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ABSTRACT
— e _ VY

\

The pgoblem of load forecasting is gtudied *first -

L

reviewing severa} methods, then selecting one for application

}
~to an actual power system, using, real . data. The seleoted K

metbﬁﬁ models load by a deterministic .and ahfesidual com- ;
ponent, the latter containing a weatherbdependent variabte as
well as uncertaintx, _The model is reps;sented by a Fourier
series and differende eqﬁation which are,put in state space

e *

form, Model parameters are identified from three weeks of“_
past load §nd“€emperature'data using.the Fletcher Powell"
method.' These identified psraneters then“are'nsed=in the
Kalm n prediction algorithms with temperature forecasts as
input to fon%gpst 1oad into the fourth week. The basic‘
forecast is for lead times of l to 72 hours. '

«%9 gain further informetion, several other fore-

casts are made, using parameters identified from data of

L3
'

single weeks, orie' of these forecasts witﬁ/&ead times np to
168 hours. |
The method is shown to produce an acceptable -

; e |
forecast of good accurady with reasonable computing time..
\

Ideas for extensions and modifications are outlined on

fﬁ%@osing.

~
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- . INTRODUCTION ’ t

-
i
s

<

Importance of Forecastiné Load

~ /

The general object 6f an electric power system is
to supply the various commercial, industrial, mi itﬁry,-
agricultural and dgmestic customers with power on demand
~or by cqntract, reliably, at éteady voltage and constant
frequency, and at: the same time to accomplish theéé
results at minimum overall cost. Generating equipment,
as well as transformers, breakers, water storage,otrans-
mjssion lines,”etc., must be réady to supply the required
power. In the planniﬁg and éberation of a power system
then; load forecasting is essential.

o

Léad Time of the Forecast

The interval between the most recent load data, and
the’estimated future load, is called "lead time". The
purpose of the forecast tends to.determine the lead
time. In very short term, which we shall arbitéarily
consider here aslmilliseconQS to minutes, generating
machinery in operation is held under continuous auto-
*matic‘cdntrol. ‘While this iytoma;ic control could be
cbnsidered a sygggm involving a very-short-term forecast
in"real‘time, palling for correséonding action,- checking

+ N

\thé results of this actiqn,”possible-corfection of the

-

» 1‘ L3 ’ +
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fgrecast on the basis of £he§e results, and performing

these operations contlnhously, such 15 not the usual
concept. the term actually used is '1oad frequency
control®. Analysis of She system could be done also,
-in non-reel time, infelving the time constants of trans-
formers, 1 S, motq}s, generators, boilersf turbines,
etc.Argﬁls analysis, in'non-real'time! could be treaeed
as forecasting also. ﬁere, however, we shall consider
the minimum lead time for a "forecast® as one. hour.
‘There are, of couyse, no rigid rules defining lead
times [2, 7, 9] of short term, medium term and long term
"load forecasts. Here, to clarify terminology used in

this ﬁork‘but without intending a definition, we sh&ll

categor;ze lead times according to the purpose of the

e

S —
-”13fec33t as:
long term, 2 yearé to 10 years or more;

medium term, one week to 2 years; and

short term, one hour to one week. | . .

P /
3 Importance of the Short Term Forecast and its Relation.

to Medium andg&ongﬁTerm Forecasts
1.3.1 Long term | “

It is important to realize that the revenue of'a
power utility is basically ércbortional to sold energy,
while capital cost, and to a lesser extent other costs,
tend to be proportional to peak load (power) since load

capacity of the capital equipment must adequately match




" and ready to take load. As described above then, the

S

this peak loady h a-minimum of reserve. To accompliswﬁw

¥
this latter objective, the benefit of a long-term fore-

(m e

cast is obvious. After.the decision is made to proceed

with construction of a power plan{ or even with a major

4

extension of an existing plant, eeveral years must elapse

"before equipment is financed, designed, built, instalied

’

r

[ ‘ 1. . .
long-term forecast is used for planning-construction of.
o - [ LN

facilities not yet existing, or for replacement of

eiisting equipmént .,

1.3.2 Medium term

Over a term of one weeklto two years, e\utilify
can negotlate contracts with neighbouring utilities to
buy or sell power, or can contrlct’wlth customers to
charge for power on the basis of peak load.

Also, gas turbine or diegel generators can be pur-

chased in relatively short delivery time, or, éxisting

oones can be transported to a different locatiod within

the bounds of the éower‘system, to take anticipafe&

sharp peaks in load.

In systems using hydraulic power, water storage can

be..managed on the basis of spring thaw perhaps, and

flood threat, coordinated with the anticipaped energy e

-

demand.

Maintenance of eguipment'must be scheduled, altering

any previous schedules according to any emergencies. o
. .

The medium-term forecast theteforegﬁ§;dges,the gap

3
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between the long-term and short-term forecasts.

g 173737 Short term \\\5>*\

~
o

Generating machinery such as hydraulic turbines,

boilers, gas turbines, nuclear reactors, etc., must be

I . i ‘ .
‘' brought-on or dropped-off the line to. take care of

\hohr-to-hour agnd day~to-day changes dué to weekdéy indus-

trial load, weekend slack, e%fning lighting and cooking, {

I weather changes affecting "heating" or "cooling" load,n

Fl

%\ etc. Assuming capital expansion has been heId to an

Z%conomxc limit on the basis of the long- term forecast,

? a

«there will not be much excess capacity available at times
of pgakuload.o On the other hand, at times of low load,
thg machinery Qf lowest operating cast should be running.

- [ - . .
~ More specifically, for best economy, load and load swings
i P /
must be shared among the varijous generating machinery '
) I -
according to its incremental cost (that is the increment- -
Y .

in cost corresponding to the intcrement in load on the

4

|
|
|
particular g%nerating equipment). The location of the ’ ‘ ‘
equipment. affects the inctemental cost, because of trans- l

- mission line loss. ~
In general, generating machinery requires w;rm-up
time before it can take‘loadf A boiler, for ;xample,
should have  several hours from cold stanf. A load fore-
cast therefore is.needed, having cérresponding lead time
§o that sufficxent "spinning reserve® can be prov1dea
This spinning reserve must be ready to take forecasted

¢

increase 1nlload plus pravision for loss [1] of the
I ) .

$
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‘ . . |l largest generating unit or of that transmission capacity
which ren&exjs-una\iailable the greatest amount of gener-
ating capacity.
Load forecastsﬁ sometimes concentrate on predicting
~ peaks, which of course are very important, becaugse peak

load determines the maximum demand on total equipment in

any/particular period. To minimize overall cost on an

a

incremental cost basis as mentioned above, however, a
\ 3

/ P

' comprehensive short-term forecast.must predict the entire

load pattern throughout the range of the forecast ‘lead ‘

‘. times. . ‘ —

In summary then, the short~term forecast is used to

/

. schedule the aperation of existing equipment. Or more
ay - -k

fully, the short-term forecast takes the equipmént éicis-

-

ting as: planned by the long-term ‘forecast, and the flexi-
\-\ . »

bility provided by usihg the medium-term forecast, and

1

permits scheduling operation of this equipment, in econ- |

¢

omic and reliable combinations, so that load frequency L

control can be applied .tI;o sppply power de‘rqand, at a '
steady voltage, constant/ frequency -and minimum overall

. c%ost. Thus, the. abject of a power 'syst_em flescribed .in_
the opening st;atem‘ent §'f this introduction is accomplished.

Computer solution is most useful in the short-term [7] ’\,

_forecoasts because they are requireci frequently and quickly.

1.4 .The Spécific Electric Power Syﬁtem[ to be Considered

‘ 1.4.1 &eneral system characteristics

N-
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~ . . . ,
Real data short—te:m forecasting, in this thesis,

.will be done for the "Hydro-Québec" system. Th#s éystem

is of laiqe geographical area, but with mosghof the load
in a :ei?tively*ébncentrﬁﬁéd pbxtion of that aréa, much
of the power being generégéé at hydfo-electric statioﬁ;;
remote from the load (2,500 miles of 735,000 volt lines).
There aré on1y~two therma statioﬁs, one nuclear,‘;he
other gurning fossil fuel. it has been necessary to
develop considerable expertise, to ﬁandle long distance

transmission with the attendant problems of high voltage,

tendency to imstability, icing of high tension trans-

.mission lines, and significant transmission loss of pri-

mary power &of the order of 10%).

1.4.2 Load characteristics

. - . .
The total load on the system is fairly large,
rahging over -a year from 3,000 to 10,000 megawatts

approiimatély.. he winter peék load is higher than the

. summer peak, probably due to the fact that Montreal's

"temperatures are generally lower than those of most cities
a ‘ . .

of the'United States fur example, both summer and winter.

‘Relatively then, summe? "air conditioning and refriger-

ation" load 'tends to be low, and winter "heating" load -

‘high. Also, while the aaily load has&the u%eal prinfary

and secondary peaks, the daily maximum in winter normally

qccurs in-the afternoon, due to switching on liqﬂts, pre-

~ paration for supper, etc., rather than near noon. s

power systems gain a higher brqportion of industrial- load,

@

[
.
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the drop betﬁeen these two'peaks fendsgto decrease [4].

N . Hydro-Québec, however, has a distincg load drop between

. .
the peaks and a rapid rise to the evening peak.. Annuai
* K\Q peak loadloccurs near Christmas, before minimum wintert
:temperarures are reached: The 24-hour trend of load ;s
\similar on nop—holidax weekdays except that Mondays tend'h
‘ to have tne largest~weekday load, and also the largest .
range of load. ,As is to be expected ‘load onoholldays
’ ) C and weekends is smaller and somewhat different from week-
- \ days.
4 - gone rypical loads are shown in graph form in%FigsL
1.1 to 1.5. These graphs cover weekends and weekdays, |

. 3 o
both summer and winter.

1.5 Scope and Content of the Thesis by

Experlqents using real data w111 ‘be carried out for
the month of January 1972 onlv. The basic. experlment
will consxst of forecastlng hourly load with lead tlmes
of 1 up to 72 hours, zero lead time corresponding to

. ’ o J L
E . 11 p m. on January 25, "1972.. 1

. Load will be represented by a mathematlcal nmodel
b congisting of the sug of a periodic and a residual com- ,
ponent, arbitrarily choosing the model order (no opti-
4 mizing). ‘Parameters of this mddel will be estimated by \\
PRSI X the Fletcher Powell method, and the forecast itself will
o ‘. ' ' be made,’ using the Kalman,filtervstate estimation ang .
. N .

prediction aléoritnms.' Tuesdays, Wednesdays, Thursdays

:(T‘ . . . R T N - 5
\ . { .
A - . - : . 5 v
3 - . . b
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and Frida&s only will be co?sideged in the forecast. , T
Mondéyg, weekends and holidays would require‘differént ; N
models.

For analYéis of the Basic forecast, some other
_experiments ﬁill be undertakén; still limited to Iuesl“
days, ngnesdays, Thursdays and Fridays of January 1972.

In Chapter 2, some forecasting 'methods will bé
described brieflyj giving rgferences 7o) thataﬁﬁrther "
information can be obtained. , At the end ofychapter 2,
some §tatistical checgiqg‘methods will be listed.

‘ Specific statistical checking, however, will not be done -

in this thesis. .

Chapter 3 will describe the aeléctpd fbrecastiné o
~ . - ;ethod in detail. Results will be presenfed in Chapter 4; -
4 followed by discussion-and conclusions in Chapter 5.

Chapter 6 will close/Wwith suggestioﬂs for modifications
and extgpsions;ﬁased on results obtained, aqd for further |

\ . ,
wolkk . e

4 \
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. CHAPTER 2 g ‘ .

-

SOME SHORT-TERM LOAD FORECASTING METHODS:

©

’ - .
* T T ‘ .

2.1 General Remarks

No attempt will be made to cover all possibilities "
of short-term foéeca;éing methods, noxn combination;‘of
them, becauée there arg many, nor to describe any in

N full detai}: " References given, however, will permit

. obtaining further information. Reference [25] in par-. .

0N

- ticular outlines exisfinq methods, giving other refer-

ences. Methods confined to forecasting of peak load are

[ SR

] given in references [6, 7], but yiil not be covered here. -

[

L o < In general,\short—térm&load forecasting involves
past load data, past weather data, and usually foie¥ . B
_/ casted weather. Methods vary in emphasis placed on

load correlation with past load versus weather factors. ’

A v

Because‘weather forecasts may not be available in the .

. appropriate form and with desired accuracy, some

] & < 0

o ) authors |[1, 2] ‘advocate fo:ecastinglwithout using

: weather forecasts at all. .- ' "

4 ) _Early méthods~re1ied'heavily on hand calculations
and human judgement; More recently, emphasis has .
x - ¢ . !

‘- Lo {
turned to computer computation with provision for human

- : intervention under abnormal ‘conditions. ¢
it is important for an operator to recognize when

conditiong hecone abnormal unexpectedly. For this
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purposF among others he has use for a continual cal-
culation of the variance of forecast.eéror. Earlier
methods concentrated oﬁ the load forecast without -

. regard to its credibility. More reeently, the demand
for an indicatof of forecasting accuracy has been
recognized. d

Some methods treat the load data as'a time series
to be extrapolated. Alternatively, the load is repre- - |
sented by mathematical functions with the concept of
a load éfstem'containing a process having inpﬁts and
outggts\ag.iﬁ Fig. 2.1. If the degree of reliability

. of the forecast is to be estiﬁaied} system noise and/or »

measurement noise are inputs to this process. For an
electric power utility specifically, ghe input may be

] ’ weat;ér f#ctors, and the output load. oﬂce the form of

Ce T mathematical  representation has been decided, its para--~

meters must be estimated, and this parameter estimation
becomes the crux of the enti forecasting procedure.
’The parameters can be estimated using explicit calcu-
lation, correlation techniques [10] \example, in
which case an analog rather than digiia computer ﬁay‘

PR be preferable. ) o

An additional concept can be ed: ' the process .
can be modelled. The“mathematical'model is fed input
equlvalent to that of the process (see Fig. Q .2). The

) output of the model is compared with the system output,’

- *  the dlfference between these outputs being the’ error.
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The object is to.obtain a mathematical model of the

¢l
appropriate form in the firgt plafe,,then tc adjust the

parameters of this model sd\as best to match‘the'system. i

In this thesis; the iterative adjustment of para- ]
ﬁeters, §¥ter a mathematical structure has been chosen,
will be called "identification". This term will be used
for. convenience even fhough uncertainty is involved -and
the model Pas not necessa;ily been optimized. Identi-
fication can be done using an analog computer if para-
meter adjustment during solution is kept slow. Usually,
howev@?,‘a digital .computer is employed.
As we said, the parameters are to be identified sq/

that the model best matches ‘the system, Criteria for

this identification depend on the amount of a priori

statistical information available and used concerning .

(a) gffecf{of parameter error, 4
g'(b) the paramesesg themselves, and
” (c) the noise. ‘ |
In the order of greaiest information used, the
identifications are called Bayes (or minimum risk),
maximum likeliﬂood, Markov or least squares [10]. In
many cases.no statistical ;nformation is available
a priori, so.th;t thé least squares identification is

used, perhaps with the statement béing"made that maximum

likelihood applies if certain éonditipns are .found to

ES

. pertain. Least squares estimation simply means

- identification so ‘that thé mean sqﬁafe of the error is

7/
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minimized. For a fuller treatment on this-sub]ect, see

for example Reference [10].

- “’ " . o '

. * A
‘

2.2 Combination of Base Load and Weather Factorsa«

In the simplest form, combining base load with
weatherlforecasts'lll, a linear combination of the base.
load for the particular day of a particular week and of
the various forecasted weather faokors is“used: The
base lpéd is estimated by "vertical" averading &f past
load. |

' The coefficients of the weather factors are deter-
mined [1] as follows- |

Load on a partlcular system .is represented as:

—

z=a+b.T+bW+b.l+b

X M + by LHFE +a (2.

where 'z is load at a chosen time of day:
a, bl' b2, b3 and b4 are constants;
d is a day~of-the-wegk correction;

T is temperature; . s e =

*

W represents cooliﬁé powe£ bf wi?d:
L is illumination index;
. . ., P is p;ecipitation rate; and
F(t) is a.polynomial functioﬁ of the time of year
for a particular week. It accounts for vari-
ations in the base load with the time of year. |
( Thus, a+F(t).isltﬁa base load for the t~th week.:
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" The coefficients by, by, by and b, and the day-of-the-
week correction d then are found by linear regression,
from known, K past values of the dependeny variable "z
and a pri.oriainfomat';'.on on atF(t). Having solved for .
these coefficients, eqn. (2.1) is extrapolated, usingﬁ

forecasted values of T, W, L and P to obtain the fore-

4.

casts of z. N
If it is considered necessary to use non-linear
coefficients, it is possible to obtain a graphical
* solution [1]}, using ar equation similar to (2.1) :having
coefficients representing non-linear effects ‘of the

various weather factors on load.

e °

’

- 2.3 Spectral Expansion

2")3 1l Forecastin load without weather forecasts

~=> Load foretasting by spectral expanszon, in 1ts
original fom, involved past weather dat\ but no
weather forecasts. Since the basic load patten} tends
to repeat itself each day, it is possible to consider
o the time series for each day or for overlagping segments.
of a day as being a‘member of aln eneemi;le of time
series. Ip this way we have a non"-stationary process -
made up of an ensemble of sample functions. L

" In the simplest form, the time series for a whole

day is made up of loads at equal intergals during the .Y

day, that :Lk,|3:he day consists of a single segment. R

e e

If the intervals are one hour, lload on the k-th day at




. the t-th hour is: : . .
: ‘o . a3
2(1:,t).\= atk,t) + fl(Tk) b(k,t) + fz(r‘k) ‘c(lf,t{‘+
’ ~
A - (2- 2)
A~ where fl(Tk) ' f2 (Lk) : etc.\are funct"i’ons of 'temperature Tk,'
. : illumination Lk’ etcx . N

a(k,t) is base load; and

' the factors b(k,t) ' c(ic,t),A €tc., allow for the vary-

s : ing importance of the weather. parameters %

(-, : ‘with _the 24 hours-of-day. ) =

. n ' : ’ -
"Time series for adjacent weekdays are constructed in

this manner.? Thus, each load,?ectoy is linearly depen-
dent upon the vectors a, b,’¢, etc.
T - All these elements then are approximated in tﬁe
form of a spectral expansion [1] with an error term. -

Now, putting the 1oad eJ(ements z(k,t) in the form of

a matrix Z(k t) am’i at the same time T

o

and the error, etc., in spectral expan
equation is obtained. It can/pe shown [1] that)|least -
squares minimization of t&'error results in la N
eigenvector equation. Furthermore, its ed en xlues

and eigenvectors enable identification of the 24 .sets

of coefficients a(k,t), b(k,t), etc., and evaluation

of z(k,t) for each hour of the k-th day, where k corres-

ponds to the curre_nt day. Thus, houx;ly 1oad is evalu-

T . ated for the current 24-hour day, meaning that hourly - ’

.
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load forecasts can be made with lead times up to 24
hours. ‘ v/

2.3.2 Forecasting load using weather forecasts
N
As mentioned, the above method uses past

:Jv

weather data, but no weather forecasts. Lijesen ;nd '
Rosing [20] have made an important modification in fore—g
casting New Brunswick Electrio Power Commission load.
Load is modelled as the ‘sum of three components, . two
comprising base load, with weather effects accour{ted for
in the residual component. Spectral expansion is
appl)ed to this residual, but in such a way as to :mcor:
porate the average forecasted weather effect§ for- the
" partic¢ular day as a whole, at the same time mak:.ng the
proper hourly distribution of these forecested effects
on the b&s;ts of recent weather data. - ) ’..

-~

2.4 Adaptive Parameters Applied to a Fourier Series

'

Fitting Function .

- ]

A method using no weather forecasts has been
) employed by Chnstlaanse (2] The .load is modelled by
a fit'.ting £unction plus a noise component. The nooise
is substantially separated f:'om the weekly trend of
1oad. by takingw a one- %eek moving average, which average ‘.
_eliminates all cyclic variations v{i periods of an
integx:al number of weeks. This mon

[4 +
s subtraoted from the load at each hour. The functxon

g average is then~

‘fitted to this difference (vhich does contain the

¢
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¢

.
°

weekly cyclic variation) is a Fciuriext'f series with a
N . | o

-

périod of one week. Weekends are included for ease of

implemerftation. / The| series represents the

' 3

weekly' : -

cycle of the'houriy ad, »so that load at%ime t is

. .
estimated as , -

-

& :

The parameters forming a(T) are identified °b§ ‘weighted o

least squares, i.e. by minimization of
’ ° o .

S

,2(E) o) + error (2.3a)
. * - - ~
} - n o ' ! . *
Y ON - 3 p 2 (3 9 e v
. $here yp(tv) =.c+ I & sin(2n/168)1i ‘ ,
o i=1. -
s ‘ ‘ . ’
+ b, cos (2n/168)i t] *
. N : ) ~ ) "
Or ? G- [y
N A ’
P _Q‘ ,
s . &
\ ‘T v “
’frp(t) = a (T)-£4t) . - . ( ) :
Y T/ . j o (’
, ) v . . -
where i}p(t) is the Fourier series approximatipg
- the periodic component, of load z(t)
* Al Uc l D..r .
. at time t in integral hours ..., -1, e IR )
b " . ‘ . ®
o 0, 2, ...; N
. T is the cutrent hour, i.e. the last I(\o:n: -
 * . . .
: . . -for which load is known; and .
« f£(t) = [sin wt, cos uwt, ..., 8in n_ wt, Cos n wt]T -
s A o p ; p
& a ) : .
- . with w = 2m/168. : : _

[

°
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where

14

- 24 -

Wl 12(T-9) - g_T(T) '5(::-3‘)]2

.

X

’h is the weighting constant [2]; and -. )

N is a large integer.

o L .

After this initial identification, the parameters are

updidted hourly, using a transition matrix and smoothing

i

vector calculated on-line.

-

In the fitting function it is not necessary to

M 5
include each harmonic from 1 to n

pi .'..l'he most useful

harmonics can be ascertained from the power spectrum,

as in

Pig. 4 of Reference [2].

-

Final selection of —

harmonics to be used, along with best value o‘f' weighting’

- where

K
2

2 1is lead time. ,'_,a

. <
i

: v - -
N . Y 2
oo, o o e e A Y

constant W, are determined by i:rial_-and‘;error foirecas;:s. T
»  Hourly load then 'is modelled as: ' .
. . T
2(t) =.a f(t) + elt) (2. 4a)
S
\\
N | |
where e(t) is noise, or errQr of the modelled |
N\ . N o . "' -
L load; .. . ;
4 30 N ! ,“ t
S “3‘,‘2;(2) “ is estimated load at time t.
The corresponding forecast -algorithm i‘s; ' )
. )
2, (T+L) = 2T (T) £(T+2) T (2.4b)
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In the above algorithm, the locally=-constant coefficients

a(T) are updated hourly according to:

L]

. a(r) = L' a(T-1) + h 1z(T) - 2(T)] " (2.5)
& . / . . .
where h is a smoothing vector obtainable from Z trans-

forms using: , o

© . ’ ) .
h=T1z2 W £(-3) £¢-»17T £00) (2.6)
3=0 ‘ c
“u
and
'L is the transition matrix defined by
£(t) = L £(t-1)
whege, for Fourier fitting function, .
T . -
1
‘cos w1' sln wl s »
-sin Wy s cos wy . ‘
L=, © + =sin w,, cos u,
o Yoo
- { : .
A ' | ¢ cc?s wmf'sin W
g v . . . —Sinqwmr cos %g
[ ad . ,
EN (207). -,
. - r'- - = /‘ ‘
. o ) R
\ . - ».' R ) ‘;‘ -, 4 . )
RPN )?»‘m«e\muLi';jﬁ;";&sﬁi?@é@ﬂm;itéﬁgﬁé;&; ;
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2.5

The BLS Seagonal Factor Method (1966),

U.S., Department of Labor -

The BLS seasonal factor method (1966) is utilized
by the Bureau of Labor Statistics [14], U.S. Department
of Labor, for seasonal correction of unemployment

statistics. It compriées:
\ ]
use of moving averages to separate trend-cycle

from seasonal and lrregular in a multlpllcatlve model;
use of vertical averaging to separate seasonal

from irregqular;

_

.- . e nse N - ,
extending centered moving averages c15§&§~to the

two ends of available data by approximation from data“:

I
for the most recent year;

éearching of the irregular'for trend-cycle com-

~

ponent; -

LY

using weighted moving averéges}'

substitution for outliers; and

<

calculation of mean and variance of the residuals
to calcylate "credence factors"

The calculations are done in three phasts, each -~
) ~

with two iterations, so that tte final seasonally

éﬂjuated'data are a sixth approiimation. The whole
operatién was designed for a small computer (IBM 1401
or 1460) with two tape units." .

/ The computer program is av&ilable from the U.S.
Department of Labor. It is uaed,by Ontario Hydro for

o : . .
load forecasting: past load data, corrected for

—
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N weather factors, are treated as a time series and . .
/ ’ separated into trend, periodics, and irregular. Load
is then forecasted by compensating the trend and
peribdics for forecested~weather factors. The load
‘forecasts are made for key times-of-day and are’ inter-

W

polated.

2.6 Box and Jenkins Approach ‘

2.6.1. General remarks
Box and Jenkins methods [19]‘belong in any

summary involvi?g érdcggsing of statistics. 1In éenerel.
their approach I9J is to examine the data for irregu-
. larities that wquld;affect results; suppressi remove,

or compensate for these irregularities; use the modified
. data to get results; check the results statistically,
\ - ,/and modlfy or repeat, if requlred.

2.6.2 Identification

In particular, for mathematicel simulation of a
¢ .

prbcees the auto- and cross-correlation functions of

‘the input and measured output are examtned. Differencing '

of date is carried out so that.the correlation tunctiona

| . , are stable, J.ndn.catin; stationarity. Stability is

- d considered satxsfactory when any oscillations of a
correlation function versus samgle time dizferencel- *
decrease rapidly with increase in absolute velue o£ this
time difference. The data thus modified are tranctormed

by a whitening filter, designed uaing‘the_euto—correletion




» '

\ - 28 -

N B Q. ‘
: function of théchodified %gputi The cross-correlation
function of the transformed input and output then is
. proportional to the iﬁpulse‘;esponse,'leading after .
kimila; treatméné of estimated'noiseato an approximate.
mathematical model of the process, lncludlngnrough C -
parameter 1dent1f1catlon. Values of the parameters

'

then may be improved if required, using an itegative

procedure. - Statisti®al checks are applied to the auto-
correlation of the residuals and to their cross-
/( ' correlation with the above transformed input.

2.6.3 Forecasting

-

@ : 'The process thus is represented by a diffg
equation with parameters identified. For forecad
i Box and Jenkins apply this difference equation dlrectly
[19]), always using the most up-to-date information step
. - by step. From this fundamental application of tﬂe
v difference equatlon, two other methods have been developed
for forecasting, one u31ng 1ntegrated current and past
random shocks ahd the other using weighted average of =
. past data. These latter two methods are useful in pro- .
viding insight [24] into the nature of the forecaet. //////
Box and Jenkifis methods—have- been applied to lefg,///
forecasting of the New Brunswick Electric Power Cofmmission
load [24].

| L

-

2.7 Kalman FPilter State Estimation and Prediction

' The Kalman filtering and prediction algorithms are

B L us‘w—‘“
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3
i

\

.1
applied, after a model of the system has been obtained,
with parameters identified. After such ;dentificafion,
the model equations are put in state space form so that
existing theory formulated by Kalman 112] can be ) \{?
directly applieé. Use of the state form is. natural
also when we remembeyr that the state of a system at any
time is defined ]22] as the minimum set of numbers wﬁicy
along wity\all subsequent igputs to the system, is
sufficient to determine the subsequent behaviour of the

|
system.

»
|

Using the Kalman filtering algorithms [2], the

correct state is estimated, taking Apto account all

available past values of the state ("infinite memorx")f

Then, using the Kalman prediction algorithmis, the future
state at any chosen time (though oné step at a time may’

be all that is desired) is forecasted. The future out- .
put is calculated from the state. Basically, the Kalman .
filter adjusts the initial estimate of the state in pro; -

1

portion to the error between the newly available outﬁut

-

aﬁd the output calculated from this initial esLimate of
the state, the factor of prOpo;tionality (Kalman gain)
being dependent on the covariance of the error. Since
the Kalman filter method will be .actually used in this
work, all the pertinent equations and algorithms fox
filtering and prediction as well astfor identification

.

will be covered in detail in, the follo&ing chapter.
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Statistical Checks

In any of the above methods of analyzing data,

_after the results including residuals are obtained, the

; + Q
auto~-correlation function of the residuals as well as

the cross-correlations of the residual with the input

I . \ .

and with the output of the process can be examined to
Cg ' .

see if they conform at least approximately with the

conditions assumed .for the method. Auto—correlhtions

of the residuals can be used to evaluate "goodness_of

£it" quantitatively, and furthérmore to modify the model

where required. Such techniques are described by Box

. and Jenkins [19].

Other'techniques described by Box and Jenkins are:
overfitting which will assgés whether a model is
of correct order, for example;
ch&nge in parameter Qalues: and-
the cumulatxve periodogram to check for per1od1c1ty

remaining in the resxduals.




3.1

CHAPTER 3

METHOD TO BE USED

General Description

A mathematical model [3] will be used for the load
system, as prqviously suggested, consisting of a
periodic coméonent ¥, (t) represented by a Fourier series,
and a stochastic residual component represented by an
auto-regressive moving average series. This second éart
will contain system noise, assumed to be white (uncor-

related), .and a non-linear temperature—dependent input

u(t). That is,

z(t) = yp (£ + y(t) : _ (3.1a)
I - m' i ‘
y (t) + [ Z a; y(t-i) + I bj u(t-j) -
x o= 1=0 !

+ w(t—l)] , (3.1b)
The difference between the measured load and the
output; of this modei will be the error. . In performing
identf%ication,‘this error wili be minimized in tlie mean
square sense, using starting values of'p;rameterq_aﬁd o
a@iﬁgting them on the basis of the,?radiént vector of the

error with respect to the parameterg. For this parameter

‘ adjusthent, the'Flétcher Powelf scientific subroutine

will be used, solving for all the parameters simulta-’




neously.. While a mean square minimization will be used,
a maximum 1ike1ihood estimate of parameters will result,
as long as the system noise can be considered Gaussian
and the data sample is large enough,

After the paraﬁeters of the model are thus identi
fied, the model will bé used in state space form( to-(;
gether with the Kalman filter prediction equations, to
predict the state of the model. From this forecasted
state, the forecasted load will be calculated.

J
3.2 . The Load Model '

In e aetail, the mathematical model [3] of the

syétem load will be as follows:

z(t) =y (t) + y(t) , (3.2a)
Qhere ‘
"p
gy (t) = x0 + & xi'sin\(2mi/24) ¢
P P i=1 P ,
n +i .
‘ + x P+ cos (27i/24) t}] (3.2b)
LG P i .
2 > 45‘
and . i
) n . m .
y(t) = [ Z a; y(t- I by u(t-j) + w(t-1)] (3.2c)

i=1 j=0




4~ .

- 33 -

0 ° N »
x- 1is the constant term of Lhe Fourier series
P : !
periodic component;
x; are the np sine coefficients of this Fourier

series having a period of 24 hours;

n_+i "

. . 4 .
xpp ~ are the np cosine coefficients of the Fourier

°

series; o )
’;i are the n auto-regressive coefficients of the
"ARMA" series in y(t):; |
bi are thﬁ m+1 coefficients‘of the "ARMA" series
temperature-éependent input u(t-j);and
w(t-1) is white noisg of v?riance Q.
The parameters.to be identified are the sets.
B np+i ' ,

i
{éi,ﬂ bj' xp, xp }

as(fell as the scalar Q. These p;rameters will vary with
the seasons, but will be aégumed'cons;ant'throughout the
peridd supplyidgndata for identification of parameters
plﬁs lhe'maximum lead time of the forécast, that is, over
a period of about four weeks. The input u(t) is a non-
linear temperature-dependept variable to be describe@ in
more detail under‘"Processing of Raw Data".

J

The Model in State Space Form

} The model .will be put in ‘a state space form

suggestéd by Meditch [16]. TThis form is selected because
the sfate variables correspond clgheiy to .the physical

k]
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‘

variables, helping in visuailzation of the system. The

. stochastic portion, x(t), of the state vector will be

formulated first, adding the periodic corponent after-

s

" wards.

%

Meditch's state equation considering only the

stochastic portion of the state wvariable is:

x(t) = A x(t-1) + H u(t-1) + D w(t-1) ~ -(3.3a)

A}

where the stochastic state variable x(t) is an n vector

]
.

A is an nxn matrix;
H is @n nxr matrix;
is an nxp matrix;
u(t) ié an r vector; and
w(t) is ap vécfbr.
Chbbsiang_aﬁd'é as follows,

h; h . . "h]

H = L e ~ (3.3b)

o
P . : ) .
al a2 . L ano
1 0 . - O

. , - . . |

A=lo 1 . . - T (3.3¢)

1o o < 1 of .,
- . - 7

1

‘the stochastic state equation becomes: .

S

. rjiagﬁ

. - e
- . | e P TI
AR AR oL Lo e
A TS -
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5 -
. | %, (6] SR a] (£-1)|
[ by -
/—)’I :i' - l 0 . . 0 e <
: = o 1. . . o], ] +
- ( - .. - - . - * j ‘
x_ (t) 0t ¢ . 1 o0 (&)
a L-n - . - . ..J.
- i} r
- Ve
Eil { hz . - hr
' 0 - L L ] 0 -
Y . / . ... . . L + :
) |
£ “' A \\ :
0 0 . . 0 u_'(t-1
b \ -4 L-r\( l |
‘\ |
' - - ]
7 -
dzl‘ - » L] ‘\l\ ,
! .
. - . L] . .\1 (304)
! ¥
. | w_(t) '
[n2 ngf  ["p*%)]

. [
‘ or, ékpanding the above further,

e

x,(t) = alxl(t:l) +oax,(t-1) + . . . a x (t-1) ,

+ hyu (t-1) + hyu, (t-1) + . .0 + hiu(t-1)

rr

,
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xllt—l) + d

& x,(t) = 29y (Em1) + . . dzpwp(t—;)
- - ‘ ' ‘ ., " {3.5b)
xy () = xz(t-l) 31 1(t 1) + : oo dqup(t—.l)
, .. . o ‘ (3.5¢)
» . L ] [ ] - L ] ( ‘
x (t) = xn_i(t—l) + dnlwl(t-l) + . .. +l dnpwp(t-l)
’/ ’ (3.54Q)
) .

Now we éxpand egqn. (3.2c) to show the residtxal com-

ponent lof' z(t) as a difference equation in expanded form:

N j L}

y(t)’ = aly(t-l) + azy(t—Z) + ... 4 any(t-'n) + bou(t)

t

+ blu(t—l) + . . .+ bmu(t-m) + w(t-1) (3.6) -

4

o me i
a.nd we see by comparing egns. (3.5) and (3.6) that eqn.

3.6 is equlvilent to the stochastic state space equation,

e . provided that: - I s
- x, (£) = y(t) S ‘ | (3.7)
= e pe-n)
\
S ﬁz(t-l)\ (t-2) . .
S A N B R
x_(t=1)  |y(t-n) ,
- H-n - bae - - " ) ’
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or, for a simpler equivalent
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a= |-, S ~ (3.118)

0 &
o
_and w(t-1), scalar. _  , (3.12p)
, ' 3
- To assist in computer implementation, we shall mal‘c?
m = n-1. This equality can always hold by using some
‘ ze‘fo irpctor ,components if necessary. Also, d1 =11is
satisfactory. To sufmarize then, the state space equa- .
. \ + ( A} 1
tion representing the stachastic portion of the state
. space varjable is: “ s
oL ~ ? ,
. ) ‘ . . 1Y v .
. ‘ ‘
x(t) = A x(t-1) + B u(t-1) +d w(t-1) g (3.13) -
e ,

- Hence, advancing one hour in time, ‘recalling from egn.
(3.2) that yp(t) is deterministic, meangng that g:_p is >
‘constant while calculatz.ons are performed, and adding

. | \ o
an equation to define-the measured output as a linear .

, ‘ 0 N . .

. -“function of the state variables, we have: 3 iy,

» ! h ' .
+ = t Co 3.14a L
. X, (t41) = x (t) ) ) {3-142) |
: .‘ - I $» . lﬂ.
x(t+l) = A x(t) + B u(t) .+ d w(t) "’ ~ (3.14b) ’

. T T v
. elt)- = ¢ (t) g_p(t) + ¢ x(t) (3.14c)
- o * Al 2
T 5 Where the complete state @smce varidble is: o %
. : -~ ‘ o ‘\ .
‘ ~ . & - A %
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P ‘[xor
x(t)| - P
El a
1 0
A= [aos 1
b, 61‘*9
N 0 . .
B= |
‘ 0 .
p— h q
] x, (t)
x(t) = -,
x_(t)
Lo
u'l(t)
s ,‘uz(t)
u(t) = .
un{tl

o

i

W

2n

« » -\" X

v

. ‘ 0
R

y (t-1)

y(é-n+l3
e

u(t+1)

u(v)

~

vt) .

-

u(t-n+2)
L i

B

pl xl(t) ) xz-(t)r ,, -

o

. . (3.149)
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< 0

sin

- sin

Q_(t) = Isin

! cos

Ef)s\

)

a = [a,, a,

B = Ibgy Byaes s oy bog1"

o

, this value of c being required

to satiéfy eqn. (3.2)

1
(2n/24)
(27/24)
(2n/24)
(21/24)

(2n/24)

T.O

2n_t

« o o2 ah]T

and

For convenience we shall define also

+

~

(3.141)
.
i (3.143)
-
(3.14k)
(3.141)
{3.14m)

T

-

R N

o R,




3.4 Raw Data Required

" The measurgd hourly load z(t) and hourly values .of
the nén—linear temperature-dependent function u(t) will
be reéquired data, the ‘latter being oalcuiated from raw
temperxature data. For parameter‘identificatﬁ%n, thp -
above data will be required for three weeks (Tuesdays
to Fridays only), preceedxng the week into which the
basic lqad forecast is to be made, that is, for the first
" three weeks of January -1972. ' In addition, however, the
data will be required for the fourth (4-day) week of
Jahuary”1972."These data for the fourth week will con-.
" sist of u(t) as perfect temperature fdrecasts;“and_zSt)
for evaluating the load forecast. Thus we are assuming
the systeﬁ is stétistibally stationary over a four-week
perlod, or nearly so, and at the same time that the three-
week perlod will give a large enough statistical sample )
(288 data p01nts) to be represgntaglve.' The three-week
sample period, for identification is the same as that
useé by4éaliana [3] and compares with four weeks found ?

optiﬁ;m by Matthewman and Nicholson [1l], using the spec-
| tral expansion technique in their.case.

Such hourly load daEa have been obtained from'nydrék
Québéc for Jénuary 1972. To calculate hourly values of
_,u(t), however, we need not Gnly hourly temperatures for
the foun.weeks of January 1972 but for each of the ten.
Januarys from 1962 to 1971 inclusive. This more exten-

-sive‘requirem%pt is due to the fact that teﬁ-ygar hourly

Ny
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averege temperatures will be used in calculating values
of u(t)., An eleven-year record"of hourly temperatures -
for January 1962 to January 1972 at Dorval, therefore,
has been obtained from the Department of Atmospheric
Environment. Dervalltempe:aturee are considered repre-
sentative because so much of the Hydro;Québec system
load is concentrated around Montreal, of which Dorval is‘

a suburb.

" Processing of Raw Data,

'Teh-yegr‘hourly average January temperatures will
be calculated from the hourly temperatures for January

1962 to 1971 inclusive. ' To obtain a smoother érogressiqn'

'] | of temperatures from hour to hour, seven-day mowing

[

averages of these teniyeé‘gaverages will be taken. We

shall call ‘the resulting data "smoothed ten-year hoﬁrlf

A} .
average temperatures", or, for use in this thesis, simply
"normal temperatures T". For example, normal temperatufe

for 10 a.m. on January 15, 1972, would'bekobtained as

o .
one seventh of the sum of ten-year averaﬁes for 10 a.m. on

HL_JKhuary 12 to 18 inclusive. Suchlmgving averages are

-

‘4 . ’
justified on the_basis that seasonal temperature change
during a one-week interval .is quite\smﬁdl, in fact the
change [5] is about 5°F for the entxre month of January.

As mentioned in egn. (3.2), the load model conéﬁ1ns

‘a non-linear functlon. u(t), descr}bed by Galiana [3] on

a chart divided into nine classes, depending on whether

\ ! )
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actual temperature T'and normal temperééure T are

individually below 66°F;.$bove 70°F, or between these
two values. Here; however, wg’shall define u(t) alge-
braically rather than on a chSrt, as follows:

The deviation of heating or cooling effect from

. i
that encountered at normal temperature is

R u(t) = uy(t) - us(t) ‘ ' (\/,(3.15a)

where actual heating or coolptng effect is

T - 70.0, T > 70.0 as cooling

¢ W or(® =
' + = 60.0 -T, T < 60.0 as heating (3.15b)
> = 0.0, otherwise

-and correspondingly normal heating or cooling effect is ,; -
8 h ’ \“;K

-~

us(t) = T - 70.0, T > 70.0 as cooling

]

F.J
60.0 - T, T < 60.0 as heating o (3.15¢)

G

0.0, otherwise.

. - [

3.6 Starting Values for Parameters

" Accuracy of parameter starting valpes obviously will
affect the ;mouht of computer time necessary to obtain
_convergence. Oﬁ implemenfing the émmputer pfogrgmming,
we would expect to re-calculate é;rmmeteré weekly, ;sing

N ﬁarameters“calculated one week as étartinq‘values for the

next calculation, and ielying on this procedure for
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o

satisfactory computing tinme.
The Fletcher Powell scientific sub_routir;e does
not guarantee a global but only a local mir:imum (of J
described'ii'\ the following section) on successfu; con-
vergence. Therefore, we want a set of reaéonable

starting Vvalues for the initial calculation.

We plan to use 19 parameters in our model: a;, a

1 14
| 4

and b and seven harmonics for Ep . Optimization could

2'
, meaning second order in a

require different model order, but as mentioned in
Sectign 1.5, we are arbitrarily choos_ir;g model order.

To estimate the effe'ct of the temperature-i;iependent;
variable u(t) on load, 24-hour averages of load z(t) will
be compared‘with the corresponding 24-hour averages of
u(t) for each of the 12 days in the three-week period
déscribed in'section 3.4. Referring to eqn. (3.2), 24-
hour averages are chosen, to average—out the sine and
cosine terxfls, concentrat.ing the ‘effect of u(t) on z(t).

For our purpose wé can arbitrarily consider b, = 0.0 as

1
a starting value. A rough value of bo then can be ob-
tained from the above 24-hour averages, by. linear
regression [17].

‘ Having this rough value of b load compensated for

ol
temperature effect can be obtained as z(t) - b, u(t) for
each o6f the 288 data points in our sample. The next

step is to obtain "vertical" averages for each of the

24 hours of day. For example, to obtain the vertical
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average for io,a.m;, zit) - ho u(t) is averaged over the .
12 days in our -data sample. These 24 hourly values
then will qgntain the periodic component plus a stochastic
;va;iablei fhgir,averége approximates xg. The resg of
the periodic cootent can be estimated using the Fischer-
Hinnen [17] method of“selected.ordinaﬁeo, calculating up
to the seventh harmonic as planned, but with one exception.
This exception is the arbitrary setting of coefficients'
for fifth and seventh harmonics at zero, to avoid awkward
interpolation for ordinates at intervals of fifths and
sevenths of a day. o ) |

. Thus, we obtain rough values for 17 of the planned 19
parametérs. Strictly, according to eqn. (3.2), our ’::al-
culation of bé assumed zero combined effect from a; and
a and we could set a, = a, = 0.0 for starting values.
Rather, howevgg, we choose to use rough non-zero values -

based on results of previous work by Galiana [3].

The actual starting values of the 19 parameters, for

. . {
the initial calculation, will be given in Chapter 4

(Table 7). . .

Py

Identification of Pafameters . \%

The recursive relation [31 that will be used to .

solve for parameter values by minimization of J, Ere

_mean square error in estimation of y(t) is:.

> B ALY - gx
s R Y Y R e, oa - , Y
F o areans T4 .»«l?:’-ére& -'m?‘zaisi’ihsz.‘,..m, P T S T NP 7R A



S = & , ‘
wherF ; ’
0 2n \ I T
- -e_ = I}.(p, e« o s g xp ’ al’ e ag an, bO’ = . ’ bm]
. R (3.20Db)
o N T ~/~/"
I =N I (z(8) - 8 (8) x -"atz(t) - blu(t+l)
t=1 . g
/
\
| +%Ty_(t)§p) P | (3.200)
- /
where é?‘
= I ’
: ¢ (£-1)] z(t-1)
\* - ) 1
It E(t) = ¢ E(t) = . ?
¢ (t=n) z(t-n) |’ ’
i o . 1J

_and Gy is a matrix determined by }:ﬁe iterative proc_edure
to be used. Other variable and)pafameters are defined

* in eqn: (3.14), ', .

.:» . As 'ére;viously stated, the ‘Fletcher Powell double |

p'ref:}s,iofh’ scientific subroutine, DFMFP, will be useé. As
c e seen from eqn. (3.20a), calculatioh of the gradient
R 'with .respe;:t to each of X, 2 and b is necessary.
In fact, this calculation must precéed each iteration of
‘the Fletche} éoy,ell subroutine. These required Qartia‘l '

derivatives of J for recursive relation (3.20) are:

A
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( -~ : ! -~

N\

or

N

83/sx, =N 3 2e(t) IT(8) a-g)]  (3.21a)
' , t=1 ) .
6J/6a = 1/N I 2e(t) Iy(t) x_ = z(t)] (3.21b)
- t=1.- P -
. « N R - ‘ .
§J/6b = 1/N © 2e(t) [-u(t+l)] (3.21c)
¢ t=1 . . ’

where error
e(t) y(t) - a y(t) - b u(t+1)
* where | o 0
yi&) = Iy(e=1), . . ., y(t-n))7T
o I | T T I
g(t) = z(t) - ga (t) x, - a’z(t) - bu(t+l) + gm(ff) X

(3.214d)

°

The"Fiétcher Powell sﬁbroutine‘DFMPP requires calcu-
létion of the above three gradignffequations in a user's
program. The Fletcher Powell method searches_for deepest
descent initiallx,'convgﬁtinq later to the Newton-Raphson
(second~order) algorithm for cloge coﬁ&ergence. WEﬁi;

solving .for the parameters, the valie of J is calculated

{

!

on each iteration. For 1arge N, as ‘can be seen from eqns.

(3 209) and (3. 21d), J is the variance of the residuals.
‘Using eqns. (3. 141). (3. l4m) and (3.14h) to compare eqnst

(3.21d) and (3.2c), J, on minimizatipn,'will be a close

approximation of Q as long as we have a good model with




3.8

good identification of parameters. This value of Q will

"be required later for calculating the theoretical co-

variance matrix of error in filtering and in predicting.

{

o

Actual Forecasting of Load

3.8.1 Filtering algorithms

The forecasting algorithms begin by filtering of
data to suppress noise, providing a more meaningful base’
from which "to project the forecast..

1Y

The Kalman filtering algorithms, shown in‘block

diagram form in Fig. 3.1, are well known [12, 16] and are

as follows: ) ’

- . {

S(t+l) or R(t+l|t) = A B(t[t) AT + dQd ~  (3.22a3)°
with starting value P(0]0) -

1

K (t+1) = S(E+1) cte’ s(t+l)_c)” (3.22b)

g_(t+1|t;1) = S(t+1) - K(t+1) o S(t+1) (3.220)

R(t+1]t) = A R(t|t) + B u(t) (3.224)
with starting value £(0/0) = [0]

2(t+l|t) = gT g_(tfilt;) + QT(t+1) X, | (3.22e)

R(L+1|tr]) = R(LH1T) + K(E+1) [2(t+l) = 2(tF1]8)]

~ No. 226
. s ’ \
and the variance™pf the error in filtering Z(t+l|t) is




i - 49 -
P
L T - T [N . l ' - .
Ve=c PBlttl|t) ¢ or c S(t+l) ¢ - (3.229)

f ;'”In the above algorithms, A, d, Q, ¢, x(t), B, u(t), -z(t),
| $(t), 5? (t) ha;e been dgined previbu;aly under "The Model
in State'Space Form", eqn. (3.14). P(t+l]t) iiwtl}e ' \
co(raria'mce matrix of the fi‘l.tering error in estimating
the state vector at time t+l1, given data pp to {J:.me t.
K(t+l) is the "Kalman gain" at time t+1 (the meaning

being.evident from the algorithms). o

g_gtu]t) is the estimate of the state vector at time
t+l, given data on z (\t) up to time t. /
’ 2(t+1]t) is the filtered estimate of z(t+Y] at time
t+l, given actual data up to- time f:.,b ' ' .
. N Avf is the variance of the er;orror. in filtering uzkt) . 2

#

3.{3;2 Prediction algorithms U

After filtering, the Kalman prediction algorithms,

also well known [12, 16], are appligd; The are shown in

' ‘ ~ block form in Fig. 3.2, and listed following:

W(L+n+l) = P(i+n+l]n) = A<R(t+nin) AT + a Q 4T

or , T s .

AW(+n) AT +dQd”  (3.23a)

with starting value, P(n|n), the last qov&ri’ance matrix .
calculated in filtering n sets of data; '

"% (t4+ntl|n) = 3'2(24n|n) + B u(t+n) - (3.23b) -
/ ,




»

=with atarting Nalue, x(n n), the last stochpstlc state

vector calculated in filtering n sets of data,
o -

2(4n+l|n) = cT K(L+n+lln) + ¢ (R+n+l) x, (3.23¢)

o
[N

where, in each of the above three equations, % is lead"’
time in hours.”

The variance of error in pre

sting 2(L+n+l|n) is:

\
v, = ¢t W(t+ntlle |  (3.23d)
Y wva ‘ ' 4 ' v .
a q , ‘
3.8, 3 Reduction qof filtering algorithms
" Now subst:.tut:.ng our values of thé measuremenj:
and digtur:bance vectors, .
-
1
0 : ,

‘‘as defined in egn. (3.14i)

F gy " 3§ : -

- ,
and, letting P (t¥1{t+l) = {pij} -

L -
Piz s - Piy =+ Pin

) . - . . O .

i N . .,
‘Ww [ [ L] . - -~ -~ @ . -
' - .
. \. ‘
- N » .
» hd . . "
N .

Pyy .- - Pyy -+ Pyp| :
~. . ) R
_pnl o) ., pnj‘ Y . pnnd

¥ .




y. ot , i . o CLL
Y US(e+1). = (s} R M,
. . “ , . -t

. si’j

A ™ i . :4' l‘ ) 4 . : ‘n, 'o \.-'

.

. - T e B . i . A' . ’. . . . L "
PR (SR CAP I 5y - 4 S
. - ax . / "\ q
+ % ‘

’ .

"

VO EPSTs B1 B I -
E(t"'l) =‘ : « " - ‘ ;; ’ ' - ,‘ _’"7-. ’ ‘(30,24b)

‘ ’ . . - . s a I s, ot h.',‘, Tt S
° * ) ' ‘ N . L
" ] , . . v v . — ‘ N

. e 1. >, .
PR . . . s ‘ R o
- . F r)" ,nsnl/ 11 . . Q. . - ./
L . - ' N o, 4 . * N

] -

LR
. p . i
s Co : . . .
o Og : .4 . )
oo Lo . : ‘ e ‘}"3 -X s

: ' ; : . . ~ . . s N ) - ‘,:‘ ‘,3’
R | :,’ ‘L_,___‘__:,_b___fipij?h' sij -.kibjz i "1" ..‘.' n,.,j ll‘li’." n

B - P(E+L] 1) = {pij} = {sij - kilélj;//* ' o
. . ( .. . N .

tao e K{ﬂ' > (3.24¢)




X

p

* ~ M . <
. . .

P4

-s2-" _—
/ T sty oo
- . * A x v -
2(e+1lt) = A R(¢[t) + B ult) "(3.244) -
N - | ' L ‘ . . . €A
 with starting value %(0j0)'=o0. = . -
A - ,

\ ‘i(t+1|t)\yil(t41|t) + _Q_T(ti-l) 3_:9\(, ' (3.24e) .
I ' i . , .
R(t+1[t+l) = ,_fg("t+;|t) +'i5_(}t+1) Iz (t+l) - B(t+l]¢)] \ w

o ‘ R : <

Y o | C . (3.245)

v N ' . S ‘ \ o
Ve =8 < g v - ’ . (3.249)
< T . - . ' P § . -
™ : L, L » . ‘

3.8.4 Réduction Qf prediction algorithms = - .4
’ . Q t ro ) - T
"_'Simi‘.larly, the ediction algorithms, eqn. (3.23),
‘ R ~ . ( < , . .
reduce 'tQ: . L,
P ; -
4 . o \ ' Q - 0 ’
.o < . =1 - . : .
_W(L+n+l) = A W(R+n) A" +{. . . . L (3.25a) .
' . o . o ‘
). ‘ . M
3 . ’ - .
e 3amﬂh)fgyﬂﬂm+ggmr _ (3.25h)
'with,\star,ti val’ueyg(dl‘n) o ' ~ a ]

< ‘
n) + ¢ (+n+l) X : (3.25¢)

N

‘#(L+n+l|n) = &, (2

(

AL TN - (3.250)
- ’
oo B ]
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q———] s(t+1) = a p(t|t)a’ + a0 a”

(oo ' P(t|t)
. z ! > T ‘ . ‘ 7
. — Ve = c S(ttl)e ——
. : v
- 'y £
| Reer1) = s(e+) ¢ (Tserl) e)”H| . | pELAY ‘
-~ . ¥— ————— _— ‘—- — —— 1
B T :
| it r —w»{ P(t+l]t+1l) = S(t+l) - K(t+l)c S(t+1) | |
) 1 . .
? P(t+1[t+l) |
u(t)— B | A -~———S——— DELA Yje— |
| x(t|t |
g] . - P T
S o |
‘ 2(0]0) = o2 (t+1]t) = A R(t|t) # B u(t) . ¢
: V . “ + ] ' ¢ l
., . oA | |
' T
oo X_ (t+l) —o _QT(t*'l)- , | C ’ I
B . dp . ; : J o . ’ s : L l
' 2(t+1l|t) = ¢ g(t+1|t) + d> (t+l)x * l
- — A
N : 4 ~ “2(t+1|t)
) A | kN
. z(t¥l)— b@—’;_}i(t*—l? —/—@———;- ;
' ' / R(E+Lj R | { et
( ] . ‘ﬁp g ,‘ . . . ‘ . s .
N 2l L g |
| R(er1| e = g_g,t+1‘|t)+5(t+1)'[‘;(t+1)-a(t+1|¢J _
[ -
. N - R(t+1] t+1)
i : Fig. 3;1 - Kalman Filtering Algorithm o,
/ ‘ T . ‘ _ Lo
b ! -
o - f o ®




» Q— o} W(L+ntl) = A W(k+n) rg_T +.dQd

T

Y HMW -_g(nlxi)«r

from f:llter:[nq'

e
N
()

Vp = ET y_v_(9.+n+1)g

l

-

, \ S
ofpm——[eHDa]
> , : . f(%+n|n) i
:'ix , [}
) DELAY |.
f(n|n)————ad R(24n+lin) = A R(%¥n|n) # B u(f+n)
from filtering "
¢ !
) T, T
¢ (!.+n+l) ‘ K
o —~{¢ e
. | 2(2+n+l|n) = cIR(L+n+l|n) + g"'(ﬂnﬂ):_gp
1 .
’ T ’ 2(2+n+1|n)
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CHAPTER 4

EXPERIME&TS AND RESULTS

4.1 The Reduirad Data : , .

As previously stated, January 1972 was chosen for

-

investigation involving identification of system para-

meters. Accordingly, inpué-data are tabuiatedtas

'
follows:, ‘
o \ Table 1: Dorval ten-year Jgnuary hourly avéraée
, ' . temperatures, °F, 1972 to 1971. .
Lo 340‘“ - C These averages were caléulated from the
“ ”tgniyear record of January temperatures,
-0 11962 to 1971 inclusive.
¢ \_' _ Table 2: Dorval hormél‘temperatures? T °F, 9anuagy ) s
SRS L 4 to 28, 1972. | S a
T . j)' : ﬂ_ . These smoothed averages were obtaiﬁed, as . -
. explained in section 3.5, By taking seven- ;
> - L day moving ave;ages.éf Table 1. ‘
.ot Table 3: . Dorval houniydtbmpé};tures, °F, Janua;y
“ ' S\ 1972 I . .
’ Table 4: Dorval hourly values of tégper&ture- ’
K& e o f ) o dependent variab ‘ u(t), danuaryl4 to 28,
. /\/ o 1972, L L
= e h i~ . These vaiﬁes of u(t) were calculated from
T \\ | ' S .’ Tables 2 and 3, using eqn. (3.15)h
- . Table 5:

Hydro-Québec hourly load, MW, January 1972. _ N
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" Also, in Fig. 4.1, Hydro-Québec loads are plotted '
separately for lst week, 2nd week, 3rd week and 4th week

(see following section) .

* . . v
|
4.2 Description of 4-Day Weeks, Used for Data and Analysis

For convenience we shall continue to write dates in
January 1972, in unpunctuated .;,md unspaced form, e.g.:
6Jan72 or Wed19ian72. Also, we define 4~fo YJan72 as
1st week, 11 to 1l8Jan72 as 2nd week,: et ., al'l as in

' Table 6. '

4

Starting Values for Parameters

) Using the method described in seotion 3.6, starting‘

values of the 19 parameters were obtained, as listed in

r

‘I'able 70

Identification of Parameters

Program " "POWELS", incorporati /g "the Fletcher. Powill
scientific subroutine DFMFP, is li.sted in Appendix Al to
_,AB.
| This program was applied to data.contained in Tables

4 :nd 5 for the lst week (96 data points) , yging the a
starting values in Table 6. For compnter output shoiaing
values of p,arameters at the start, during iteration and
on solution, see Appendix A9 to All. This computer -
* output gi.ves also the number of- iterations _performed and

the oomputqtion time required in obtaining the resultp.

4

'
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TABLE 6

k3

- Description of 4-day Weeks, January 1972, in
q' ' ‘ -

~
-

.

[~

ls.tp week

2nd wﬁek

4th °we‘efc

3 weeks

‘Tue4Jan72
WedS5Jan72
* ThuéJan72

Fri7Jan7?2 |

TuellJdan72

Wedl2Jan72

Thul3Jan72

Fril4dJan72

3rd week!"

Tuel8Jan72

Wedl9Jan72

Thu20Jan72

IFri. 21Jan72

Tue25Jan72
Wed2GJ;an72
Thu27Jan72
Fri28Jan72

wlst week
mnd week

3§d week

combined

14
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. ' 4 . :
- Starting Values for Parameters of Model defined in Egqn. (3.2)

a

©

with m = n =" 2, and np = 7

!
S

e "
Parameter tarting Value
:,'. .1 0025
* .
‘“2 0.25 .
bo 13.2
bl Q.0
s c-;—-_ —Jp\-*—— o e
x° 7351.0
P
i $ AN
1l . .
x -929.8
P
x2 -376.2
P
83 " 115.4
R .
x‘ 52.0
P
XP - ?.0
6‘ LY
x -31.3 -
P |
2
L 0.0
P i -

A4

" -

Parametex tarting Valu
* P
,xe ~282.2
TP
x? ° 248.5
p .
. 4
xlo -217.2 '
| P
x11 54.7 ¢
P
*§ 'xlz 0.6
P
113 :
X -‘9.6
P
\"‘x;‘ - "000‘
F~ji) |
‘l /
o \ -

e 4
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L “Table 8 1llsts. aft the parametersxobtained as ‘above, 3 :

- B ‘ PRI ' ‘ 1 ¥ .
Further parameters then yere identifiéd as follows:
» v B . ,

’
’ R R . R . a v
‘ . from data of 2nd week (.96 4 points) with results of
. v : * ! - .' . + ~
1st week as startidly  values,- - j, L e

L . s

from data of 3rd week ( 96 data poxnts) wlth results of :~‘
an week as startlng values,

from data of '3 weeks (288 data_polnts) with results of -
2nd week as startlng values, . S ¥

RIS ST T e el St iEh CTITET At i 2 e e

also from data of”4th week (96 data p01nts) for use in

‘ an§}¥513. ) A : , a

.» For computer outputs corresponding to these-four comqu

- . - tations, see Appendix Al2 to A26.

-

R . 1y o .
Also, ‘a partial computation was made with starting -
values alternately 10% lower and 10% higher than the ~ .

already-obtained soiutgpn values (Appendix A23) using‘b

f
~l LI . id .
. . . . . - -
N .
Y

*+ ‘" three weeks' data‘ (288 data.points). Computation was not

dllowed to oogtinue to convergence\and.is shown during - .

v

: 1t3ration in Appendix A27 to A29. - , .

. K
L I R
.

and ﬁhe corresponding loads are plotted ‘in Fig. 4 & \\ .
. S

& . |
‘*;‘: 4.5 Forecastinq Load, Uuing Identified Parameters .
. 4 5.1 xCoggpter proqram listing '
‘ & (;1 For & li-tinq‘of program 'PkBDICT" incorporating
- ﬂtQp Kalman filtering and prediction algorithms i.e.‘*." «
e%ns. (3.24) to (3 27) incluaive, see Appendix A32 to .
A37 ) ‘ N e ‘40 . “ ’ ‘ ) . -t \\ ‘
., , . ' ‘ . ‘ .
o l ' -
- - v . rd
'0 , . oo o
‘. 5\\...,.’\ e N L] 4 L 24¥ 1 ) ! N
’ * .( t ’ "
'v’ - I v 3 g 1\ 1
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4.5.2 The basic forecast.into 4th week

Fig. 4.2 shoirs the basic forecast into 4th .w’e'ek,: . )
-using parameters identified from data of three weeks.
‘Computqr Gutput'is in Appendix A38 to A40.

4.5.3 Experimental forecasts into 4th week

Figs. 4.3 to 4.6 show the 16ad forecast aga:.n .

from data of 51ng1e weeks, 1st, 2nd,.3rd, apd fth in
- £ .
{4th week for analysis -- these parameters

. are not avail 1e in an actual forecast) : Correéponéing

oomputer outputs are in Appendix A41 to A52 e
4. 5 4 Experi.mental forecast: wlth lead times up ‘to 168

N w . 4

hours. ‘ < . . . L
A L i . S

.‘,Fig. 4;'7 shows a sixth fore,c‘aE” with lead times

\—-.

,up to seven full days, using pai'ameters idenﬁ*fled £ro

data of 1st ~week. Computer output is in Appendlx AS3

- .

to\AS‘B. N - " \




ov:
: R RRERE L 7| N I S S . !
I FEbE Al DS : e Do ‘
C e EUSREN SUEEEE S REEE RINCI & i R ._
- RN RN R S e e £ DRSS EE SOty R - ) 1
4 REERR S I I AR I uﬁ : 1
PR FRESRE B .
SIS ———— } uon. NN EEEE m:ﬁuuuuouON_wcwuouﬂﬁu \
Tl . Y DR SN m '
) byt 4 + 4 ﬂdhmwmuou il S . > 1 ,
- SRS , Ji- et o] _ +
’ (Ve v . L 2 T > g _ L L 0009
t, 'y 3 () * . y
' . + w + 3 _. m.
‘ - *
+ -1
. S - S
| N A “
k N +_ $- . \.. ] v ) :
: ; ‘ \
N B - | M
000L
- . L
— R .M I i
SE ] L -
! - -
. i ; . e
b - : " 0 IM ’ hr\
* +l [ .
.#hw : M ».«M
11 A
- RERN
-+ weﬁmu
T “ﬁﬁL ‘-
o e
. B r S L
D b Ve
Y B . .4 - ~ .
' . . [
N : B A oo
"\ ) — “e - IIIMI»II i .
: s ~ %
! ' . ) 1
- . 1 L |
[ Sad .t
) : -
. - . e - . - ' - )
~ - = z// ’
S W . . - R

S§}99M 991IY3  JO eaed

ZLuergzTad

.

udg

cLuepznyl

N

ZLURF9ZDaY

ueg W

T ZLuepgzang

udg

wolX3 PaTZFTIUSBDT mumuoﬁouuf\w:«ma ‘)yo9M ‘Yyap ur butriseosxoz -

N

wey W

S




JaaM IST JO eieq wo

’

udg

oL

-

cLuerge

Tza

0s

M

~

S

. wdg

N weg? 3 W

oy 913

wdg

014

N weg

- = o -+ -
. + 4
- = rw
o palha
- —-— -
R S al -t e o of
:{RN300 ;
H : o
™ - +
+ + + s33svpadxof | i I oR g s ++++
- S GURA G R I = S G0 9 vT«» 33
X B eward® LISLEURIES & Tt i
JESESISESS putiseoazoy
- 1l g ol T n N N - LI ) :
LR e it
$3 + [ {100 Qums on g oh o i & Lw.\ “ |wHLvll m .wf § 200 ) O
8 mahif g gh grarey aoe s 11T > Ty By baudid
- 3 - - ap B S oSys e ap e oy 5p 4 iy v [ ﬂ FAREE DO S S
-— - 4 $-4 A1 -4 PRI S - —
[ it THE FERER THEL i . LT RN
1 r S ol o 1 i o0 ot oy B 08 o S it e ol B o ot SR s : A
T . i . TN S brrErt M E=g R RSORPERESES! ‘ T v
2 1} i 1 o 0 & dn ok el & . .
- B o s b 4 » B N:: : SR B
- ~ - =4 - - - - - - — - - ) B 1) ) . - - .
. o IR T e e R BT ; N
3 P T THI R L e AL i O
o ap o i TP T N T T !
pea Mol ot e T AN R e T T T P EER Ty -2 HE S EEE {8 S o
- - 4 - -1 §-¢ - - = 5 I —p—t 4oen Ly e . » [
[ SE QR S SR Q) G g S 0P 8 b fe SHE . “ e ‘e s . Cav PRI B
SR s e & - PR o HE - asE R =i LIRS B
-] b=+ ] B s o & - FERE SRS B teonl : RIS
PR sy Ak NSy YR phe=EssERal BuEse! BRERE ' SPEY AN X
- X [ g o -4 - - - S5 9 39 SN - — b 4 . ‘.
P e 0 ol u + 33T JREROF ok 5¢ SUTREUEY B 0408 fpal- 4 ou S SodRIINE & SEEDIDERAH S - [N
A v - [13 i SO o s 4 MUFT S fe Sy s T vy ST A T ES T
p b 4o bt} 41— - I :MILLA ‘ﬁt,! e ..L. -
[ 71ﬁ SRR I g fos ok S o B By e 8 ,Lﬁi R RN Sy .n‘. PP P Sy
- . . R e B . & : SRS RSy etl
x x P -F 1 - e S Sy gyl iy 3 & 4 H.Tmlr I.Iw‘. IR e o
3= “ (1”1 (- ¢ -4~ 4~ 4t PE 3T o oy . e = -,
s * - - ol
e & ayape ¢ alugl B P o
H ~ 1 3 4 Rl R S SIS
H ¥ ¥ o 0 R EEAaEs &
1% -4 + - 4 A b et oem
- ’ il X - _ - [Rapaies &)
v ) ¢ ™
= = - x + =3 Lt Adt i f -
- ) 0 ] ) & ¥
H : s : 2% I
' o x o -+ “ ) 4 M ”
3 . 8 1
’ 4 - 4 I 3
X > o ' ¢ 1 g
N 1 'd b ¥ W i g
v = £ o f
K . - K4 ) Pl
1y \J = P { 2004 T3
== R SRR == = o as SEEET &
- . r - - - - ———
- - S [ wodegro mp b gl i auandl I
- . . 4 m B b bef g o ey
T : SSRGS
. ham PR e —l b e 4 v a-Bw
R P S 08 45 oy & Y . — iy M .
T o G 0 G O G 5 G0 % b SN . . L D S .
-4 14 - bdod e Y b - » . .. -
-+ sEameSeeie : SR
T - o o ey ot 0 0 B G RS areeesovel & Ghipen grvn marenes ine
1 it S=EIRE EEaSE S ERe SR Ra 2l SRR SRS N RS S
- r t- bp-fed - feg I -1 - b e d oo .o, B S § S icth SAER
+ + 4~ . w FR O 96 e b b-§ o -1 - Lr.,l!» + .. e o+ . B _
-4 - - - -4 4 b bt feis [ e e S - ‘ P .
o T tHE L-. e - . s h. Jr 4 ._.« . e e - s .
P aties SEREESsEpdsInd SaShisausal SRERES SRSRES Sl e & SRS SIS RO v - \
~ﬁ.m.4llr TP RT3 -y T T ..H* N ”.w IS Fan oo Sy in s [ B RSN I p \
= . -
. .
. ‘e
. * - »
. 4 , -

o

- “ _ . . -f ; o |
- . . \; ~ . hd ,
o . . a. R -
£J POYITIUSPT saxd33wered buysn ‘y99M y3zp uy Huyasedsazos = €y *bta .*
, n ’- : C a
[AALIY R AL ] Nh.:uthvmx/..\. TozLuepgzanyg, - Ijep i ,




\

jeeM puz 3o eievq w

i 7
.

i
4

AR
.

O

2

!

.

3 PaTITIUGPT sisjewefug Buysn ‘¥9aM Yip UF BuUTISEosIOI - p-

f -

thonm.,m._...uh .

(AR LT KA  ZLURLOZPIM

“-?
g eav eetig it i

t >
wdg . N ey W m wdg N S uRg W wdg N weg | )
) ot . \ - ) - - N
b : Q .
3 - - : ~
w4 [ 4 L F L
0 0 0 & oy . - 0E 0z ) & N TOO oﬁlm nuwsmn auyy pest’ -
b - ' g off goalauls g §
— "
+ umu.nw”m =SS o .
= 33 ,
; : S8s=zes) "
— —— R4 -
_ TR OW : - ~000§ - )
' o t e 41 e i O -
b &
+ + + 138edpaog T i CEESST . .
.M v o8 98 S 4 mp lfmFLr TWI /W
i - BuT38wO9103 | BUTIRITTS |- R -
- : S S 0 i 9 o 4 e g 8. - e SRR RET N RN e
g T R L e L
: 11 o an ot el A A it apim v o 0 0 o o o - LS 3 P
o s o G~y il Ot e -1 o p— = 4 4= A;ﬂ.m -4 un N Ambe Ty fob Fo v“\‘Hw bunvJ wﬂ u V3 - . .li« OOW/ - 4//l
eI R ASRTE Rh S Al Rl g a e T oo ganEEaas O TR R S e A TRR o, TN - C
o= 0 L R 1 SEEsSIEERsas HHT I%y RARE SIS FEE EY AR .
=+ . R TEE i 11 b o (1.7 PEE=ab R 5 P ‘ .
1+ Tl Ll SEm=nn, m.wﬂj AE PR ER R % - T e | F
SRS g TS FrE ST T o . -
AT s .4.@u1 B -f-xihxm.quWuw Ear 148 SRRt rTuuw”.”“ EE=RE SE ;
3 : TS + e SR i e i by e ety RAE R e o Fg SRS & ~
- vlS 35 T 4 B PR P ENE e e R Wo . . .
: : BEE=d FAR X=SEEA ¢ R AN 00L
1 [ r - - - .i M 4. - °
aneAlte §ENEAN :.M.Mn CHREL ] ~-
£ ~f pj,w‘m%#nqxvﬂ‘.w Sk
] ghd w B 2a g 2 gl ’ : ’
Y - - [ g oy (PR VRN ¢ .
= + ] 3 3 su= NPRSS S B
g > f , FEA . -+ i :
== : = SR . BERAER s LR RSN ED =
= 3 ShEU e A0 008
-1 e ', + 1 [ =) g ey - ) -
1 7] X X / 7¢u|| ‘1%4 . \h. ||~)v
¥ M- i QTR oF S gt hy ! v
7 - . h,.ﬁ- 1 ‘. N\..‘LIL.‘L [ e st g my N
3 - Fb -/ = N et =
] - = ] -
. 1 ¥ i — > -
T - e T ek el e ol e o s -
23 : > == e ~ .
Sia =Ty SRS R MH
SREZY SRR = T R
IR B o -
- =t} 2 33 B B NI I R 0006
g : R E ) P iy
1] - O S a4 e | . ! : N
o i o o RE== jas=ped adndsdyaptivy e N P .
-1 -+t -4 - k- -4 . B A e + [y ¥ . Tw. [N N *
<+ -1 SRS . ~§ ~ S e -y - ‘. S . ' -—
-1 . !lx,Jﬁ...!T ﬂn,u. "‘.4 1= -] R R i e e - LA..:.ﬁHW - .|4.w|.n”.mu M A,,ﬁ ! bt . “ S R L ! =
g nenas] YM R A f e SN agud il 0ot 1 d SR DI SIS R R L - . . -
R R e e SIS : .
I EENN NS RS pan e L R JT\J; Lr.m, HRCRES & RERER S y N
L H Farz i
B “ . e ®
- - 1 - B ’
- - 3 -




RE

¥oeM pIg 3o wvivg

e

cLueLgzIxd

we9

-
wz:mmr

TR

-
i

iIgglen int

nilsl

J

T

.«Ll?»‘iﬂﬂ i

N

¥

zLueL ZOYL

ZLueLozZpan

weg

[4

-

zLuepgzang

weg

H

2
5

0X3 PITITIVLPT sx9j2weaIrvd bugsn ‘Yyadm-yip uy Huglzsewdaxold - §°'p °*Hra

ajep

swyy

‘owps peet

. 000§

»
: ;
1] 1 ’
& - . - " . .

Jh 09 g5 wv (o] (014 (0] § Q0 o1~ sInoy
PR . D LN S B .. . 3 » > . ¥ . N -v . P
51 RS SN I INE I 1E AR I A SRR AR R] RIS S IRRERAERE | ERR RN P I EE DU FARS s B
1 prrts Q.Au...um”” REEE ".H... [ ‘b .wﬁl. s oe IR IBRE! y . . PR .o
el . Ve R ‘ » . ) ‘ b 4 da b, 4 PN . . PR .
SRR RN E R R R R AR 1 B RIS "WW»MHMNW"“MHMN““wN EREREE § IEEREE REN IRENE
%..n.ﬁuﬁ HISEEE MR ER- R NI ZEEBEREESESSS SASEEE SRNTINERINERS § SR8 SEEEN & :
iriy *;‘ﬂ”‘ RIS AR Pl SR R R IR IR A N AR ] 52 R =S TR TN e 55

. iy —— .
S E—————— ! R - .
IR ERE BREES: sTen3dw ;t A ERENEE R RS N RREEE B R IRERE § SERRE RECHE T
;‘.x..xo‘wlo! ;.1 N . . TR 1 .w + V1 PR P . . .
uwud.”‘ AT Z R (R EEEE | "CIE N I ! MRS B S SN
i Tl 4 4 3JHERIBIOF [0V EEEER S ¢ . N MBI SR TIPSR I : N BEERD
4«”?... ﬁn\ﬂ.« 4 . u-n u » .n» .o .o ‘~ N oy . . + . O Y » P
Eadat RRAEEE NEREY CEL i SRS MRS Y SEEIE DR DERREE § BN SRS I
ISR IREREY REERE I ERERVRRERRE T T TT] Buyaseoaxoz | BuTaal 1Yy =
! byt : CEF e tid IR EEEERE RIS I N St fvd . .
4 PEN . f e + . + P DRI v « e
SN 4 S P N HERIDE B
[ . « » . Y CRL I S| .o 0 »
b ! ; , : S S . R
. 3 K AT I 5
)
e g ! < : O | |
NI SRR B | . \
A I - A JUNN ERTERE FU 4y
S R R ' S URA /N ERDURE SN +)
' R ! P AR ‘ . »
— T—— - .{.l..oLl.L_T pas
. . : . . - .
. 1 .
o . . A -
. : R SN N
o - - ' ] gt i [ o em b
3 g . : . .
- L : SR\ IR e
4 v .
NS EREET VRO (TR N R A LY Lo
SRR RERERA: INEURE R AEREE V4RI DR S: Py
' cad o b Z N 4 W . T
BRESEF (R EERNSt:| FNSRRL RSEEY LEREES BN I
1 SRS SREE SARESENHE A SESESE t BT B L te
» e :YLnL - Vﬁ.y .m RS SERTEasnt 144 - ».—n : — f el § . s 3 : wuw w.!»..w 1.
— . - - B — e - R4 4 -4 - - - -4 - .
BZ G EaT RE Sy “w aRERE BE JE= SR ‘WTV 2IBRERINSRES 11 B
— Lm 43 st ed A4 334 “‘- u‘ -3 L ‘*:. - v..fo po= -t w..lrl.. . g S
= 1 g : el SR Ree  stell i dway Sith v 1 ou SR Oy o O v =11 |
T T R NG + s 35 aS g8 Be = rt i
Rete -3 WW.UW S N y o o o 0 i 40 B0 we i
oF = = oy s - I AL S I+ -
=1 ¥ pry (m 10 o R S dibanp ahiny -5 g o p X
¥ T e R KT -
= o IR ES N +- T H3F 3
-1 Sl s oy paahy u . o i - N 2 .
Tt BERES ERESE IHE RLEONE VRSEEESESSEELLL 382 ek I e o i 4
e - bk pobod s it - - e 18 - o N ne s
- !¢* I#U.J xu.“malldm‘.r m.»uﬁ. g e o PUg S ﬂl.\w\mu‘l» i 8 W. om., r.;L»W
[~ - [ G T PRI £ o R SDGN o o - N .
shegls "ESRe A ASREINIRERIE JENEE. 1~ S SRS URREEE svus BE BRESL SR (ONEE | AECES FRESRS
—T D von s T e O S PO ST MM . .Qﬁuxrl 8 Sipe fU R A N RO - + <t e — b - b
—gond 4 = by [ . [P ST 1 RS P R e L T e w!‘r ~d e ¥ e i g
& AN eIt g 08 S J4 oy oL SRR B 2 RS VAR BP0t Sy i g IDAURE, -SSR U T by 2l B
R =R . - - RS RN DI =g eine PSS P apauere o
5. DY E K N I 2 ’ IERREE SEEEES) R .
SORRUEBNERES B d A i NS ISR SR R RS LIRS B !
RV oL s . L . . RETEE NEA -
oLl et . . E IR VIt HYW.n IO O ~. >t
= - = - . Lo e P I . T .
by N - . = L |-+ ¢ 4er . . . .
Dot H Y LY A /
= 4 ove- -
- = : A ¥ Lo
. = . 2T . !
. 2 . ] !
y iz - : MR . |
£ - . s
. 3 5 i N }
- =
s -
¢ ‘ “ + -
> . m ”

kY

;




B . : .
g .
4 . -
~ . ©i . M . . . % g
i+ L4 . .
- . . |E . .
. 5 3tes3t Y29M Y3Ip FOo v3IPQ WOIF . . - )
N ' e ] - 1
cuwwﬁunwv.n sx9joweIvwg Buysn ‘YyYasm Yy uyr burisesexold - 9°'y 613 - . ¢
B )
) ﬁ. m . . N - * ’ ’
- TLURLBT TS 2 { ziueprznyy, ZLURLIZPIM zLuepszong . 93ep
o -
. = .. m . - E .
wdg N weg H £ udg N weg W wdg N wpo W wdg N weg .| T o
. % . ) s a2, .
2 .
oL 09 .08 & ov o€ oz \ om .00 o..T sInoy ‘owmyy peel .
SEe s Sy = Sl e s st e e & e S Iefoet I St 2 REUES £ R Pyt o ;
1§ ,A.H by ok T B = s }“Jml 4 SR SRSREN cuas] BENES m Nl (b dhpmadgouy o
= 1 313 i e eYRER e SR S R T E I BERSRg LR iy 0 3
; } SERSAERe o ,ﬁwl,. S ES TSR BERSE - S
= 3o ” - E 21~ ; 3o+ u B4 o S (EREEG -1 000S . -
— . . & SN QDOR G Epuy B ——d e ISR s .
! s EEaE = 31 e eI M« AR RE IR\ B R s SR b
] e T Ry B Sm i mm i & Sud ik GEAE ISl Gt o .
T E FrEEEE SESHS SRR R ea s ot S Co s Bl H Ll C R =
‘l;%r ..H Y &.—“U“ r AW- SRR e ToEECL S . . b w R SRS .
§EEas T FINIOV e CEEEERT ] Butaseoezoz |butaeaTis i T | :
'y 4 -t —4 - - — b4} -4-4-1- ¥ L - v
. i TEERE i e+ 4 :3seddIoy L] ERJaRcEi SEESE RS EugRSERCEoN S RNERE FORUNS IR B
Pumdelo ik T e . 0 0 1 0% 0 &5 o R0 g s PO I It e oS4 SR RS SO . , . -
™ R =t S Ly m_wm M 283 I vlﬁm‘ _.“w w Pt ‘r%. H S v . ) . 0009
e~ AR ML Y ERSEEREREN I R S .
i - e [ AT it i T L . . . R
t = .m_..::,»_.”* NS T S ~ . ' 4 4
H l@l SE "T B I L .v-..,w.“..‘ M . ! “ - .
Tl & P R4 o S RERS SRDERE RN oL - e e P 4\
.m;nw . = .JT.I.. Frig SEER ETRATE S : R ¥ .
ey TR W,...H.wvw 38 RN AP K » : ) .
» Eyss LB URR SRR RN RS oy 4
= R e Tl .*7 . * Th S - PR o . .
NN I | f NEERRIRERS! : Sl 000L
T HANRER 1 T T — > ; - i .
o HEHE bEC A SREEEARNETE SAEEE SUNEEEL ¢ DERRY SAT ey : .
- 1= CELTL z Syfintinot RIS BEERL 2 R Krw I SO TR
= S5 R B = RS BRI I 1* RS || SESnu SRR REE B it
34 s SRR EREREdSSNET o s g SHEREE oo 434 uH‘T« SRR SR TRYN
3 WLW S ISCEgE iZRRREAE ..xﬁ_mm.uw SEEL SERENNE S
e - tenbEs cARB=EE o Sy S .
- - Beapps o % 4 1L Blameg i o - 1 08 on gl SRS o
g s 2 ] . 2:'§87. 35358 G .
- = Y r = Sttt 0008
Y- - ¥ 33 - - M- jl.l.mru
- -4 s - = e engl =t alom meed by s51
: : 3 EEsesesa
- y Y = c - 'rJ..Mluw e 3
T 24 {5 Y e AR EENRSSERIR RS snoE R ERNREE X
0 N I, - po o 0 00 = DE b Rl R
: R TRBEe s oo o e FEETH > S SN a s D R SO 1 ~ .
= AR o o o S5 o A - oy ENHEEE b - srcroh S8 B IR I ERRUAEE R B )
: SRR TR PR R NEs ERERERASE SEnEES (REGREE SREERE R A EE AT ke Rt 0006 .
— - - - "y & N} R QRGP £ QU G i ST S0 hy G 5 EEESER] - - - T - e NREERS - - 3 s . s
BESEESERERAS um\-x”xi b T T S e R ..wi,‘ff S AERES S RRURE S | ERDE R SS REEN &
B B ok o 55 s Bt - 3 I = et Ar..T. 3 w,ﬂ M i oy a.. H } y | ' “ e .._., ' 1
- o e | 1 IR {0 RS { *. . SRR i [ B .
N TR B R i e S e s - .
SR Sl S SRR aRa N EngR SRS SARR RGN FRREEE PERE A 1 AR B :
o FF I F T : P OERIEEEE ERERESEEREE RS IR = TrT -
g - \ Z . - IR - P '
. e R I I I T A T S B — - :
LN EE N FI R RS- A f+ N . . -
- ERSEE RREREN FEES| A B0 RER RRNRE N ¥ N BN T < |
- . nm. “..w. - - .
iz : ) L
NW - S~ R 4



|
|
|
|
|
|
J

T andh wied aodwd 2 adiiaden
w

Xy
b

-—

N -

¥a99M 3ST JO e3vqg WOIXJ PITITIUIPT sI23awered. buysn

“
Y

“

fy939M TINI BuUO0 03 mzmmweﬁa.vqu Y3TM pue Ye9M puz ut bujuuybeqg peoT buyjysesazog - hpq ‘bta

zLuergiang o cLuURLHTTAL . TLURLETNYL - ZLUeLZTPIM o
3 uu f~ .
% .ot - -
wdg N ureg 144 udg _ N ureg W wdg N weg ‘- W wdg N weg
< vnw -
N % -
$9T 09T 0ST //% 0 09 0s op of 0z 0T 00 \sanoy :
) | . ] ‘oudyy peay
, ,an; TR A | [BRSEEDEE E SESSERARRE S ERSR RS ais YRt nySsng -_wuw.nm,u IR S *.x. RIS I b . ¢ 7
13 + 4t B S REEE R ST RN SEEIEN SR [ i b 3 SPEEIT BRI . M
0 2 e e s s Tt 1 -Sbus gl S S AL IPabaRibAsan (IS il Slalbabdin ol wh i an doi gbdbgl oo 34 ‘ﬁfrl.ﬁmw et i e Ty 7 1
o g d4u44vaWﬂ. SRR RIS nﬂwvrhﬁwnﬁﬂx SENSEcEaby ISSISS SESTSA EINEERE =
) Bt Muuud e R e S E R S g R R e e e R R XS SRS RN RSNG| SRR Py
'y i + - 4 PN R S 3 < e - 4 —r—f b - DYt S Vet 4 —y oy e PSRRI . .- :
- : T - iTen3yoe .-, Hm‘ﬁd ;;rﬁ.mrmwhnr rWWtJJ SRR o223 cEa=nd ASREl SEEERE HEFN l
o : E=RTNe 5 . Trlgipnrbeee ple e e 0 Ham e e b2 s L pupgenaao |putxa3TY )
. N EECEEEEEERE e # +  saseddxoy o I THES R RN T RS-0 e e ¥ 3|PUTIR3ITE
' CETT S e, v pd e ool P RN R P et R E AT Sl AR -y o’
¢ LY - - . - J ~ 4 - . H + "
SRER = i=cESNERERER EESEES REERNE SN ONY ERS=c IR EES SERSRE BERETE BRI A t
1t l@ﬁw.l u I.u.r‘m.t, - Ay o. . u.v c;n» b-4 4 P 7”4 -;A‘A —aafos . P AQ» N s “ -
i By i b3 SPEI & . e ST B St LI .
S S I ) St S A IR £ S RN RS EERE S SRS : 17708 . {
-« hdnd == 00 BRG v REEREN & SIS Y SRR AR RES CRRE . b L .
" IS IPu o S T ; P P PR
: ~ A MO A BIREE EEE T /B2 ¥ — ——00Q9 .
SRS PR AY SRE R i, b S DRREE S _ u -
i S ENSE RERHEE RSy oo TS RN k. :
M - PRRAE G g " - & .. 1 ‘ e 41 PR S f
ty f Sy e 4 H N |- P o + . PO BN N 1 '
. privagt b B S ERatE B ENRES 4. TR .. o s
PR T ERV I R RS RSS! I PN | T
L brp SN RER e hE . . .
TR IRER S KRR ARRERES |- ‘ N R ¢ ¢ ; .
W‘LW“T,”:I, ) 4 AL B N i TN ot !
~ 13 ¢.vh.— \«..u_ i N B e bl v - OOOF
100 A 0 e B ) B o8 SRS WP S s P SR VRS 6 % wiRdbl Sy N I M
U e N EagE 3 z DU S : PON S SN . - | N N
N 7 el CANRIN BE1 'ERR B .
- b eyt d e e b - sl B o - W S 4 .
o #Humﬂuysw. EAEE AnRel HpS YRESE 43 45 S /RS Real - .. S
y 2% ADa 1 T HY TiT=T v - " //
! el g a3 et ree= s +
, X - y 18 - H 3 e ¥ Pee o Y
X 3 g R TeasadS =
S=2 H SEEseh e TET SRR 1
= = sdygims =1, vt wbep g g S gratel o iy T
+ - rol g aw & Juep i v PR 1 -
H X [ PR mven s Gra §9 Shangt Sl
B pstovin bgtiviidl I qnateld P -
s i ﬁr!ﬁWﬁi&Hﬁn‘UHu S
] E Lo o apge ol Sapu SR iy Stabed &. N
RO PRI ARG U apur S) Snpamt Y = .
b4 4 b= e bt e - e - At e ~ .
; o S RERY oondbl B SERN
Pasinquas & R » —f o b - SN N
" e g RESE N BRI § =L
) i el Sicesns SIS BN I My
N Sk SEPE EEEERE EREEEY EIEEw 0006 .
g RS B R B '
L3 EEELSH SR SUEE IS B m :
: EE: EESEES RSt BNt : N
r - . s 9- et B
-5 : |
ry ! )
H - . | “ .
[} - « : ..n
} m. -
“w 1 ' s
}




CHAPTER 5

, . DISCUSSION AND TONCLUSTONS

-

[ : o K
s ¥ J ’

5.1 . Discussion of Results

5.1.1 Calculation)of temperature-dependent variable u(t)

~ N

muuh:TdL-uhd a....«.aum TJX:Z’I mmmz:ﬁz&*‘"‘ wmlgﬁﬁgmﬁd“ lev S S8
’ . " temperature T of Table 2 affects calculation of u(t). In

T fact,.for January at Dorval where-ﬁhe record maxjimuam
- temperature [5] is 44 8°F on 26Jan43, eqn. (3. 15) xeduces i
to u(t) = T-- T. The effect of u(t) on modelling of . load I
am z(t) can bewrisualized by reference to ‘eqns. (3.2a), (3.6)
and Table 8. Botential for reducing such noise is illus-
trated by the fact Enat normal Dorval mean temperatures
for’ January drop gradually throughout the month by about
. 8°F [5], correéspohding to 6.16°F per day. Averaéing of
historigal temperatures could begin with a twenty-year
exponential average. . After this initial caiculation, it
would not be neceseary to ;tore twentyiyear temperatures

| . » “ ‘ / . .
B . since exponential weighting requires storing only the“'

4

2

previous weighted average, withuconsequent‘gnmothing,

. o 5.1.2 'Parameter stgftiné values ‘
| | The. starting values of Table 7 producec convergence
to the identified values for, lst ufek (96 data points) in e
' ‘ E 100 iterations requiring 96 seconds of EPU time. Computer.
. output is in Appendix A9 to All. Starting values could ‘

P have been applied if deSired fOr identification using

. &

',:: .



.
~

+

-

- .
three weeks' data. If they had beeh applied, require?//%")
i ‘ CPU time can be estimated as 300 to 450 seconds (Appen-

~

dix A30, A3l and Table 9). Thus, we have demonstrated
that starting values, which are only roughly estimated,
result in satisfactory computing time for off-line calcu-

oo lation in at least this one case.

“t“’”‘“’-m;__::::a5+lf3_-Ideagiikgagien:eﬁgparametezs.““wmueuf:»mw S T

o v N\ ' . Starting values for the initial caLculation are

A
-

. ' required once only and, therefore, are not very important,
provided that the following two questions can be answered
- in the affirmative:
N 4

“{A) Can we use parameters, identified one week ago

from data of the three preceeding weeks, as starting

values for a similar off llne calculatlon th1s week, with

»

reasonable requirements on gﬁe computer for computation

b

N time? > |

“(B) Will various sets of paraﬁeter‘starting values

I

give identical rebults? oy 5
Table 9 summarizes the CPU t1me,requ1red when uSLng
prevxously calculated sets of parameters as startlng

4
values for the new comgutatxpn. Ip‘actual practice, we

0. - ' wegld identify parameters using data from a three-week
(288 data points) sample, using etartfhg values ®dentified
k " 2
from data of a similar sample one week earlier., This pro~
/ -cedure can be expected to éive startingyvalues.cloeer to

final values than those we used for Table 9.. On' the con-

servative side, however, we can allow around 7 minutes of .




TABLE 9

B

Idenafication using previously calculated Parameters
S as Starting Values

'
1

SCLTTarsn AL o R = . . az_ a 5w
o nﬂmn}hil\ﬂl‘i\m“‘\ 114t 3 " ORTRY - IRTRY " . - S - ST . ARSI mnmm.}ummmmm

o /S tarting . N , Time per '
Values from | Parameters e, 6] Data Point,
/Data of =~ ' | Computed for| Iterations ‘Seconde Seconds

fo

sea Section
3.6 '

‘

74

g

7

) 1st week




CPU time to calculate parameters for ‘a three-week (288 . y

data point) sample, using parameters identified from a

simklar computation made one week earller as starting
va%;\a.——5trictly speaking, of course, this statement S .

applies only to January 1972. - ° :

p . In any case, CPU time of approxlmately 7 mlnutes

e e e e e e v e e = = =

iln:ﬁiis‘é)ii&s;ﬁiiitiﬁiﬁfiﬁtﬁiii&iﬁi‘ﬁs‘;iﬁi&é’&gz iuxﬁg“meuu very favour ab Ty wi th 25 to 30 mlnu tes repor te a
N by Galiana [2]. FactorngOntrlbutlng to the xmp;pvement
. . probably %gclude the following: , ) f

|

i

|

.

(1) We may haVe used starting values closer to the -
final values. Gallana appagently ‘calculated starting |
|

values by weighted least square;\estlmatlon. ‘We are

e ’ assuming use of parameters from the previous identifi-'

.

‘cation ‘are to be used'as'sta:;;ng vglues for the 'current -
’ . . N ¢ ' 4 \\
» idenfificatign.c -. - “ , V
/ .8 K N

(2) - We used a coc 6400 omputet whlch has greater

*

" 'word length than the\\; 0/65 used by Gallana (double
" precisién in both cases) . s
\(;! In user progran calculating tt:jgradient \

S of J, we limited X number offSubfoutines, rogramming

directly gome of the simple calculatlcns for wh ch
I 1~ I _ sﬁ&entific subroutlnes are available. . \.@gﬁ

i ? f . g

g : (4) We increased the tolerance "EPS" in tHe

. i pletcher Powell scientific subroutine DFMFP fiom 10713

RIS ‘ | to 107>, As can be seen from the values of parameters - '
v . ’ ' ’ a S r .
: & SR during iteration in Appendix Al0 to A31l, a’larger value
|
|

could be used in individual cages, butleSP=p&1E—04"~ Lo

' ' . ®

N “ - . B LN
. N e, - LS 8 Ce
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iety of starting-values - . j

" - was adequately small for a va

~ ~

e : . N ’ ‘
and input data (the results are not; all included in.the - -
\ . Appendix). 1In actual implementation,’ the value of EPS -
(e . : N
as well as the iterations limit would be adjusted to suit.

-

-t Thus, requirement {(A), at least within.the limits of

.

~

*  our experiments, is satisfied.

- . M

“Concerning réquiremené~?8), we still have no guér-
antee, but computer out%uts ip Appendix A20 to A23 and
A27 to A3l show that various pérametérﬂst?rting values
do yield identical rgsuits. Additional experiment;, not,
included in the Appendix, were run, and in;EVery case
results were indépendent of starting values. )

i Appgndix A27 to A29~shbw§‘£he effch of offsetting,
.starting valuessalternately‘lé% lower and hig&er than *
final vgldes. Computation waé'étopped at 140 iterations,
Eorresﬁon@ing.té nearly Soo‘geconds of'CPU time.  Progress
in fhe proper direction, however, is evident. Favouring
pf'ce;;;Iﬁ\paraweters-in succession in the search for

§ '
f

steepest descent can be observed.

?
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and bi’ﬁs sometimes of greater magnitude than b,. The

5.1.4 " Oxder of the model : B } . -

. System roots, m, corresponding to’ parameter

values'al and a, listed in Table 8, can - be calculated

from the characterlstlc equatzon m2 - am - a, =0,

and they are:. | ' \.\\
| o . o S N
0.571 and -0.466 for data of lst week - D
0.610 and -0.48¢ for data of 2nd week - \\1:>x\\\\
| 0.687 and -0.477 for data of 3rd week .. . LT

0.793 and -0.491 for data of three weeks
and 0.674 and <0.437 for data-of 4th week o

- L

4 o \ -

For any palr of thesq roots to be complex, a, would have

to be negative. Complex roots would indicate the resi-

J \ i
3

e i

dual model flttlng some ‘of the harmonlc which belongs to

>
the periodic. Also, x7 and x;q

in size. The above observations do/not'prove, hdwever,

are conSLStently significant

that the 7th Harmonic is justified. 1It.is interesting to

note in Table 8 that a, is consistently greater than a

N

'above observations suggest trial of higher order in a and -

perhaps in b, though 8th harmonic also could be tried,

-

Aside from trial and error, fur ther information could be

obtained by statxstical testing, such -as butlined in

section 2.6. - T o .

" “The basid forecast into 4th week,using parameters
o .

5.1.5 Porecastigg

identified from data of three weeks, is illustrated in
. 2 '

Y




e t‘ ' r s

- mean error = (1/t)

R ) -

" Pig. 4.2. 'rhe afternoon peak, 8Q important in operat:.on, .
‘i.s foreca.sted ato the correct t.ime. It is appare%t th.at
the pedks might be even more clearly defined bywycdifylng
-the program to calculate the forecast half an hour each’

" side of noon and 6 p.m. éhe greatesteerror, at 2 a.m.

. and 6 a.ms of 28Jan72, is 422 MW (as ‘shown in Appendix
A40, for lead times of 51 and 55 hours) . As a maxunum, ‘

. this error of °4.8% of peak 1oad for the day (8719 MW at
5:30 p.m.) can be tolerated. 'The computer output for

‘this bqsic forecast i.é in Append:.x A38 to A40. "The -
firét,*secdnd, fourth, and.fifth columns under/fpre-
casting list the lead time in hours, and’ the followuxg
quaneities calculated from th[ Kalman predlction algo~- ]
rithms of eqn. (3.23): periodic component, forecasted
load, and standard deviation of prediction error. The
other four columns list quantities aveilable only in
retrospect in any actual 'forecast and are calculated hefre
for evaluation and analysis. They are act}al values of
.load’, prediction error, mean error, and standard devi-

-

ation of this error. The mean error is simply the arith-

metic average of error up to lead time t: PSR W

— T o

e

e




- L\’\ .
. JI - ’ ‘W’ l ) L .
5\\ J \\~ﬁ “* standard formula [17] jincorporating Besselfs correction:
. . , . Co- t 2 ‘ t 2 - iu
CoL © _+ ACT. 8.D. = [(L ef = (I,e)"/t)/(t-1)] (5.2)

\
i=1 . 1.

‘ f e
Under “ffltering“, the eight columns are similar” to those

. ' 1

/ . under "forécasting" N »

] b ¥ -
4

In the b§51c forecast, the actual standard dev1atlon
4
i e does ‘not exceed 151 calculated ‘from the Kalman prediction

1 ‘ R N
mdt’ algorlthmsi /The mean error, however, is not zero, and ,we

4 qa N, Y . e

can calculate the root mean square error as a criterion
, ¢ - S .
for the quality of the forecast. From egqns. (5.1) and

(5.@), pi§I§§\Bessel s correction [17], . < s 4
. I = 5 ‘) , ]
g , ( L. eY/(t-1l) = (ACT. S.D. + [( Z e ) t [t/(t-l)] .
™ i=1 * ; ' » 1=1)| ) i
T T@} \p

so. that rms error = [(ACT. S.vD.)2 +:(MEAN'ERR.)2(\t/(~t*l)L3

. : o . (5.3)
* For example, for the entire forecast, the rms.predictién

error is: ' o . T

o -
. e . -

(126.40% + 203.10°

P,

(7277101} = 240 MW

3

Y N ~ - ‘
-This rms error of 2.6% of peak load.of 9,099 MW is

\

acceptable. Parameters, identified from data of»the

~ .- 1ndLV1dua1 four weeks'ef January, clearly are nat constant,
as can be seen in Table 8. Even the mean and the variance /.

N . u ¥
(Q) are not constant.: Our intent, howeveru was to update




« =~ g g _[
.‘,.~ ' i . .

v, N

- r s . N .
- ‘. 1, 4
. ) ~ 83 - .
. - - .
- B .
s K
. N

. the Eparametera weekly, recognizihé that they would cg'x&nge,

s yeg.'.ho'pipg that the changes would be m‘uail enough to give
a satisfactory forecast: Our bagié¢ forecast is indeed

' acceptable. With these quai(x.ficatx.ons then, our assump-
. |
tion of effective statlstlcal stauon:nty is valid for - N
our purpose. A ‘
(e

%Y  Porecasts madé, “using parameters identified £rom one
. week's data, were intended for analysis of the basic fore-
cast. Thede forecasts are reasonably successful on their

own however, as shown in Flgs. 4.3 to 4.7 and the 1eft

s
portion of 'rable 10. " In particular, the forecasts in

A . ) #
. Figs. 4.5 and 4.2, using parameters (Table.s) identified
. . - ’from data of the single prev1ous week, and three weeks,
P are 8j.milar._ll:herefore, 96 data poxnts—marbe*suffrciénf -

“w o

if the parameters ,identxf:.ed from them are used to mod:.fy
. those pi:eviou_sly calcul‘#ted. o \
The forecast in Fig. 4.7 has lead times up to 168
hours, or one full week. It, like all the other forecasts, )
! depends for its success on validity of parameters through- ﬁ
5 ‘ out the forecast penod. S ]
The forecast in Flg. 4.6 can be accomplished only in
‘x:etroapect since the parameters are identified from data
$ _ . of the forecasted week itself: these data are unavailable
. ‘ ' until theveek has'passgfcl. . "rhe‘h.q;xalityof the forecast .,
. shows that the identified parametéx:s are indeed valid for
‘ ' the puticular week, and that our mathemat:.cal model usi.ng

then describes the system well. In particular, “the mean




TABLE 10

i

-

. .
.Summary of Actual Standard Deviations, Means, and ms Exrors

g for five forecasts into 4th week, with 1n§rovuuxtt that would-
‘ :esult if we could substitute 7599.4 for the single pazameter
xp, loaving other parameters unchanged. "o
) o !
‘_ - ’ l R . -
) o
. . *
Parameters | Actual Acﬁal‘ Actual|l Altered] Change | Altered
identified Refer Standard | Me ms Mean -in Mean| mms
from Data of] to Pig.] Deviati or ‘| Error Erxrror Error Error -
1st week v ” R
1 0a r.o/ 073an 4.3 127 2153 178 159
T ) - " \
2nd weak N . p
“T11 to 147an] *° 137 302 337 142/1
e ;
. ] ;
] 3xd week. . . ) . - ’
18 to 217an 4.5. “155 21.4. 207 ‘ 128
three, weeks . - o
linad 4.2 ‘ 126 ' . 203 244 ' 1?7
1, Eh veek | (g6 (88) ﬂ (0 0 | (esr
25 to 28Jan - * ' i
, ~a . ’
< o
L £ e ’ W e
— \ - :
3 ‘ - . , :—K:.
b %
.Y he - w~~~,’..,_<__~,.._.,:~m...~_,. :
Y .‘ ] . \ 3 ‘\
f i
o * " “vilc:.«l—k,.{a*{r*:r:n‘-}& we lye.
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o )

1<)

' &rror is appfoximately zero and the actégl .standard .

4

deviation approx;mates that calculated by the Kalman

pred1c¢3g§$ilgorlthns dur1§5 the forecasq - There is
Some day—to-day‘varlatlon which lndlcates that models
for Tuesday, Wednesday, Thursday and Frlday could be

made slightly dlfferent, and ‘such a. p0551b111ty will be

.

cons;dered shortly. -

’

Now we shall consider weather factors other than
i
temperature in ‘4th.week in relation to the other three

weeks of Jan72. Weather records 5] show. that 4th week
was windier and sunnier. As can be seen from Figs. 4 1
and Table 11, sunset and onslaught of evenlng llghtlng

. load c01nc1ded closely and 1ncrea51ngly so as the month

. ..

week, to be high. Changes in i
- . ,

-wind and iliumin&tipn as weather factors in oﬁr‘modelii

perressed. 'In the Montrealsrarea, wind has been found to

increase winter heating load congiderabiy/[al}, There~

P

.fore, we should expect xo, in Tz%le 8, for data of 4th . -
1%l

umination tend to give
changes in temperature in the same direction. In winter
then, the effect on load of such temperature changes may
ee compounded with{changés in 1ighFing~lbad. . us, wind
and illumination may explain ehe large b0'=b1' 4th week,.

Many electric utilities treat illumination as an impor-

tani-weather'fa6£or'iﬁ load forecasts, particularly if a

&

significant-portion of the load is domestic and commercial
i

Ny

F—

[4] as applies'to Hydro-Québec. It appears that”our fore-

cast in 4th week would be lore accurate if we included




a

Time of Sunset, ~Dorva1: January 1972

4

Date in Time of  Sunset]
Jan72 ., EST |}
1 T 421
2 4:22
3 4:23
4 4:24
51! .4:24
6 4:26.

R | 4:27 .
8 4:28 d
9 4:29
10 4:30
n a3
¢ 12 - 4:32
13 ' 4:34
14 435
15. 4136
. 1le 4:38 .
17 4:39 .
18 440
19 ) 4:42
20 -+ 4143
21 4:45
' e
22 4:4¢
23 4148
24 4:149-
25 4:59
26 , 4152
27 . 4153
28 4:55
29 4:56 ‘
[ 30 4157
il 4159

PP
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Generally, in our forecastsxmnch.of the error can

.
.
:
\
‘ .
L
)

Gl Rt
s
e

AR o4

be seen as ‘a shift in the mean for the forecasted week

E - . or for an " individual day in  that week. The mean of
z(t) through one, Or any lntegral number ‘of days, con-a

'sists of the mean xg of the perlodlc component plus the
- P LN

3
.

mean of E?i(t) as can be seen from eqns. .(3.2a) and -
. (‘ L]
! ’ . » -
_ (3.14c) . For zero-mean noise, the' mean of ch(t) is ' .
e J : i ’ v ) . ‘ ® '

determined by weather factors once A and B are fixed,

as can be ‘seen from eqn. (3.13). In: short then, “the

mean of z(t), through any integral number 3& days, is

i xg adjusted for off-normal weather. If a pattern of

, weekly mean load” has.been estaﬁilshed from past load
‘ ¥ ~
o ~data on the basis of normal weather we can use these: - :)

L)

mean values to'adjust.xg for the forecasted.week. Simi-
larly,-if we know how the‘meqn loads for the various days

of the week normally compare, xg can be adjusted daily

N

_on their basis. We ate_ thus recognizing that the system’
parameters are not thoroughly constant throughout the

data plus forecast period, and areiapplying adjustment to

. ©  a single ‘parameter as an approximation to their char je.
' The right side of Table 10 shows the improvement in fore-

. c'asts that wohld result if somehow we wdre able tO anti=

DO
\

! '/cipate 7599 4 MW as a good value to use for xg when fore-

. 'casting into 4th week. This hypothetical improvement can

| be visualized in the graphs listed in the second column '’ "

-

of this table with all forecast points raised the amount
" listed in column 7.

k.

l
l
|
I
i

3

3

' .2
R S8
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5.2 Concluding Remarks -

-

<

- 88, -

O

b . . v

.

Forecast of \:load thxodgh 26 to 28Jan72~ is satis-.
facfbry on tHe basis bf°acduraﬁy and computgf Eimé.
for off-line computation.of parameters, identifying’
tﬂese parameters using data of the first three 4-day -
weeks of Jan72. The daily peak load is forécéstéd with
timing as close as discernible ‘from hourly forecasts.

Calculation of normal- temperatures, required in

determining the'temperat_:ure-—deéende'nt varjable u(t), could

be improved by taking an exponential;y-weighi:ed’ average

- of tempefatures through the past twenty years: This pro'-

cedure would provide some smoothing and eliminate the need

for storing.historical ‘tempei'éitqres . .

v ow !

. Concerning identificatz’or; of parameters, solution °

values were found to be identical for all starting values

tried, _cdrresponding to any particular set of data (load

z(t) and tempeiature-—debendent variable \u(t)). Also,

" parameters identified, using a three-week set of data,
& '

°

. . R
‘were found to be suitable starting values for a similar

,calculation one week.later, off-line central processor

“-time required for such.a weekly calculation being approxi-
f .

mate'lyf“l' minutes, Thiks computing time was obtained using .

_a CDC 6400 -computer. . ° . . : X
‘ Itimust b‘ee ’gnphésiz‘ed t.l;'at o;zr load _forecasté are
t;ésgd ol perfect ’texﬁperaturel fox;eqasts. We hre, there-.'

) fore, relying on accuracy and avdilability of long-tetm

temperature forecasts.:
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 third order. éould be tried concerning paraneters {a } and

' - . l‘ . ) 4 -, 8‘{9 - . T ‘ ot ‘l
\ . '~ 'SD . ..’ X ' ‘ . .‘,
s sqmucal checkl)ng and trial-and-error procedures L
¥ ’ v

c uould be requued to determlne optimum order of the model.

Values of identified parameters suggest, however, that

perhaps {b } ang, eighth harmonic in the pefiodic component |
These trJ.als would ﬁe made s not necessgrlly expectlng im-"-
provemen't of the\model in each case but to search for an -
optimum. : . . " ‘ .l

Referenoe to weather records mdlca@:ed “that the load )
forecast tlu:ough 26 to 28Jan72 would have been mproved

by including wind speed and probably 111ummatlon as

?

¢
, weather factors, in additipn to temperature already

- [

accounted for in the load model. e

- . . ¢

Also, predommant error in the’ forecasts appeared to

- -

be representable as a shift in average forecast of load
over one or several days. F Information ,available ror :
pattern of week],y maan lgad, and cou;parative mean loads
f.or‘ tfypioal days-of-week, mereforf, could be used to
adjust just one parame'ter xg. leaving values of othe s
;parameters as i.denr.ifie}d. '
'The basic forecast was. for “ioad through. 26 to 28Jan72,

unsing'parameters‘ identified from data of the preceeéing
‘ three 4-day vie,eks. Forecasts. made for analy'sj.s of the
oasic forecast, using. parameters iden"tifie;i from data of
one 4-day week), however; turned out to be reasonably

accurate in thexneelves, including one forecast with 1lead

times up to one full week. Possibly therefore, parameters
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- SUGGESTIONS FOR FURTHER WORK'
4 o ',' R ¢ .
o - .

6 1 Statistical Analysls £for Further Insight, Evaluatlon

and‘Possible ImprOVement | A . y
. T S - P

"6el.1 Statistlcal ‘checking

\'l

Statistlcal checking, as-outlrned in Sectlon 2. 6,

would give’further insight 1ntq the eystem. -In conlunc--

PR
L3

. tion with shch checking, trial—éndhérror experiments,

r

e

. 61,2 Separation of .load into four components or more

'vhrjiniéihe order of the mbdel (e.g. using ai,-a

2’ 3¢

0' bl' hz, instead of al, ay, bO' ‘b, ,Cand 031ng up to

1'
eighth harmonic instead of seventh) mlght be conducted.
J

Load at forecast -lead tlme L is: - .

x(£+n) T forecasted load + error Ain the forecast

: 2(l+n|n—f5 + [z(L+n) - 2(z+n{n-1)] ‘ %
’ 4 . ) 4 - ——
or, from eqn. (3.23f;':. ' S -
. | - R ’ ‘T ) \< A v
-z(2+n) = periodic component + € B u(&+n-1) '

+ ' 9
c g 2(2+n-1|n—1) + error ; o
' ) L I

~

The forecasting program can bé)altered to prlnt out all
fgur of these components. We already have print—outs of

two All ‘four then could be plotted ‘so as to observe

" their individual contributions to the make-up of the

load. If desired, further separation could be made, in&o

retrogressive parts. | y . : .'-‘ !
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6.1.3 Forecasting load without using weather forecast

~

e - ; In laddition to separation into four components as .
- ' above, identifi_.g:atix'm of parameters and foreéasting could’

[

| i be done setting bo‘= bl =0, anh‘g(t) = fO]. This pro~
\ . » -~ : . .

| ., cedure would ehable comparison of forecasting with and
| . .

» N \]
) without welather forecasts. It would give different
' results £rom!2(%+n) -y ET~,§_ u (2+g—i) , vobtainable from -

N . section 6.1.2. ' /\ NS e
| ' . . ‘,’, ‘ w .
i‘ . - ' N . - ';‘Eh .°$
. 6.2 Hm}w@_t_lcoaf . .
B ” . - N
A 6.2.1 Contlnuous forecasting through weekends, Mondays
- and holidays ' '
\ * ' R . e :
| -~ In actual p&ctice, forecasts of hourly load .

- would be updated each hour, and parameters would be up-

r dated off-—lme each week. Computer l.mplementation to the ’
extent of providing a continuous forecast through Satur-
days, Sundays, holidays, and weekdays including Mondays is
beyond the “Scope of the thesis. Work dpne in the thesis.

, - _— however, Qndicates that no gerious proble Qhould be
] ) ; Q expected. v [‘ o [

6.2.2 Porecasting in summer, spring and fall

A

" ' Forecastipg other than in January 1972 also is
‘,beybnd the scopke of this t:hesil.‘os7 In summer, as can be
seen for example in Pigg . 1.1 to 1.5, the afternoon peak
is much subdued in comparigon to winter. '
e Since annual peak loads tend to occur in sumer and
winter, most preli,minary work on load forecauting tends

W . B Al o -
R &. [ A L e B . R suvmeee ot S ﬁ» P
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to concentrate on those seasons. In gpring and fall,

however, Both load and weather exhibi eir maximuim

(
rates of change from week to week. Therefore, more

. care will be required regarding statistical statmnanty.

Also, heating and-cooling load may’ be encountered in the

» N .
~same week. Therefore, in general a compensating coeffi-

client will E:e rec';uirea’,’ debending on whether- heating or
M

_cooling load applies on calculating u(t). If is tcT be

_particular spring or -fall season.

hoped this coefficient can be constant throughout any
L

. 6..2.3 allowvance in load forecast for expected and -

’ t

unexpected events

. refuirements due to early factory closings on Election

~ until- rctum of operation to nornal.

p—

wogenAaint e
I ks B TR T T

Days, etc. Work can be done on how to adjust the load

l

|

|

|

l

1

o
The operatox:s may ‘anticipate changes An qeneratmg ) 1‘
|

i

forecast to use such informatibn, since such changes are 1
' |

an anomaly to our forecasting method. One of the most

7 ) 2

’comnon of such changes is a contract to buy or sell

+ . - » * .
e . , ~ N . . \
' . *

powex through tie—line& to other. electric utlllties.. In
general, a forecast’ into such periods might be executed
normally but treated as pfelimiL\ary, for adjustment by
simply adding the anticipated load di,sturﬁa‘noe to it. |

" Concarning \fnexpected events, anomaly detection is ‘
the first stap Galiana [3] includes some remaxkh ‘on
such detection and modification of the load ‘forecast

-

€
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6.3 consiﬂbraﬁionﬁ on Calculatién'bf Temperature-

' Dependent Variable u(t) R {

-

6.3.1 ' Heating and cooling load in same week -
An additional coefficient is%rquired in general, .

6.3.2 1Interpolation of:available forecdsts of maximum

. as mentioned in section 6.2.2.

and minimum temperatuyre

; o r Reliance on accuracy and availability ofxlong-
term forecasts of temperature is a serious limitation of

¢ our meth§d. \The‘electric utility. usually hasﬂitq GWn'

meteorologist. Also, the locél weather office usually

e issues forecasts of minimum and ﬁaximum femperatures with

lead time up to two days or more. From Dorv;;, estimated

times of occurrence o?,thése'maxima and minima are avail-

able by telephone. _

Work Ean be done on interpolation of hourly tempera-

tures from availablé forecasts of maxima and minima,

using ;them in the~}g;d forecast. Exdminatipp from an .
a;curacy viewpoint of\records éf such forecasts of maxima
and minima issued from Dorval indicates that such work is
worthwhile. ' ’ | L

6.3.3 'Obtaining normal temperatures by filtering of

historical data

.Normal temperatures i, Table 2, could be obtained

as suggested in section 5:1.1, i.e. by exponentially

o / -weighted averages followed by moving averages.
N . - ( '

K] -
-
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A T T

e

To go further, however, Historicai temperature~3&ta

‘might be repreaented~ﬁy“&ﬁ’§ﬁ€5;egressxve moving average!

(ARMA) series, filtered, applying the Kalman fllter.
This method would give statistically correct results and
reduce the apmewhat erratic variation seen in Table 2.

Use of Weather Factors other than Temperature for
\

Load Forecasting - . N

As suggested in Chapter 5, it looks worthwhile to

take into acdount wind velocity and illumination as well

as temperature as weather factors affecting load. In

v(

summer, another weather factor increasingly used [4] is
humidityv—beeaaseﬂof its effect on refrigeration and air

eonditioning load. Posslbly this factor should be used

instead of wind velocity for summex forecasts of Hydro- -

Québec‘load. ‘ o )

&
’335

§§paxaiion of Periodic and Residual é%mponents

6.5.1 Galiana

' !
Galiana [3] describes two methods of periodic
component separation. (a) data pre-filtering and (b)

weighted least squares identification of periodlc\com-

97

' ponent parameters {x;} followed by iteration.

6.5.2 Panuska : : Y

Panﬁska [21] has suggested 24-hour differencing

, f:ou which parameters {a;} and {bj} can be identified

£or oatimation, 9(t), of the residual component. Then

A ST v 2

‘.

Y

/
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the periodic parameters {xl} can be. identified from
!P(t) = g(t) —-Ylt). Iteration Between thé periodic

and stochastic components follows to convergence.

-

6.5.3 Averaging of three sets of periodic parameters, .

and’‘iteration

s _

In Table 8, for the particular Hydro-Québec data
of January 1972, the periodic parameters identified

using: three weeks' deta were closely equivalent to the

farerage of t@ose identified ndividually using data of

each of the three single week3< Such a hypothesis could

be tested as follows. ' .

As a preliminary, parameters would be identified

weekly, using data from the 81ngle\g\eceeding week. The

periodic parameters so obtained then would be modified

by averaging-in w1th those (stored) from two weg?s "and

three weeks ago. "The estimate 9 (t) of the periodic .
component would be calculated from the result and sub-
tracted from load data to give the estimated residual

component, enabling identification of the reeidual com-

_ponent parameters, {a } and {bj} For this latter iden-
tification. three weeks' data would be used. Iteration .

+ B
between residual and periodic components then would

proceed to convergenoe. . L .
6.5.4 Kalman filterin’g of periodic paramega, an

iteration

With Kalman filtering of periodic parameters aa

‘an extension, the " parameters would be identified¢uuing

, ; “
= PR T ¥ n DL «
DN ST N - . o8 &q g 2 ey g
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.data from -the aingle preceedlng week, . as An ‘section
6.5.3. The periodxc parameters, hONBVeI, wculd be .
filtered by Kalman filter to yleld a one-step predictiong R
‘Th?~pred§cted parameters would be a-forecast of those |
aéplicable to the forecast weekl. f:om‘them, the estiuate
of §p(t) would be ca}cﬁlaced #ndfﬁﬁe remaining orocedure
would be as in séction 6.5.3. o -
" Such ideée are appareuclf supoorted by ﬂijeéen and
Rosing unde; 'Furtper\neveIOpmengs' in reference &20].

6.5.5 *Segaration of periodic componént as a table pf.

values, followed by iteration

24-hour moving averages subtracted from loéd data,
thén averaged vertlcally,‘;ould produce a set of 124 &
values "to be used as ad‘approximation yp(t) of“the peri;
odic compoﬁeuﬁ.' Alternotively,'the more compiehensive '

. BLS seasonal factor method [14] could be used.

. : r -
Subtracting the above from load data, {ai and {bj}

could be identified from the difference. ,These values
then would be-used/to calculate an approxima ilon y(t) of'

the residual. \ ' : \

Treagment'

would yield a correction on ¥,(t). Iteration would con-

tinue to convergence.




6.6( Use of New Fletcher Method - ' - .

A program ZXPOWL for mintmiziné a function of n
.- C; variables, using a hodifi;ﬁ/Powell algorithm, is'obtain—
--able from thé follaw1ng address as part of the 'IMSL" )
%;kage. _ < \{ g '
Internatronal Matﬁematical Statistical Library
Suite 510
, 6200 Hillcroft
Houston, Texas 77036. (
1Fin§nciél resources do not permit ugé of ZXPOWL in this\‘
.rhesié. For actual .implementation in a power ;ystem,
however, saving in CPU time could make purchase well
;orth.khile.

¢

6.7 Hargreaves and Panuska

Recursive least squares identification can be per-
formed, using additional adaptive gain applied for para-
meters of ‘the periodic component only [23, 26]}. This gain
is a function of estimated variande'and‘approaches unity—

-as iterations proceed.
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APPENDIX
) - . e’f " -
Listing of Parameter Identification Program "ROWEL5"
i . ) ) l\\‘ 9'.

PROGRAN POWELS (INPUT,QUTPUT)
DIMENSION Z(500),U(S00),X(26),GRAD(26),H(430)
oxnenszon XX (260922 (500),4U(500) o i
UBLE PRECISION X,Z,U,F,6RAD,H , ' -
nnoulonta1112.u1 7NA ,NB; .NT,ND < , A
EKTERNAL FUNCT .

c g )

'c'speclrv NUMBER OF DATA POINTS,O0ROER OF MODEL,

C AND .READ STARTING VALUES OF 7£Ranereas :

., TIMEL=SECOND(TIME1) -

/. ns=1 :
NJ=& | L :
NDENS *NJ*24 . : . ‘ _ : . -

" NA=2 - : .
 NB=2 _ . , <
‘NXP=24S o " .
NT=NA+NB+NXP . . R . ~
READ 10, (XX(I),I=1,NT)
'10 FORMAT(8F10.3) . R
‘00 B =1, NT .
XCI)=XXCI) - - .
0O 9 I=1,NT C o
X¢IY=XX () '

©

; - ' ST
PRINY SIARTING-V‘LUES OF PARAMETERS . . A
PRINT 7 - - . . .
7 FORMAT(1HL,® ~ ®,7//) .

PRINT -11
‘11, FORMAT (10X, *BELON ARE PlRAHETER SIART!NG VILUES,IN THE FOLLCHWING

/AFORMAT®*,2/)

QO o >

' "ORINT 12

12 FORHAT(26!,'!1‘.11!,'!2',11!,'80‘.11!.}Bi‘,l,izx, T
1 %,6X ,* XP1 xp2 XP3 ®,7,14X, % *,6X,* XPh *7X

1,‘ XPS  3,7X,* XP& -*,TX,* XP?7 ",iﬂX, #,16X,* XP8 *7X
1,* xXPe QYX,‘ KPI“ ’,lyZZX,‘ XF11 %, 7X,* XP12 BTN, ® XPLI *,7X,*
1XP14 &) N
, PRINT 30 : C L /
PRINT 13,X(I), 131 ’"T,

13 FORMAT(ALY?X | - ,5(1!,012 5),I,Z(l?XQQQIX'Dizosl'I),30X'371X,012 s
1, pl,l?!gh'ﬂ.x 201245) o /)

c
© 4 C READ LOAD DATAZ,ANO 1snpena1une-uepsane&t OATATY
READ 185, (2Z(I)yI=1,ND) , ,
15 FORMAT(10X,12F5.0) ‘ L
READ 1€, (UUCT),I=1,ND) ‘ | : /
16 FORMAT(12F5.1) ‘ ' .
-7 00 & IsiyND - : '
ZCIy=22¢D) : , . o
& VLD =UUID) ‘ : .

rd

c :
_PRINT S8 __

\




- A2 -

" 50 FORHAT(iWI;iOX"BELOH ARE PARANETER VALUES OURING ITERATION,IN THE.
) 1 FOLLOWING FORNAT‘,III) .

PRINT 60 &
- 60 FORMAT (24X, *A4LN ,11X,‘A2‘111X 'BO‘,!iX,‘81‘./,12X,’NUNBER .. XPO. -
1 *,6X ,* XP1 XP2 XP3 %y /,1UXs*OF*,6X* XP4 *7X

14*% XPS *,7Xs* XP6 $,7Xy* XPT ’/,10Xp‘ITERﬂTION'916X" XP8 *7X
i,* xpg R,TX,* XP1O ¥,/ 922Xy* XP11 ',7)(,' XPiz 'g"X,' Xg.13 Y2 T
T 1XPLll ) , \ .
PRINT 29 i ;-“,
29 FORMAT(44X9*y%,/) ' ' .
C . . . . . . .
LINIT=60 ‘ ) ' ° - e e T
EPS=0.1E-04 ' : . : ‘ :

EST=10000 '
IT=LINIT . \ - ST
© CALL urnrptruuct,ur,x F yGRAD,EST,EPS, LINIT 5 TERSH)

»  PRINT 22

32 'FORMAT(1H1,10X,*RESULTS®,//) - . o K
PRINT 33,ND- - .

33 FORMAT (10X, *NUHBER OF DATA POINTS=*,I3) | L

. TIFUIER .EQ. 8) GO TO 18 : :
IFCIER .EQ. 1) GO TO 20 -~ - “
PRINT 17,1ER

17 FORMAT(10X,*IER=%,12)
60 TG 22

18 PRINT 19 |

19 FORMAT (10X, *CALCULATION TERMINATED BECAUSE couvencsucs OBTAINED®)
60 YO 22 "

20 PRINT 21 ' s .

24 FORNATIIOX'OALCULATION TERHINATEO AT ITERATIONS LINIT®)

22 PRINT 23,LIMIY/ .

23 FORMAT(//,108X,#NUMBER OF ITERATIONS=",It) . /
PRINT 24,EPS | .

24 FORMAT (10X, ®EPS=*,E741)

. ) N

PRINT 31,17 ' : -
31 FORMAT (10X, ®ITERATIONS LINIT=*,13) SN
~ TINE2=SECONQ(TINEZ) .
TT=TIPE2-TINEL S : - s

PRINY 25,77 \ - , \

25 FORMAT (10X,%CA ULATIPN VIME= ,Flﬂ 3) .
PRINT 26 ’ )

.26 FORMAT (10X, ¥BELON ARE PAR&HETER SOLUTION vALuss,tN THE FOLLCHING
AFORMAT®//) . . .
PRINT 12 . .
PRINT 28 ;
28 FORMAT (44X, %Q%,/) - " ; _ .
PRINT 13, (XCI),T=1,NT). . : .
30 FORMAT(L0X,* *,/) " . o ,
. PRINT 27,F . T
27 FORMAT (37X, 015 10 .- L _ _——
. STOP . o~ » L .
END . S : .




o - A3 =" .

suekouvxne PUNCT(N;X9VAL,GRDD,KQUNT) o ‘ 7/ o
DIMENSION 2(sooi.u1500),ntsa,e(sv.xpt1a),x(za»,Psxtaow,Puxtis).

1F5(5),GRAD(26)4FB(16) . ‘ N

c a
DOUBLE PRECISION 2Z,U,A,8,XP, X,GRAD,VAL,PSI PHI,Fi,FZ,FB,Fb,FS,P,

) 2F6,F7,F5 i ) , T

c . ’ .- |
COHHONIDATAiilZ’U ' .

COMMON NA,NB,NXP,NT;ND‘ . I
C NOW PRINT .PARAMETERS AT INTERVALS OF 10 ITEFATIONS,OR MORE .
- IFCKOUNT LEQ, T70) PRINY 27 : .
w2 IF(KOUNT <EQe. 150) PRINT 27 -
27 'FORMAT(1M1,* Y424
IFCKOUNT=C(KOUNT/Z10)%10 .€Q. Q) GO TO 1 _
w60 TO 2 , . l
) 1 PRINT 785 KOUNT,,(X{I),I=1,N)
‘, 70 FORMAL(iZX,Ik,1x,u¢1x,012@5),l.c(l?X,h(lX,DiZ Sl,l),30x,3(1x,012 S .
1) ,7417%,101%X,D12.5)) .

o -

2 VAL=0.0
DO 30 I=1,NT -
3 GRAD(I) 0.0 o - LN
'y~ 0O 3 I=1¢NA o . . ) ' :o'.
3 A(TY=X(D) LI - ' oo -
c i " . .\
" DO & I=1,NB . .
K=T+NA" ‘ ' Lo 4 . '
b B =X - . 3 ‘ ' o -
. c l,

DO 5 I=1,NXP
K=T+NASNB
5 XP(II=X(K} .
.C..
L C L
DO 6 I=1,NA
NIz24-1
T=N1 : .
- CALL TEPER(NXP,T,PHI) . L :
< 00 7 J=igNXP . . g : o
. K= J#CI-1)®NXD e I
7 PSIIK)=PHICJ) ‘ -
& CONTINUE L

' - 00 18 I=24,ND
. T=1. i
Fi=¥(I) .

CALL TEPERINXP, T,PHI)!

,F’SO-O L ! ' . iy :

00 11 Jsi,NXP S | -~
i1 F’SFZQPHI(J"XP(J’ ' ’

.. C o
. Y- F3m0.0 L S ° e :
oo no*te Jat.nn o o




s -~ A‘ -
- N , .
S 5% 3% ﬁﬁ‘ R . . S o
12 F3-F3‘nu)~2‘(x) ¢ s S ‘
Y o] f ‘ - S '
Fe=0.0 ) Y \ - ' - ,
D0 13 J=1,NB . h N _
Q K=I-Jeq « o . : .
13 Fb=Fh+!(J)'U?K) . : . N
- « DO 40 J=1,NA '; . .
40 F5(J)=0.0 .
xff‘. D0 15 J=i,NA. 6 o
P=0.G§ - =" ' . . ) !
DO 14 Ji=1,NXP ° -
- K=JA¢ RU=1) *NXP , .
14 PxP#PSI(KI*XP(J1) ‘ '
715 F5¢4)=P
c S .
F6=0,0 R '
D0 16 J=1,NA .. \ g
16 F6=F6+FSLI*ALY) | : . 5
p . :
F7=F1¢F6-F2=F3~F4 . . . ‘ -
T:  VALSVALSFT®S2 ah L : . ~
DO 18 J=i,NA - o {
K=I=Jd ! RO : ,
18 GRAocJ)-GRAo(J)oz.o'rr'cssca)-zcxv) -
C [ ¢
' C‘ , {
, DO 19 J=1,NB . ey
K=1-J+1 - (:
K1=J4NA ~ .
19 GRAD(Ki)-GRAD(Ki»-z o'rr'ucxn S ' ' .
c ' s :
—— DO 22 J=1,,NXP T - .
| 22 FA(J)=0.0 , L u
o, D0 20 'J=1,NXP S
| : D0 21 JN=1,NA -, . :
| K=J+ (IN=1) *NXP . ' ,
V. FRGJ) ZFRLSI #PSI O *A (UN) . .
CONTINUE . : , S e
. K1=J¢NA®NB o ' A
KR o)«GRAD(Kl)SGRlnlxlgyz.0*F?'(F0¢Ji-PPI(J))/<, ]
; $ 20 - CONTINUE - ° L
f , NA1=NA-1 . )
RN . DO 23 J=1'"A1 : x % o
. K=NA=J - - : C
o 00 & Ji=1,NXP . ° : . - e
N C L INL=SJL1eKENXP o & -
o JIN2=JNL-NXP ' - . i .
~ <, 24 PSIt Ni)!PSI!JNZ) oL - T R
. " 23 CONTINUE . co . ) -
%0 25 J=1,NXP - . . :
s » . :
’ | - 9 S« A » L,




.28 PSI(J)npﬂltJ) .' y
.10 GONTINUE. . . -
VAL=VAL nu-le . T
" IF (KOUNT=(KOUNT/10) *10 .zo. 0 60TO 9
GO 10 17 : . - . .
9 PRINT 8,VAL o ' . R
8 Foanurcxrx.nxs.io./» T , i
17 D0 26J=1,NT : )
26 GRAD(J)=GRAD(J)/ (ND=-23) . o
RETURN = , o
END L S .

‘SUBROUTINE TEPERIN,T,PHI) .
DOUBLE PRECISION PHI ,PI . :
OIMENSION PHI(16)

. PI=3. 14159265359 - ' ‘ ' : ‘ .

. ) DO 18 I=1,N .- BN - '

v 10 PHI(I)=0.0 | . SN
) PHI(1)=1,0 - ~

M=(N=1)/2 . , . ,

P K=0 ‘ : . *

00 20 I=f,M . - Y
K=I+i ° LR : o ;
PHI(K)=DSIN!2.0‘T'FLOAT(It'PIIZN-D) . .

L=K¢N ' -
PHI(L)=DCOSE2,0*T*FLOATII) *PI/24.0) , : y
20 CONTINUE . ; .- , N
RETURN . - S
END v . " | S

> L 'k
' SUSROUTINE o#hepcruucr.u.x,r,s,ESt.eps,trntv,xea
. . DOUBLE pn:cxsron X,F.FX.FY,OLOF.HNRN.GNRH.H,G,DX,DV.ALF!,DALFA, ‘
;o L1ANRDA, ToZyW © ~u
- oxnsns:on ncbaot.xczs:.acze» .o . . : K
(\ \ "GALL FUNCT(N Xy F 9G53 KOUNTY . _ - . . -
mten-o ‘ ‘ .
. - "KOUNT=0 . S ; : .
N2=NeN N ‘ ‘ "
N3=N2¢N . — g
N31=N3+L . , g




LU I 7] N

10

13
12

13

16
‘15
16

17

uf\L T ' . P— .r‘

K=N31 ‘ : i
00 4 J=14N - ! ; ' . y
H(K)=1.00 : ) ) , ' QL/
NJI=N=J } . .
IF(NJ)5,5,2 ‘ . ‘ . '

00 3 L=1yNJ

KL=K+L , : .

H(KL)=0.00 =

K=KL+1 , e o ‘

KOUNT=KOUNT+1 : T . .
OLDF=F o - ' ‘ oL .
DO 9 J=1,N '

=N+J , R "

HK)=G(J) - : o . L

K=K+N '
H(K) =X (J)
K=J+N3

7=0.00 :
DO 8 L=1,N ' - :

T=T=6 (L) *H{K) = /
IE‘L'J)G,?,Z . -

K=K+N-L ‘ !

GoT08 . - )
K=K+1 " . : )
CONTINUE . -
HI{J =T . .
O¥Y=0.00 .
HNRM=0,00 ) .
GNRM=0,00

Tl

. DO 10 J=1,N - .

HNRM=HNRM#DABS (H(J)) I
GNRM=GNRM¢DABS (G (J) ) R
OY=OY+H(II®GCS) . - T U
IFIDY) 11,51,51
;F(ENRHIGNRH-EPS)Sig51,12 *

Y= ' .
ALFA=2.00%(EST=F)/70Y
AMBOA=1,00 l
IF(ALFA)15,15,13 - . o
IF CALFA=-ANBEDA) 14,15,15 : T L
ANBUA;A%FA 7 C e : ’ :
ALFA=0.00 :
FX=FY . \ . s
0X=0Y
DO 17 I=1,N. " , . < .

I)=X (1) +ANBDA*H(I) o 5

L FUMCT(N’X‘F’G’KOUNT’ . \ - !
KOUNT=KOUNT+1 . b ' :
IF(KOUNT.GT.LIMIT) GO T0"50 )
FY=F L !
oY=0.00 o °
D0 18 I=1,N




18
19
- 20
21

22

25

1] 54

26

27
28

29
30
32

34

_ DY=DALFA

36
38

37

" IF(FY=F)35,34%,35

- A7 -

0Y=0Y+G(TI*H(I) R <:T .
1F(DY19,36,22 ¥ . , N ’
IF(FY=FX)204522,22 ' . :
AMBDA=AMBDA+ALFA . , ..
ALFA= AMBDA : . S
xrtunnnvnnsna-a.ezo)16,15,21 .

IER=22 N
LINIT=KOUNY .~
RETURN
7=0,00 : . :
IF(AMBCA) 20436924 : o L,

=3,00 % (FX=FY) /ANBDA+DX+DY S - v -
ALFA:DHA!i(DA!SQZ!.DABS‘DX),DBBS(OY}) x !

DALFA=2/ALFA ‘
OALFA=OALFAPDALFA-DX/ALEA*DYZALFA . , .- -
IF(OALFAYSL, 25,25 : : S
H=ALF A®DSQORT {DALFA) ) ’
ALFAROY=-0X+H+W - .
IFCALFAY 250,251,250 B
ALFA=(DY=2+H) 7ALFA
GO T0, 252
ALFAslz*DY-H)I(ZODXOZODY)

ALFASALFA%ANBOA : ,
.00 26 I=1,N 4 ' ‘ .

XCI)=X (I e(T=ALFA) ®H(T)
CALL FUNOT(N, X’F’G’KOUNT’ . ) . -
KOUNT=KOUNT#1 ‘ . R s
TF(KOUATYGTJLIMITY (GO TO S0, L S o C
IF(F=-FX)27,27,28 .
IE(F‘FY'35936{28.

DALFA=0.00 . .
DO 29 I=i,N t . 4 e
DALFA=CALFA®G (T)*H(T) . - : ‘ i
IF(DALFA)30,33,33 , , e . e
IF(F=FX)32,31,33 T : : . : ‘ e
IF(DX-DALFAD32,36.32 . )

FX:F . . . -
OX=0ALFA : ' - P

T=ALFA : e -
AMBDA=ALFA ) E

G0 10 23 : . ) "

O Bl e

s
R A

IF(OY=0ALFA) 35,36,35 ' :
FY=F :

AHBDAIAHBDA-ALFA -t

GO 10 22 o L L
IF(CLOF=F4EPS)51,38,34 . = S

D0 37 J=i,N ' \ _ c
K=N+¢J , C ' :

HI{K)=G(J) =-H(K) . -

K=N+K . o .
H(K)t!ﬁJ):ﬂfK) ' o e

4
Y. X T AT



.~ A8 -

IER"‘“ P I" a
IF(KOUNT-N)QZ.BQ,SQ

T=0.00 .

7=0,00 ' < ' s
‘00 &0 J=19N '
K=N+J

H=H(K)

K=K+N ’ .
T=T+0AES (H(K)) . ’
Z=Z+H*H(K)

IF(HNRM=-EPS) hl,61,42

IF(T~EPS) 56,956,462
IF(KOUNT-LIMIT)A3,50,50
ALFA=0,00
00 47 J=1i4N . : . .
K=J+N2 N
W=0.00

DO &6 L=1,4N

KL=N+L - : .
WHz=W+H(KL) *HK) - s
IFtL=U) Gl 45,45 . -

K=K4N=-L j

GO TO 46 '

K=K+1

CONTINUE

K=N+J

ALFA‘ALFAGH‘H(K) ’ .
H(J)=W _— v’
IFC(Z*ALFA)&8,1,48 :

K=N31 [ ’
DO %9 L=1,N

KL=N2+L .

DO 49 J=L ;N\ ;i:,

NJ=N2+J | '
H(K):H(K)+H(KL|'R(NJ)/z-u(Lt'u(thALFa
K=K+1

Go T

5
IER= o ,
'LIHIT-KabNT _

RETURN
DO 52 J=1,N

K=N2+J ’ " T

. XCJI=H ) /;)
caLtL FUNCY(N,X,F.G'KOUNY, . ' .
KOUNT=KOUNT#1 h
IF(KOUNT.GT.LIMIT) GO TO 50
IF (GNRM-EPS) 55,55,53
IF(IERYS56,54,54

IER=~1

G0 10 1 .
IER=0 - L : +
LIMIT=KOUNT ’ ’ ' ‘
. RETURN .
END . & '

S




BELCW ARE:PIRIHEYER STARTING VALUES,IN THE FOLLOWING FORMAY

Identif:lcation of Parameters f;an D;ta of 1lst Week,
using Initial Starting Values of
‘Table 6, Section 4.2

o

.

A .

XPO
_XP& .

-

" xP11

L250080+88
L73518D444
«522000402

«547000482

4

A2

xP1

Xes5
- xP8

xe12
+250800+08
~.929800+03
0.
-<282200+03,
o. '

A
5

«

80
xp2
XP6 -
XP9
xP13

«132000¢02

=+376200¢03

«+313000¢02

268500003

-+496000¢02

LN R

7

S es,

" XP3
XF7
XF10
XPll

'n

n.t15bﬂb003
Ge, -
-.217200403
0.

K]




o

»

.

- AlO -

)

BELOK ARE PARANETER VALUES DURING ITERATION,
: IN THE FOLLCWING FORMAT

NUNMBER

oF
ITERATION

10

20

1

Al
xPo
XP4

xP11

-

«250000+¢00
+73510D0¢0%
+522000¢02

«547000%02 \{:

.819400-01
.738870¢04
236370402

»10482D+03

-+151930-02

<76 1340404
« 22103402

" 210374D+0D3

_met154D402

50

€0

«106050403

-10073D:§0
"« 762200404

«14931D0402
»114500+483
«104710¢00
0742210404
+157290+482

0112550403

A2
xP1
xP5
XPa
xpi2

+250000+00
-.92980D+03
0.
-.282200¢03

462640400

=e948200+03

~¢93010D¢02
~+263890¢03

«553550+02

80
xXpP2
XP6 ¥
xP9 .
XP13

«132000402
-« 37€200¢03
-+31300D¢02

« 248500403
~«5%96800+02

4418282331005 °

=e145940¢02
-+380390¢03

« 820540+ 01
«2144L60¢03

-+472210+¢02

¢18390634660+405

«383560+00
~+969700+03
-« T7T821AD%02
=+238240+03

47850402

=~ e H334A04012
-« 385230¢03
-9 222700+ 01

«183400+403

‘= e 497980402

«16552118150¢05

«%14310400

«+975 03
~.850710+
«e23062D+0

«459340¢02

-«77719D400
-~e386110403
-+564080¢00

«18426D+03
-.509050¢02

«16382639390+05

«27542D+80
~.977830+03
-.900380*02
~e22815D+03

. «539760+¢82

-+327060¢01
-+38764D+03
 +250760¢01

+179700403
~+508340402

«15646277940405

+265090+00
-.979320403
~+951550+82
~e225820403
+510800+02

~+302880+01
~¢389530¢03
+»163240+01
178030403
‘0511260002

«15619271870+05

. =a271310¢02

'y

e1
XP3
XF7?
XP10

XP1h

0.
«115400+03
0.

~.21720D403

0.

«17992D+02
«117710+03
« 3175680402
-¢200490+03
~«349860¢02

«85174D¢01
«11726D+403
«212€80¢02
~¢19524D+03
~+ 253180402

+6832104014
+116420+03

«216800+82
~+19606D¢03

« 7018704014
0116410¢03
+ 23809002
=+19206D0+403
=+ 281230402

+662160+01
+115230403
«217320402
-.162890403 -

*e280960402




70 -

e

a0

100

RESULTS”

«1044 80400
e Th218D404
«157260¢02

- «11254D403

«104520¢00

" o T4218D404

0157290402

«112540403

¢ 104520400
07642180486
157280402

13
«112%40403
«104520¢80
762180404
«157280+02

«112540+03

- All -

«266070400
-+980160¢03
~.952060+02
~e225460403

«509930+02

=+307190¢+01
=+389450+03
+16434D401

«17824D¢03
-+512080¢02

+15619144630405

+»265910+00
=+98018D+03
-¢952120¢02

=+ 225460¢03
«510110¢02

-.307590+01
~+389450¢03
«163950¢01

«178260¢03
-e51221D¢ 02

+1561914309D¢05

«265910+00
=«980180+03

=+¢952120¢02
-:22546D4+03

~+307540+01
~¢389450¢03

«163930+01
. +178260403

510110402 . -.512210402
¢1561914309D+05

+265910¢00

-,98018D0+03 "

952120402
-.225460+03
510110602

-.307580+01

-+ 389450403
+163930+01

178260403

-+512210¢02

+15619143090¢05

NUNEER OF DATA POINTS= 96

CALCULATION TERMINATED BECAUSE CONVERGENCE OBYAINED

L Sae——
J

NUMBER

EFS= <1E-04
ITERATIONS LIMIT=13D

CALCULATION TIME=

LS

- XP8
“XP Y

XP11’

104520+00

o TH21 80400

«157280402

«112%540403

S+ o “".v’ry—(;_ 0 o
Sy I’ L - N S

—

AL,

OF ITERATIONS= 101

G6.618
. BELCH ARE PARAMETER SOLUTION. VALUES,IN THE FOLLCHING FORHAT

LY 80"
xXPy xp2
XPS XP6
XP8 XP9
XP12 xXP13

.Q
265910400 -.30758D+¢01
=.9001AD403 -.389450+03
-.952120¢02 163930401
-.225460003 178260403
510410402 ~-.512210002

«1561914309D+05"

' =.192990+03

—f5----I-IIIlIlIl-l.-...ll.ll.ll...ll.ll..lllll

«68624D+ 014 X

«11590D+03 .

« 217460402 ’
=+193010+03
~e28181D402 )

«687490+01
«115880+403
«2174&4D+02
~+19299D0+03
~e28188D¢02

'« 687490+ 01
«11568D+03
e217440D+02
~¢192€90+03
-+281880+02

«687430+01
«115680+03 -

« 217440402
~+19294904+03
~«2081088D¢02

:F1
XF3
XF? ’
XP10
XP14

+687490+01 -
«115080+03
«21748D¢02

-~+281088D¢02




, L : | - a12 -

. \ o : . . < . "4
' Identification of Parameters from Data of 2nd Week,

_ ___—using those identified from Data of
// 1lst Week as Starting Values

\k

BELCW ARE PARAMETER STARTING VALUES,IN THE FOYLONING FORMAY

', . o . d
.
4 “
- - :

Al © A2 . 30. el
XPO LXpe XP3’ :
< . XPL - XP5 . XP6 t XF7 K
XP8 xP9 XF10
xP11 xp12 - , XP13 XP1k '

©105000¢00 266000400 -.307600¢81  687500+01
s74218D+04 -.98018D¢03 =-.389450403  <11588D¢03

'«15728D402 ¢ -.952120+02 «163900¢01 0 24784D¢02
~«2254604+03 178260403 ~,192990+403
. +112540+03 510110402 ~-.,512210¢02 <~,28188D+02

!

L o -

-

A
oAl . >
S

-

Pt

>

3

4



)
KA Y

'BELOW ARE PARANETER VALUES OUR

NUMBER

OF

Al
XP0
) {: W

ITERATION

10

20

&0

50

. N
PO S

xP1i1

2105000460

o721 80404
«157280¢02

0112540403

183110400
. e74160D404
- 4976 4D+ 01

«82€4 50402

«191340¢08

7408 10484
+258770¢01

. <88975D482
¢

> +1543€0¢00

739300404
=+134850¢01

« 870980402
«12850D¢088
+ 736150404
= 194270401
.0700000l$
«491500-01
« 126470004
~o 3793 EDCO1

"« 8TH3 30402

- Al3 -

/

IN

A2.

¢ XP1
XPS
XP8
XPi2

-a

«266000¢00
~+380180¢03
=+9352120¢02
=e2254 60403

«5101 10402

x<

80

XpP2

XP6

XP9 '

XP13
J

~+307600+01
- ¢389450¢+ 03
«163900+01
«178260+03
~«512210+402

«51510609860¢05

«566550¢00
=e 972220403

-.108090¢03
~e233340¢03

+901240402

~«713770¢014
<s401960¢03
~.192030¢02

«189170¢03
~+192450+¢02

«11592306390+05

«510570+00
=.957250¢03
~.104510¢03
'QZQO'ZD’OB

739270402

s

~+276010401
-+414840403
-+112910+02

«201320403
-.323410402

«10168067560405

0 514700%00

-¢937100+03
-+104510+03
~e26853D403

c766520402

-e176210404
~417440403
-¢110340¢02

202610402
-4322290+02

+10003987950405

«482A3D¢00
~+939030+403

=e104260+03.

=e263520¢03
753730402

~+270280¢01
-e%19210¢03
=+«111860+02

« 204730403
=e333670¢02

+99790916250¢04

«383090+00
=+ 9343520403
=¢103230¢
~o208400+03"

«718090%02

~+597000+01
- 425570403

=¢115990¢02"

«211360+03
- 374710402

«9727014071D¢04

HE FOLLOWING FORMAT

ﬁef\ireaatron,e'

E1-

©XP3
XF?7
XP10
XP14

«687500401
«115280403
«217 44D+ 02

=¢192¢90+03
~+281880+02

«119¢4D+02
141850403,
«158€60+02

~+185030403

=.607200¢02

’

«8L4850+01
148560403
«156 QuD+02
~.182850¢403
- 468€EBD+02

773040401
+14714D403

" «171680402

-«183180+403

- =o k67910402

«903520+401
0147160403
«176730%82
~e363100403:
- 468300402

«1345804¢02
147400403
¢196010+02
-+ 182200403

~e k70030402

L7




110

140

154

170

160

«471550-01
«726120404
-«209090401

«873330402

«215330-01
24750404
-.378630401

4859140402

«117780400
«724600404
=+516650+01

. 888740402
|
«119980D+00

« 725350404 .
«.708410D+01

+84764D#02

124270400
« 726220404
-.679080+04

«853350¢02

«124230400
o 726220404

-=e679600+01

+8531 80492

«12423D+008
« 726220404
=+679580+01

01264230+00
« 726220404
=e679580¢01

«853180+482

"

A}

»
- Al4 -

 +384970+00
~e946RGD+03
-+104140+03
. 264430403

+73051D¢02

4

-.k19310001
-+ 424760403
-+119050¢02

«209350¢03
-+349520¢02

+3698185567D404

«3846610+00
~e 9446540403
-.107160+03

«.26165D+03
«760040D+02

~.319450+401 "

e 5253.0’ 03
-.114130402

« 202740403
-.32€670+02

¢95536R7231040% "

+ 276930400
‘0956360’03

=+104900+03
=+269300+03

«77LA3D+02

-.452430¢01
-, 425570403
-.104890¢02

+203710+03
-.327310402

K «926512914890404

«286360+00
=.956150+3
«~¢10621D+03
=+270130+03

« 806230402

~+356620401

= 427450403 -

-.120590+02
206800403
-+306710¢02

«92030186380¢04

«29564 70400
~+956390+03
\=.10598D0+03
-+269710+03
309160402

=+363540¢01
-+ 42€550403
-.121620¢02

« 206080403
~+30264D¢02

91951988420¢04

2295520400
=¢9356390+03
=«105970+03
=e269710403

+308990+02

=+364190¢01

~+426560403 -

~+121650¢02
« 206090403
-+302650¢02

+91951972530404

«295520+00
=.956390D¢03
=+105970403

| =e269720403
+8531 80402

+308990+02

-.36420D401
'0“26550003
-«121650¢02

+ 206090403
=-¢302650¢02

«91951972580+04

+295520400
-+356390+03

-.1059700:3
-026972D+03

- «80899D+02

=¢J64200+01
= 426560403
-¢121650¢02

«206090+03
~+302650¢02

«94951972580404

?

+11608D+02
146530403

«170590+02

~«182930¢03
-« 453710402

Pl
«10776D+02

«1462490403 .
"e17031D402

-¢182850+03
-.570900¥UZ

2126320402
_ «14225D+03

«18%Y630+02
-e162100+03
-« 438550402

«11711D¢02
«168230+03
« 179840402
=+160110403
=e 459510402

'4118090+82
+147240403
+18274D+02

~.180710+03

-.4€2510+82

«11815D+02

«147200+03
«183050+02
=+180710+03
-o 062590402

.118150¢02
. 147260403

$18305D+02

'=s180710403

~e8€259D+02

S

+118150402
+167240403
+183050+02
©180710403
~e 462600402

o




N . L - a15 - . -
RESULTS ' L . ! ER 37

NUMBER OF DATA potnrs: 96" S :
" CALCULAT ION tennxugysn BECAUSE GONVERGENCE 08 AINED

NUMEER OF ITERATIONS= 175

EFS= J1E-04

ITERATIONS LINIT=180

CALCULATION TIME= 173.148

BELCH ARE PARAMETER SOLUTION VALUES,IN THE FOLLCHING FQRHAT

\
~

Al © A2 B0 B

xPe XP1 xXP2 - XP3
xPsy XP5 XP6 XP7-
> - Pa Xpa XF10
| (IE " XPt2 XP13 - - XFid
o ] * .

«124230¢00 «295520400 ~-.3642004Q81 118150402
726220484 <=.956390¢03 <~ 42€560¢03 . 14724D+03
~«679580¢81 <-.105970¢03 -.121650¢02 ,18305D+02
. ‘ ~e269720¢03 «206090%03 - -.18071D¢03
«8531080#82 .30399D+02 ~-.302650+02 5;0662600002

« 9195197258004




- ! . ¢
S - .

Identif.ication of Parameters from Data of 3rd Weék’
- " using those identified from Data of
- e 2nd Week as Starting Values

. e - . b ~ :
BELCN ARE PARAMETER STARTING VALUES,IN THE FOLLOWING FORMAT
- ' “ ' , » : . ‘ . . .
AL a2 80 e1
Ca - XPO XP1 o XP2 XF3
' AP L . XPS . 0 XP6 XP7
xP8 XP9, XF10
xP11 XP12 XP13 - - XP1Y
| 425000400 . .296000400 _~.364200¢01 118150402
o72622D404 ~.956390¢03 -.426560¢03  .14724D¢03
-.6796 00401 =~.105970403 ~.121650¢02  ,183050¢02
N . =.289720403  ,206090403 =.180710+03
+8531 8002

«86893D+02 - --PDZGSDQGZ" ~e462€00002

v




IR
¢
. \

o - Al7 - e

- _ < )
' A /
: BELOW ARE PARAHETER VALUES DURING ITERATION,/
y \ . SIN THE FCLLOWING roannr

° s e e P
. .t G S 80 L
NUMBER -~ XPQ XP1 XP2 XP3 ‘
. " OF XP& XPS XP6 R {4 -
ITERATION ¢ XP8 XPg XP10
: ' XP11 XP12 XP13 XP1t 4
4
o' .120000000 © .296000400 -.364200401 . 118150402
«726220404 =.95639D4+03 -.426560403 . 14724D¢03
~+6796004081 ~-.105970403 <~-.12165D¢02 . .14305D+02
P =e269720403  .20609D¢03 -.180710+03
0853180402 .80899D+02 -.30265D¢02 -.46260D+02
L +19875743190+05 Lo
10 ' <365430400 452700400 146120402 -.13424D+02
: ¢ 72664D+04 =~.956150¢03 -.426900¢03 .14079D+063
450090401 -.91367D402, -.22780D402 * .128€7D+02
-«267500403  <206590¢03 -.175000+03
« 788200402 710000402 -.144380402 86400+02
«10693278700+85
.20 <29€53D400 .%3728D%00 .536680+01 . ~.45844D+01
« 727490004 <=.95078D403 <-.417720403 .126160+03
¢11543D0602 =-.92244D+02 <-.216600+402 ' .134250+02
: = 256420403 200220483 <-.170310+03
e647120402 | .69011D+02 =.105550¢02 <-.389450¢02
T «9895942285D404 - _
30  <234090D¢80 .432300¢00 462820401 '-.657€6D+01
- 0726960484 -.94119D+03 -.4121A0+03 .130530+03
«671330+81 -.93821D0¢02 <-.2096860¢02 .14043D+02
~e226710+03  .195480¢03 -.17375D+03
«657720402 680720402 =-.713250401 ~-.405390+02
;. «98019110260+04
50  "«19194D+00 .404080¢00 .709330¢01 -.462520¢01 ° °
© " .«T7T3037D40A -.95239D4+03 <-.420020¢03 .12784D+03
»825450401 <-.928040402 =-.214690482 .135050402
. ~e220010403 . 199760403 ' -, 170540+03
' +6TN6ADE2  .T705330¢02 ~.828830401 -.385950¢02
x +97568695550+04
r #




a0

120"

kg

. «84&19257598D+04

L4

- - Al8 - i
) Vs
«11805D+00 351300400 - 628310401 <~.293050+01
o7T3281D404 £.96119D+03 ~.41994D¢03 ,126S90+03
«838820¢81 /=.938340402 <-.214030¢92 . .13427D+02
- © 7 =e236390403 198680403 <~.17187D+03
«679050402 ..701890+02 =-.886100¢01 ~.389860¢02
A : «9720829631D¢04
+117290+80  +355750+00 + 748780401y, 610410401
2732630404 <~.9532704¢03 ~.418790+403 ~ .125850403
«79672D401 =,93R79D0+02 -321397D+02 ,134580+02
: -¢236600¢03  .1964AD¢03 -.172790+03
»67083D+02  .639090#02 =-.834840401 -.385230+02
Y Q7044 &17080404
.10508D¢00  .34905D+00.  .60989D+01 ~.25582D401
.73301D+8k <=.95016D¢03 -.42346QM03 .126690+03
«788150481 —.92487D¢02 -.22123”2 «1294940¢02
 =e260110#03 197940403 . -.1712€D+03
".679680482 636850402 ~.88073D¢01 -.3gi§g:;nz
° «9697A13366D+04
e » : .
.10156D400  .34%60D+400 .639700¢01_ <.279€80401
.733110¢0h. =.95037D403 -.422020¢03° .126030+03
+756660+¢01 . -.326300402 =-.218360402 132190402
R . =+23337D¢03  .19750D403 ~.17209D+03
876690402 _ 700510402 =.8942504081 ~.387120402
" «96953903720+404 .
v A% . ’
2267960400 ~.34252N¢00 .648180¢01 -.28076D401
o73310G+0k =.95041D+03 =-.422050¢83  .125S4D+03
< 748900401 =.928910¢02 -.218190402  .132510402
. =¢23901D403 . .197550403 ~.172160+03
676250402, 701590402 <=.899300+¢01 3%?07760002
. \ «Q0776584310+04 ’
«17432D400 290460400  .50194De01 -.311€9D+00
oT3791D+0k ~.939900¢03 =.417500403 123330403
0111450402 =e907140¢02 =-.202620402 136280402
-o228060¢03 +19588D¢03 ~.167830+03
«6T244DE02 LT166420402 <=.A83206D%01 =-.38539D¢02
o +8536368855040% :
0204260400  o32121D¢00  ,336580001 - .£Q6540+¢01
739090404 =~.935080¢03 ~.522300+83 .123260+03
«75916D4+01 ~.30183De02 « ~.23539D¢02  .12446D+02
~e230300403  ,19521D403 =,170630+03
2691770¢02  +68828D¢02 ~.105650402 <~.390130+02

)

-

.'ii

R . .
A T T T TR O S S S SN

\x_




&

140

+211220+08
739270404

xe 883540401
T« 687440402

150

170

«210200¢080
o 739270404
«889270+01

<68960D+02

«2103€0¢00
+ 739280404

" +879550+81

190

RESULTS”
C

690150402

210350400
«739200D404
«879570+01

.690150402

2»
t

"= Al9 -~

"¢329330400
~¢93503D+03
~e90021D0+02

~e233870+03
«690000+02

| J

+25639D¢81
=+423450403
=e232450+402

196150443
-+106830¢02

T 4 8611514624D+0&

«328430400

~¢93578D+03

-.A98670+02
-¢235500+403

. «689850+¢02

«238260¢01

-«42330D+03

*=e233470¢02

«19€65D403
-«10€6640¢02

q«11oossaso0o~

«328480+8
«+335810¢0

~+898010+02

~e235420¢03
«68963D+02

« 236820401

~e 423350403
~e233070¢02

«19642D+03
~+106850¢02

+84109835A830+04

«32848D¢00

~«935610+03

-.893010+02
-.235420403
689620+ 82

«23683D¢01
- e423350¢03
~e23307D¢02

«196420+03
-+10685D+02

8410983583004

NUMBER OF DATA POINTS= 96
CALCULATION TERMINAYED BECAUSE CONVERGENCE OBTAINED _
NUMBER OF ITERATIONS= 191
EPSs 1E-Q4
ITERATIONS \LINIT=200
CALCULATION TINE=
BELCHN ARE PQRQHETER SOLUIION VALUES;TIN THE FOLLONING FORHAT

»
sl

K\

< XPl\\
XP4

o

xP11

+218350400

739208004
«879570¢01

[

. 690150402

“

196,120 -

A2
XP3
XP5s-

-

” +328480¢00
e 335810403
~«898010¢02
=+ 235420403

0669620002

80 -
xp2
XP8

XP9 )

XP13

«23683D0081
- 423350¢03
"= 233070002

«196420+03

-«106850¢02

.85109835830005

«167090+01
«123590+403
. «122830+02°

-+169880+63
~+392060¢02

e188670+01
«123500+03
«122220¢02
‘01697§D’°3‘

-=e39120D+02

«16952D¢01
«12352D+03
©12238D+02
~e169720+403

-+ 391460+02 -

«189510+01

«12352D+03

«122340+82

~+169720+83

~¢39146D+02 °
(‘\

By
XF3

XF?
XP10
XFi1&

«18951D+01
123520403
«122340+02

~e169720¢03
=e39146D¢02

L TS




‘- A20 -

Identification of Parameters from Data of three Weeks,
using those identified from Data of -
2nd Week as Starting Values:

-

v

A}

L)

BELCH ARE PARAMETER STARTING VALUES,IN THE FOLLOWING ' FORMAT

~

\

‘a1 A2, . BO Bl
XPO ~  xpi Xp2 XP3
XPl /  XPS XP6 ' XF7

XP8 XP9 XP10

XP11 XP12 ’ xP13 ¥ XF14

«124000D+00 «296000¢00 -~.36420D¢01 ' .118150¢02
726220404 “-.956390403 . ~.4L2€E560+03 «14724D+03
~«679600+01 <-.105970+403 ~.121650¢02 +183050+02

: . «+269720+403 «20609D0403 -.180710¢03

' «853180402 «80899D¢02 ~.302650402 <~.462600¢02

<

- 8§ o~ P
S O P e
b et L e L h, L B R sy, oh




4

- A21 - 7

PARAMETERS,I+E. RETRO AND HARMONIC COEFFICIENTS
APPLYING TO DIFFERENCE EQUATION REPRESENTING THE SYSTEM
ARE PRINTED BELOW IN PART,IN THE FOLLOWING FORMAT.

Al

NUMEER XP0

OF XPh
ITERATION

XP11

(1] «124000+60
« 726220404

~e 679680461

. 853180402

10 «330840+00
« 727370404
937430401

«9541 50002

20 «27007D+00
« 729270404
«587840401

* «917270002
30 +265050¥%00
’ . +731050¢04
«5951 30401
+ 918070402
2286120400
e 736210404
»201950¢01
094140402
60 30205000
: 735380404

I +563320¢81

0915220¢02

A2
xP1
XPS
XPa
xpi2

+296000+00
=+356390+03

.=e105970¢03
- =e26972D+03

«808990+02

BO
xp2
XP6
XPq
XP13

-e36L20D+01
- 42€560402
~-+1216504¢02

» 206090403
- 302650402

+19343248160+05

«4AO770¢00
~«93%6280+03
-+959190+02
~+270130+03

«535900¢02

¢ 339060402

~e41738D¢03

- 4152550402
19995003
-.363820+02

«20088895950¢05

411390400
-.954250¢03
-+100670+03
-.268990¢03

666240+02

-«%02170+03
-+132870¢02

‘«189660+03
-+328041D¢02

+1498A3949300+05

+393100¢00 -

~+352930+403
=¢100120+03
=+268850+03

+651050+02

o 46040401
-+ 5046520403
-+134250+02

«19058D+03
~¢33174D*02

+149358796C0¢05

«378150+¢00
=+950240+03
=+103130403
4269580403

«729640+02

273270401
=% (07230¢03
~¢125750402

«189790+03
-«318700¢02

+16762907360+05

«38347D400 -

<+950660+03

«e100270+03°

~«269770¢403

«65394D¢02

0247860401
- 405860403

4.132460402

«189670+403
‘0329550.02

+1463613706D+05

»

g1

" XF3
Xe7
XF10
XFlk

«118150+02
e 147260+03
«18305D0+02

-«180710+03

- 462€600¢02

-.31572D+02
128790403
«212060+02

- 174530403

-+3333704¢02

422620400
«128260+¢03
202370402
~<175€20+03
-+ 40226D+02

+603730-01
«131890+03
+20659D0+02

-.176770+03

=+ 395250¢02

—

«20101D+01

+123530+02

+189700¢02.

~+176120403
- 442610402

«168030+01

«130430+03

+20244D+02
=+176970D+03
=+ 403790402

Iy

.
s
- 4
i
%
5
i

-li 3
s




«70

90

100

118

«30288D+00
«735580¢04
«536M70+01

«913410¢02
«302300+00
« 735570404
« 534180401

+913260482

" .302320+00
735580404 °
533890404

«913250+82

«302320+80

« 735580406 -

«533900+01
«91325D+02

«302320+00
+ 735580404

+913250¢02

" 533980401 -

- A22 -

+390500+00
~+950540+03
-.100400+03

«.270200+03

«657350+02

2495470401
-+405250403
~.132780¢02

«189550+03
««33007D+02

Te14635403620405 -

«390340+00
-+.950550+03
-+10040D0+03
««27036D+03

<65733D¢02

249700+ 01
-.405270+03
-.132710+02

" «18R855D+03

=+329930¢02

«14635393370¢05

«390360+00
-~+95855D+02
‘0100“00+03
«o2706104+03

+65734D+02

«2L9460+ 01
-+ 405300403
-+132730¢02

«189560¢03
-+330050¢02

+16635392600+405

+390360+00 .

~+950550+03
-.100400+03

~e270410+03

657340402

0 249460+01
-+405300¢03
~e132730¢02

«1829560¢03
-+33005D+02

«146635392600+05

«390360+00

=+950550+03
=+10040D+03
=+270610¢03

« 657340402

249460001
-+ 405300403
~¢132730+02

*189560403
-¢330050402

¢14635392600+05

v b il RS
L N R L .. Vo - T PR )

o

f

<o, s

- «18054D¢01

- +130490+03

«20268D+02
=+177000403
= 402€20+02

»1686800+01
«130570+03
«202620¢+02
=e177010+03
~.402820¢02

<186S7D+01
<130560+03
.202€40+02

=.177010+03 -

~o 402850402

+184270¢01

«130560¢03

«202€4D¢02
~e177010+03
- 402850402

«1084970¢01
«130560¢03
«202€4D+82
=2177610¢+83
- 402850402

X -
e TEu s e e e s




- A23_r

& RESULTS

{

ﬂUN!EF OF DATA POINTS=23A

CALCULATION YERHINA?ED BECAUSE OONVERGENCE OBTAINED

NUMEBER OF ITERIYIONS= 118
EPS= J1E~-04 .
CALCULATIGON TIME= 401.523

BELCh ARE PARAMETER SOLUMNION VALUES,IN THE FOLLCHING FORHAT

AL A2

80
' -XPS XP1 XP2
o ., XP& XP5 XP6
¢/ ) S . XP8 XP9
. xP11 xP12 . xP13
7, Q .
- .300320600  .399360¢00  <26Gh60+01
- 4735580404 ' ~.950550+03 ~.405300+03
«533900¢01° -.100600+403 -.132730402
©.270610+03  .189560¢03
.~ +913250482  .65734D402 -.33005D+02
. «14635392600+05
\ 3
. . P
‘ t
\ [

» A };‘ >
LS . e
s X Y 3
Emwm%x@m,;é%xM&

4

3 §
XF2
XP7
XF10
XPis6

P

Ir
{ G

“ 3.;"
f@
5
42
B \J\;
L
¥
hy

ol

v

g

Bk ¥

4

>,

2
g
l‘&«
S e
i




’

Identification of Parameters from Data of 4th Week,
using closely approximated Starting Values

PN

BELCW ARE PARAMETER STARTING VhLUES,&N THE FOLLCNING FORH&?Q\

g0’ - Pt

. A1 A?
_XPQ XP1 XP2 XF3
XPYy XPs XP6 XE?
' XP8 XP9 XP10
XP11 XP12 XP13 XF14 .
. .236000+00 .294000+00 =-.131810¢02° .179050+402
759940404 ~.35681D#03 =.3004GD+03 .10751D+03
+256380402 <~.713350402 =-.205390402 - .133€80+02
. =.32522C+03 .218060402 -.200400402
577050402 ~.803800401 -.43845N+02

oGiSZQD&DZ

. A\




[+ NUMEER
CF~
TTERATION

10

30

40

AL
‘XPo
XP6

xpi1

«23E00D+00
«759940+04

«256380402 .

«615290402
«23€90D+00
«75994D¢04
«25€380%02
«€15290402
«23€0890¢00
«759940+04 -
+256380+02
+615280¢02
»23€890¢00 .
759940404
«25€380¢02

«615290+02

" «236890D400
"« 759940404

0256380402

«€15290%02
«23689D+00
+ 759340404
«25€380+02

«615290+02

~ A25 -~

1

A2

eo
XP1 XP2
XPS XP6
XPA XP9
xP12 XP13 '
J
«294L,00D+00 -.13181D402
«.A56810¢C2 -,390&490403
«s713350402 -.20%390¢02
~4325220403 «217060+03
«57705D+02 -BA03I800+01
’ «7D23849211D+0%
«e29374D40C -.131800+402
~.856810+403 -.390490+403
«,71334D+02 -.205400402
«e325220+03  .21A06D+03
«S7T705C+02 ‘'-,.803730401
- «7023335€600404
0293720400 -.12182D¢02
-.356810403 ~,39049D+03
-.713350402 -.205390402
-.325220+03 «218070¢03
577050402 ~.R0395D+01
0 7022835649D+04
«293720+400 ~.1316810402
~eA56R 10403 -.390&90¢03
-e713340402 -.20539D+02
«e325220+403 +218060+02
. o57705N+02 <-.803830+401
. «T023A3I5534D+04
«293720+4C0 -.13181D¢02
=sA56A10¢03 =,39049D+03
-e7133I50+02 -.20539D¢02
-.325220+03 218060403
577050402 -.803800D+01
«70238355330+04
0293720400 =-.131810402
«e 856810403 =,39049D+03
-s743350+02 -.295390002
=¢325220403 -+ 2120604023
-,803800+01
4355330404

-

BPELOW ARE PARAMETER VALUES ﬁURING ITERATION,IN THE FéiLGNIhG FORHAT,'

€1
XP3
XP7
XF10
XP1l

«17905D402
.107510+403
.133€aN+02
-,200400+03
- 438450402

«17904D¢02
«107510+03
«133€7D+02
~+20040D+03

-+ 038450402

«179C60¢02
«107%520403
«133€8N¢02
*«200400+03
-+ 43846D¢02

«173040+02,
«107510+03
«133€80402
-+20040D+02
~e 438450402

«179050+402
«107510+03
.133€a0¢02
-.2004L0D¢03
- 4IRLS0402

179050402
«187510403
«133€8D+02

~e200400+03
~e 438450402

——




3

RESULTS

EFS= J1E-04&
ITERATIONS LIMIT=100
CALCULATION TIME=

=

at
XP 0

- XPY
F) \ . XP11

+23€89D+00
«75294D404

»€1529D402

b

NUMEER CF ITERATIONS=

<256380402

- A26 -

\ "NUMBER OF DATA POINTS= 96 )
CALCULATICN TERMINATED BECAUSE CONVERGENCE OBTAINED

&

1

€5.421 .
HELCH ARE PARAMETER SGLUTION VALUES,IN THE FOLLCWING FORFAT

A2
XP1
XP5 -
XPR
XP12

«293720+00

“.85681D403
-.71335D+02
~+325220403

«577050+02

80
xp2
XP6
XP9
XP13

~.131810+02

=¢39049D¢03

-+205390¢02
216060403
-,803800¢01

¢ 70238355330D+0%

ed -
XP3
XF?7
XF1i10
XF14
2

«17905D+02
«10751D4¢03
+133€80+402
=+20040D+03
-2 438450402




A

1

-—-\%~‘

' partial Identification of Parameters from Data of

BELCN ARE PARAMETER STARTING VALUES,IN THE FOLLOWING (oamn

-

AL
XP0
XP4

XP11
«272880+80
+662020+04
«480500401

+180460+83

- A27 -

k)

A

42
XP1
XPS
XP8
(¥4

«%29000+00
=+104560¢04
=e110640+03
2243370403

«591610+02

80
Xxp2

XP6 -
XP9 -
XP13

s 224500401
-.36&770003
=-+119460¢02
«20085204¢03
=+¢363060+02

three Weeks, with Starting Values alternately
: 103 Low and High

<

el
XP3
XP?
XFP10
XPi4

+203500401
143620403
222900402

=+159310+403
-+ 36256D+02




! 2 A28 -

: O

BELOM ARE PARAMETER' VALUES iURING ITERATION, .
N THE FCLLONING FORMAT

.16556010150‘05\

- AL A2 80 BL’
NUMBER XP0 XP1 XP2 XF3
OF . XP& XPS . XPB XP?
, ITERATION xes - XPQ XP10
XPit XP12 S XP13 XP1h:
~ J . y
0 ' 272000408 .42900D¢00 .22450D#+01 .203500+401
«662020¢04 <-.10456D404 ~-.364LT70¢03 ,143€20+03
480500001 <.110440+03 =-,11946D¢02 ,22250D0+02
~e243370403  ,208520¢03 <=,159310+03 °
« 100460403 .591610402 ~-.363060402 ~,362560+02
«6528013764D¢05 .
10 chhE4S0P00 545260400 166080402 =-.163730¢02°
«66204D¢04 =.10324D+04 =.385550+403 .13046D+03
« 645420401 ~.882950402 ~-.15318D402 .17516N+02 -
~.246690+03  .20012D+03 ~.1773110+03
«856350402 735930402 <«.27941D¢02 -,45752D+02
«182642308420+05
20 420390480 .57161D400 .83755D401 <~.806700+01
662060404 <~-.10010D404 -.411950403 126960403
: «6656450¢01 <-.997180402 -.132100402 ,20426D+02
‘ =e254100403 186450403 =,185830+03
«887960¢082 .663070%02 ~.328220402 <=.39771N+02
- +16993504300+405
' 30 +§19250¢00 572070400 441640401 ~,409100+02
" 2661940404 =.95719D0¢03 <-,404010¢03 .136120+03
|+670480481  -.982710402 =-.122910¢02  .21685D+02
) -+266430403  .189540403 ~,171150403
«865150402 668220402 -,362240+02 <~,381110+02
. «16682585690+05. -
60 «893720401 ~.33066D401 .500720481 <~.L7476D¢01
«661650¢04 <-.957260%03 -.399120¢03 ,133€00+03
© 0621650401 -.100640¢03 -,.130910¢02 .206330+02
=.26086D¢03  19174De03 ~,175820+03
091727002 .65585D0402 <=.3272604¢02 ~,401190+02
. «10623584520408
70 ° 463120000 . 529790400 499760401 . -, 46919D+01
. «661660¢04 <=.956720403 =.399930¢03 133140403
+625830¢01 =-s999440¢02 -.131200402 - .205950+02
’ T ee260630483 191360403 ~.176560403
«911620¢02  /0§59950¢02 '=,325340402 <-.A02870+402 ..




—

.

S0

160

110

120

130

- 1640

«4631A0¢08
661710404
624850+ 01

915020802
+463120¢00
661770404
«625520+01
«91 2560402
«463130+80
«661830¢04
«624580¢01
|

«91355D¢82
a

«463820+00

«665690+04
.56365Dtr1

«913420¢02
«45428D+00

67783008
«526950+01

«912430¢82

466320400
733900408
+353360081

"« 907940402
.
+466250¢00

733400404
338630401

«907730¢02

- A29 - -

«529780+08
‘095‘0“30’03

~210023D+03:

=.265360¢03
«658320+02

<

« 505520401
-o40137D+03
~e131130402

«19066D+03
-+325700+02

+16554493190405

«52978D400
=e952750+03
~+100290+03
-+265900¢03

«657980+02

«508050+01
-+500900+03
-+ 131050+02

«19087D¢03
-¢32595D+02

¢16554072130+05

+529750+00
=«952570+03
=«100260¢03
~+26596D+03
«658120+02

«508280¢01
-+%00800+02
~«131000402

«190910+03
-+ 326380+02

«16553989110405

+52T89D+00
=% 952550+03
~+9993870+02
-+266120¢03

. «655020¢02
«16551700300+405

«52374D4+00
=+952540¢03
=«100000+03
=.266590403

+654960+02.

«517600¢01
=«460051D+03
-«¢131390+82

«190450+03
~.321870¢02

«53326D+01
-+399860+03
“+¢131210¢02

«189330+03
=-+323250+02

«16533601670¢05

«504460+00
=¢952440¢03
=.100270+03
=~+s26874D+03

«654320¢02

+605930¢014
=+396860+03
=+13046D+82
«184150+03
-+ 3208960402

- +16602708L60+05

«503860¢00
=+352620¢03
=+100270¢03
=.268720¢03

+607070%01

=+¢396840¢03

-«130510¢02
«184120403

.65394040Z -.329390+02
+16402567590405

“o 7670401
«13317D+03
«206030¢02

~¢176560+03

~.402330¢02

=.47717D+01
133150403
206130402
~+176560403
=+ 402100402

-+ 477400401

«133120+03
«206220+02
-e176650+03
-+ 401880402

-+4086740¢01
«136b250403
«207180+02

~e177370+03

-+393780+02

~.502200+01
«135990+03
+ 206870402
~«17646D+03
~¢39736D+02

~+576320401
'« 14606D+03
«205€1D¢+02
~+1083490+03

=.512500¢02

-+575020401
2146290403
420546002
~.183€60+03
-+ 413520402
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- A30 -

3

///Identification of Parameters from Data of three Weeks,
- with third Set of Startin Values

. . | .
_ BELCW_ARE PARAMETER STARTING VALUES,IN| THE JOLLcumg?‘f FORMAT
: Al A2 8 - 3
/ XPQ ! XP1 - xp2) XF3
XPh XP5 vl XP6: XP?
XPa L. xpe XP10
] _ xP11 XP12 ' M XP13 XP14
.25008D400  .25000D400  .163200402 0/ :
S734370+0% <~.929800403 =-.37624D40T - (115340403 .
«522220#G2 -.860510402 =-.313000402 178680402
" A ; -.232200+03  .248520403 <-.217190403
S 47460482 . <67219D+02 =-.49600D+02 -.209800+01
eELou,)Re PARIHETER VALUES DURING IIERAYION,IN THE FcLLournc FORMAT _.
¥ A2 . 80 3
NUMEER XPO %P1 XP2 XP3
CF XPY XP5 XP6 “XF?
ITERATION. XP3 ' XPQ XP10
'l " xP11 XP12 xP13 XF14 -
. 13
0- 250000400 .25000D+00 .14320D402 0.
+73437D+0& =.929R00¢83 =-.37624D¢083 .115380+03
¢522220¢02 ;4860510402 =-+313000¢02 +178€80+02
’ -.262200403 248520403 =-,217190+03
JSL7LENE02 672190402 =-.496000402 =-.2098GD+01
. : +33309743450+05
10 +191460#00  .482120400 =-.215350402  .260430¢02
{ +734500406 ~.933460¢03 ~-.387280+403 124760403
.11233D0¢01 '-.106370403 <=.592480¢00 .230€8N*02
6 » =+27896D+03  ,22145D403 ~-,18A450403
COLLA20402  .651100¢02 =-.215810802 <~.702220+02
~ .195555712600%5
30 0293630400 392760400 -.31360D¢01 764800401
«73473N404. =¢9396A0+03 ~.400060¢03 «131100+03
.53€010+01 =¢101020+03 =.111610¢02 .208110+02
, -.27619D¢03  <199060¢03 ~.177430¢03
«912650¢02. 655960402 <~.311580402 <~.4L32820+02
° «1485981 0040405 :
€0 . 302320400 ,390250400 .zuenko*u: ¢184210401
" [,735620404 <-.950740¢03 -.405260403  ,130560¢03
0 «537380401 =.1006204¢03 . -.132760402 .202€00+02
‘ ' «e270270403  +189610¢03 =.47699D+03
¢913030¢02 657330402 <=.330130402 ~.40201D402

_ +146354620850¢05

P

—




" 70

90

100

RESULTS

302190400
735580404
<5346 10+01

<913190+02
«302320+00

« 735580404
«533900¢01°

913250402

«302320+00
«735580404
«533900401

«913250+02

b
+302320+90
«735580404

" ¢533900¢01

« 913250402

-

S

- a3l -

«390464D+00
*~+950555¢03

~e100610+03 .

=«270410¢03
«657320¢02

<249140¢01

-+ 405320403
=-+132700¢02

+189530+03
=+¢330120¢02

«14635393630+05

390260400
~.950550403
=¢100400403
=.270410+03

657340402

« 249460401
-.405300403
-.132730402

«189560¢03
««3306050+02

1462353926 0D+05

«390360¢00
~a950550¢03
~«100400+03

~e27041D¢03
657340402

«249460+01
- 405300403
*e 132730.‘02

+18956D0¢03
-+ 330050¢02

«16635392600+05

«390360+00
~+950550+03
~+100400¢03
~e27041D+03
"1«6573L0402

« 249460401

-+4 05300403~

=e132730¢02
+189560+403
=-.330050+02

‘ «14635392600+05 -,

NUHEER OF DATA POINTS=288

CﬂLCULATIONlTERHINATEB BECAUSF CONVERGENCE OBTAINED

 + . NUMEER CF ITERATIONS= 101

“y EPS=

«1E204.
CALCULATION TIME=

J41.276

(43

«18537D+01
«13057D+03
«202600+02

~¢177010403
-« 40294D+02

« 184070401
«13056D+03
«202€4D+02
~«17701D+03
~. 402850402

«186C70+¢01
«13056D+03
« 202E4D+02

-+177010¢03
-.402#50+02

«18497D0401
«13056D+03
«202€4D%+02

-«177010+03

- 402850402

P

v

L " AELCW _ARE PABDHETER SOLUTION VALUES,IN THE FOLLCNING FORHA?

N

"

°

- PRt e I

. R C o e . . . , e
).rl}‘\\.;&‘.,A,A_,JELAAA.ZLKLLJMK_:L,.&“l'ﬁn,1:‘_,.1,,‘.3 AL N

Al
PO
Py

P11

«302320¢00
e 73558004

0

+913250+82 -

A2
XP1
XP5
XP8
XP12

+390360¢00
=+950550¢03

"0533909603 _*+100400+03

-4270410¢03
4657340402

ed
xp2
XP6
XP9
XP13

249460401
-« 405300403 -
-e132730¢02-

+189560¢03
=+330050+02

+16635392600+05

,

ed
XP3

XF?
XF10

XFi4

«184¢70+01

. «13056D¢03

«202€4D+02

-e177010¢03

-, 4 0285N+02

\
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' Listing of Forecasting Program “PREDICT" v
» o N ) ' ) ° " 2 "\-
‘ ]
. PROGR‘H PRE“IC“INPUT ouTPUY) . ]
’ DOUBLE “PRECISION 21 v :
e I"ENSION‘U1(50°)'21 5000 - . o . ..
COMMON-NXP : SR - . .
CO“HON’D“'Q’Z’U’XP’B,A ND,Q NA,AL . . a -

DIHENSION Z(SOU),U(SOO) At2, 2).XP(20),B(Zl,!(!ﬂ),!i(B).P(Z.Z)
- DIMENSION li(Z.Z)

v

C
~ C SPECIFY TOTAL NUMBER OF DATA POINTS.AND NUMBER OF ‘HOURLY FORECASTS
'c ., THEN READ LOAD DATA,AND TEMPERATURE-DEPENDENT VARIABLE,U
x U NFz28 ‘ ! .
/ . ND=96 . . T : ‘
NP=72 - ) ’ \
'NSF=ND-NP-NFe1 : T . : o
NFF=ND=NP ¢ ’ T ‘
READ 1,(Z(I) 1131’ND’ Y. : t .
1 FORMAT(10X,12F5.0) . - L e : .
‘ READ 2,(ULI),I=1,ND) o g _—
. T2 FORﬁAT(iZFS.i) , , oo ¢
- © DO 9 Iz},ND \J - DI R
Z1(I)=2(1), - ‘ ‘ : .
o D =N ‘ : . '
| ' 9 CONTINUE

C . IR ) .
¢ SPECIFY PAR' ETERS ' o h . ,
C. thﬁ PROGRAM™ 1; FOR NA:NB 2 S
NXP=15' , L . .
. NA=2 L SR : : "o K
y N3=NA T _ S « R
9 . 0=7023,84 < : . ° O
Tl 'NT=NASNBENXP - ) T , :
- F READ3, (X(I),1=1,NT) . C
C “3 FORMAT(8F10.3) . . , 1
DO & I=ft,Nxf . S N <L
L % XPUI)I=X(I) . T . v
A(1,1)=X(NXP+1) . ' ‘ "o

" AL1,2)=X(NXP+2) @ . \
A(Zgl)*io L. B . ’ . ‘
. - # It A(Z,,Z)-G. . 4 » ’ .' ' '
- T BCI)=X (NASNXP+1) A o . L= .
© B(2)=X (NASNXP+2) - e ' ( A »4TM\{k\
RETE PRINT 13 ' ’
, #13 FORMAT (10X; *BEL'ON ARE PARAHETER anues,tudFOLLouxys FORHAT'.II!
) PRIWT ik, . A \,




, & I HKI=2S . Y

- A33 - /\ - ‘{//
5\ @

- -
. E ‘ ’ N - . i ‘ )
L I

14 roanav(zax,vax'.11x.vnzv,izx,-eo~.11x '31-.1.1zx . . XPO
1 %46X 4% XPL ¥ XP2 XP3  *,/,44Xs %  *,6X,* XPY, ¥IX -
1% KPS S,7X,% XPE  %,7X,% XP7 %7510, *,16X,% XP8 *7X
"1, XP9 #,7Xy% XPLD %y/y22X,% XL, 7X,¢ XPi2 ®,7X,* XP13 *,7X,*
1XPLY *4/) ' : , -
PRINT 15, (X(I),1=16519) 5 EX(11 511,15}

16 FORMAT(17X .  y&(1XsF12450 9/ 92C17X, 401Xy F1245) »/) 3 30X,301%,F12,5
19 97 947Xy4 (41X F1245) 4 /)
PRINT 16,0 -

gs'ronnartsrx F13.2) | o

Cc
C INITIALIZE HITRICES AyPyAL,VECTOR Xy THEN PROCEED WITH FILTERING. !
C o . ~
Cc

D010I=1,NA
D010J=1,NA . R
10 P(1,J)50.0 &
D0 11 I=1,NA . . - : , :
11 P(I,1)=10000. ' ' ' -
C CALCULATE A1=(A,TRANSPOSE) ﬁ ' :
00 12 I=1,NA: : i
D0 12 J=1,NA ' L - S
12 A1(I,0)=A0J, 1) P : NN
DO 8 I=1,NA L :
8 X1(IV=0.0 -

. & o
CALL FILTER(X1,P,NA,NSF,NFF)\, . . « v

INITIALIZATION OF P~ - : N\ o é§

c
C NOW PROCEED WITH FORECASTING
' CALL PREDI(X1,P .NP.A B Ai.XP,NA u.a.z.No: f >

'END o

4

v

: SUBROUTINE HULT(A’B,R.N) ‘ -
DIMENSION A(N,N).B(N,N’,R(N,N) '

o , o

C THIS SUBROUTINE CALCULATES MATRIX Pnocucr.asa~n
00 1 -I=1,N _ é T
DO 1 JziuN ‘ , i ~

1 RUIyJ¥I=0.0 . . ) : \

T D0 2 Ix,N ~ ) o
00 2, K=1gN - : - L - L
S20.0 - ' . ' Do , ,

. DO.3 Jdmi,N . : . a
3 SxSHA(I;UI%BLIKY .

RETURN o : N -

ENU o . , N . RN . N
. R g ! ' AN .
- ! oF - . N N .
; . . . [
. . N ‘ "y ~ ' < ) .
. . w, . . . . ) "
.
* -




-

-a3 - . .

1
P

SUBROUTINE FILVER(X1,P,N,NSF,NFF) Lo

" "COMMON/DATAZZ yUyXP 4ByA,ND,QyNA,AL

o0

“—
- .
Qi Q0

a QO 0Owm

o -

. 1
15

18
o

C
. 20

c
- Je

COMNON NXP .
DIMENSION 2(500V,U(500),XP(20),E(2),A(2,2) ,A1(2,52)
DIMENSION P(2,2),S(2,2),X1(2),R 2,2),K(2)'XS(2)

REAL K -

CALCULATE S(Xe1)=P(K+1/K)= A'P(KIK)'(AQTRANSPOSE)OD'Q'KDoTRANSPOSE)
ERR=0,0 , N
EQRS 0.0 ’ . . ’

00 S0 I=NSF,NFF .

CALL NULT(A,P4R,N) '

CALL HULT(R,Ai,S’N’ . * ooy e 8
<+

$131,1V=S(1,1)+0Q ‘ \_

CALCULATE K(K01)=S(K+1)‘C'(((C TRANSPOSE)'S(K#ii'C)"-ll)

D0 13 J=1,N

K(J)=S€Jy1)/5(1,1)y - R

CONTINUE ! ‘

. CALCULATE P(K#1/K+1)=S(K+1)=K(K+1) *(C,TRANSFOSE) *S(K+1)

00 5 J=1yN

DO 5 L=4,N ° . .
P(L,yJ)=S(L,J) -K(L) *S(1,0) . ~7 ' ¢
CONTINUE ' . .

- - !

CALCULATE X (K#17K) =A®X (K/K) $HSUCK) 5~

uusnelucxx IS THE SE7 OF U(K+1=J) ~

D0 9 J=1,N o ‘
XS€J)=0.0 ' ' 1

.00 6 J=14N . S

00 1 I1=1,N » |
X=X+A(J,I1) *X1CI1) . ' T

XStJ) =X v - | '

DO 8 J=1,4N

X1€Jr=xS(d) ‘ ~

00 2 J=1,N o Coe

X1t = Xl(l)*B‘J"U(I Jt1), - o i

IF(I .EQ. 1) GO TO 14 ' "

GO To 20 : |

PRIMT 15 § o e
FORHAT(//1’29X"FILTERING'pI’ C '

PQINT 18 !

FORMAT (10X, *HOUR®,1X, 'PERIOUIC‘,!X,'Z,REIL'.1XQ‘Z’FILYERED"2X.'ST

X;-’Uoﬂ . ! ¢ 1 \

10.0EV.* ,ZX,‘ERROR',ZXg‘HEﬁN Eﬂﬁ.'i!,“CT.S D. o7

CALCULATE ZP(K*ilK)ztc,TRANSPOSE)'Xi(K*ilK)+ﬂSI
1=t .

CALL Penzoo(tuuxp,Psr,xp.L)

ZP=PSI+X1(1) ) :

i

CALCULATE Xt(KOiIK*i) X11K01IK)OK(K01)'(Z(K01)‘ZP(KOIIK!
00 3 Jzi,N




3
C
c CALCULATE THEORETICAL ERROR OF FILTERED ESTIMATE, .

- - A35 -

x1¢Jiéxch)ochivtzcxx-zp)

{

(

C THEN ACTUAL ERROR,ITS MEAN,AND ITS STC. DEV.

VA=S(1,1)
SN=SQART(VA)

. ER=ZLI)~ZP

40

42
L1
g0

ERR=ERR+ER  _
ERRS=ERRSER*¥2

AI=FL CAT(I)

8I=AI-1.0"

AV=ERR/AL

IFCI oGT, 13 GO TO 40
ASD=-9¢99,99

60 TO 42

ASD=SCRT (ERRS /BI-(ERR®*2) /AI/B1)

PRINT THE FILVERED DATA

PRINT 44yI,PSI,Z(1),2P,S0D, ER,AV,A‘D,(Xi(J),J 15N)

FORMAT (10X, I3,7F9,258Xy2F9.2)
CONTINUE

RETURN = e -
END ‘ -

e b e e ——— —— o8

SUBROUYINE PERIOD‘J,NXP PSI,XP,IND)

THIS SUUROUTINE CALCULATES. THE FERIDDIC COMPONENT PSI OF LOAD Z

OIMENSION XP(20),PHI(20)"
T=J

- 00 1 I=1,NXP

10

PHI(I)=0.0

PHICL) =PHI(1) ¢+1,0 '
M= (NXP=1)/2

PI=3,14159265

00 5 I=4,N

K=+

PHI(K)tSIN(PI'T‘FLOAT(I)112.0) RS
L3KeM L

PHI(L)SCOS(PI‘T'FLOAT(I)/12-0)
PSI=0.0 .

D0 10 I=1,NXP >
PSI‘PQIOPHI(Ii'!PlI)

RETURN |

" END : . C - .

kS

Pa—.
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‘ anon nao:
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. AR

£3

»

. SUBROUTINE PREDI(X1,HsNoAyByAlsXP,NAyUpQyZ,sND)

:THIS SUBROUTINE FORECASTS LCAC ON COMPLETION OF FILTERIN@
COMMON NXP

_ DIMENSION R(Z,Z',XS(Z),P(Z.Z)
OIMENSIQN Z(500),U(500),XP(20)
DINENSION X1(2),H(2,2),802,2),B12),A1(2,2)

ERR=0.0 <
ERRS=0.0 . .
00 50 I=1,N » e . @
00 1 J=1yNA o 7

SET X(M/N)=0. o . R 1
X=0.0 ' - ) . 3

CALCULATE- XL #N#1/N) =A*X (L +K/N) $B*UIL+N) ~
DO 2 X=1,NA : :
X=X +A(J,K)*X1 (KD
XS€J) =X . .
N0 6 J=1,NA % :

X1€¢J) =XS {J) .

D0 3 J=1,NA
K=ND=N+I=-J¢1 :
X1(1) =X1 (1) +B (J) *U(K) 0o i
IF(I-(1/48) %48 .EQ. 1) GO TO 9 :

IF(I-(1/24)%24 .EQ. 1) PRINT &

FORMAT(* *,77) * _— — |
GO TO 20 :

PRINT 11 —_—

FORMAT(1H1,/7/, 28X, *FORECASTING®,/) : “ :

PRINT 13
FORHATtinX,’HOUR'.ix,'PERIODIP‘,1X"Z.REAL‘.1!.'Z.FORECIST'.ZK.'ST

'1D.DEV.*52Xy *ERROR® ; 2X y SMEAN ERR4®2X;*ACToSe0e®; 08X, *H{1,10%,3X,*N(

11,2)*, =x,~x1¢1)¢.ux.*x1¢z)',/)

L=2

3

CALCULATE Pshxoulc,uun -
S(§4N;11N)=lc.TRANSPOSED'x(LONﬁilN)+PERIODIC . |
=I¢NFeN .

CALL FERTOD(M,NXP,PST,XP,L} '

ZP=PST+X1(1)

CALCULATE COVARIANCE NA'?IX,“(Lf;*l)".“(L*N'.("TR‘NSPOSE)’ '
D*Q® (C,TRANSPOSE) 4HITH STARVING VALUE WIN/NISPIN/NY ~
CALL MULTCA,H,yRyNA) -
CALL ®MULT(RyAL1,HyNA) ) -

’

CALCULATE THEORETICAL svo. oev. OF PREDICTION ERROR,
THEN ACTUAL ERROR,ITS MEAN,AND ITS sro. DEV. , L
W(1,19=H(1,1)+Q ' . :
VAR=N(1,1) _

SD=SQRT(VAR) ) o ,
ER=2(M)=2P ~ - . , N




&0

ERR=ERR4ER

ERRS=ERRSHER®*2

AI=FLCAT(I) ‘

BI*AI".“

RV=ERP/AX

IFLI .GT., 1) GO TO &0
ASD=-9¢€9,99

GO Y0 &2
lSOtSORT(ERRSIBI'(ERR"ZDIAIIBI)

g PRINT - RESULTS

L1

AN

FORMAT (10X, I397FQ6e298Xy&F9,2)
50 CONTINUE
RETURN
_FND -
. nf";’
\ !
4

' * L

a .

3

42 PRINT &&,I,PSI,Z(M),2P,S0D,ER,AV, lSD,H(l,!),NCI.Z’gXIQI).Xil?’




- A38 -

Basic Forecast: Forecasting Load in 4th Week, using -
:arameters identified from Data of three Weeks ¥

Al

BELCW ARE PARAMETER VALUES,IN FOLLOWING FORMAT 0

AL A2 |0 e1

th xe1 Xe2 . XF3

XP4 XPS° XP6 Xe?

XPA - XP9 XF10

xP11 xP12 YP13 XF14
. . 20200 +329000 2.49500 1.85000
. | 7355.80000 -950.55000 | -405.30000 130.56000
5.33900 =-100.40000 -12.27390 20.26400
-270.41000 . 189.56000 ~-3(77 y01000
91.32500 65473400 -33.00500 -kql28500

épsss.sg ‘
FILTERING

MEAN ERRe ACT.SeDe

HCUR FERICDIC Z,REAL Z,FILTERED STD.DEV. ERROR

1
2

E7€4.30
€430.28
€208.28
61€2,56
€163,11
E08R,80
€269,06
ETEL.TY
7274.36
7635.47
730h.74
025,65
7944 .35
7752,.81
7536.61
740,99
7890,39
e422,34
E6LE .65
311,21
#028.65

1 7933.12

7649.11

.1181.71

\

6600.00
6282.00
6160.00
6058.00
6035.00
6637.00
6329.00
6458,.C0
7333%.00
T7A7.00
7973.00

8207.,00

8079.00
7722.00
7T78%.00

7772.00-

7943.C0
8754,00
8€27.00
A463.00
8385,00
81687.00
7913. 00
7553400

6727.12
6302.16
6012.27
$991.82

5995.14°

5922.40
611537
6662.47
7211 .85
7580.37
7881.72
8024 .83
7960,.,30
731¢6.71
7541 .05
7521.21
8351,01
4614,93
n758.35
8430,32
8108.63
8134, 408

7305.52 -

7611.2€

130.65
126.79
120.98
120.98
120,98
120.98
.120.98
120.98
120,98
120.98
120,98
120,98
120.98
120.98
120.98
120.98
120.98
120.98
120.98
-120.98

120.98

' 120.98
120.98

120.98

~‘127012

‘=20.1€
147.72
66.4"
39.86
114,68
213,63

191.53 .

121.15%
206,63
91.28
1A2.17
118.7¢
-92,7%
242,95
250,79
-108.01
143.07
=131.35
" J32.68
276,37
52.52
T.A8
161,74

«127.12
=T73.64
«15
1E466
21.30
3€C.85
62.10
T8.28
43.06
95,40

95.03'

102.29
103.55
48,53
98,76
109.20
9€.42

9¢.04

8E.AQ
84018
93,33

G1.48
87.82

90.07

75.64
138,55
117.84
102.58
99,34
112.6¢5
113.89
107.49
108.61
103.05
101.542
97.21
107.12
110.56
113.29
1214.69
1148,5€
126.77
123.98
127.91
125.13
123.50 |
121.29



L4

HOUR FERIODIC Z,REAL 2,FOREGCAST

10

€269.04

O BN S W

C ETEL, T4

FORECASTING

€7€4.30 7075.00
€430.28 6839.08
€208.28 6569.00
6162.56 6478.00
€143.11 6509.00
6088.80 ©526,08
6755.00
E7€L. T8 7212.00
7274436
7635.47
290474
2025.65
7944.35
7752.84
7536.61
7690.90
7890.39
849234
L646.65
8311.21
"038.65
7932.12

8074.00
8369.00
‘8612.100
8496.00
8151.00
8103.80
8033.00
8162.00
4835.00
89039,00
8736.00
849A.00
8320.00
7649.,11 7989.00
71R81.71 7603.00

e

€764,30°
6L30.28 6886.00
€208,28 6705.00
61€62.%6 _6616.,00
€143,11 6613.00
¢0BA.A0 6535.00
€¢2€9.,04 ©6637.00
7250.900
7751.00
A094,.,00
8269.00
8550.00
8339.00
8067.00
7977.00
7769.00
T7%63.00

T117.00

7274 .36
T635,47
790L.74
202%.65
7q“*'35
7752.481
7536 .61
749C,90
790,39
£492,34 3A22,00
RE6LB.65 8842,00
2311.,21  BELI.00
8034,65
7933.12 8159.00
76L9,11 T863.00
71814,74 _7525.00

7725,00

83‘700“3

7035,23
6717.06
6465.81
6424413
6399.03
6344.37
6520.95
7015.48
7522,99
7882.40
8147.65
8264.58
8i1680.58
7945.61
7763.15
7710.31
4105.8%
8706.21
8853,78
8511.33
8229.19
6117.14

. 782728

7358,39

6937.78
6601.30
6374.68

6322.83

6300.74
62&0.54
6419.75
6918.AF
TL33.19
?7483,4L38
8070.01
8193.57
81444 46C
7921.62
7697,.99
7641.20
RQ2A. 1
a4621.24
R765.42
8417.56
8126.67
8003.41
1442 ¥%.1.
T216 .10

STD.DEV. - ERROR MEAN ERR. ACToSe0.
. P Ve .

120.98

126.37
139.14

142,73

146.346

148,01

149,27
149,97
150, 4b
150,72

150.91
151.02

151,09

151.14
151.16

151.18 .

151.19
151.20
151.20
151.21
151.21

151.21 .
151.21 .

151.21

151,21
151,21
151.21
151,21
151,28
151.21
151,21
151,21
151.21
151.21
151.21
151.21

151.21

151.21
151.21
151.21
151.21
151.21
151.21
151.21
151.21
151.21
151.24
151.21

39.77
121.9%

103,19

53.87
109.97
181.63
234.05
186.52
202.01
191,60
221.35%
InTe62
315,42
165.39
339.85
322.69

3641€
130.89

55,22
224467
268.81
202.86
161.72
244,61

-

179.2¢
284,70
330,22
292.17
312.2¢
294.66
217.25%
331.1%
317.81

295%.52 -
'19M.59

356,423

‘224451

145.38
279.01
126.80
-65.31
200.76

76,58
231.44
260,33
155.59
161.52

"310.82

3¢.77
80.86 58.10
88,30 43,06
7€.69 29,15
85,75 36051
101.73 50,97
120.63 68, 31
130.12 €8.70
138.11 €859
163,46 oAU
15G.54 7.62
166.9% 85,95
178,36 92,02
177 .44 LY.
188,27 J 95,01
19€.67 €7e 75
167.23  102. 38
184,10 100417
177.31 101.74
176,68 €9,59
183,92 98.99
184.79 96. 69
183,78 9459
18€4+32 93, 34

' |
- 186,03 91. 39
189,83 91. 61
13€.03 93. 81
198,54 °3.91
202446 Q%e60
205,53 4o 4E
205.90 92,90
209,82 9%.,03
213.09 Ue o by
. 215.51 9%.07
215.03 €2, 72
218.96 9%, 37
215.11 93.06
21717 92,57
218,75 91,88
21€.45 °1,8¢
202.58 100.60
20€.37 93,58
20€.28  100.65
206486 99, 34
208,04 96,53
20€.90 07, 74
205.94% 96,30
208.12 27,05




2N

-

HCUR FERICOIC Z,REAL Z,FORECAST

49
50
€1
€2
£3
54
£5
56
&7
58
59
€0
€1
€2
€3
€4
€5
66
€7
€8

€9

70

71
[&4

N

€764,30
6430.28
6208.28
€1€2,56
6143,14
€038.80
6269.04
E7EL.TY
7274.36
7635.47
790474
8025.65
7944.,35
7752.81
7536.61
7490,90
7890.39
8492,34
8E46.65
8311,21

802R,.65

7532.12
7649,11
7181.71

- A40 -

FORECASTING

68993, 00
6756, 00
6615.00
6452.00
6436.00
6422.00
6642.00
6935.00
7489.00
748,00
8156.00
8358,00
8265.00
7993,00
76898,00
7776.00
7605.00

- 8562.00

8628.00
846,00
8297.00
7943.00
7630.00
7397.00

677M.63
6428,18
6192.72
6135, 30
6107.53
€066,19
6219, 64
6722.40
7242,81
7613.A5
7899,73
8038.00
7975.70
73.00,30
7595,45
7560,46
7967.39

a4573.70

8727.49
8392,56
A122,74
8120,61
7717.62
726597

El

—

STD.DEV. ERROR

154,21
15{.21
184 .21
161,21
151,21
151,21
151,21
151,21
151,21
151421

151.21 °

161.21
151.21
151.21
if1.21
151,21
151.21
151.21
151.21
151.21
151.21
151.21
151.21

151,21

119,37
327.82
422.28
316.70
328,47
375.81
422.3¢
212.6C
24€.19
334.15
25k,.27
320,00
289,30
192.70
302.55
215,84
-159,39
«11.,70
-99,49
103. 44
1Tk« 26
«77.61
-107.62

131.13

MEAN ERR. . ACT.S.D.

20€.31
208,7%
212.93
214,92
217.07
220.01
223,69
223.49
223.489
22¢.79
226427
227,83
228.84
228.26
229444

- 22422

208.57
20412
203.10

96,36

97.40
100.95
100.,9¢
101.22
102.56
105.21
104,2¢
103, 3¢
103.47
102.6%
102.4¢
101.93
101.20
100.81
100,02
110.3¥
113,23
1408,9%
118,82

118,06

122.21
127.90%
126.40




BELCM ?}E PARAMETER VALUES,IN FOLLOWING FORMAT

»

4

At A2 80
XP0 " XP1 XP2 .
XPh XP5 XP6
XP3 XPQ
' 7 XP11 XP12 - . XP13
«10500 26600 . -3,07€00
7621,80000 -930.18000 -389,45000
-225.46000 178.26000
112.54000 51'0110f ~51.,221090
&5619.1«
A
FILTERING w3
ncunfrtnxcotc Z,REAL 7, FILtERED STD.DEV. ERROR
o1 fea7s,sz ' 6600,00 6922.36 128,21 -322.3€
.2 €5%4.52 6282.00 6449.56 127.76 ~167.5E.
t 3 €280401 616000 6132.65 126.998 27.35
b TE218,T8 6059,00 6054.7h 1264498 3.26
5 1€223486 6035.C7 6036.6% 126498 - -51,6%
6 E1G4y2A 6037,00 6043.15. 126,98 ~6e15
7 €328.,05° 6323.00 6189.05 1264.98 139,95
8 ET26,83 6854.00 6608,02 126,93 245,98
9 722011 7333.00 7160.25 126,98 . 172.71
10 7€31.87 7787.00 7530.29 124,98  256.71
11 702,94 7973.00 7860.1% 126,98 112.82
12 8057.01 8207.00 8025.29 _ 12&.9%  1A1.71
12 8029.4% 8779.00 7986.11 24,38 - 92,89
14 7829.94% 7722.00 7R13.37 24.63  =G1.37
15 7556434 7784400 7515.35 126.98  268.65
16 7530.19 ?772.00 7490,23 171,09 281,77 .
17 8010.11 7943.00 8058.46 174413 =315.846
18 'A620.32\ 8753.00 8651.,90 174693 106410
19 £732,757 8627.008 475,84 124,98  =99,84
846300 S+unens 126498 16,55
8385,00 AL7:,1G  12h.98 211,831
8187.00 £111.02 124,98 75.97
30 7923.00 7816.36 124,98  96.6h
24 7265.75 126,98 - 189.11

- A4l -

rorecasting Load in 4th Week, using Parameters

identified from Data of lst Week v

7553.08

~

7363.89

B1
XP3
XP7.
XP10
XP1k

6.87500

115.886000

2174400

=192.99000
)-20.1860&

MEAN ERR.

~322e¢36 -

244496

154419

=114e83
-102.19
'86.18
-53.88
=164%0
4e62
2€.83
37.37
4S. 40
52.74
b2.u5
57.53
71,55
60.55
63.08

54.50

5260
60.19

+ 60490
62.46

67.73

ACT.S.0.

109,46
175,24,
163,31

ﬁli"o 22

134.82

~ 149,84
© 174460

175.0¢

183.3¢0
175.68
172.61
165.70
163.79
168.29
171.98

© 172459

1€7.7A
1€7.28
163.04
1€2.66

153.78
155. 31

154408




- Ad2 -

we FORECASTING
[~ - HOUR§§§RIODIC 2Z,REAL Z,FORECAST STD.DEVe ERROR_ MEAN ERR. ACT,.S.D.
1 €876.52 7075.00 6993.76 124,98 76,24 7620
2 6534.52 6839.80 6673.20 125.66 , 165,80 121.02 €3.33
3 €280.01 6569.00 6375.73 130.35 193,27 145.10 61020
4 ©6218.38 6478.00 6320.35 130.54 157.65 148.24 50, 3¢
5 €223.,86 6509.00 ©6323.22 130,92 185,78 15%5.75 ' &46.73
6 6194.28 6526.00 6301.69 130,95 224:31 . 167.17 S50.31
7 €328,05 6755.00 6631.79 130.99 323.21. 189,46 76.75
A ET26.83. 7212.00 6A&1.33 130,99 370.67 212.12 9%.31
9 7220.11 7725.00 7325.0% 130.99 399,99 232,99 103.18
10 7611.87 8074.88 7715.95 130,99 358,05 245,50 109.4D
11 7902.94 6369.00 8009.43 130,99 - 359,57 255,87 109,32
12 8057.01 8612.,00 8156.96 130,99 - &§55,04 272.846 119.05 .
13 8029.44 B8496.00 8126.36 130,99 I67.64 27S.79 117.00
14 7829.,9% 815100 7929.23 130,99 221,77 27%5.66 113,47
15 7556.34 8103.00 7655.96 130499 4&7.04 287.07 117.96
16 7530.19 8033.00 7622.85 130.99 &10.,15 . 294.76 118.04
17 8010.11 8142.00 8095.85 130.99 46415 280.14 129.22
13 3620,32 06835.00  8709.52 130,99 125,48 271,54 130.5€
19 08732.75 08909.00 8819.2€¢ 130.99 . 89.7& 261.98 .133.5¢
‘20 B8415.32 B8736.00 8503.04 130.99 ° 232.,9¢ 260,52 130.16€
/ "21 #A180.59 8498.00 8262.78 130,99 235,22 25G.32 126,98
’ 22 8047.20 8320.00 A113.35 -130.99 zoz.zs 25€.70. 124.53
23 7720.88 7989.80 7795.06 130.99 193,94 253,97 122.37
24 7265.75 7603.00 7329.26 130.99 273.7& 254.79 - 119.75
25 6876.52 7117.00 6954.03 130.99. 162.97 251.12 11A4.66
26 6534.52 6886.,08 6599.88 130.99 2086.12 252,47 116.46
27 6280.01. 6705.00 6356.55 130,99 348,45 25€.02 115,68
28 6218.38 6616.00 6283,78 150,99 332,22 258,74  114.43
29 6223.,86 6613.00 6286.17 130.99 32€.83 261.09 113.048
30 6194.28 6535,00 6263.03 130.99 ° 271.97 261.45 111.13
31 6328.05 6637.00 6379.81  130.99 257.13 261.32 109.26
32 €736.83 7250.00 6798.5Q0 . 10,99 451,50 267.26 112,62
( 33 7220.11 7751.00 7282.41 130.99 468.5C 273.36 116.26
3, 7611.87 60894.00 7683.37 130.99 410.63  277.648 116,88
35 7902.94 8269.80 7975.20 130.99 293,80 277.87 115.18
36 8057.01 8550.,00 B8131.10 130.99 418.90 281.78 115,92
37 €029.44 8339.,00 06103.31  130.99 235.69 260,54 , 114,56
28 7329.9% 8067.00 7909.65 130.99 157.35 277.30 114,75
39 7556434 TITT.00 763%.43 130,99 342,57 278.97 113.72
40 7530419 7768.00 7599.77 ° 130,99 168,23 276,20 113.61
41 8010.11 7963.00 8070.37 . 130.99 =107.37 266.85 127.17
_ 42 86204324 08822.00 B667+55 - 130.99 154.45 264.47 126,88
- 43 8732.75 80842.800 8783.88 130.99 58,12 25G.38 129.16
L4 B8615.32 B8649.00 B84LS57.76 - 130.99 191,26 257.83 . 128.06
.45 8180.59 B8387.08 8224.37 130,99 162,63 255,74 127.19
46 8047.20 8159.00 6067.67 130.99 91.33 252.14 128,28
- 47 7720.88 7863.00 77%1.36. 130.99 . 121.64 269,36 128,38
L8 7265.75 7525.880 7272.88. 130.99 ) 252.12 26G9.42 126,93




I

+

&

‘

-'A43 -

. FORECASTING

HCUR FERICDIC Z,REAL i,FOREOAST STO.0EV. ERROR

49 6876.52
60 6534452
51 €280.01
52 6218.38
63 €223.86

. 54 ©194.28

55 6328405
56 6736.83
€7 7220.11
54 7611.87
59  7602.9%
€0 §0%57.01
61 8029.44
62 / 029,94

7530.

7556/e 34

6899.00
6756.00
6€15.00
6452.00
6436.00
6422.00
6642.00
6935.00
7489.00
7964.00
8156.00
8358.00
8265.00
7993.00

7898.00 .
T776.080

780%.00
8562.00
8628.00
8496.80
8297.00
793,00

- 7630.00

7397.00

6871.79 130.99
6526.A6 130,99
6257.02 130.99
6196.61 130,99
6193.39 . 130.99
6169.89 130.99
6298.62 130.99
6692.04 130.99

7203.29 . 130.99

7597.32 130.99
7892.72 130,99
. 8065.78 130,99
S042.46 130.99 -
7863.20 130,99
7593.02¢ 130,99
7569.09 130,99
ROS4.52 - 130.99
8565.67 9 130,99

6780.1 130.99

8450,72 130.99
8218.26 130,99
8084,49 130,99
7764.63 . 130.99
7310.11  130.99

e 8
-

27.21

229.14.

< *'357.97

263.39.

.242.61
252.11

343.38

285.71
350.64

+ 261.28
T 292.22

129.80
3J04.21
206.91

-246.52.
-103.67°

‘152.15

85.28

T8.7T€

-141.4C .

-134,63

A 89"

242.,9€ "

22254 -

MEAN ERR.,

26ke89
264,57
26€.79
26€.92
264 €486
26€.9%
248,69
268459
24€. 24
25699
251416
251 .85
251,37
264G e 41
258429
209461
201498
23€474
230. 9%
22821
22€4 0%
220479
215,78
"213 .99

~
)

ACT.S.0,

129,55
128,24
127.96
126.68
125,46
124.27
122,80
122.67
121.67
121,33
120.29-
119,28
119, bl

118,48

117.73
116,92
131,31
137.07
1*“.@31_'
146,77 -
144,82
150,32
155.10
156.75




- 44 - t
Forecasting Load in 4th Week, using Parameters .
' identified from Data of 2nd Week )

. ¢ y
BELCN ARE PARAMETER VALUES,IN FOLLOWING FORMAT

i A2 8o e
XP8 XP1 xP2 *ﬁégsﬂ‘ l
XPh XP5 XP6 7
;o ©C xpB XP9 _ XF40
XP11 xpi12° ' XP13 - FL
+12400 +29600 -3.64200 11.84500
7262,20000 ~-956.39000 -42€.56000 147.24000
. =6.79600 =105.97000 ~12.16500_  18.30500
‘ ~269.72000 206,09000'° =160.,71000
85.31600 A0.89900  ~30.265€0  -46.26000 ;-
9195,20 |
FILTERING ~

I,

HCUR FERIQDIC Z,REAL 2,FILTERED STD.DEV. E;’OR MEAN ERR.
1 €668.51 660000 6722.78 101,12 =122,78 =122.78"

2 €320.88 6282,00 6193.48 100,29 . ' 08,52 =17.13
‘3 6099.47 616000 5956.27 95,89 203,73 56449 ¥, ¢
4 €065.26 6058.00 5879.62 95,89 176,38 8696
5 60%2.01 6035.00 5865.50 95,89 - 169.50 .103.47
6 -5943.79 603700 . 57%54.36 95,89 282,1h © 133.25
7. 6114.53 6329.00 5363.51  95.89 365,49 166443
B €665.96 685,00 6532.52 95.89 321.48° 185.81
9 7233.96° 7333.00 7150.1A Q5,80 182,82 18%.47
10 - 7598.64 7T787.00 7415,.80 QS.BQ 371.20 204,05~
11. 7841.97 797300 770h.74 95.89 268.26 209.89
12 7939.13 8207.00 -7835.48 95.89 371,52 223,35
13 7835.50 8079.00 7751.91  $5.89 . 327,09 231.33

14 7634423 7722400 7621445 95489 100,55 - 221.99
15 7425.51 7706000 7%21.36 95,89 362,64 231.37
16 7380417  7772.00 7378.35 95.89 393,15 261,48
17 7776.63 7943.00 7861.46 95,89  81.54 232.07
18 8399.60 8758.00 08494,02 95.89 263.97. 233.484
19 8577.3% 8627.00 8672.46 - 95,89 . ~45.46 219.1k
20 B8223,56 B8463.80 8365.30 95.89 97,70 213.07"
21 . 7948.59 . 8385.00 803240 95,89 352,60 216,72
22 7857.66 8187.00 60&5,3% 95,89 141,66 216,17 -
23 7587.36 7913.00 7621.38 . 95,89 . 91,62 " 210.75
24 7107.55 7553\ 00 7335.22  95.89 217,78 211,05

- 148,31

- .1€5.06

ACT.S.0.

14941
. 165,59

133.64
140,03

153.67
143,75
147,71
141,46 .
142,72
129,64
138.64
138,44
139,73
140.75
136.75
147,54
146.15
145.67
163,13
142,23
139.11




\

<

I R T T 7 T T T Py S S AT

e

HCUR FERIQODIC Z,REAL Z,FORECAST

4

6668,51

€320,88
€099.47
€065.24
6037.01
§943.79
6124.53
€665.96
7233.96
7598.64
734L1.97
7939,13
7835.50
7634.23

7425.51°

7380.17

7776.63 °

8399.60
8577.34
8233.56
7948.59
7857,66
7587.38

© 71197.55

666R.54
€320,.68
6699 .47
6065.24
6037,01
5943,79
6114 .53
6665 .96
7233.9
7598.6
7841.,9
7939.1

©7835.50

71634 .¢
7425.51
7380.17
1776.,63
8399,.60
‘A5T77 .34
.4233,.56
71948 ,59
7857.66
71587 .36
71107.55

*

-70863.00

FORECASTING

7075.00
6839,00
6569.00
6478.00
6509.00
652600
6755.00
7212,00
7725.00
8074,00
8369.00
8612.00
8496,.00
8151.00
8103.00
8€33.00
s1s2.06°
8835,00
8909,00
8736,00°
8498,00
8320,00
7989,00
7603.00

7117.00
6886.G0
6785.00
6616.00
6613,00
6535.00.-.

~6637. 00

7250.00
7751.00

. 8094.00 7

8269.8%
8550.00
8339.20,
6067.00
7977.00
7768.00
7963.00
8822.0¢C
842,00
8649,.00
8387.00
81%9.00

7525.00 .

[}

6912.75
6591.17
6314.69
6294.79

62€7.21°

6188.76
6354. 81

6908.47

T477.28
7840.72
8086.59
8172.25
8066, 40
7864445

7653.42

7596.87
7979.,43
‘B606+63
ATT8447
8434.03
8136.61
8026.40

7758.9%
7262.40

€844 .58
6L77.03
6272.04
6217.70
6134,55
609%3.485
6243.25
6812.44
7383,39
7T76L.69
8010.14
8111,.30
-8008.0F

7615012'

7600.20
7536.76

7913.42 -

512,58
8692.52

8330.15
8060.19

*7905,97
. 7629.48
T7121.01.

STN.DEV. ERROR ,hKMEAN ERR.

95,89

96.63
101.13"°
101.39
101.%6
101.91
101.97

101.98

101.98
101.98
101.98
101.98
101.98
101.98
101.94

-101.98

101.98
101.98
101.98
161.98
101.98
101.98
101.98

101.98

101.98
101.98
101.98
101.98
101.98
101.98
101.98
101:98
101.98
101.98
161.98
101.98
101,98

"101.98

101.98
101.98
101.98
101.98

101,98

101.98
101.98
101.98
1010?6'
101.98

.

-267.83

. A\
162.25

254.31
183.21
2h1.79
337.24
400.19
303.52
2&47.72

1 233.28

282.41
439.7%5

629,60
286.55
44%9.18
“38%13
162.57
228,37
130,53
301.97
361.39
293.60

230.0€
340.60

272.42
408.92

-432.9€

398.30C
“2”.“5*.
§36.15
393.75
437.5¢€
367.61
329.31
258,086
438,70
330.94
251,608
376.08
231.24
- §9.58
309.42
149,48
318,85
346.81
253.03
233.52.
403,99

. 162425
. 205.0%&

221447
211.90
217.88
237.77
260.98
26€.30
26823
261416,

263.07
277.79
28947
28<.26
299.92
308.56
299.97
296.00.
287.29

288.02

291.51
291.61

288,93
291.09

 29C.3%

294.90
308.01
303.52
307.83
J12.11
316474
318.58
320.07
320.3%
318,58
321.92

- 322416

320.31
32176
318.58
312,91
312.83
38¢.03
309.26
310.09
308.85
307.25
30¢.26

BCY.S.0.

€0.52
51.38
k6.1%

.'“2-11‘

61.59
83.24
78.52
73.71
70.18
66.89
21.66
88. A0
.85.32
924100

. 85.36

a3, 89

. 97.01

101.99
99,32
98,13
5,76 . .
- N Y S
Q2,9¢ :

c1.08
92.22
94,25

Qhe 3N .
95,50
96.72

96. 22
97.11
95.96
94,51
93.66

9l 48 4
93, 1.7
q2.
91. 83
91,77
99, 94
98.72

100.8¢ -,

99, 50

‘ 98452

Q97.78
9733
97.30

1

<
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- oo FORfCASIING
chn Pesxounq 2,REAL z,sonrcnst s;n«oev. ekrol
.49 -6668.51 '6899.00, ' 6657.95 101,98 z~1.oé‘
* 50 €320.88 6756400 '6293.59, 101.98 456.41
' 51, 6099.47 6615.08 6850.20 ° 101,98 56488
52, 6065.24, 6452000 6017,78\ 101.\13 434,22
€3 E037.01 6436,00 -5970.68 1019 §€S5.3¢
54 5943,79 6422.00 5385.74 101.98 536.26
€5 €£114,53 6642.00 - 6046.75 101.98 595.25
‘é‘ﬁ €6€5.96 ©935.60 6579, 20/‘!‘0{ 8368 -355.80:
57 *7233.96. Th89.00 7196460« 101.98 ~292.80°
58 ,7596.64 7948.,00 7569.1%k 101,98 376.86
59 “7841,97 8154,00 7327.41 101,98 326.59
€0 74&9.1 8358.008 7961.37 ~ 101.98 396.63
€ 7839\ 8265.00 7%72.07° - 101.98 392.93
"€2) 7634:23 . 7993100 7708.64  101.98 284436
€3 . 70425.51 $7898.00 * 7503,77  101.98 389,23
€4 7380.17 7776.00 74706,36° 101,98 " 305,64
€5 7776.63 7808.00 7877.30 101.98 '-69.30
€6 8399.,60 8562.00 #502.26 101.98 - 52,74
‘BT ‘357703~ 8628.08 363%.73 - 101,98 ~=53.73
€8 “0233.56, 84%6.00 08318.4% 101.98 177,52,
7948,59 8297.00 |8037,6¢ - 101.98  2¥9.31
70 7857.66 7943.00 |79%6.768 101.98  <-3.7¢
71 7587.36._ 7630.00 101.98 =56,55"
72 7107,55  7397.60. 101.98 ~ 19i.94

B oeg

' &
o ]
* .\.’
RN 3 »
'MEAM ERR. ACT.S.0w,
v ' dp’
307.87. 6.77 a7
310.8% 98,0€
315,82 103,38 -
318.40 103.67 . °
320.88 106,64
B24e86 107.71
322,78 112.77
. 330.25 , 111,79 -
329.58 110.90
. 330.43 110.12
330.37 189.16
331.47 108,57
;32.50 107.95 ) :
31.70 107,24 :
332,62 106,62 ol
332419 105.82
32€.02 116,20 .
321.96 119.87 v
31€.37 127.51 '
314,33, 127.67
313.56 126.90 -
- 309,00 131,56
J03.35 137.64
302.38 13730 ¢
I »
)
. '
~-

A
oy &
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Forecasting Load in 4th Week, using Parameters

\

~ A47 -

}

identified from Data of 3rd Week

-~

BELCU ARE PARAHETEQ VALUES, IN FOLLOHING FORMAT .

a3

A1 A2 B0
‘XPO. XP1 XP2
XP& /‘ XPS ! XP6
- ' xp8 | XP9
%XP41 xP12 . XP13
« 21000 ° .32800 2.36800
2.80000 . -335,81000 =-423.35000
8.79600 . -89.80100 -232,30700
-235,42000 19€.42000
9.01500 68.96200 ~10.68500
f "8410.98
, | F I TERING »
'HGUR FERIODIC Z,REAL Z,FILTERED STD.OEV.
. A -
6600.00 678 99,6k <-185.5%
629%2.00 6355 97.15 -73.52
.6160.00 6041,59  -91.71 78,61
'60856.08  6072.12 91.71 zs.a7
6035.00 5997.18 ° 91.71 2
6037.00" S942.59> 91.7% qu. 1
6329.00 6171.54 91.7f 157.4€
6858,080 ©6711.73 = 91.71  142.27
7333.00 7222.27 91.71 110,73
TP87.00 7562.01 - 91.7%1 224&.9°
7973.08 7852.79. 91.71%  120.21
8207.00 7997.42  91.71  209.58
8879.00 7912.63 91.71. 166,37
7722.00 7778.38 91,71 . ~56.38
7784,00  7578.02 91,71 205,98
7772:00 —T540.47 91,71 ~ 2¥1.5%F
7948.00 7963.99 91.71  =£0.99.
8758.00 8530.42 91,71  227.58
8627.01 A77A.95 91,71 -151.95
8863.00 A52A,.61 PN.71 -€E5.61
8385.00 B1u6.b3 91,71  238.57
8187,00 ° 3100.78 91,71 86.22
7913500 7906.50 91.71 6.50
7553, go 7423.40 91.71  $29.60
-1
t .

- b o
GNMQOONOWkNNﬁ

. 739

6

'€820.83
€483,07
€201.31
6220.00
6166.77
6114.71
632496
6836.66
7327.29
7660.50
191~.~g
_8022.87
* 7919.26
7733.28
7566.17
7530.30

7062480 _

863T7.06
867485

" 3412.64

€120.45
7991.90
T738.44

7272.23,
t .~

1

s

81
XFY
xP?
XF10
XF1ih

"1.89500
123 .52000

e rtme A

12.236400

-169.72000

-39.164600

=-18£,55
’129.5&
-60.,2%
’35}71
=23.40
3,77
1€.27
Jhebb
63.10
61.29
6E.64
7€.55
85.31
7S.19
83,91
93.13
8Ceb2
94.26

61.30.
73.96
82.00
re.72
80.A4

4

-

ERROR MEAN ERR. ‘ACT.SeDe

79.18

- 132. 48

116,43
106.48
106.69
114,89 .
A14.91
'110055
118,.9¢
114.24
116.48
114,15
116,07
116.79
,118.72
113.23
'119. 0%
129.08
129. 46
131.57
128.460
126. 44
124,09
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FORECASTING

' 4
HCUR FERIGDIC Z,REAL Z,FORECAST STD.0EV. ERROR

O DN EWN e

10
11
12
13
14
15
16
17

18°

19
20
21
22
23
24

25

.26

27
28
29

20:

21
32
33
3y
25
26
27
28
29
40
&1
42
43
44
45
46
47
48

€820.83

€483.07

€281.31
€220.00
€1€6.77
€114.71%
€324.96
€834.66
7327.20
7660.50
791442
38022.87
7919.26
7733.28
7566.17
75230.30
7862.44
BL37.44
8674.65
8412.64
8120.45
- %991.90
773814
7272.23

€820.83
€483.07
€2R1,31
. 6220,00
€1€6.77
E114.71
6324.96
€834L.66
7327.20
7660.50
 7914.42
. 8022.87
. 7919.26
7733.28
7566.17
7530.30
' 7862044
L2744
P674.65
B412.64
vR120.45
7991 .90
7735.14
7272.23

~

i -
7075.00
6839,00
6569.00
6478.00

- 6509.00

6526.,00 !
6755.00
7212.00
7725.00
8074.00
8369.00
8612.60
8496.00
8151.00
8103.00
8033.00
8142.00
8835.00
8909.00
8736.00
8498.00
8320.00

7989.00
7603.00

7117.00
6886,00
6705.00
661600
6613.00
6535,00
6637.00
7250.00

6992, 84
6670« 26
€440. 94
6385, 41
6328, 84
6277 « B9
6435.90
69495, 54
7487 .05

7819.5¢C .

8070« 24
8175. 74
807053

7882.21°

7710, 36

6Fe b8 |

7988, 29
8571. 31"
8%05. 39
3538.04
8238.18
8105, 22

7844. 9€
7382.48

6929.79
6590, A5
6336, 01
6319, 87
6265.52
6209, 18
6419, 63
6933, 93

7751.08 ,7631.53

8094, 00
8269.00
8550.00
4339.00
.8067.00
7977.0
7768.00
7963.00
8822.00
8842,00
8649.,00
8387.00
8159,00
7863.00
7525.,00

7768.88
8024.87
4134,90

-8032.78

78%4,92
7670, 24
7623.97
7945+38
8513,63
RT3, 52
472,03

;165015

8023.00
7753.35
7275.63

91.71
93.71
99,73
00.64
101.61
101,88
102.06
102,13
102.17
102.19
. 102.19
~102.20
102.20
102820
102.20
102.290
102.20
102.20
v 102.20
102.2¢C
102.20
102.20

102.20
1ge-20

102)20
10220
102.20
102.20
102.20
102.20
102.20
102.20
102.20
. 102.20
102.20
102.20
\102320
102.20 ,
102,20
- 102,20
. 102520
102,20
102}20.
102.20
102.20
102.20
~ 10220

82.1€
168.74
128.06

92.60
180.16
248.11
2€9.10
216.46
237.95
254.50
298.66
436.26
425.47
268.79
392.96
364.52
143.71
263.69
103.61

*197.9€

259,82

214,78

1tk . 04
220,52

187.21
295.15 ¢
316.99 -
296.13

34740

325.82
217.37
316.87
319.47
325,12
244,13
115,10
06.22
222.08
306476 .
144,03
317.62
08,37

t

1. 1YY )

176,97
221,82

. 136400
,109055
102.20 1259017,=

MEAN ERR. ACT.S.D.

82.16
425055
‘12€.32
117.89
130435
159,97

" 16€.99

173.48
180.37
187.79
197.47
217.73
233.74
236.22
24E.67
254.03
267.506
268.4%6
2L0.82
*238.67

- 239.68

238.55

234’
233.86

-

2314.99
234,42
237.96
239,65
263,37
246411
26%.19
267 .40
24S.59
251481
251,59
25€.13
257 .68,
25€.55 -

- 257484

254.99.
249,20
250,61
267,00
{3 Y]
2064496
262.59
23C. 76
232,96

!

-

€1.22
L3.32
39,18
43.990
82.07
724348
69.25.
68.28
€8.51
73.09

87.9% -

110.0€
106.1%
110,014
110.29
110.08,
106. 87
109.04
106.56
103.97
‘101,60

°101.20
99.02

97.38
96. 21
95,74
9. 60
95,02

94,58
93.14
92447

£88
91.40
90.05.
92.85

- 91,92
90. 85
90,01

'90065 ’

96. 08
%6.13
97.77.
97.20
96.15
86+ 63
97.33
96.29

i

—~

S



* HCUR PERTODIC Z,REAL 2,FORECAST

49
€0
51
52
53
54
55
56

57°
/ 7660.,50

58
59
€0
€1
€2
€2
€4
€S
€6
67
68
€Q
70
71
12

6820.83
6483,07
6281.31
€220.00
€166.77
. 6114.71

~-6326.96°

LE834.66
7327.20

- 7914442
4022.37

79’.90_26’9

7723.28
75€6.,17
7530,.,30
2786244
8437 .4k
€674.65
412,64
2!1200“5
7991.90

A

773514

7272.23

&

FORECASTING

6899,00
6756.00
6815.00
6452.00

6436.040
6422.00

666200

6935.00
7489.00
7948,.00

8154.00

'8562.00

8388,00
8265, 00
7993.00
7898.00

7776.00 .

7808,.08

8628.00
8496.00
8297.00

7943.00

7630,00
7397.00

6812.98
6463.70
6254.11
6186. 66

6129.91
075.2¢

6262437
6301.74A
7306.75

7649.68

1 7918.75
- 8062.02
7953.55
T779.35
7618,7A
7533, 76
+ 7924.51
8500.21
8734.05
8470.77
8179.49
8052.98
77965413
7328..09

A49-~

STD.DEV-

102.20
102.2¢
102.20
102.20

. 102.20

102.20
102.20
102.20
102.20
102.20
102.20
102,20
102420
102,20
102.20
102.20
102.20
102,20

102.20

102.20
102 .20
102.20
102420
102.20

ERROR
86,02

292.30

360,89
265.34

306.09
I4€.75

359,613
133.22

182,25 °

291,32

235.2¢% .

315.98
311.45
213.65
27?.22
137.24

=-116.,51
61.79
«106.0°5
25,62
117.51
-109,908
«1664123
68,91

MEAN ERR.

23€.81
237.92
240,33
260,82,
242405

" 243,99

24€.09
, 264e07
242,99
243.9%
243,79
245.00
24€.09
245,56
24 €410
26%.18
239,61
23€.92
231.80
228,77
227.16
222,34
" 21 €407
214,81

‘o

ACT.S.0%

a7.79
©7.10
97.66
96,76
96, 24
964329
6o 7€
97405

96.52.

95. 95
95.13
T )
9%.37
93.69
€3.02
92,54
102422
103.77
111.17

11314

113.10
119.29
127.09
127.39

-~
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Forecasting Load in 4th Week, using Parameters ‘identi-
v fied in Retrospect from Data of ‘4th Week itself -

BELCW ARE PARAMETER VALUES,IN FOLLOWING FORMAT °

Al A2 80 . ] a1
- XPe XP1 Xp2 XP3
XP& Xps XP6 “ XPY
XP3 . XP9 XP10
s XP11 Xp12 XP13 XP14 -
«23700 «29400 -13,18100 17.90500
7599.40000 =-856.81000 ~=390.49000 107.51000
25.63400 -71.33500 -20.53900 13.364080
' -325.22000 . 218.06000 =-200.40800
‘ 61.52900 57.70500.  -8.03800 ~43,84500
7023.84
FILTERING _
HCUR  FERTODIC Z,REAL 2,FILTERED STD.,DEV., ERROR MEAKN ERR. ACT.S.D.
. . ‘ -
1 €99%.14 6600.00 7190.54 91,92 -590.54 <=590.54 _
‘2 €712.83 '6282.00 6526.70 88,49 =264.70 =617.62 244.5&
3 6519.01 6160.00 6293.68 . 83.81 =-133.68 <-222,97 218,27
b E467.25 6058.00 "6154.95 - 83,81 <=96.95 <-266.47 2264.99
5 64L0.31 6035.080 6122.1¢ 83:31 <87.1€ =230.61 210.70°
. 6 6401.88 6837.80 6062.18 83.81  =25.1¢ <19€,¥7  206.28
.7 €6605.85 6329.00  6330.15 83.81 «1.15 =168.48 202.24
{ 8 7098.56 6856.00 6818.53 83,81 35.47 -142.99 200.65
‘g 7579,06 7333.00 7396.71 83,82 =63.71 <-134.18  189.54
20 7932.808 7787.00 7592.67 83.81 194,33 ~181.33 206.70
11 8240.42 7973.88 8000.67 83.81 -27.67 ~94.63 197.35
12 0382.71 8207.080 8143.03 83.81 63.97 ~81.44 193.6%
13 8256.72 6079.00 8003.32 83.01 75.68 =6G.33 190, 4¢€
14 802663 7722.00 7323.42 .A3.81 ~101.42 <71.62° 183.19
15 7816.83 778%.08 .7623.21 83.81 160,79 =56¢13 186,44 °
16 7715.13 7772.08 7561.92 83,81 210,08 <=39.49 -192.02
17 7966.35 T943.00 78AA.81 83.81 She19 -33.98  187.31
13 08499.93 8758.00 8433,00 83.81 320.00 -14.31 199.96
19 8753.57 8627.00 8783,22 3.81 ~=156422 ~=21.78 197.03
20 8525.33 8&463.00 8554.79 81 «91.,79 =25,28 192.41
.21 8236.60 '3IPS5.00 812,65 83481 202,35 ~1hehb 196,01
22 8071.27 8187.00 6119.42 83.81 67.58 ~10.71 19018 -
23 7784.76 7913.00 7866.23 A3.81 46,77 =0.21 186415
26. 7359419 7553.00 74€7.76 83.81 85.26  -4.32 103,06




HC

10
11
12
13
16
15
16
1?7
18
19
20
21
22
23
2L

25
26
27
28
29
20
21
2
23
34
35
¢ 36
- 37
28
9
40
41
42
3
Ll
45

L6

47
8

VEINOVST WL &

6€994.14%
€712.83
6519.01
6467.25
- 6440.31
€6401.88
€605.05
7098.56
7579.064
7932.08

8260.42

8382.71
e256.72
6026.63

7816.83"

7715.13
79€6.35
8499.93
8753.57
8525.33

8236.60
8071.27
7784.76
7359.19

69%u.14&
6712.83

6519.01~

€467.25
6440.31
6401.088
£605.05%
7098,56

7579.0%6"

79?200‘
8240.%2
8382.71
82%6.72
8026.63

7816,.,83

-7715,.,13
7966,35
8499,93
8753.57
8525,33
8236.60
8071.27
71784.76
71359.19

!

FORECASTING

7075.00
6839,80
6569, 00
6478.00
6509.00
6526, 00
6755.00
7212.00
7725.00
8074.00
836900
8612.00
8696.80
8151.00
8163.80
8033,00
8142300
8835, 00
8909.00
8736.00
8498.00
8320.00
7999.00
7603.00

7T117.00
60886.08
6705.00
6616.00
6613.00
6535.48

. 6637.00

7250.00
T7751.00

8094.80
8269.00
8550.00
8339.80
8067.00
7977.00
7768.00
7963.00
4822.00
8042.00
8649.00

j83s7.00

8159.00
~7863.00
752%.00

7114.69
6854.25
- 6633.48

- A51 -

6590.35 -

6575.17
6562.51
676581
7263.%2
"77“9083
8103.24
8424.69
8553.61
8425.19
3198.98
7997.57
7883.63
811k b4
8657.39
8906.68
d688, 25
,8390L,55
3199.74
7922.09
7461.23

T134e b1
6820.60
6660.83
6586.00
6547.22
6532.83
668%.51
T193.73

»

\

.

7668.84

8042.65
8353.A7
‘8501.16
8374.56
8166.51
7967.48
T857.R3
A095.71
'4595,.71
8864L,.87
8622.51
8355.22
8138,32
70860.67

712,22 93.09 . 112.78 f7’\<&

4

33.81
66.13
90.99
91.89
92.62
92.85
92.99
93,04
93.06 -
93,08
93.08
93,08
93.08
Q3.08
33.08
93.09
93,09

93.09 .

93.09
93.09
93.09
92,09
93.09
93.09

93,09
93,09
93.09-
92,09
92,09
93,09
93,09
97,09
93.09
93.09

M 93009
97,09
93.09
93.09
93.09
93.09
ax, 09
93.09
93.09

/93.09
97,09
93.04
93,09

;

1

'3QQ6q
=15.2%
~64 .48

~112.35

~€6.17

, =36.51

-10.81
-51.82"
24,83
=29.24
-55.69
58,39
70.81
-47.98
105.63°
149,37
27.5€
177.61
2+32
47.65
103.45
120.26
€6.,91
161,77

“17 ke
65.k§x
Ghe1?
30.00
65.78

2417

-47.51
5627
82.
51.35

‘8*0'7
48,84

«35.56

-99,51

9,52

‘89.83

-132.74

226.29

=22.87
26449
31.7*7
20.648

2.33

R FERIODIC Z,REAL Z,FORECAST STD.DEV. ERROR MEAN EPR,

-3C.69
2747
-39,.81
=579
-59059

55«74 -
T =4S.32
49,63 )
. =4€.48

“45.11
~4€.08

'37.3"

-2S.05
=30.60
’21.35
~10.67
=863
1.91
1.93
“e22
8.94
1&4.00
1€6.30
21.53

8,97
gyz
%88
22.82
24.30
23+56
127
2236
2418
24.97
21.8%
" 2259
21.01
17.8%
"17.63
14.94%
11.34
1€.046
15.54
15.79
1€.1%
1€.25
15.

ACT.S.D.

17.28
24.62
6147
36.10
33,66
35.09
32.50
31450
30.22

28,85
40,82

49,27
«7}§§
57.7

70,26

68.6

‘79.7
T7e b

76,11
77.28
79.0¢
78.02
80.48

79.1A
78.09
76.70
75.28
Tee 35
73.17
73.06
7214
7176

70.82

12,20 |
71.32
70.9
72.67
71.72
12.8
re. 04
81,61
80.86
79.93
79. 05
73.17
7734
77.78

\




'HCUR PERICDIC

49
50
o1
52

53
S4

€5

56

57
S8
59
€0
61

62

€3
6L
€5
66
€7
€8
69
70
74
72

6994 .14
6712.683
6519.01
64ET7 .25
64 40.31
€401.88
6605.05
7098.56
7579.04
7932.08
. 8240 442
e382,71
8256.72
2026.63
7816.83
7715.13
796€.35
8499.93
8753.57
8525,33
8236,60
€071.27
7724.76
7359.19

v

FORECASTING

z.REAL}iifﬁiéEh ¥ STD.DEV.

6899.00
6756.80
6615.00
6452.00
6436.00
6422.80
6642408
6935.00
7489,00
748,00

" 8154,00

8358, 00
8265.00
7993. 08
7898.00
7776.80
7808, 00
8562.00
8628. 00
849600
8297, 00

7943.00

7630.00
7397.00

7019.18

6737.12
6501 . 44
6457.72
63968.63
6374.06
6564 T4
6991, 21
7528.00
7478.92
8178.57
8359,.18
A2N.72
8051.48
7855,23
7759 . 4%
8028, 94
8571413
841,21
8583, 32

8297.02

6127.70
7860.45

Tb?.68

- Asz -

93.09
93.09
93.09
93.09
93.09
93.09
93.09
92,09
93.09
93.09
92.09
93,09
93,09
93.09
93.09
,92.09
93.09
93.09
93.09
9%.09
93.09
93.09
93.09
9%.09

! erROR

=-120.18
18,82
113.5€
=5.72
37.37
47.94
77.2¢
-56.21
-39.00
€9.08
~24e57
‘1.18
3.27
~58.68
&2.77
16.56
«220.94
-9,12
-213.21
-87.32
’002

- «184,70

~230.45
-50.68

HEAN ERR.

15.15
15.22
17,15
1€.71
17.40
17.67
18.76
17.42
1€.43
17.34
16463
1€.33°
16,61
15.39
15.83
15.8%
12,20
11.87
8.52
7.11
7.00
4,26
<96
24

QCY.S.D. e

T9. k€
78.64
79..06
78.3%
77.64
77.02
76.73
76.68
76.26
76.00
75454
T74%.93
The 34
The 34
73.82
73.22
TR. 27
7731
#1.97
82.18
81.58
84,16
88,08

87.67




o

Forecasting Load Beginning in 2nd Week, with Lead Time up

to one Full Week, using Parameters identified from 'wmqmm;_-_.“‘
' Data of lst Week s

15619,14

>%* ‘ RELOW ’ N AT
/ .
Al A2 8o 81
xPo AP] xP2~ xPy
xP4 APS xq%/‘ xP7 P
> LGEY XP9 XP10 i
xP11 xPy2 ,  XP13 xXP14
. 10500 026600 =3.07600 87500
7421.80007 =980,18000 =389,45000 115.88000
15:72R00 =99,21200 - 1263900 21476400
=2¢5,86000 178,26000 =192.,99000
, , 112.54000 $i,01100 -51.22100 -28.188n0




4
A : - AS4 - / i
| ¢
FILTERING g
HOUR  X1(1)  X1(2) PERIONIC Z,REaL Z,FILTERED STD,DEV. ERROR
~ . v
, 1 =965,52 =40,02 6876,52 6311.n0 6937.43. 128,21 =626.41
2 =%46.53 =565.52 K53%.52 h0HA.00 6390.51 127,76 <3025
3 «479,01 =446.52 6280,01 5801400 6&0U9.95(/ 124,98 «208,95
) 4 S400.38 ~=479.n1 215,38 S818.00 5972.25 126,98 ~154.25
é 5 <443,86 <«400.38 6223.,86 5780n.00 5907,95 124,98 =187.95
6 ~400,28 =443.86 6194.28 5794.00°.5950.20 124,98 =156.20
7 -378,05 =400.28 £328,05 5950,00 6091,090 124,98 «141.09
8 =336,83 -=378.05 6736,83 6400400 6489,01 124,98 «89,0]
9 197,11 =336.83 722u,11 9023.,00 6979,83 126,98 43.17
10 =198,87 =197.11 7611,87 7413,00 7437.99 124,98 =24.99
1T =332.9a4 <=198.87 79%90c.9 7570,00 777166 124.45 «201e46
, 12 =286,01 =332,9¢ A0S57,01 T7773,n0 7860.15 124,98 <-87,15
13 427,64 =286.01 R029.46 7602.00 THU6.86 124,98 =204.R6
16 - =516,94 =427,64 7T829.96 T313,00 7T608,73 126,98 =295,73
15 =2B6,34 =516,94 7596,36 7270,n0 7291.30 124,98 =21.30
16 =350,19 =-286.34 T7530.19 7180,00 T267.68 124,98 =87.68
r 77 =682,11 =350,19 B010U.11 732,00 7807.95 124,98 =479.95
WA -297,32 -6B2.11 A620.32 8323,00 369,83 124,98  ~46.83
f 19 ~TS7.75 =297.32 AT3E.75 7975.00 B436.2]1 126,98 =459.21
- 51 <648,32 ~T57.75 a41b.3éi§7§b7.oo 8173.00 124,98 =406.00
Pl =585,50 =64H.32, B180U.59 7595.00 7827,88 124,98, =237.8A
22 =659,20 =5R5.59 qqiv.zo 738R,n0\ TT34,7Tn 124,98 =346.70
53 =546,88 -659,20 7720.88 7174,00 T4lT.10 \124.98 -243,10
24 —467,75 =546.88 7205,75 6793.00 6958,39 1z~.%h -160,39




- AS55 =

FORECASTING
[,
\
HOUR - X1(D) 7 x1(2) PERIONIC™ ZsREAL Z,FORECAST STD.DEv. ERROR-
1 <279.83 =467.75 6876.52 6265.n0 6596.70 124,98 =331,.7n
7 =22Y.68 =279.83 6534.57 5975.50 631285 13566 <337.84
3 -171,21 =221.68 #280,01- 5R13.n0 6108.80 130,35 -295.80_
4 =158,46 =1T1.21 621838 5735.00 6099,92 - 130,56 =326,92
5 IST. 36 =15R.46 vfzzs.%s 568400 072,57 130,92 <386.57
\*-\.) 6 =133,85 <=151,30 619%,28 5674,00 6060,43 130,95 -39}3‘-43
\ 7 -132,18 =133.85 6325,05 5794.00 195,87 130,99 -zox.n7
B =127,06 wI32.18 6736,83 A304,00 66U9.77 130,99 =305.77
9 ~126.14 =127.06 7220.11 /954,00 7093,96 130,99 2139.96
10 =122.06 =126.14 T611,87 7275.n0 7489.80 .130.99 =215.80
TI =133.%0 =122.06 7902,9% 7T514,00 7769,.5&4 130,99 <255.5%
12 =129,71 =133,40 R057,01 7683.00 7927.29 130.99 -239.29
13 =122,39 .<129,71 B029.44 759,00 7907.05 130.99 =313.05
1% —=130,20  =122.39 V829,94 T355,00 V699,65 130,99 <433.65
15 =124,82 =130,28 7556.,36  71%5,00 7431.52 130,99 £246.52
16 =125,60 =124,R2 7530,19 7117.00 -7404,58 130,99 -287,58
T7 -113:21‘ =T25+50 BUTULYT 7411540 7891.90 130,99 <480.90 .
ﬂcs -117.59 =118.2]1 820,32 8401,00 BSU2.73 130,99 =-101.73
19° =106,46 <=117,59 HT32,75 nxaﬁ.no B626,29 130,99 =493.29
0 =I06,%T =106,356 R415,32 7A9a,00 a3u§f91‘ 130,99 <614.91
§ 21 =107,64 =106,41 B81BU.S9 761,00 B0T2,95 130,99 =453.95
P2 -108,82 ~107,.64 8641.30 7390,00 7938,38 130,99 =547.38
>3 -;vﬁ?r—mmvnﬁ:ﬁmmrr*nu.w 539718
34 =118,84 ~104,73 7265,75 6762,00 7151,91 139,99 =3R9,9)



—

/

FORECASTING

R

HOUR  X1(1) X1(2) PERIODIC ZwREAL Z,FORECAST ST0,DEy, Eénon
‘ 25 «118.60 =113.84 6B876,52 6318,70 6757,93 130,99 -439.93
- 26 =111,32 =118B.60 6534,52 6059,00 6422,70 130,99 -363,70
27 -135,89 =111.82 6280,01 S870,00 61%4,11 130,99 -274.11
_ 28‘ ~135,06 =135.89 6218,38 S823,n0 6083,32 130,99 =260432
29 -150,08 =135.06 62¢3,86 45690,n0 6073 130,99 -383.78
30 =149,50 =150.,08 6194.28 5703,00 604479 1130,99 ~341.79
11 162,37 =149,50 63¢8,05 %$8B82,00 6165.68 130,99 -283.68
12 -15§.26 =162.37 /736,83 6282,00 65(7.57 130,99 <«295.57
33 -;38.60 =159,26 T722U.11 6926,n0 7051.51 130,99 =125.5]
14 -Q9a.77 ~168,60 T611.87 7214,00 7613.00 130,99 =195.09 s
315 =152,70 =198.77 790<.94 7399.00 7750.25 | 130,99 <360.25
16 <-159,94 =~152,70 A057.01 7645,00 7897.07 130.99“-252:67
15 -131.69 ~1659.94 802%.,44 T442,00 7897.75 130,99 -~55.?€'
38 185,02 =-131.69 7829.94 7187.00 76564.91 130,99 =477.9)
19 160,39 =165.02 7556,36 ‘1102.00, 7395.94 130,99 ¥293.94
a9 =187.38 =160.39 7530.19 6944,00 7362.81 130,99 =-176.8
a1 =1T1.53 =-167.38 B801U,11 7244,00 7838,58 130,99 596,59
42 =1T1.42 <=171.53 8620‘.32 8211.,00 8448,90 130,99 =237.9n
43 -186,04 =-171,42 B73c,75 RO73.00 B8548,71 130,99 -475.71
an TTB7.56 =184.06 415,32 7795.70 B8227.78 - 130.99 -432.7R
4S5 =208,16 =187.5% B818U,59 761600 7972.43 130,99 =356,43
46 =197,78 =208.16 8047,20  7478,00 7649, 42 130,99 =371442
T -162,85 -1?5.78 T720,88 T1296,00 7558,04 130,99 «=262.04
48 =1571,36 =162,85 7T205,75 6719,00 7108,39 130,99 - =349.9




) (' - - AS? -

/ ) " FORECASTING : ' ' i
/ . . A
‘ \

' !

X1(2) PERIODIC ZwREalL Z,FURECAST STD,DEv. ERROR |

[
HOLR X1t
\

{

49 =~147,85 -157.36 6870,52 6287,n0 \6728.67 . 130,99 <441,.67

Y] -127;6E‘“?TT7T85"‘653175?"”5415736“"3Z051B4 130,99 -431.84

51 124,21 =127.68 62380U,01 S750,n0 &155,79 130,99 <-405.79

62 -122,32 =1264.21 621U,3R 5734,00 6096,06 130,99 -367.06

ST =105, 03 =122, 32 $223.86 STI3.h0 ®TIV.85 130,99 =406.87

94'\\<15.83 -164.03 6194.78 5741.00 6119.46 \30.99‘ «378,46

55  =57,60 ~T4,A3 6326.05 5AB5,n0 - 6270,45 ;50.99 ~3R2.45

56 =86, 57, . "6?7ﬁ735_"6§9UTT?”"“T?FT#6 «270.14

_ &7 =31,04 -46.69 7220,11 7207.00 7189,07 130,99  17.93

m S8 23,46  =3]1,04 7611;67 7551.n0 7588,41 130,99 =37.41

59y '17.00{ \°23.36: T902.9¢ T7731.00 7885,94 .130,99 <-154.94

60 '-6.29‘ \¥17.00 8057.01 796).,A0 B050.72 130,99 -R9,72

) Al =2,00  =6.29 B02Y.44 7883.00 B8027.44 130,99 -13R.ke

Y .09 > 7 007829 9% 7565.no 7629,84 130,99 =269.A4

) 11.13 -e09 T556,36 7506400 7567,46 130,99 =61.46

X 7.02 1113 7530,19 7S0]1.00 - 7537.21 130,99  =36,2}
RS T 2IS&  ~T.J2 BUTULTT T5%3.n0 RUTZ2.65 130,99 <&589.45

LY 1.34 7.58 R862U,32 HBeb1,00 aoé%.os[ {36.95 «161.66

7 5,66 1,34 AT3¢.75 B526,00 A738,41 130,99 =214.41

2 B 3o 5,56 BAT15,32 R3I53,n0 A31.26 130,99  =73.28

a9 2.58 15.93 614049 80H1.00 8183.17 130,99 -102,17

79 S.54 2.58 R047,20 T7AB3I.00 A052.74 ”130.99 ~169.74

71 236 5,54 TIPU.A8  Th53.00° TT23.24 130,99  =71.74

72 ~17.,29 ?.36 7265.75 7311.00 T248.46 130,99 652454




- _AS8 =

FORECASTING

O T
HaUR XK1 (1) X1(2) PERLODIC Z+REAL Z,FURECAST STD,DEv, ERROR
73 23,53  ~17.29 6BTD,52 4ABl4,00 6900,05 130,99  =~B6,.05
] T4  =63,47 23.53 653,52 64993,n0 &671,05 = 130,99 27.95%
75 ~63,84 ~63.47 6200,0) /304,00 6211.17 150.99 M92.n1
76 =98,21 =hR.B84 6218,38 6125.n0 6120.17 130,99 4.R3
) 77 =1U1,75  =GR.21 6223.R6 608R,n0 6122.12 130,99 ;36.1?
78 =109,97 =101.75 ALJ4.2R 6£397,n0 6084.32 139,99 144,68
79 ~105,56 =109.97 6328,05 /200,00 6222,50 fg%.99 =22.50
) =93,83 «105,55 6740,83 6764.n0 6643.00 130,99 125,00
- ‘g1 =83,97 =93,83 7220,11 7234.n0 7136,14 130,99 1n1.né
W2 =85,7]  =83.,97 76LL.B7 754,00 7526416 130,99 2185
i3 =105,13 «85,71 7902,94 7724400 7797,87 130,99 -71.,82
3¢ =103,65 =105,13 A057,01 8031400 7923.36 130,99 77464
RS =111,10 =103.,65 8N29,64 7903,n0 7918.34 130,99 ~=15.% .
e -121,10 =111.10 7R2Y,94 T7601.n0 77V8.8¢ 130,99 10784
RI  -103,27 =121.,10 7556,34 7654.00 7453.07 130,99  2n4.93
BB 100458 =103,27 7530.19 7357,00 7429.61 130,99 ~72.61
9 -101.55- 100,56 ROIU.IT 709,00 7905.56 130,99 =~196.56
90 -96.45\"L0{—h%1‘ﬂbdb.32 #S98,n0 'asaé,aa 130,99 74412
0l -128,55 -qs.f A8132.75 8387.00 - A6U4.20 130,99 =~217.20
[ 7 7T 92 ~1%4,18 =12R.55 R415,32 T7894,00 R27T1.13 130,99 =377.13
, 93 ~33,51 =144.18 A100.S9 THOBN0 R0AT.08 130,99 =239.08
\r “ 94 =-13a,30 -133.51 8047,20 7554.00 7912.90 130,99 =356.90 °
—— 25 =139,63 «134,30 FTZU.R8 ~7289,00  7581.28 130,99  -297.25
b “139,03 7205.75 6934.00 7125.,29 130,99 =191.29

v

-140,46




