGUTINZ. THE O%DEF
OF MATETX F IS M BY K. ONLY Me(4+¢1)/2 ELEMENTS ARE
IK STOFAGE, (STCFAGE MCDF NF 1) - '

v ~ WHEN THIS SUBEOUTTHE TS CALLED, . MATRIX ¥V (M X )

KLMO1€£0
KLHO1670
KL4O 1690
KFLMO1EA0Q
KLX"17C0
KLSG1T10
KLEO1720
KLEC 1730
KLMC 1740
KLEC 1750

LOAD
LexMn
LOA R

- LOAD

LOKD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOLD
LOED
LOLD
LOLD
1L.OMD
LOAD
LOLD
LOAD
LOAD
LOAD
LCAD
LOAD
LORD
LGAD

CONTAINS FPIGENVECTOPS COLUMHEWISE, UPON RTTURNIELG TOLOAD

THE CALLING PROGRAM, MATRIY V CONTAINS A FACTO?

BATEIX (4 X_K).

RENAPKS
NONE ,

SUBTOUTINES ALD TUNCTION SUBPROGRAMS, RPQUIRED
KONE :

METHOD.

NOPKALIZED EIGFNVECTORS A¥Z COUVIPTFD TOQ THZ FACTOP PATTIRN
BY MULIIPLYIKG THE ILEKTHTS OF TACH VECTOE 3Y THEZ SQUARE
FOOT OF THE COFRESPONDING EIGENVALUE, .

P e R T T R RN RN R N EE L RN R AL LI i

SUBROUTINE LOLD (M,K,P,V)

LOAD
LOAD
LOAD
1LoaD
LOAD
LOAD

LOAD

LOED
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD
LOAD

auo
350
360
370
380
399
4Qo
410,

420

439
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DIXSNSTON R{1} . V(1) ¢ :
. "8 S0 AN SN A AN S BN AN A EA S SA N TR A Y EAS E A AE R AP AR eA R
(- ) .
TF A NOUBLE PFRECISION VERSION OF THIS BCUDTIHY 1§ 3351800, THT
C IN COLUMY 1 SHOULD BE PTMOVED FEA® THT DOUILT PREITSION
STATINENT WHICYH FOLLOWS,
DOUBLE PRECISIOY P,V,SQ
’ THE C MUST ALSO BE ZEMOVFD FRCPE DOUBTT DEICISION STLTOMENTS
APPEARING IN OTHEF ROUTINES USED TN cc"JVﬂc::n‘ YT THIS
ROUTINE.
Thi DOUBLE PRECISION VERSION CF THIS SURFIGTIINT HUST al3o
CONTAIN DOUBLE PRECISION FCRTRAN FPUNCTICNS. SQRT YY STATENENT
-150 MGST BE CHANGED T0 DSQFT, . .
S L=0 . ’
JJ=0
PO 160 J=1,K pl
JI=JJ+J
150 SQ=DEQRT{P(JIJ})
Do 160 T=1,4 .
" L=Le]
160 V{L)=S0*V (L)
PETHEN
END

POOR COPY | ' : §
COPIE DE QUALITEE INFERIEURE“MV“H:

SUBRQUTIKE MINV

PURPOSZ
INVERT A MATPRIX

USAGE
CALL HINV(A,N,D.L,H)
DESCPIPTICN OF PARANETERS. i
L - INPUT MATRIX, DESTFGYED IM CCOMPUTATION AND SIPLACED HY
RESULTANT THVEPSE,
ORDER OF KATRIX A .
RESULTANT NSTEPHINANT :
WORK VECTOF OF LENGTH K
WOEK VECTOR OP LTKGTH N .

P

=D
it

T4

REMARKS
© MATRIX A KUST BE A GEWEPAL MATFIX

SUBFOUTINES AND PUNCTION SUBPPSGRANS PEQUIFED
- HONE

METHOD .
THE STANDAFD GAUSS=JGRDAN METHOD IS USED, THE DEZTEIMIRANT

LOAD 447

LOAD 450

LOAD u&d
LeND 470
INAD, LD
tOADg4QO
LPAD TSN
LOAD B0
TCAD 520
LORD B30
LCAD Sno
LoD 590
MEAY B IR LT
LOAD R0
LOAD LAG
LOAD 590
LCAD £00
LOAD 610
LCAD ¢20
LCAD €30

LOAD 64D

TCAD 650
LORD £69)
LOAD ATTD
LOAD &
LMD €MD
Liau To0
LOAD /10
LoxrD 720
1.OAD 730

MTRY 50
¥INY €0
MTRVY 70

‘ETUV B0
MINY ©f

HINY 1CO
“INV 110
“INY 1290
*TNV 130
MTRY 140
MINV 150
MTNY 160
¥INV 170
MINV 18D
TV 190
MINV 200
HINV 210
MINY 220
MINY 230
MINV 240
KINV 250
HINY 260
HINY 270
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r5 ALSD CALCULATED. A DTTERMINANT OF ZEFQ TINDICATES THAT
THE MATRIX IS SINGULAF.

o.o--n---c.a-.-o---o.---.oc.--o-uo--u.-n_.-:---‘-.-nca-c--o.--o-.-

SURROUTINE MINY (A,8,C,/L, M
DIMENSION & (1) .LtY %) _ .

. .
..Iclllll-.ll..l..'..!lcl...ll.'.lOQU-IIl.-'l!ln-..lt‘llo.l!.'.ll

I7 )} DOUBLE PFECISION VEFSIONW OF THIS FOdTiNE I5 DESITER, THE
Cc T COLUMN 1 SHOUWLD B3 REMOVED FPCM THE DOUALE PRECISION

g ATTMENT WHICH FOLLONWG. .

DOUBLY PRECISION A.D,EBIGA,HOLD

THE C HUST ALSC BE ?EHOVED/§ROH DONBLY PRECISION STATIMNENTS

"APPEASING IN OTHEP POUTIW § UsSsD IH COXJHUECTION WITH THIS

FOUTINE.

THE DOUBLE PRECISION YERSTOMLF THIS SUBRPCUTINE NI5T ALSO
CCY™AIN DOUELE PERCISICHN TORTEAY FUNCTIOFE, ERS IW STATFFENT
17 MUST BT CHANGED 70 TADBE.

-.--...--c--l.-ounqno‘--nanl-c-.-u-c----o-l‘-.-.-nu-.---o-n-c-.-c-
A -

SEAFCH FOP LARGIST ELEMENT

p=1.0

NK=-¥

DO 80 K=1,%
YK=HE+l
L(K) =K

M (K) =K
KK=KK+K
BIGA=A (KK)
ro 20 J=K,N
TZ=N* (1-1)
PO 20 I=K,N
TJ=T2+1 _
TP (DADS (BIGA) =DABS (A{IJ}}) 15,20,20

BIGA=2 (IJ) - .

LK) =1

n(Ry=a - . , -
CONTIHUE

INTSECHANGE ROWS

J=1 (¥)

TP (J-K) 35,35,25

KI=K-H

po 30 I=1,N

RI=KI+l -
HOLD=-h {KI}

WINV
MNIRY
NIRY
NINY
UTINY
NINY
HINY
NINV
NINY
MINY
HIXY
HINY
AR R
TNV
HINV
nINY
NINY
MINY
HINY
MINY
LBAAY
MIKRV

¥In
vIny
1THY
HTHV
wruY
MTHY
AINY
HINV
KINV
NINV
uIkyv
wrnv
pIRY
MIKY
BTNV
TNV
MILY
HINY
MILY
MTHY
MINV
HINV
HINV
KINV
MIHV
MTNY
yTny
4Ty
HINY
HTHY
MY

HINV

280
200
300
310
326
330
jun
350
163
370
380
130
ugn
nan
429
430
Lu0

‘459
ueEn.

u70
40

uge’

500
510
529
50
sup
550
560
570
580

5380°

600
€10
62n
£30
fu
€50
fFEN
€70
&80
692
o
710
120
730
T4
750
7¢0
779
780
790

. RCO

810

S

5
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JI=RI=K+J o
AR =2 (TT) '

T R(SI) =lioLp

:n~vwrraxc§ coLUXES

T=n(¥) . . .
Te(Y=K) 45,45,38 -
JnEN® (I<1)

PO 40 Ja=3,u

T IR=NKeJ

I=IPed

HOL ==} (:IK)

A(JEY=A(ID)

B (JI)=HOLD T

DIVIDE COLUMY DY MINOS PIVCT (VALUF OF PIVOT SLEMIRT IS
CONTAINED IN BIGA) ‘ '

IF (BIGA) u8,uf,u8

D=0.0

BETIEY ‘ N

29 55.1=1,%

“w(I-K) 50,55,5¢

IR=NeI

A(TK) =k {IK1 /(=BI62)

aermINY

FEDUCT MATEIX
D9 €S I=1,¥

TK=HK+T
ynLn= \(rK)

CIa=1I- *
PO 65 J=1, , -
TJ=TJ+X

TF(I-K) EQ,¢5,€0C

T7 (J-K) 62Z,65,62
KI=IJ~I+¥

A(IN “CLD‘E(KJ)&A(TJ)
CCNTINUZ

DIYILT ECW BY PIVOT

KJI=K-¥ :

D) 75 J=1,K : v
KI=KJ #l .
TP (J-K) T0 TS}h% . :
A{KJ)= A(KJ;/BIb P ‘

COETINUE _ .

PRCDUCT oF PIVCTIS

D=D*BIGR

MIHV
MINY
NINV
MINY
BINY
NTUY

CNINY

YINY
AIRY
MTHYV
MINY
AINY
NINV

MINY

MINY
NINY
MINY
ATNY

820
R3G
R4 0
B850
arg
aic
RAN
90
300
919
g92n
930
940
asn

‘9¢40

970
989
990

MTHYVI1000
MTHVI010

MTNV1020

HIHVI00
MINVA0LD
MTRYI057D
ATEVI0EO
YTHVI0TO
¥ryyioan
MIRVIOQD
FIRY 1100
MIRY1110
MInvil2o
MINYT130
MINVIIUND
MTINVI150
MINVI1£0
MINVI1T0
ETRV1189
MYKV1199
4THNVI200
MINY1210
MINV1220
MYHVI23D
HINV1249
MINV1250
MINVI2EO
YIHVI270
MINV1280
MINY1290
MTRV1300
HTHNV1310
HINV1320
MINV1330
HENV1I340
MNINVIASO



O

aOn

mnn

nnnnnnnnnhnnpnnnnnn

B

10¢

110
120

126

130
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REPLACE PIVOT BY FECIPROCAL

A (KK)=1.0/0IGA '
CORTLRUFE ./’/ :

FINAL FOW AND CCLDMN INTEFCHANGT

K=N : '
R={F=-1) o
IF (K] 150,150,105

I=L(K) :

TF(I-¥) 120,120,108

JQ-VE (Va1

Je=N#* (I-1)

DO 110 J=1,%k

JK=JQ+J
HOLD=3 (JK)
JI=JP+J

A {JK) == A (JI)
A{JI}=HOLD

J=4(K)
L TP (J-K) 12%,10C,375
KZ=K=-Y

D7 130 I=1,R%

I""—l"";.l'

A0LD-h (RI ]

JI=KI-K+J

A{(KIY==A{JI)

A (JI)=I0OLD N
G0 70 100

PZTUEN

ENE

.
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SUDFCUTINE MLEZGU (MAM, XMIN, XMAX,YHIN,YHRX,TCHAF],NOBS,

ITTTLE,ISUDBTI,EaU1, X1HI U, XTHMAX)

NOTF THIS IS MLFEG2 TN ANED MLPTGH FCF LOXDING DUPPOSES ONLY

360 STEPWISE KULTIPLT EIGRESSION PROGRAN,

FEADY PHASES 1 AND 2 FGH OVEFLAY ART

1, SFT UP A CCHMEON AREA CthISTIWG OF WIJ, XBAR, s*rwn FIN,

PCUT,0BS,UVAP,NIB5,NINDY,

/1&/66
PHAS®S 1 AKD 2 CAY BZ GVERLAID TC COWSESVE CORE

THE 5“”?5 3

2. §°% SIGEA RND DATA EZQUIVALENT I¥ PHASE 2.

3, FTECYVE STATEMSNT 101-2 F9QY PHASE 1

A¥D

BEHISD DIMENSIGK COMHMEKTS CARD -IN PHASE 2.

TO YCDIFY THE PROGIAM TO OP2PATE OK A DISK SYSTEM MAKE TE

?GLLOH?HG CHAKGIS 70 THE SCUECE DFCK:
1. FEMOVE STATINENT 630 PLUS 1.
2. PIHOVE THE C1 FEOM COMEENT CG1.
3. PEEGVE THE C2 FPOM COMMENTS CAFD C2
FOLLOWING STATEMENT 101,
4, EEPLACE STATEZMENT 870 WITH COMNENTS
RENOVING THE C3.
S, RIPLACZ STATEKENT 610 WITH COMHENTS
PEMOVING THE CU.

CARD

CAPD

INSERT IV

c3 APIER

c4 APTER

MTNV1360
HTEV1370
MTHY Y IR
M INV1190

ar oty
bar l-u)‘

x¥raviuan
MINY1820
MINVILIO

qTNVI0U0
H‘“'1ﬂ50
MINVILEO
4$TUTILTO
MTUVIURD
wTHviaen
YINV1500
NTEVISIS
XIHVIS20
MINVIGS3D
MINV1540

MINVI165Q

MINVISGAO
MTHYI15T0
4ITYYI6RAD
HTUTIAN
wINVIetD
MTRNUITRAIN
wInvieat
NINVIRIO
MINVICLD
HINV16350
MINVIGEO
MTHVIETO
%TUVIER0

MLEG 50
MIFG 120
MLEG 130
MLGG 140
MLFG 150
YLEG 1€C
“LEG 1706
KLFG 18C
MLEG 190
yLEG 200
SLEG 210
BLYG 220
HLRG 230
MLEG 240
41BG 250
MLEG 260
HLRG 270

-MLRG 280
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c 6. FFPLATE STATENENT 67 PLUS. 2 WITH COHH‘HTS CARD C5 AFTER
c RFMOVIKG THE C5. - o
c1 DEFIKE FILE 1(10C0 &€t,u, I?A)
c2 IFA=1
Q3870 NRITE(1 IF})(DAAA(J),J 1. HVAR)
Cu610 1PA-
Cc5 ZAD({1'T A)(DATA(I),I=1.NVAE).‘
c PHAS“ 1, TRANSFOEM OFIGINAL DATA, COMPUT™T RND PRINT 4ERNS,
C STAMDASD DSVIATIONS, AND SIMPLE CORRTLATION CCEFFICIENTS.
c DINRNSIONS
CO"HOh/PAUL/ID NIN, HVIN NYAR,NTEAN,NCONS,FIN, ,FOUT,IRES,TAKNEER
* ¥Sp,BSUBC,D .
COMMOIN/PAUL2/SIGB
D*H?\SIO“DA A(SB),COW '(12).ITPAh(60). TRAN(EO),KTR\H(EO)
nyYwnugTouy Aoy (6“) . 1 { a3 .Y 1 ( ITITL: :'an, ,

REAL*8 FIJ{58,58) ,XBAR(S8), s:cnn(sa;
INDZGER LID(20)
DIHEHSIONSIGB(SB],B(SB).ID(GO),FH*(ZO)

»
C EQUIVALENCES
EOUIVALTNC“(SIGHP(1),01*&(1))
c STATEMENT LABEL 101 IS NCOT BEFERENCED. IT YARKS THE FIRST
c EXSCUTABLE STATEHENT OF THE SONUFCE PFOGFAN.
C YCOM TS FIXTD DECIMAL EETFESERTATION OF ALPHABETIC CJONMA.
101 TCA¥=179937268¢&4 R
_ REWIKD3
< LITAD T.T.
C EEAD IR YAFPLaBLE rORHAT

IF (FIN-FODT) 1020, 690,690
690  IF(NTEAN) 1000,730,700

C _ KPAD TEANSFGREATIGN CARDS
" 70Q: F2AD (5,71) (ZTRAN(I) (JTRAN (I} ,KTRAN (I}, LTFAN(I) (I3, NTRAN)
71 TORMAT {3612)-

'

IF({N¥CONS) 1000,730,720

c FPEZAD CONSTANT CAPD
© 720 FEZAD(S,72) (CONST(I) ,T=1,NCONS)
72 FORMAT (12F€.3)

Y .
OBS=NOBS
NINDV=WVAE~1
POIOI=1,NVIN
LEBAB (1)=0.0
DO90J=1,4VIN
FIJ(I,J}=0.0

S®AD DFTA, FOEN SUMS VECTOR, SUMS OF SQUAFES BATRIX

pG110%=1,HIDS

. READ (11} (DATA (J) ,J=1, NVIN)

FOEMMAT (12F6.0). .

IF (TRA¥) 1000 ,860,750

C . TEANSPOPHATION OF BAW DATA : '
750 DOBS0X%=1, KIPAN .

CII=ITPAU(N) : :

.

ALRG
MLRG
MLEG
MLEG
¥LRG
MLEG
YLRG
YLRG
MLSG
nLRG

- MLBG

NLEG

NLOO
nieeG
ILEG
MILRG
MLRG
NLPG
MLRG
HLPG
XLPG
MLEG
MTF3
¥YLPG

LR Ealal

MLEG
NLRG
HLRG
HLEG
YLEG
MLEG
KLEG
ALRG
MLEG
MLPG
NLEG
HLFG
MLPG
MLEG
MLFG
MLEG
HLEG
4YLHG

LEG
4LHG
YLPG
MLEG
YLRG
HLEG
HLRG
HLRG
MLEG

290
300
3o
320
110
aud
3150
360
3170 .
189
190

ugo

"o

420

Bao
ayp
uso0
560
40
upp
ugQ
SCQ
510
520

TN

ELAY)
550
5€0
570
580

T20

700
750
760
780

790
800
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JI=JTRAN(M) ] : . : * HLRG 810 5
KK=KTRAN (1) . . NLRG 820 i
LL=LTRAN(Y) : : HLRG 810 ,
0010(760;710.730,790,800.810.820.830,au0).71 . HLREG RU0
. , -~ BLRG 250 . i
c Y {n=x{K " : %LRG 860 v
760 DATA (IJY=DATA (KK) ' : o : ‘ - HLRG 970 :
. GOTa850 - MLFG - BAf
c X (J) =X (K} ) ' . MLFG B90 :
770 DATA(3J)=-DATA [KK) MLEG 900 e
- GOT0BS0 ) KLRG 910 -
c X (J)=L0G X (K ) . MLEG 920 i
780 DATA(JJ)=ALOG (DAZA (KK) ) : ' MLEG 930 -
: goroesn . - ¥LPG 9u0 -
c  X(=1/%(K} . . - KLRG 930. i
790 DATA{JI)=1.0/DATA (KK) ‘ BMLRG 960 :
G0T0850 _ : Y MLRG 970
C | XU zX(K) +X{L) - - YLRG 980
800 DAT) (JJ)=DATA (KK) #DATA(LE) . T i . MLRG 990
GOTO850 . . - ¢ ' YLRG1000C
c X () =X (K) =X (L) o , 4¥LPG1010
810 ,LATA (JJ) =DATA (KK) *DATA(LL) : MLFG1020
GOTNB50 ) : : _ MLRG1030
C X (J) =X (K) 7% (L) ‘ - MLRG19UD
820 DATA (JJ)=DATA (KK) /DATA(LL) ' MLRG1050
GOToe5? : ‘ MLEG1060
c F(J) =5 (K} +C{L} ' - =LP51070
830 DATA (JJ)=DATA (KK +CONST(LL) ‘ ) ‘ HNLRG10B0
6070850 LA HLRG1090
cC - X(I)=X(K)*C{L)} ° . Co : KLRG1100
840 DAETA (JJ)=DATA (KK) *CONST(LL) ' _ MNLRG1110
880 - CONTINUE MLRG1120
B60 IF(IFES)870,883,870 . i3 MLEG1130
C WEITE DATA FILE : » MERG1140
870 WEITE(3) (DATA(J) ,J=1,4VAR) - MLRG1150
880 DO100J=1,KVAE . MLRG1160 7
XBAR{J)=XBAR (J} +DATA(J} BLEG1170
POT00K=1, NVAE : HLEG1180
100 RT3 (J,K)=RIJ(J,K) +DATA (J) *DATA(X) . YLRG1190
110  CONTIHUE . . MLRG 1200
c- CONPUTE STAEDARD DEVIATIONS*SQF ROUTE (0BS-T) _MLEG1210
DO120I=1, NVAF : ' . MLRG1220
120 szcﬁn(:)=(EIJ?I,I)-KBAB(I)*xnxsc:)/OBS)**.s “MLFG1230
c COMPUTE CORFELATION HATRIX . “HLPG1240
pe130I=1, UVAF MLPG1250
pO130J=1, HVAP - KLREG126D
130 YIJ(T,J)=(EIJ(I,J)-XBAR(II*XBAF(Jj/Ole/{SIGHA(I)‘SIGHR(J]) “LRG1270
* . X : HLEG1280
c COMPUTE MEANS AND STANDARD DEVIATIONS MLFG1290
po180T=1,HVAE - ' , KLRG1300
XBAR (1) =XBAR(I) /0B5 : ELEG1310
140 STYGHKA (T)=SIGHA () / (OBS=1.0}%%.5 HLRG1320.
* ' ‘ MLPG1330
c SKIP TO NEW PAGE, WRITE L.D., AVEPRAGES, STRNDARD DEVIATIONS, . HLPG1340
1
) ) ' .
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. 1
AND SIMDLE COFRELATION MATEIX. ' ' S . © MLFG1350 4
NSITE(E,€5Y TANNIE, PIK,FOOT ‘ : oL MLEGT360 !
FOPMA™(*1%,708,2X,'FIN =',F8,1,2X,FOUT=",Fu, 1) T MLPG1370 ;
WEITE {£,51) . . KLRG1380 )
TETYRTHIOLVIDAGES ) T o NLFG1390 .
HF:TS(G;SZ;{x,xaav(:;;:con,:s1.nznnv:,vvap.xsaycuvaay - MLPG1U00 3
FOFAT (L (' VAF(',I2,')=",S10.7,31)) T MLEG1U10 i
WFITF(6,53) - NLEGIU20 '
FCEM AT (' OSTANDARD DEVIATIORSY) , . W MLEG1430 ;
HFITI(E,SZ)(I}SIGKA(I).ICCF,I=1,HIRDVY.NVAF,SEGHA(HVXP) e MLES14UD N ;
WETTC(6,59) ‘ MLEG1450 N
FERXL™ {'0ZIMPLT CORFEILATION CGEFFICTENIE') v *MLEGIUED 3
PO1SGI=1, BZNDY L : L LMLEGINTO !
¥PITE (6,56) (T, IeEIJ(I,d),IC0HK =T ,NINDV) , I, NVAR, BT NVAR) : MLEGTURAD -
FOEMAT (4 (" VAES (', 12,7, ', 12,1 S, Pl 5, A0 W HLFG 1550 i
DPRAST 2, PIFROFY STEPWISE CXLCULATIONS AND RISULTS. ‘ #LrGISOQ, - !
DIMEESIONS . : . . . © OMLEGI51D .
INI™IALIZE . .~ £ ) L. MLFG1520 .
TC170I=1,KVAP . . . . . MLEG1530 -
SIGB{I)=0.0" . ) i ¢, mLRG15UD
B(Zy=n.0 . _ : - KL¥G1550
NENT=0 . : : ) ! HLRG156]
pr=nps-1,0 . N HLEG1570
vesTha- . ' . MTEG1580
CrAMSTCRN -SIGML VICTCI FECH STRAYDASD DTVIATIONS TN 3QURTE ¥IG1690
CFOOTE OF SUIUS GF SQUASTS. ‘ : . - RLEG1IS0D
nCINGI=1,HVAR . ‘ AR - RLENI0LD
. s;c!;::;:sxch(:)*(nps—1.0;tt.5 ' B . HIFG1620
BTGIF STEP NUFBEF _NSTED. ’ . . MLEGIE30.
NSTEE=YSTER+T | | . L . MLFrG1640
STDEE= { (£ IJ (NVAR, NVAE) /DF) €%,°5) #3IGNA (RVEF) e ) YLEGIESQ
. DF=DT=-1,0 ‘ T LLEG1€E0: Py
IF(DF} 1010,131C,205 : MLEG16T0
vRIN=0,.0 ) : Lo - MLEGIEBO
YrAK=R.0 o 4 : HLTG1€90
NIV=C coe - ' i , . .- HLRG1700
FeHn MTRISUE VAETANCT CONTPIBUTION OF VAFTABLES IN REGRESSION MLFG1710
2QUATICE, ‘FIND NEYIMUM VARIANCE COXTFIRNTION OF VA2ZRSLES KLRG1720
Ko™ TH REGEESSIGY TQUATIOR., 7| ) . -7 HLEGAT30
PC3INOT=1,KRINDV : o ) ' - . ALER1TLO :
TP (RIJ (I, I)-.001)300,390,210 ' - . 41361750 .
VI:EIJ{I,NVAR}'BIJ(HVLF,I)/RIJ(I:I) . “ MLFGI1TED
IF(¥T) 240,300,220 ' MLEGETTIO
To(yI~v¥a¥) 39C,300,230 . KLEG1780 .
VRLY=VI ' . I . MLEG1790
YMAX=T i} - o . MLEG 1800
GGTO3NG . . ) NLEG 1810
YIN=NTHUH) ' : KLPG1820.
ID(NIN =1 ' . . BLFGI1R30
CEM DY~ ZyF EGEES5I0L COSFFICIENT MSD IT5 STAKDARD DEVIATION. HTEG1RM0
B{NIH} =FIJ(T,NVAE) *SISXA(NVAF)/SIGHA(T) S ) . 'MLRG1850 .
SIGH (NTH) = (STDTE*ELI (I, ) *%.5)/5IGNA(T) . S MLEG 1860
I7(VHIN) 250,260,000 - . ' MLFGT870 °
IF({9I-VFIY) 300,300,260 ) - . . MLFG1080 .
o . p
- i

L~
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260  VMIN=VI ' . '
. . NBIN=T oot
300 CONTTINUE
o IF{NIN) 100,460,400

400 BSUIC=XBAT {RVAR}
-~ DOWYOI=1, NIK

Y

J=ID(I) :
310  BSUI0=BSUBC~B (I) *XBAF (J)

IF (YENT 1000, 480,420 ’
C . OUTPUT FOR VARIABLE ADDED

420 WRITE(E,57) NSTEP,K . :
57 FORKAT (*OSTEP KUXBER *,I2,10X,'TRTEP VAFIABLE ¢,22}
425 WFITE{6,56) STDEE .
58 FORNAT (* STANDARD EPFOY OF ESTIMRTYE=', ¥i1.3)
F=(1.-FEIJ (NVAP,KVAR)) **.5 L
: WPITE(E,59)F . ‘ .
59 FORNAT (* MULIIPLE CORRELATION CCEFFICIENT =',FP€.3}
* O
IDF§=0BS-DE;2.0 : ’
IDFD=DF+1.0

F=(SIGHA{NVAE)**2-(STDEE“2)-(DF01-O])/(tCBS-DF-E.OJ‘STDSE*;ZJ

REITE (€,66) IDFN,IDFD,F

< . n

- 66 FOEHAT{' GCODNEISE CF F;T,P(‘.:u.','.TU;'}=';FB.M

¥
"WRITF (6,60) BSUBO
€0 FORHA™ (' CONSTANT ‘TEEN=',F12.4) .o
EEIT2(6,61) . 3
61 FORMAT (Y0 VAF CCIPP STD* DEV T VALUE BETA CIZPF')
* . o . . P
¥RITE (6,62} g
62 FOUMAT (* - COEFFY)
. pos3gt=1,¥IN N . .o
J=I9(1) . =

T=B(I)/SIGB (I) : )
430 - WPTTE (6763) 2D (1) ,B(T) SIGB(T) , T, PTI (I, KVAP)
63 FORMAT(! ',I3,F10.4,F12.4,F10.4,F12.4)

£ COMPUTE F LEVEL FOR #TNINON VAFIANCT COXTRIRYTION VARTABLE

TC IN REGPESSION EQUATION. ‘ )

C - THIS INSEFT ST02S THZ ;EEFPSSION AT TUE DFSIEED STEP-4SP.
1P (NSTEP.EQ.KSP) GO TC €04 g .

FLEVL=VHIH‘DP/RIJ(HVAR,HVA?F
IF(FOUT*?LEVL}QEO.HEO,QSO

c THITTALIZE FOR EZNOVAL OF VAFIRBLE K FEOH# EQUATIGY.
u50 K=NHIN ' ) Co
FENT=C
TF=DF+2.0 , \\
6CT0500 o : .
¢ °  COMPATE F LEVEL PGRMAXTHOH VAFIANCE CONTFIBUTION VARIABLE
c KCT IK ZQUATION, '

n€0 FLEVL=VMAX*DE/'(ELJ {HVAR, BVRF)=VRAX)

" YF(PLSVL-PTH) €00,€00,479 Dl :

¢ -» TNITIALIZE POR ENTRY OF VARIABLE K THTO EQUATICN.
070" K=NNAX ; .

! . : ' R (. ..
) . o - .‘

Ex

*

[ -

Nt e

HLPG1890
MLFG1900
MLEGI9TD
MLFG1920
%LFEG1930
MLFG19u0
“LFG1950

MLEG19630,

MLEG1370
®LRG1980
MLEG1990
MLEG2000
PLEG2010
MLEG2020
KLEGROND
HLEG2050
MLRG2ORO
4LRG2070
4LPG2060
YLPG2090
¥LEG2100
“LEG2T1N

MEEG2130
NLEG2149

FhG2160
LPG21T0
LEG21€0

4LPG2190

MLPG220G

~

- THLEG221D
FLEG2220
THLEG2230
MLPG2240
%LEG22590
MLEG2260 .

MLRG2270 -

¥LFG2280
MLFG229D
MLEG2100
YLEG2310
MLEG2320
MLFG2330

MLEG2340
K1PG2350°

MLFG2IC0
ALPG 2370
MLPG2380

MLRG2190 °

HLFGZBQQ

“LFG2120 .

Akruc iou

i

iprad d
et

»

¥

B

- S e
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EFKT=X MLEG2410 '?
GOTI500 . MLRG20u20 >
< QUTPUT™ FOF VAFIABLE DELETED MLFG2330 L
4RO WRITT (6,6U)NSTTP,E : HLEG2u4D o
6 FCRMAT(*OSTED NUMRER ¢ T2, 10Y,'DELET 24 MLRPODLSD ;
GOTOu 2% ' MLRG2HED -
C UPDATE MATEIX - MLRR247OQ :
500 DC54DT=1, KVAP MLFG24B0 ;
» IF(Z-K)S510,540,510 MLEG2U90Q
510  DPO530d=1,KVaF LG 2500
Te(J-¥) 520,553,520 L e KLEG2510
520 PIJ(I,J)=EIJ(I,J)-RIJ(I.K)*FIJI(K,J}/FIJI(K,V MLRG2520
530 coyTINUT . ' . : HLRG2530
540 CONTINUE NLEG?25H0
DUSOCUS I, NVAR ‘ KLEG2550
IF({J-K) 550,560,550 MLRG2560
550 PIJ(K,J}=FIJ(K,J}/FIJ(K,K) MLEG2S570
560 COKTINUT ' HLRG2580
- . “DOSROI=1,MYAE MLEG2590
IF(T-K)570, 990 S0 MLEG2600
SM  EIJ(I.K)==PIJ(I,KI/BIJ{K,K) MLEG2610
580 CONTINUE . MLPG2C20
PIJ(K,K)=1.C/FIJ(K,K) ' MLFG2R20
6eTa2nd MIFG2547
€00 CIF({TEESIE€10,600,€10 . MLEG2¢ 50
C . PEINT PESIDULLS - YLEG2CCO
61y FEWLNDS MLPEGIETN
REITE(€,€7) KLSG2EB0
67 FORMAT('0 OBS ACTUAL ESTINATT “PESIDUALY) . MLRG2C90
* . MLEG2700
DOE3QK=1, HOBS KL2G2T10
BEAD(3) (DATA{I) ;I=1,4VAR) . MLRG2720
E5T=BSURD ) MLEG2730C
DOR2QI=T, TN ¢ MLEG2740Q
- J=ID{T) MLEG2750
€20 EST=EST+B (I) «DATE (J) . MLFG27£0
9251r=DATA(NVAP|-EST MLEG2770
SIGB (K)=RESID .
T tmpAR(K),
WRITE(6,68) K, EA*A(NVAR|,EST PESTD - MLEG2780
€8 FORMAT (Y ', 14,3F12.2) MLEG2T790
X1 (K) =DATA(NVAR) NLFG28C0
~ Y1(K)=FST ‘ .MLRG2810
€30 CONTINIE MLRG2820
CLLL PLCTXY{AID,%, wad, XMIN,XHAX, YHIN, YNAY, MLPG2A30

"11 Yi,%985,ICEREY, X2, ¥2,02, ICHnF2 ¥3,Y3,%3,ICHAPD) . ¥LFG2RU0
C.PLL P10“1{‘I'_TL}' ISUBTI, ITRFAY,S5ICGD,NCRS, nam X1KEIN, XT6AX) '

FEwWIVDY .« MLEG2RSO
c NORMAL END/OF JC3 . MLRG2RG0 .
640 ETTUEN MLFG2870
1000 WRITE(6,1HI1) KLRG2RA0
4231  FGOHAT (' napoaqruw VHIN,NCONS,OR NTRANS IS NEGATIVE.',/,'CHECK PORMLEG2G90
* CONTPOL CARD ERROEY) .. HLEG2900
PETURN , 7 %LRG2910 .
N .
hY
1 ; .
e ] o '
. .
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» 1010 WOITT(€,1232) . . ' MLFG2920

1232 FORNAT{' EFEDF. D3IGREES OF FREEDOM=0.TITHEP ADD MORE DATAY,/,'0BSEHLEG2930

$RVATIONS OF DELETE ONE OF MCSF INDEPENDIMT YARIARBLES .JASPLE',/,'SINLPGEQHQJ’

*ZT MUST IXCEED NU“E“R OF INDTPENDANT VAEIABLES BY AT LE AST 2.') MLFG2950

* HLRG 2900
R”"UFH : _ ®»LRG2970
1020 up:"v(e 12233 MLFEG2980
1233 ro®MAT(*. ERF5S.F LEPSL FOR INCOMING YAETABLF I; LESS ./...Hkh F LMLPG 2990
#ZYTL FOR OUTGOING VAFIABLE') x MLEG3IDOO
END T . MLRG3020
c : ¥DTE 10
,C-..--.tco-o--oc-c-o--n-ooo-o-----.--u-o.n--o-ou------u--.-------u---..-NDTp 20
c ' : NDTR 30
c SUBROUTINF HDTE . } WDTE HhO
C ’ : ) YpTR 5S¢
c . PUFPOSE - ) NDTR 6O
c . COMPUTES ¥ = P{X) = PROBABILITY THAT THE RANDON® VAPIABLE U,¥DTR 70
c DISTEIBUTED NORMALLY (O, 1), TS LESS THAN OR EQUAL ™0 X, ¥DTR B8O
c F(X), THE CPCIKATE OF THY KGEMAL DENSITY AT X, IS ALSO NDTR 90
C COMPUTED, o NDTR 100
o ] : . NDTR 110
c USAGE : ‘yDPTHR 120
c ©  CLLL NDTE(X,P,D) C. ¥DTR 130
C ©oowpTR 140
c SFSCHRIFTION OF PRFAMETERS ‘ YpTR 150
g X==THNPN™ SCIT.AF PNP WHTCH P (Y] TS IO®DITENR, MnmD 100
I P-~CUTPUT DECBABILITY, YDTE VTO
c D-—ou:bu: DENSITY. - ot ' ¥DTR 180
c . NDTR 190
c REMAEKS - : e ypTR 200
c MAK INUN EPnOF IS 0. 0000007, cr NDTR 210
c . ) HPT? 220
C SUBFOUTINES AND suapsccanns FEQUIRED .. & spTe 230
c - EONE . . ¥NTF 2u0
c o= . ' . ¥DTR 250
c NETHOD | . } : YPTR 260
C BASFD Ol APPFOXIMATIAONS TX C. HASTINGS, APPROXIMATIONS FOR NDTR 270
c DIGITAL CCKPUTERS, PFINCETOR UNIV. PRT5S, PRINCETOK, N.J., KDTF 280
o 1955. SEE EQUATION 26, 2,17, HANDENOK 3F XATHINATICAL NDTE 290
c FONCTIONS, ADBPLMOWITZ A¥D STEGUN, DCVER PUBLICATINNS, 3HC., DT 300
c . YEW YCRK. L . YDTR 310
¢’ , NDTR 320
Cve v e v ceeosasosassnnsnossasnsnansnnstostsaassanssnsnsnsnsasnsnsassranassa-HDTR 330
C ) , : NDTE 340
: SUBPQUTTINE LDTF(X,P,D) ' NDTR- 350
C " NDTR 360
AX=ABS (¥} HDTE 370
T=1.0/(1.0+,231€6415%2)) ' NLTE 380
D=0,39894 238D (-X*X/2.0} : MOTR 390
P = 1.0 - DeT® {{(({1.330274*T = 1,821256)*7 + 1,787478)*7 ~ YDTR 40D
0.2565638)*7 + 0.3151815) . ¥NDTR U410
(%) HDTR 420
1.0 ADTR 430
F HDTR 4B0

\

T L LT TR T L T

o i B b
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EXD HDRTR 450 -
STBROUTIKE DPLOTXY (ITITLE,NX, MAR, XMTIN, XMAX, YNIN, YHAX, proT S0 .
XY,TV,81,ICHARY ,X2,Y2,82,ICHAR2, x3 Y3,%3,ICHAR]) \ PLOT 60 :
IhTFGFF IPLO*(101 51) . pLOT 70 .
INTTGVF IDBLANK/Y '/,1D0T/%. '/,IP'UJ/'!' PLOT 8D
RTAL XAXIS(11) ,YAXIS(6) PLOT 90 -
TRTEIGER ITITLE(20),ICHARY, ICHA“Z.IFHA‘1 : pLOT 100 :
FEAL X1 (1),Y1(1).X2(1,¥2(N, \3(1) Y3(1) . : TPLOT 110 ‘
DO 5 Ix=1,101 . PLOT 120
DO 5 IYr=1,51 oy . PLOT 130 ;
*PLO"(;X,IY)-IBL}hh'w o PLOT 140 :
IF(IX.20.101.0t.X¥.8Q.51) GO 70 4 PLOT 1590
IF(TX.NE,1.AED.IYJKE. 1} GO 70 5 PLOT 160 ;
IPTOT{TX,IV) = tnnT pLOT 170
IF (MOD(IX-1,10).5Q.0.AND, MOD{TY-1, 10).7Q.0) IPLO*(IX. Y)=IPLUS -PLOT 1BO
L CONTINGT = . " PLOT 190.
IP(MAM,.EQ.0O) 6o To 21 PLOT 200
XMIN=X1(NY - : PLOT 210
XMAX=X1 (1) " PLOT 220
TMIN=Y1{1) o . PLOT 230
YNEX=Y1 (1) = PLOT 240 .
DO 22 I=1,H1 ' ! . PLOT 259
IF(X1(I). LT, XNIK) KAIN=X1(I}) * : B pLCT 260
TF(X1(2).G7.%XNAX) KNAX=X1(D) 7 5107 270
IF(Y1(I}.LT.YMIL) YSIN=YT (D) PLOT 280
TR(Y1(T) BT YNREYY YRAX=YI(TY . PLOT 290
IF (¥%.T2.1) €2 T2 25 ' . DreT 00
. DO 23 I=1,¥2 : . - PICT 310
IP{X2(I}.LT.XHMIN) XAIN=X2(I)} ' © PLDT 320
IP(X2(I).GT.XMAY) XHAX=X2{(D) . : ' PLOT 330
IP(Y2(I) LT.YHIN) THIN=Y2(D) . A PLCT 380
IP(Y2(I).GT.YMAX) YMAX=Y2(I) ™ PLOT 350
IF(¥X.EQ.2) GO TO 25 o ot T T e PLOT 360
po 24 I=1i,N3 T : PLOT 370
IP(X3(I).LT.XRIN) XMIK=X3(I) P PLOT 380
IFP(X3(I}.GT.XMAX) XMAX=X3(I} . . ' PLOT 390
TP(Y3{I).LT.YHIL) YHIN=Y3 (T} . PLCT 40O
IF(Y3(I).GT.YHA%) YMAX=YI{D) PLOT 410
XSCALE= (X¥AX-XMIN) /1C0O PLOT 420
YSCALE= (YMAX=YHIN) /50 ) . PLOT 030
YAINT=XSCaLE*10 PLOT 440
FAINT=YSCALE*10 - PLOT 450
XAXTS (1} =XMIN ' PLOT U60
YAXIS (1) =TMIN ) . PLOT 470
DO 26 M=2,11 PLOT 4B0
LAXIS (H)=XAXIS (F~1) ¢XAINT CPLOT 490
Do 27 M=2,6 PLOT 500
YAXIS(4)=YAXIS (¥~1) +YALNT PLOT 510
DO 35 I=1,R1 . ~ PLOT 520
Tx=((X1(I)-%MIH)/XSCLLE} +0.5 ) PLOT 530
Iy={(Y1{I)-YNIN)/YSCALE)+0.5 PLOT 540
IPLOT (IX¢1, IY+1)=ICHAR1 _ “ PLOT 550
IP{NX.EQ.1) GO TQ 50 . - PLOT 560

DO 40 I=1,M2 | - . ) PLOT S70
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Ix=((x2(I)—xnIN)/xscALE)+0.5
Y= (Y2 (I) - YXIN) /YSCALE)¢0.5
IPLO?(Ixo1,1¥v1)=ICHA?1

I¢ (NK.EQ.2) GO TO" S0

DO 45 I=1,R3

IX={ (X3 {T)-XEIK) /XSCALE) «0.5
I¥=((Y3(I}-Ynlﬁ)/YSCALE)¢0.5
IPLOT (IX+1, IT+1)=ICHAR] . o
"¥®ITF (6,600) ITITLE . . s
pn 60 IY¥Y=1,51 '

IY=52-IYY ‘

IF (HOD{IY-1,10).EQ.Q} GO 70 5%
WRITE(6,€03) (IPLOT {IX,IY¥),IX=1,101)

iy

GO ™0 EQ
HT:(IYf\)/10+1 . o
WRITE(6,€02) YA}IS(HY)c(i?LOT(IX.IYl.IX=1.10H
CONTINOE ' N .
WBITE(6,601) XAXIS . N L ) *
BETOER : .
iFOFHRT('1',191,20&“;///]
FOERAT(3%,11F10.3)
POPMAT (FB.1,1%,10121)
FOPHAT(9X,10TA1)
Tip . .

SUBPCUTINE PLOT1(ITITLE,ISUETI,:D,K1,N],Hﬁﬂ‘,K\ﬂ:ﬁ,K1ﬁlx]

GLAPE 2T QMT Y2DTIBLE WITH FESPFCT TH RNOTHTF (TTaT

DESCFIPTION OF PATAMETERS

-ITITLE{20)~-TITLE OF GRAPH -

-ISUBTI-VAEIABLE NANE

~TD(I) ,I=1,2,4..,1-PEPIODS (DATEDS)

-K1(I),I=1,2,...,R1-VRLUES OF THE VARIRBLE

-N1-KOMBES GF OBSERVATIONS

-¥AM1-IF SET FQURL TO 2ZPEQ, THE SCALES XI1MIN AND L14AX APE
USE® SPECIFIED BUIT CHECKED BY THT SUBSONTINE. IF RIVTR
SCALE-VALUSS REZ INCORFTCT, THF PEFOGPAN FEPLACES THIMN.
TP SET HOT EQUAL TO 2Z20, THE SyBFQUTIKZ CONPUTES
APPROPRIATE VALUES POP THE SCALE CF THE GRAPH,. .

-X1AIN-SKALLEST VALUZ oM THF GERPH

~X1XAX~LARGEST VALUZ ON THE GFAPH

TETEGEP ITITLE(20),ID(1) ,LINT(10M),TR/" VL IN0T A L/ IR/ K

TPEAL X1(1] ,RXIST(MY)

IF{HA¥1.EQ.0) GO TC 31

YIEIN=X1(1) -
Y1MAX=X1 (1), . .
Do 32 I=1,ET
TF(X1(I) . LT X IHIN} XT1XINSX 1{T)
IF(X1{I}.6T. X 1RAX) X I8AK=X 1(I) ,
SCALE1= (X 1HAX-X14IN) /100 .
AINT=SCRLEI#10 :
AXIST{1)=X1NIN

pC 36 n=2,11

g,

PLOT
PLOT
PLOT
PLOT
~LeT
LOT

PLOT !

2107
PLOT
LOT
BLOT
2LC™
oLe T
PLCT
pLOT
pPLCT
pPLOT
PLCT
Gt
PLET
PLOT
PLOT
3ol
2T
T
prm
vIT
3ol
LTI
PLT1
DLT
LT
LT
pLT
pLTY
pPLT i
1T
LT
aLTI
2LT1
2111
LT
PLTi

©PITA

DLT
PLTA’
2ET

'r,vr---l

PLT1

PLTT ]

PLIA
2171
PLT 1
PLT1

580

"an
Al N
€10

2p0-

u0

)

o
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AXIS1(X) sAXIST (N=-1) *AINT ‘ ‘
WEITE(E,60V) ITITLT, ISUBRTI,AXIS ‘ .
WEITF (6,603) ISUBTT

BO 48 L=1,K1
DO HO X=1,101 : -
LIKT{K)=IB C ) .
DO 42 K=1,701,10 -
LINB(R)=ID0T . '

K= {(X1{L) =X1MIN}) /SCALEY) +0,5

?IIE(K+1) _—_Tx
KPITF (€,600) D (L) ,LINE,X1 (L)
 REITE(€,€05)
TTTUEN
FOPHAT (' 11,20A0,//7,% ¢ A0, 1 ,2F7.278F16.2) -
TORHATI® T,hvs’ ',2FTe2,FE10:2)
TORMAT (' DATE ', 10('.¢vtttetes?) F 0 R4, X 1)
FORMAT(' ',I6,10121,F8.2) : ‘
FORNAT (7K, 10( ., tetetedeet) 0, 1) e
END ;

SUBFOUTINE BAND

SUBEOUTINE EAKD (N,S,55,ITITLE)

PUFPOSE ;
FANDCMNESS TESTS

REFERFHCI=3TATISTICAL ZETHODS IN HYDFCLORY-

FOCTEDINGS OF bwrirOLOGY Srobkuslud NO,o
. 209-251

INTFGEE F1,F2,P3,P4,PIFST,SECOND,ITITLE (20}
DIMENSION SWB),JS(Ni

T=H

TEST HQ. 1 BEGINS

SERTEE IS TZSTED FOR ANY CLOSTERING TENDANCIES.

THIS I5 DGNE BY CLASSIFYING THE OBSEFVATICHS INTO 4

.QUARTILES.

THE NUMBEF OF RUNS IN EACH CATEGORY IS COUWNTED {( A FUM

IS DZTINLCD AS X GROUZ OF COH‘ECUTIVB OBSEFYATICHS
IH ANY CATEGORY. !

ICOUKT=1

CALL SORTX(N,S5)

S5 BAS BZEN SOBTED I DISCESDING OFDER CF HAGRITUDE
K=W/2
“L=N/U
E=(3«W) /4
FOS0=55 (K+1)
FFD25=55 (L+1)

FPO75=55(H+1)

AVGPF= ( (PF025-F050) + (FO50-FF075)) /2. 0
FO25=F050¢A VGFF

PLT]
PLTY
PLT
21T

DLT

PLT1:

LT
PLTH
oLT1
PLT
2LT1
PLTH
21T
PLET1
LY
PLT1
PIT1
LT
PLTY

3150
€N

370

jp0
190

ucq

510

420
u3d
ns o
459
460
u7¢g
480
490
500
510
520

530
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FO75=r050=-AVGFF , ! . i
=0 ‘ ' :
F2=0 . b . . .
P3=0 T ) :
Fu=C . -} : . - , .
DO 80 I=1,8 /. . )
1F (S (T) -F025) 10,€0, €0 .
10 IF(S(I}-F05C)20C,50,50
20  IF(5(I)=FC75) 30,40,40
30 . FIFST= /
Fu=ta+1
60 T0 10
uo FI557=3
F3=F3+1
: G0 %0 70
50  FIPST=2 . :
F2=F2¢1 4 . :
Go TO 70 . : ) ‘
€0  FIRST= L. :
Fi1=Fi+1
70  CONTIVOE
TP(T.FQ.1)50 TO-80
IF{FIFST.NE.SECOHD]ICGUHT=ICPUHT*1
g0  STCOWD=FIEST
’ R1=TCOUNT
GYSO=F1## 2+ F2##2¢FI0e2+FlUs®2
GEOM=P1esIsF24* I+FI4E TeTUR]
EM1= (T# (T+1.)-58E5Q) /T ,
STPY1=SCAT( (SESQ* (SHSQeT*(T+1,
1 —2,TESHCU-T**3)/((Te*2) *(T-
STFY1=((31+0,5) =R%1) /STDY

} .
an N\ ,'-.’.

TEST KO. 2 BEGINS , i
SSETES IS TESTED FOR ANY CLUSTCRING TENDANCY IN DIRECTION
OF KCVEMENT. . \
THE BUNS UP AND DOWN AFE COUNTED IN THIS TEST. :
1COUHT=1
SH=0.0
sp=0.0
po 120 I=2,N
K=1-1
TF (S (I} -5 (K)) 100,110,9)
90 °© S54¥=5%+1.
PIFST==1
. Go TO 110 . .
100  SP=SD+1. Y : " ‘
’ PIE5T=1 ’ ) . o S
110 CONTINUE \b . ' . N
1P (I.EQ.2)GC TO° 120 ] S :
'IF(FIFST‘NE.SECOND|ICOﬁHT:ICOUNT+1
120 SPCOND=FPYRST .
R2=TCOUNT
BM2= (2. *T=1.}) /3.
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STLV2=5QFT( (16.#T=29,)/90.) ° ' '
STNV2=( (F2¢0.5) =FEM2)} /STDV2 S

TESTNO, 3 BEGINS

THTS TEST SHOWS I™THERE IS A PREDCHIRAKCE OF
UPVAFD OR DOWNWARD CHANGIS.-

IF(SU-5P) 130,140, 140 ’ ‘ "
SNIN=SH :

GO "0 150

SMTN=SP - .

COKTINUE ) - <
RH3=(T-1.) /2.

STDV3=5QRT((T+1.) /12.)

STNV3=(PKE3= {SMIK+C.5)) /STDV3

WRITT(€,270) -

WRITT(6,263) ITITLE - :
WRITE(E, 1€} ' .
WRITE(6,247) . :

WRITT (6,220} FO25,F050,F075, FF025, FFCTS, AVGETF
WOITT({6,250)F1,F2,73,F4

WRITT(E,230) 8N, 5P, SNIN

WETTT(6,170) ' '

1=1

WRITF(6,180)I,528V1,B1,RE1,5TDV1

I=1+1

WRITT(6,180;1,5TKV2,R2,RHN2,5TDV2 : . ' -
I=I+1 :

NRITS(6,190)I,5TNV3,SHIN,ZM3,STDV] © e
WFITE(E,190) :
WPITE (6,200) C

WRITT(E,219) -

RETUPN . .

FOFMAT(9X,' THREE SSRIAL COIRELATION TESZS USING FVHS . ',

'OR CLUSTISPING , GF LIKD OBSTRVATICHS', /Y . -, .
FOPHMAT (20X, 12HTEST RIZSULIS/1H .20I.12H,,,.;,ni,],,/1ﬂ ’

SHTEST KO.,12X,24HSTANDARD ¥ORMLL VAPIABLT, 9%, LR, VALUE, 10X,

6RF,MEAY, 10X,20HE ,STANDAFD DEVIATION)

POPKAT(1H ,3X,I1,2uX,F5.2.161,F10.2,6¥,F1ﬂ.2.12I,F10.2}; s
FORMAT (1H , 59X, 5HNOTZ./1H ,5X,5U,. ., /H ¢ 5%,

STHE CTANDAPD KOBMAL VARIABLF (K} TINDICRTES THE HUMBER',

t* OF STD. DEZIVIATIONS THAT THE TEST VALUE IS5 'BELCW THE', .

' TYXPZCTED MEAN vALGZ',/,1H ,'ITF THE CRSFEVATIONS ARZ', . !
* TKCEPEKDINT, VALUZS OF K LESS THAYN 2,32 OCCHUR WITH A PFIBRY,

13ILITY GF LESS THARW 0.01 FOF A SEQUENCE NFPY)
PORYAT (1l , "INDEPEYDCNT OBSEEVATIONS (UST K GAEZATE
¢ 2,58 FOE TEST 3 - 2-TAIL PRORABILITY).',/,1H ', 53X
t3POCIFICALLY, SUCH VALUES CF K INDICATE-',/,1H . -

STEST 1~ A TENDANCY FOR OBSPEVATIONS TO CLUSTEF LNTO THZ !,
'RESPFCTIVE CATEGORIES.',/,1H ,'TEST 2- A TENDANCY FOP !
*DTRICTIONS OF MOVEKENT T0 PERSIST (T.E.- CLUSTERING NOT?)
FORMAT(1H ,8%,'EXCLUSTIVELY DOF TO A FEW LAPGE CHANGES.)', «1H

R THAN',

’
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*TEST 3~ AN UPWAFD O DOWNWAPD TERED DUE TJ A RELATIVE',
' CICPTAGE OF =~ OR + SIGNS FYSPFCTIVELY {TREND DIT ™0 A °*
"LAEGEY MOVFMENTS',/,1H ,B8X,'IN ONE DIPFCTICN IS NOT ',
~ADETECTED DY THIS TEST).Y) -
220 FOFTIT(IN ,31X,°*F2257,11X,'F0500, 111, 'FO75, 10K,
1 YFF025',10X,'FFQTS' ,10X,' AVGFE',/, '
2 1 ,21X,6F15.2) < - ‘ _
230 TORMAT(H ,'CHAUGSS.',5x,FS.1.'=NEGATIVE‘,SI,FS.1, :
1 1=pOSITIVE',S5X,F5.1,'=MINTHIN?)
260 . FOTRAT( ,32x. CATIGORY BOUNDAEY',/, 11 ,31X,
2 ------- k. Ay - . e - [P |
250 FOPHAT(!U ,VCATEGORY NO.',13X,71H1,18X,1H2,1uX,
1 1H3,14X,1H8,/,1H ,'OCCURANCE',3X,4I1%) .  * -
260 FOFHA™(9X.2044, //) .
270  FORMAT(1H1)

=ww-

re

EXD.
UII.I.IO'.‘.I.....I.I..".I.IOI.I‘;".IIIOI.I...‘ll.‘l..-l.l.!.-‘...snrg 20

SUBROUTINE. SHIEN : .
PUEPOSE, . : g

COMBUTES VALU®S OF THE ITITTNG DITTPIBUTICN FINSTICY POS

THT KCLYCGCEOV-SMIFKOV STATISTIC.,

T

ISAGT

”PL: SHTEE (X,Y)

DESCRIPTION OF PARAMITERS ‘ Lt
X - THE APGUMEKRT OP THFT SKIFE FTNCTION
Y ~ - THE EESULTAHT SMIFN FUNCTYION VALUT

RIHMARKS ‘
Y IS SET TO ZERO T Y IS NOT G“ERT:F T™HAN 0.27, AND IS SET
™0 ONE IF X IS KOT LTS5 THAY 3.1, ACCURACY 72373 WERY MaA
SEFEFRIKG TO THE TADBLZ GIVEN TN THT PFFTZRENCE BFELOW.
?VO AEGUKEKTS, X= 0.62, anplx = 1.87 GEVE RESULTS WHICH
DIFFER FEOH THE SMIENOV TABLES BY 2.9 AND 1. 9 IN THZ S5TH
DECIHAL PLACZ, ALL OTHEP TESULTS SHOWED SMALLEP EZRRORS,
LND EEFCR SPECIPICATIGNS AFZ GIVEN IN THE ACCURACY TABLES
IN THIS HMAFUAL % DOMBLT PRECTSICH MIDE, THESE SAN3 S
APGUAELTS P*SU'”ED IN DITPERENCES FPN4Y TABLED VALUSS BY 3
AKD 2 IN THE 5TH DECIMAL PLACZ, IT J5 NOTED IN

{5AY, .C1 AND .05) ASYMPTOTIC POW'""Q GIVZ VALUES WHICH ARZ
TOO HIGH ( BY 1.5 PES CINT,WHSN ¥ ='PM, . THAT IS, AT HIGH

ELIECTED TOC SILDOM. USING ASYMPTOTIC FOFMULAS.
< .
SUBFOUTINES AND PUNCTION SUBPROGRAMS REQUIRED
. XO¥E .
E”HOD ' .
THE METHOD IS DESCPIBED BY W. FERLLTR-ON THE KOLYOGOROV-

SHIR 10
SKIR - 30
SHIR 40
SNIR SO
SHIR 60
sEIR 70
S“IR RO
SMIT 30
IMTR 100
,SETP 110
S5HTR 120
SKIR 130

SMIR 200

* SHIR 210

SMIR 220
S¥IR 230
SKIR 240
SuIR 25D
SMIR 260
3MIR 270

LIYDGREFY (RTPERINCF BELCW) THA™ FOR UIGH SIGNIFICANCZ LEVEIZSHIR 280

SMIR 290
SHIP 300

SIGHIFICANCE LIVELS, THZ HYDO“"’SYF OF HO DIPFETSNCE WILL BESHIR,310

SHTR.320
suIp 330
SHIR 340
SKIR 350
SHIR 360
SHIR 370
SHIR 36D

S A it L P
RS e L gm'k"ii z
.

i
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c SpIRkoY LIEIT THEOREMS FOF mMPYRYCAL DISTRIBUTICHS~ ANNALS SHIR 390 2
c ) OF MATH. STAT., 19, 1948, 177-189, RY N. SNIANIV--TABLE SMTR 400 N
c , © FOR ESTIKATING THT GCCDNESS COF FIT QF ENPIRICAL SMIR 410"
c C DISTRIBUTTONS- AUNALS OF MATH. STET., 19, 1948, 279-281, SMTR U20
c AND GIVEN IN LINDGFEN, STATISTICAL THFORY, THE MACHNILLAY SMIH 430
C COMPANY, N. Y., 1962, ; . ‘ SMIP.GUO :
¢ : . _ ’ SMIR 450 ;
o3 -.---...........-‘...---.....-.-....---.-.....---i....-..--.-...-...'SHIP UEO '
c ) . SHTP U470
SUBHCUTINE SXIRN(X,Y) SPIR 480
DOUBLT DPRZCISICN - X,.Q1,Q2,Q4,08,Y - - SNTT 490
SHIE 500
TF ? DOUBLT PRECISION VESSTION OF THIS PAUTINE IS D3ST2ED, THE COMIF 510 .
IK CCLUNN CNE.CF THE DOUBLE PRTCISICY CATD ADOVE SHOULD BE ~ SMIR 520
. ATHOVID, ABD TIHCD C IN COLUNY OWI CF THD STATENTHTIS HUNDBERIUD “SHIT O30
c 3, C S5, AND C 8 SHOULD BE REMOVER, AND DTHESE CARDS SHIR 540
SHOULD FEELACE THE STATEMENTS NUNBEEFD 3, 5, AND 8, SHIR 550
= RESPFCTIVELY., ALL FOOTINES CALLING THIS EQUTIME .MUST ALSO SHMIR S5€0
PROVID2 DOUBLE PRECISION RRGUMEKTS TO THIS ROUTINE. SKIR 570
o . SKIF S80
lllnln.!olll.l’.u-ul-qlao;o‘lc"!-.!.u‘oitt.Ol-lll.ooll‘ilnncnouﬁ-auusnlp c,go
. . SHIR 600
' IT(X~.27)1,1,2 : . . SHTR E10
1 ¥=0.0 - . . T S4IF 620
GO TQ 9 : . INMTE 630
2 Tr{x-1.0; 3,6,¢6 SHIF 40
3 Qi=Tir (- 1.233787 /3% 2) - : SLITOULE
c 3 Q1=szp(—1.23370055013&110/t*-2) 5 - SKRLR E6U
Q2=Q01¢Q1 : SHIR 670
Qu=Q2*Q2 : * _ £ SHIR €80
08=Qu*Qu . : . SEIR 690
IF (Q6-1.0E=-25)4,5,5 N ' SHIR 700
n QB=0.0 ‘ SMIR 710
S Y= (2.506628/X) %015 (1.0+08%(1.0+08%08)) : ‘ . SMIR 720
C 5 ¥=(2,50F62B274E31001/X)*Q 1+ (1.0P0+Q8* (1, 0D"+QB*QB)) SHIR 730
GO TO 9 . SKYE TuQ
6 IP(K-B Ye,7,7 . . SHIR 750°
7 1=1.0 ' ' : ‘ SXIR TE€O
GO TO 9 ‘ . SHIR 770
B Q1=3XP(=2.0%%*X) : ' -~ suIm 780
C 8 Q1=DEXP (~2.000%X*X; N . SHIR 790
Q2=01¢ S . ) : ) SMIR A00
QU=02+02 : - SHIR 810
QB8=0L*04 e _SMIR A20
¥=1,0~2.0% (Q1-Q4+0B*(01-Q8)) : £~ SHIR B30
9 FETUFW ) ' SHIF B40
SHND ' ) SHIF 850,
C SUFFOUTINE SORTX
C. : o Co : . .
) SUBTOUT INE SOBTX (N, X} K » .
c ’ .
c SUBROUTINE TO SORT A nnnnr orp FEAL VARIATES INy B
pt .
c
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DIKENSION X (1) _ . - o .

K= (N=-1)

DOT10 L=1,K

M= (N=-1)

To 10 J=1,4
IP(X({J) +GE.X{J+1))GO TO 10

LTEND=YX (J)

X)X (d+ 1)

X {J+1)=XTENP

CONTIRNUE
RETUFRN
END

© PUFPOSE

SUBFOUTINE TEACE

* TEAC

' ' TFAC

COMPUTE COMULATIVE PERCENTAGE OF EIGEVVALIES GREATEF THANW TEAL
OF EQUAL TO A COXSTANT SPECIFIED BY THE USE2., THIS 503~ " TPAC
FOUTTIYE KORMALLY OCCURS IN A SEQUETNCE OF CALLS TO 5UB- . T?aC
ROUTIKES COFRE, EIGEYM, TRACE, LOAD, AND VARNX IN THE PIP- TPRC

FORXKANCE OF A FACTOR ANALYSIS, . mELC
' ' TeAC

. USAGE ‘ S . TmerC
CALL T®ICE (M,R.CON,K,D} . . TR

b S

DESCFIETION OF PAFAMETEFRS : TR
L1 - NUEBFR OF VAFRIABLES. ' TRAC

] = INPUT MATHLX (SYMMPTRIC AND STITED IN TONPEYSSEY TEAC
FORK WITH ONLY UDPER TPIMFSLT 3Y ZOLUMN IN C22%T) Torc
CGHTAINING DIGTEVALUTS TN DIMGONAL., TIGINVALUTS ATETPAC

AREANGED IK DESCENDIXG GFPSF, THE O3DIP OF MATFIX ETFAC

IS M BY M. ONLY Ks'(ke1) 22 ELTMENTS ARE I¥ STORAGE, TFLC

(STOEAGE #0DhE 0F 1) TRAC

CON - A CONSTANT USED 70 DECIDE HOW ¥AXY SIGENVALUZS TG TEMC
RETAIN, CUMNNLATIVE PEFCE¥TAGI OF TIGINVALUEZS cerc

WHICH ARF GEEATEP THEN OF FEQUARL TC TUIS VALUT IS TRAC
CALCULATZD. . . TRAC

K - OUTPOT VASIABLE COMTAINING THF HUMBER OF TIGENVALUESTRAC

. GREATEE THAY OF TQUAL 70 CCN, (K IS5 THE HUMBE® OF TFACT

~ PACTORS.) TPAC

D ~ QUTPUT VECTOP OF LENGTH M CONTAINING CHUMILATIVE TEAC

. PEFCENTAGZ OF FIGENVALUES WHEICH APZ SGRIATIFP THAN TeAC

OR EQUAL TO CON. ) TPAC

REMAPKS TEAC
HOKE i - TPAC
.- - mRAC
SUBPOUTINES AKD PUMNCTION SURPFOGRAMS REQUIPLD TEAC
NONE TEAC
TRPAC

YETHOD | TPLC
FACH EIGENVALUE GRTATER THAN OR EQUAL TO CCN IS DIVIDZD BY MTF:C
-AND THE RESULT TS ADDPD TO THE PEFVIOUS TOTAL TO OBTAIN TPAC
THE CUMULATIVE PERCENTAGE FOP EZACH ETIGENVALNS, TRAC
S , TPAC

.IIIIDIII-.I..I‘II...;...IQ.II.IIIO_II.I!.IIII.CI. ....-.......--...T.FAC

50
£0
70
80
99

100

110

120

130

16

Tan

)

200

280
xan
cH
310
320
3130
0
150

360 .

370
3n0
390
g0
d1g
420
30
sl
450

e At A g
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C T : . ) ‘ TPAC W60
: . SUBRRODTINT TRACF (N,P,CON,K,D} - TRAC 470
DINZNSION ®R(1),D(1) N TRPAC 4f?}
c . Y SBAC W90,
o --.u'-....q---.--.--n‘:----.‘,--.-..-------o-c‘---- Icol'-‘otitoo-lol“PAC qf‘o
. C - ‘ ) X . ) ~IAC 510
c TF A DCUBLT PFTCISION VEESTIGN GF THIS EBOUTINE IS nssrpsn. THT TPAC 520
c C IN CCLUYN t SHOULD BI RIMCYED FFO¥ "HT DOUBLE PRETISIO TRAC 530
c- STATENENT WHICH FCOLLOUS. . TPAC SHD
c TPAC 550
DCUBLE PEECISION E,D TOAC 56C
C i . _ TRAC 570
c THE ¢ MUST ALSC BFe RTHOVED FFQY DCURTE PEICISION STATIMENTS TFAC 580
c APTPEARING *\rr;nrr wou::N“b nseEp TN cowau%c::rw WIT!I THIS TEAC 590
< r\..u--.t;. . . SHAL ouu
) c . ) TEAC 610
c ..‘.I.ll..-.....'.'.II'Il."..l...l!..'..1-V-.‘..l..l'.‘.......,':PAC ezn
c ' ;7 TFAC €30
. Fh=M . , : | TPAC 6U0
: 1=0 ’ . . zfé “PAC E5)
PO 100 T=1,K . ‘ TEAC 660
L=L+7 ' ~  TERC €7D
100 D(TY=R (L) .o .. . . TFAC ERD
-F=r ' . TTAC 590
c . : TEAC 0D
c TEST HH; SF I-TH TIGENVALUT IS Gvra*v= ' TPRC 71
c <iak on ZuPrl 10 TuZ SoN3IThLT SHAC T4u
C . ~apC 730
po 110 I=1,H TRAC U0
TF(D(I}~CONY 120, 105, 105 . . ) SN\ TEAC TS0
105 K=K+1 . ) ~. . TRAC 760
110 D(I}=D(I) /FY . TRPAC 770
C . . . ' ‘ ~RAC T8O
C COMPUTE CUMULATIVE PSRCENTAGE CF ZIGZWVELUFS o TEAC 790
C . ‘ . TRAC R00-
120 DO 130 T=2,K ‘ : TPAC 810
‘ 30 D{I)=DIT) +D{I-1) . ' i TRAC 820
////1 PETUPN . o TEAC 830
-END . . . - TEAC BUD
//// C SUBROUTINE VAFHX . R
~ C ) YAFM S0
C PURPOSE ‘ VAFH &0
c - PSEFOE® OPTHGGONAL RCTATI ANS OF A FACTGP LTRIX,® THIS VASN 70
c SUBFQOUTINS NCRMALLY OCCUPS- IN A SIQUENCE OF CALLS TO SOB- VAEM 8D
C FOUTTNES CGREE, TIGSN, TFACE, LOAD, VAFMX'IY THE FBEPORHAHC EVARM 99
c CF & FACTOP ANALYSIS. VARM 109
c . VARY 110
c Ns2GT vARH 120
c JCALL VAFMX (N,K,h,HC,7V,E, ? D) . : VARM- 130
c f : : VARZ 140
c , DESCFIPTIOK OF PARAMETEPS YARN 50
c " - NUMBER OP VAPZABLES AND NUMBEF OF ROWS OF NATRIX A. VARK 160
c K - NUEBEP OF FACTOFS. YARN 170
C A « INPUT IS5 THE CRIGIKAL FACTCOR MATRIX, AND JUTPUT IS VAFN 180
. i :
N iy
A
i . -
". [ s
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THE ROTATED FACTOP KATETIX., THE ORDER JF MATRIX A CVARH 199

' Is ® X K. VAEM 200
QUTPUT™ YARIABLE CONTAINING THE NUMBER OF ITERATIOK VARX 210
CYCLES PIRFOERNTD, - ' YATY 220
7Y - QUTDUT VECTOS CONTAINTYS THF VAFIANCE OF THI FACTOC VAT ™ 230
MATFEIX FOR EACH ITERATION CYCLI. THE VARIANCE PRICRVAFY 240 '

TO0 THE PIRST ITEFATIGN CYCLT I5 ALSO CALIULATED. VAEN 250

THIS N2ZANS THAT KC+1 VARIANCFS ARE 3TDRED IN VECTOF_VARELX 2€0

+T¥, HAXTMUM NUMBZIF OP ITERATION CYCLES .ALLOWED IN  VAFN 270

KC

THIS SUBPOUTINT IS .50. THTRPFORT, THE. LENGTH OF VARPY 280 !
YECTCOR TV IS 51. ) VARY 290
B~ - OUTPUT VECTCF OF LENGTH K CCNTAINING THE ORIGIRAL  VARYM 300
CONMUNALITIES. ' VARN-310
F = QUTPUT VECTOR OF LENGTH ¥ COUTAINING THE FINAL VARY 320°
COMPUKALITIES. , * . VAFM 330
D - OUTPUT VECTOF OF LENGTH M CONTAINING THE DIFFEBRENCESVAPM 340
BEITWEEK THT ORIGI¥AL AND FINAL COMMUNALITIES, VASY 350
) - VARM 360
REMATKS . . VAFN 370
TF VARIANCE COMPUTED ASTER EACH ITSFATION CYZLE DOES U0T VARN 380
TXCEZASE FOF FOUR SUCCPSSIVE TINES, THE SUBROUSINE STOPS VARM 390 - -
TOTATION, ‘ ‘ ‘ - VAEX 1400 N
o ) ; , _ vary w19
SUBFOUTINES AED FURCTION SUBDPFOGRAMS PEDMITED VRSN 42
NONE ‘ ‘ ' VEFE 430 - -
. : VARY 440
METHOD ~ yAP® u50

KAISER'S  VAFIMAX BCTATION S DESCRIPEN IN fCONPUTER PROGRAM VARN EG
FCR VAEIMAX FOTATION IN FACTOR -ANALYSIS' BY. THZ -SANE AUTHOE,VARY 0470
FDUCATIONAL AND PSYCHOLOGICAL MEASUREMENT, VOL XI¥X, NQ, 3, VRARH UAD
19%9. . VAFHN 890

: : VAFM 500

..l.'-.l.lll.llll..l..ll'...‘-'l-'ll.lII"Il.l'lll. .---..-.."..';.IVPRH 510

- . : * VAEM 520
SUBFCUTINE VARKX (4,K,A,NC,TV,H,F,D) : . : VAEN S30.

DINZESTON Af1) TV (1), H(1) F{1},D(N) VEFX 540 -
: : ‘ VAFH 550 .

-oa--o---.-l--co-c--ao.cc-o--n'o----o,-l--ic--u-.lnl-c‘---..ucl's-lvﬁ.EH 568

’ o . B YAFN 570

TF A DOUBLE PRFCISION VERSION OF THIS ROUTINE 15 DESIRED, THE VAEK 5RO

. C IN COLUMN 1, SHCULD BEZ REMCYEZD FEOM THT DOUBLE PRECISION " VARY 590

‘ ’ VAFK €00

DOUBLE PRECISION E,TV,“,F,D,TVL",CONS,EA,EB,CC,DQ,U,T,B,COS“T} YAEN 610

" I HUT,?AHUT,SIHP,COSP,CTHHT,COSZT.SINZT.COSP,SIHTV&EH €20 .
CrGRe < . TvERH 630 :

THE C7EUST 'ALSC B2 EEMOVED FPOM DQURLT Pr2CISICON STATEMENTS TREN €RO.

APPFARING IX¥ OTHER ROUTINES USED IN CCHJUNCTICH WITH TﬁIS VEEM 650

RCUTINE, . VARY 660

. ) - ’ ‘ YMARM €70

THY DOUBLE(PRECISION YEESIOK OF THIS SUBPOUTINE MUST ALSO YARM 680

. COUTAIN DOUBLF PRECISIGN FOPTPAN FUNCTTONS. SQRT IN STATEMENTSVARK €90
115, 290, 330, -350, AND 355 MUST BE CHANGID TO DSQRT. ABS I¥ VAR 700
STATEMENTS 280, 320, AuD 375 MUST BE CHANGED TO DASS, YARY 710 .

. . VARH 720 o

* N A

-
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180
C- .".....‘.I..I.lll.'...l.......lll.l.l'_'..'.ll\l.lllll'l.'l..'..\ivpigﬁ 730
c VARN 740
c INITIALYIZATION >y . r ' YARH 750
c’ . ) . - : VARK 760
+TP5=0,00116 - ' . YAEM TT7Q
TVLT=0,0 S VARM 78D
Ll=K=-1 . . VARY 790
Nv=1 9 " YARM ROO
¥C=0 ‘ - . VAERK 810’
FN=M ) - ‘ = o ' VARN B20
FFN=FK*EN _ ] VAEM 830
[' CONS=0.T071066 . N : VARH B40
c : : VAEM 850
c CALCULATE ORIGINAL COMMUNALITIES VARX EBe0
c .. .. YAEM B70
DO 110 I=1,H P ‘ ‘ : YARM ABO0
H{I)=0.0 ‘ ‘ VARM 890
DO 110 J=1,K " YARHM 900,
L=h# (J=1} +T : S . : YARN 970
110 H{I}=H(I) +A(L)*A{L) - VARN 920
c - VARN 930
C - CALCRLATE KOIFALIZID FACTOR MATRIX . YAEN 940
c . vapy 950
ne 120 T=1,1 ] , R B T
115 H{I)=D3QRT (H(T}) : VARN 970
pe 120 J=1,K ‘ YERH 9RAN
L=M# (J=1) +1 : ! . wEEX 900
120 A({L)=A(L) /E(I) - ' VERHI000
G0 TO 132 - . VARMI010
c : . o . YARNIN20
c CALCULATE VARIANCE FOR FPACTOF MATPRIX ) VARN1030
c TARK1040
130 NV=HV+1 ‘ ' VAPN1050
TVLT=TV (NV=-1} - ‘ VAEMI0EQ
132 TV({HV}=0.C . : ) : vERRICTO
Do 150 J=1,K . - VARM1080
3f=0.0 : ’ ‘ YERN1090
BB=0.0 | . . VARN1100
1B=K* (J=1) . : _ . . VARN1110
DO 180 T=1,H VAPH 1120
L=1B8+I : ' . VAEM113D
CC=A (L) *A (L) o YARM114D
Rh=AL+CC i VARN1159
140 BB=RBs+LCxCC ' 2 ‘ o VARHM11€0Q
150 TV(%V):TV(NV;+(FH*33-AA~A5;??EN . ‘ CYARM11TO
IP(HV-51) 163, 430, 430 . VARN11B0
C . ) , ’ , YARH1190
c PERPOFM COKVEPGENCE TEST S VARN1200
c : YARN1210
160 IF({TV(NV)~TVLT)=-(1.E-T7)) 17D, 170, 190 VAEM1220
170 KC=HC+1 TARN1230
IF (NC-3) 190, 190, 430 . TARMI200
C , YARNK1250
c FOTATION OF THO PACTORS CONTINUES OP TO TARM1260
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THE STATEMERT 120,

DO 420 J=1,LL - ‘ .
L1=8* (J-1)
IT=Jei : ' : s

CALCULATE NUM AND DEN .

po 420 K1=II,K
L2=Ne (K1=1)
Ar=0.0

BE=0.0

cc=0.0

np=0,0° . >

Lo 230 I=1,8

L3=L1¢T

LU=L2+¢I e '\\—//f/

U= (A(L3} +A{LU)) *(A(LI)-A(LL))

T=A (L3} *A (LU) #
T=T+T -

CC=CCe (UeT} # (U=T)

DD=DD+2,0%U*T

+

AE=RA+D) -~
BD=30+7
T=DD=2.0%AA*BD/FN .

B=CC= {3 3& AA=RBR*RB} /PN
COMPARISON OF NUM AND DEN

IF(T-8) 280, 240, 320
IF((T+B)-EPS) 420, 250, 250

UM ¢+ DEN TS GREATER THAR OB EQUAL TO THE
TOLERANCE FACTOF

COSUT=CONS . - .
STIN4T=CONS
GO TC 350

NUK IS LESS THAM DEN
TANUT=DABS (T) /DABS (B)

TF (TLH4T-EPS) 370, 290, 290
COS47=1.0/DS2RT (1. C+TANUT*TANNT)

STINUT=TENUT®COSHT

60 7O 350 .
IF{3) 310, 420,.420
SINP=CONS

COSP=CONS

GO TO 400

NON IS GREATER THAW DEN

CTNUT=DABS(T/B)

181

YARM1270
VARNI2RO
VARMT200
YRPH1IN0
YARLR LYY

VARRTIZ)

S ypRu1IIG.

VARM134D
YARRIIND
YAINI3ED
YARM1]170
yRP¥13A0
VAFRN1390

TYARMIOCO

VARMTLI0
YAEX16429
VARM143D
VARNTHUD

WAFUIL50

VARM1LGO
YAEN14TO
VADM14AD
YADNL490
VAFNISCD
YAPMIS I
YARMIRDO
yAZM1520
VAPNISULD
YARHI550
VATHI1560
M1570

FH161C
VAR¥1620
YARN1E30
VARM1640
VAPHIESO
VARMICEO
YAEM1670
VAFH1EHO
VAFH1690
VAEN1700
VAEH1710
VAFH1T20
VEE¥1T730
VARM1TUO
YAPH1750
VARM1760
VARN1T70
VARN1T7BO
VERH1790
VAPMI1BCO
-
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355

360

370
375
380
190

430
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‘420

330
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1P (CTH4T=EpS) 340, 330, 1330
STNUT=1,0/D53RT (1.0+CTHNATOCTNUT)
COSYT=CTRUT*EINUT "

GC TC 350 :

cosuT=0.0

SINGT=1.0 v

DETERHINE CCS THFTA AXD SIN THET)

COS2T=DSQRT((1.0¢eCOSUT) /2.0y
SIK2T=SIR4T/(Z.0%C032T)
CCST=DSQFT((1.0+CCS2T}/2.0)
SINT=SIN2T/{2.0%*CC3TY

IF(B) 370, 370, 360

cosp=CosT -

SINP=SINT

GO TO 380
CCSP=CONSSCOST+CONS45INT
SIN?=DABS (COLS*COST-CONS*SIKT)
IF(T) 390, 390, 400 :

SIND==-CTUD
PERFCRM FOTATICHM

DO 41d I=i,h

L3=L1+I

La=L2+1 .
AR=A{L3) *COSP +A (LU) *STINP
A{LU}==2{L3)*SINP+L (LY) *COSP
A (L3y=4AR : '
CONTINUT

GO TC 130

DEROEMALTZE VAEINAX LOGRDINGS
DO 440 I=1,H. E

po 440 J=1,K-

L=M*{J~1) +I

A{L)=A (L) *H (I}

CHECK ON COMMUNALITITS

HC=NV-1

pe 45C I=1,%

B (1) =H (T} *H (1)

DO 470 I=1,M
P{I)=0.0

po 8Ed J=1,K

L= (J=1) +1

P (I) =P (T} +A (L) *A (L)

470 D{I)=H{I)~F(I)

YARMIB1D
VEPN1820
VARN1830
VAEM1840
YAEMT1RRD
YAEMIAED
YLEM1870
YAFN18RD

NAFHIRGD
vAF¥1930
VLEM1910
YAP41020
ViE%1930
VAE®1940
¥YAUN1YnY
VAPMIGED
VAFY19710
VIPX188Q
YAEX1990
YEEN2000
VAPY2010
YAENM20220
VAE¥2030
YAEu2OD
YAEr20n)
YEEM20G0
Vhbknsdiy
YAFE20R0
YAEM2IS0
VERM2100
vaerN2119
VAEM2120
VAEX2130
VAFH2140
YAF42150
YEPM21€D
VRER2170
VEEN2180
VAF42190
VREX2200
YETH2210
VRFK2220
YAF422390
VATE %2240
VREFK2250
YAFM2260
VAE42270

VARM22R0
YAE®2290
YRARM2300
VAFK2310
vARM23120
YAEM233D
VAFH23LD



RET
FED
//G0,SYST
559,98
767.482
730,61
su4¢, 37
585,33
62.930
45,790
. 2,830
9.110
65.070
44,200
2.510
317.980
62.u20
51.710
1.100°
9,440
66.220
48,520
3.060
13,250
64,150
45,630
© 1,620
8.240
64,990
46,990
2.710
8.990
63.310
48,720
3.250
6.100
65.820
51,020
0.960
10,730°
60.220
44,430
2.510
10.130
63.610
48,900
0.890
€.200
63,820
4€.390
3.310
16.€70
62,790
43,940
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OEN

N DD ¢
829.30
~36.92
542,00
672.81

1013,€9
57.920

3.530
1,680

-99.990

64,230
5.760
6.250

-99,990

'58,480
4.510
2.520

-99,930

65.860C
3.79)
1,650
~99,990
62,120
4.990
3,730

-99,990
63.720

5.510
3,120

-99.990

61.090
2,990
0.760

-29,990

57.820
3.920
2,960

~99.990
£1.100
4.900
2.100

-99,990

59.120
3.980
3,150

~29,990

63,760
u. €60
3.320

-99.990
61.650

3.790

800.80
§22.95
512.28
507,74
825.93
57.910

4, 250

73.030
~99.990
49.510
2.330
66.010
~99,990
51.88¢C
3.090
41.1C0
-99.990
52.510
4,530
28.9z20
-99.9%0
51.05¢C
€.530
£6,310
-990990
50.760
3.€E0
93.6819
-99,990
53.0%0
3.770
61,860
-99,990
52.000
4,160

T 35,270

-99,990
51,660

3.310
32,971
-99.990
51.960

5. 3€0
41,270
-99,990
54,820

3.990
39.860
~99.990
51.750

3.5C0

672.81
580.65
€71,38
549.05

39,270
3.440
55.079
=-99.990
40.620
l.820

62.3C0

-99,99¢0

37.560

3,480
31.97¢0
=-95,990
41,300
3.980
37,35¢C
=99,.99¢C
3,120
4.020
a3.n02
-99,99¢0
38.120
3.420
52.310
~-99,9990

38.2u40

3.870
39,220
~99,990
39,290
4,970
20,070
-99,990
41,893
4,790
24,100
-99,990
43,610
1,400
57.620
-99,990
38,980
4,600
59.32¢
-99.990
38,280
4,190

39€.17
Tu6 .41
€€7.,91
a9, 24

28.000
3.230
56.000

27,630
1,540
39,580

18,210
5.250
34,290

2R.200
4,780

SS 10,

27,250
1.6RD
£Z.07¢

23,910
13,760
38.770

25,490
2.670
41,220

26.8uL0
4,390
85.020

25,450
3,840
61.u60

26,780
h,150
38.190

29,390
2.790
60.160

25,530
3.8%0

© 153,80

L]

S Xy

7u2.27
702.09

2.910
2.650
62.630

8.030
3.U/0
55.970

9.370

2.€00
fu, uup

9,450
J.160
€7,930C

13,190
2.200
4e. 210

12.730
1,490
56.360

6.590
3.350
32.18C

12.590
4,380
87,940

1,820
2,330
80.380

5,170

1,800

25,180

9.99¢0
3.020
50.050

6.620
2.920

LIS

481.29
00948
502.84
551.79

=-5.210
2.529
50.640

1.090
1.540n

54,370

4,130
3.470
50.380

0.530
1.832
57,u99

0.540
1.759

"2.192

4,929
3.35%0
46,823

31.7490

=1.900
22,730
59.650

-4,38)
4.339
79,580

3.850
2,200
37.8u40

=5.100
2,600
47.900

0.28¢
2.8C00

2,260 2.100

-y

183
YAFN2150
YARN2 360
801,35 796,09 519,07
6B0.55 733.76 65%.60
592,38 549.09 739.43
SU9,61 846,18 952,50
1.450 18,970 35,260
1.980 1,570 2,250
44,080 19.160 12,730
1,090 26,990 34,089
2.91310 2.2un 2.0
21.200 13,836 9,790
12.050 12,320 16,020
3,350  2.390 1,420
22,920 19.170 13.890
3,000 17.060 34,550
2,730 2,020  2.630
26.530 17,339, 14,9F0
0.400 B8.030 31.720
1.8%un ‘a.'mn noann
26,690 16,178 12,370
4,160 17,720 31,390
2.200 1.320 2,450
26,8590 17,620 12.310
.10.210 16,940 35,450
1.590 0.850 2.u47C
18,350 13,730 . 9.610
'"7T.240 22,860 36,380
. 2.400 2.900 2,130
39,740 20.610 3u,94Q
0.920 15.070 25,380
1.R70 2,410 2,39
23.640 17,280 13.710
0.720 13.340 29,290
1.430 1.820  1.7170
17.040 16.000 10,840
7.380 23.920 37,000
2.850 2,460  2,4€0
20,380 17.500 10.520
-3,150 '23.420 32,250

2.580



3,240
14.320
60.220
40.510
. 2.879
15.620
. 65,840
47.030

1.930
11,390

63.130°

85,160
1,470
12,530
60,360
48, IEC
N0
12.€
61.750
49,510
2.350
17.320
48,730
40,140
1.80C
16,740
67,210
57,580
2,400
26,960
62,400
4E, 410
2.370
15.760
60.790
48,380
1,190
14,500
64,580
39,370
1.940
9.200
56,430
Y. A70
1.960
12,600
61,570
44,080
2,490
16.800
62.270
49,570
1.560
13.000
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60.280 35.590
-99,990 =-99.99%0

55.0° 43.070
“2.200 5.500
69,170+ 34,190

-9%.990 =99,990
u%,350 UuQ.u60
2.690 4.11¢0
‘46,030 040,820
-39,990 -99,990
54,37C, 41,070
3.420 3.290
43,170 57.860
=49,99¢ -99,990
si.7eg 23,320
4,110 4.520
61.890 u7.430
-99,990 ~99,9%0
ue,su¢ wo.nN7p
2,710 1.860
80,410 34,100
-39,%90 -99.99C
52.670 42,250
2. 600 4,370
27.340 35,.8RC

-99,990 -99.990

e~ arp i Pkt
e W - lsmd

L.370 3,630
6.970 56.250
~99%,990 -99.99
52.180

15.500 18.400
51.B00 39.5130

4,860 3.620
66.80C 50,700
18.400 21.900

B

60,290

23,830
3.920
34,130

27.050
1.9%10
5R.260

33.070
2.,€00
ug, 840

21,820
2.770
54,910

30.029
“3.E60
15.640

22.711
3.€65C

33.77¢C
C.EB40
60.620

27.520
1,9€0
42,600

28.330
2.440
32.7C0

26,250
©2.590
80.90%

32,340,
2.510
71,400

26.790
3,430
70,400

69.360 50,770

5,380 0.940

C 3,300 3,620

Tu,720 02,180

6.28¢ -2.880
2.430 2,179
7, 1ne 31,392

16,820 3.550
3.290 ,2.390
30,070 38.210

iu, sou £.950
2.220 1.814¢
52.700 34,360

12.95¢C 2.610

4,550 2.350 .

u9.060 62,450

T.€90 -1,750
4.236¢0 2.3€0
f0.720 53.370

1B, uH0 u, 479
1,580 4,070

' MU.?BG 3c.820

14,330 =-6.700

2,170 2.930
u0.760 36.630

10.200 0.230
3.7C0C 3.550
51.000 uB,10Q

5,910 12.18¢0
2.310 1.790

9,430 54.5C0

2,600 =9.520
2.220  2.940
§2.200 30.000
1WTETT 8460
3,480 3.150
us.oéo 59.400

-1.590" 4,170
2.€70  1.890
55,000 30.200

tr

16.600

21,900
3.0up
13.000

10. 2%0
1.810
16,020

15,710
1.570

19,0892

12.070
1.600

22.110

21,010
2090
22.780

22.370
2.0€0
19,550

20. k0.

1.110
23.370

17.0C0
1.9€¢0

17.57¢C

13.280
2.110
19.400

Tg9,u30

2.180
15.200

19,750
1,991
12.500

29.640
2.6¢0
25.600

10.530
1.010
16.500

17,990

23,310
1.930
390,222

30,790
2.5490
12,4090

35,420
1. 960
15,240

32.230
1.810
21,420

39.510
2.350
17.660

15,600
1,360
17.290

36,740
2,830
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2 Appendix ¢

CORRELOGRAN OF SPRING FLOOD VOLUNES (1913~1977) .
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Figure Gl: Correlogram of spring flood season volumes- for the total
Lac St-Jean watershed {1913-1977).
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