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ABSTRACT

Considerable work has becen carried out in recent
years on problem concerned with load flow analysis,economic
generation scheduling and system=-security checking in
electrical power systems., An aspect of the overall problem
which has not received much attention is that of short tem
forecasting of electrical load demand, It is, however,
important from the practical point of view of economic
generation scheduling and security checkihg to be able to
predict accurately load demand several kours in advance,
In this report various methods which are commonly used for
short-term load prediction are discussed in Chapter-2. along
with their relative merits, The method Pased 9 pref, [5] which
has been adoptéd for probabilistic ?orecasting of hourly

power-system loads with a lead time varying from 24-hours

%o one week, has been included in Chapter~3 along with

'necessaﬁy flow charts for devecloping computer pPrograus.

The forecasting is based on both historical load data and
information from latest weather forecast, The developed
program combineé stochastic load model and adaptive weather
load models optimally to yield an adaptive forecast especially
suited for on line control of power systems, Adaptive capa-
bility in this context is taken to be ability of the model

to update its own parameters according to its past perfor-
mance, a feature that makes the forecasting procedure

particularly suitable for on=line use,



The developed computer program has bcen run on
aétual load and weather variables (Temperature and humidity)-
records obtained from Ram Nagaf Sub-station and Hydrology
department of.Roorkce University respectivoly; Results
have been found satisfactory and are presented in Chap‘cer-h

of this report, The conclusions of the study are drawn in

Chapter ~5.
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CHAPTER =1

INTRODUCTION

1.1 Definition of Load Forecasting [1]

Load is-a general term meaning either demand or energy
where demand is the time rate of change of energy., The term
forecast refers to projected load requirement using syste-
matic Pprocess of defining future loads in sufficient quan~
titative detail so that important powers-system expansion
decisions can be made. For ‘effective power system expansion,
eétimates of both powers and energy arc crucial. An accurate
forecast depends on the judgement of the forecaster and it is im-
pOSSlble to rely strlctly on analytical procedures to obtain
an accgrate forecast, Also Good judgenent'alone'can not be
over emphasized in forecasting future requirements and anz=-

lytical tools must be used,

| In some cases a total forecast is obtained by combining
forecast for various classcs of customers ' such as residential,
commercial, industrial;agricuitural and other, For the better
prediction of load it is imperative for the forecaster to be
well versed w1th the characteristics of varieties of loads
ie.es growth rate with time and effect of weather fluctuations,
_ In many cases segsonal variations in residential component
_ are}resPonsible for the seasonal variations in system peak.
The extent of residential influence will depend upon the
percentage of total syst@nfload that is residential. Increase
in per capita consumption due to wide spread use of weather

sensitive devices, necd to include weather effécts in forecasting



future requirements become imperative.

Let it be emphqsized that solar encrgy technology
may have a tremendous unpact on load patterns experlenced
by electrlc utilities, It is well-documented fact that uses
of solar energy technology for heating and airconditioning
| is well with in thce gstate of art. If wide spread acceptance
of solar conditioning occurs, it will be incumbent on the

forecaster to anticipate its impact on utility industry,

Forecasting methodology tq be followed depends upon
period of interest for load forecasting, Short and medium
term fbrecastihg can be done using comventional procedures
i.e. by extrapolation of certain factors characterizing
hourly modulation of load. For long term forecasting consump-
tion is broken down in to homogencous sectors. The preceding
extrapolation technique applicd to different consumption
classcs makes it possible to gencrate individual load curves
thus giving a global level by summaticn, This approach also

makes allowance for structural deformation of consumption.

1.2 Importance cf Load Forecasting [1,2,3]

Load forecastihg has always becn an integral part of
power system planning and operation. However, it did not
receive as much attention in the past as it deserves because
the fuel supplies, cspecially hydrocarbons, were cheap and
abundent and utilitics could find funds for erecting enough
gas/oil generation plonts at relatively short lead times.

In the last few years, conditions have considerasbly changed
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and the past practices have to be suitably mcdified, Thus
locad ferecasting will assume greater importance in the years

to come,

Long term denand forecast is used to determine the
capacity of generation, trﬁnsmission and distribution
system additicns and cnergy forecasts determine the type of
facilities required 41.ce wether peaking generating unit or
~ base load unit should be installed as there is substantial
difference in their cost, Wﬁereas the inportance cf short-
térm forecasting is realised in service reliability and
efficient operating perfcrmence of power supply systen;
particularly in casc ¢f thermal power plant which demands
écéuracy in the forccast of system load. This is necessary
in order that gencrating capacity adequate to supply the
system load, maintain systean seeurity and supply the nece-
sséry spinning reserve, The scheduling of spinning reserve
. as coﬁerage for the loss of largest unit or the loss of that
tfansmission capacity which renders unavailoble the greatest
amount of generating capacity, is an accepted principle of

reliable system operction,

le3 Classification of Load forecasting [1,4]

Depending on the time period of intcrest, a specific
forecasting procedure may be classified as =

(a) Short term load forccasting

(b) Long term lcad forecasting.
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(a) Short term load forecasting - A technique for computing
twenty four hour forecasts is essential for monitoring and
contrclling power sys%an operation, Load forecasts are nece=
ssary for on-line solution ¢f scheduling problems, such as
unit commitment and economic dispatch and alsc for security

analyses by line load flow solution.

The foredasts of these hourly loads which may corres-
pond to a system load, an area load cr a bus load are of
direct value for the short torm operation of the system.

Total sysfem loadAis needed in daily scheduling the nost 1
eccncmic allocation between different plants. In addition

| fdr thennal plants load forecasts up to severai hours in

advance cre needed tc account feor eccnomica of Starting ﬁp and
shutting off various plants. Hourly bus—lodd fcrecasts are
needed for number of off-line applications related to economic
and system sécurity problems, On line control requires forecasts
of bus loads as‘input to different analysis programs that

nmonitor and control the systems coperation,

The forecast should be sufficiently accurate thrcughcout
the lead time periods, Here load time period varies from hours
to a weck.s In particular accuracy of the forecasted daily
peak load and the daily mininun load is important because
these forecasts are used for scheduling spinning reserve and
interchanges. In addition to forecast accuracy the fcllewing

consideration are also importont.



(1) The computer storage required
(ii) The computer time required

(i1i)The load and/or weather data required,

(b) Long term load forvcasting

Forecasting techniques may be bascd on extrapolation or
on correlation or on a combination of both, Correlation
techniques of forecasting is advantageous in forcing the
forecaster to understand clearly the inter relationship
: between growth patterns and\other measurable factors. No
one forecast;pg method, it nust be emphasized, ié effective
in'ali.Sitdéfibns. The accuracy of a forecast is crucial to
any electrié utility, since it dictates the timing'and
characteristiés of major system additions, A forecast that
is too low can easily result in lost revenue from sales to
neighbouring'utilities or even in load curtailment on the
other hand,‘forecasts that aré too high can result in
severe financial problems duc to excessive investment in an
electric plant that is not fully utilized or, equivalently
'-it is'operated at low capacity factor, In long term fore-

casting lead time for forecast varies in years.

In present work computer program in FORTRAN IV for
probabilistic forecasting of hourly power-s&stem loads with
- lead times of l to 24 hours is developed. Thé'forecasts pro-
duced are baséd on both histcrical hourly load data and

. infornation from the latest weather forecast. The methedology
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- combines stochastic load models and adaptive weather load
models optimally to yield an adaptive foregasting procedure
n especially suited for real time control of power systems.
Being an adaptive model it avoids the frequent tuning of its
vparamefers from year to year. The details of the methcqd are

included in chapter =3,
1.5 Data Reguirements and Source

To test the developed computer program hoﬁriy load
data for 102 days ie.c. from Ist August, 87 fo 9 Novenmber,87
has been colleqted,from 132 KV Ramnagar grid substation,‘The-‘
abéve mentioned data has been observéd on 33 KV feeder éupplying

.power to Roorkee town,

Daily records of weathcr variables, average temperature
and relative humidity has been cecllected from Hydrology

departmentxéf Roorkee University for the same period,

The processing of fhe historical data is done only once
for initialisation of the model parameterse Once the initio-
ligation is completed and model paramcters are updated, on |
the basis of current load values forecastes are made using the

updated .. model parapcters and latest weather forecast,

1.6 Forecasting Procedure [5]

A highly simplificd flow chart of the forecasting procedure
is given in Fig. 1.1, It ccmbines two forecasting models, a
stochastic mcdel to relate the future loads to the past

loads and a .weathcr load model to represent the effects of
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FIG, 1.1
Simplified Flow Chart For Forecasting Procedur:
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weather variableson future lcadse The modelsthemselves

are updated as the forecast are produced.

1.7 Arrangement of the detail

e L S 2

Chapter 2,inclu’es the discription of different

techniques usel for short tem load forccasting. Chapter-3
presents the details of thc method adopted for forecasting;

Programning details are also discussed in the same chapter., .

Forecasting results are given in ©hapter-4, Conclusirns

drawn on the prescnt work are included in Ghapter-5.

L4



CHAPTER =~ 2

REVIEW OF THE METHODS USED FOR SHORT-TERM LOAD
FORECASTING

The problem of short~term load forecasting has been
.the subject of severcl recent publications. Earlier efforts
by Matthewnan and Nicholson [3] were mainly directed
towards perfoming regrgssion studies between the load
data and a number of preselected weather variables. In
these studies the model used was static in nature and there
was no guarantee that it would perform as well in the prédic- }
tion of future loads as it did.in detemining past ones.
In the later studies by Toyodzzet.alffng Christianse [&]
wgather ihformation has been ignored and an adaptive time
series approach has been adopted, The limitation of these
approaches is self cvident, the weather, which plays an
important role in future load &wings , has no place in
these models. In the later publication by Pradecp C.Gupta
et al [5] a forecasting technique was adopted that avoided
both the above mentioned limitations. The forecasting model
contains an adaptive weather load model to utilize the ‘
weather forecast information and an adaptive stochastic model
to utilize the historical load data in making the statiscally
optimum load forecasts. In rcference (7] pattern-recognition
technigque was used for forecasting hourly loads. The only
dréWback of the scheme is large computer storage requiranents

for classifying n dimensional pattern space in to separate
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reglons or clusters, In recent publication by Martin T.
Hagan and Suzanne M.Behr [8] it is shown that Box ang

Jenkins time series models arc well suited to short tem

load forecasting where as in reference [9] two different

adaptive and weather sensitive models are used based on the
fact that different weather Varidbles are found to be
relevant in summer and winter, Adaptivity is attained
through careful usage of Kaolman filtering and Bayesian

_ techniques.

The purpose of the present chapter is t present. the

1f}$br;eftdiscription of the different techniques used for

 ghort tem load forecasting and their limitations, The

literature includes the discription of the following methods,

2.1 Methods_involving meteorological data [3]

If the demands for a particular half hour are plotted

serially day by day, thc points form a time series with a

~ pronounced YTrough in summer months and a peak in winter

months. Upon this seasonal trend is superimposedsa regular
rhythenic variation between days of the week, together with
an erratic variation which is attributable to weather fluc-

tuations,

The neteorological factors found to affect the demand

may be summarised as follows

(a) Temperature ,
(v) Cloud covef and visibility

(c) Wind velocity |

(a) Relative humidity

(e) Precipitation,
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The erratic variaticn of load attributable to weather
fluctuation i8 then some functicn of these factors, and much
‘-éffortsxxfprediction has been directed to determine the nature.
iand value of this function under the prevailing meterological
'conditions.

Bearing these points in mind, the load demand x at

any instant may be written as

X=a+d+G , | ~eee(201)
where a is the base load at a particular instant in question,
da: is the day-of—wcek correctlon and G is a function of the
:varlous meterological factors influencing the load. Thisg
equaticn forms fhc common starting point of three different
methods of prediction [2, l(a) 2.1(b),2.2] two of which are

based on meterologiczl data and one on paﬁt loqd data only.

(a) Method of Predlctlon U51n5 eather Weightlng [3]

In the methcd of weighting prcposcd by Dryar . [10],
load is separated into two main components. a base load,’ and
a variable quantity which reflects the cffect of weather,
The base load is ﬂetennlnau from past records by weighting
- meteorological factors and applying combined weight as per—
centage reduction to the system loads Initially, the proper
wéighting of elements of the weather will only be atteined

after a period of trial and error.

Using a chart of base loads an accurate load estimate

-can be made using propef weighting of thrce of meteorological
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factors (namely temperature, cloudiness and wind veloeity)

based on the best available weather forecast,

. \
Re-estinates, and any necesscry scheduling adjustments,

are then pericdically made as nore up-to~date weather fore-
casts are obtained. Tho feasibility of this methcd lie in
the consistency cf the calculation of base load. Such

consistency must be evidenced in the following manner,

(i) The base load for the daily peak period must be uniform
for the mid week days.

(11) The base load for each half-hour of these days must be

| unlform.

(111)Peak and hourly base loads for each gaturday and Sunday

over a pericd of numbcer of wecks must be consistent,

Any change in thc base load from yecar to year on account
of increcased overall demand will soon becime evident, and the

necessary adjustment must be made.

(b) Multlple Regressicn Mcethods [3]

P T e~

In an analy315 by Daries, the xnetecf&agiaal informa~
tion is reduced to a number of specific factors deSLgnated as
follows
(i) effective temperature T
(ii) c-oling. power of the wind ﬁ
(iii)illumination index L

(iv) rate of precipitation P
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| 1In,deriving ﬁhe functional relatibnships between
the variation of denend and thé specific meteorolcgical
factors to which it is sensitive, the basic assumption is
. -again nade that the-wcather-sonSifiVe component of the
demand may be expressed as sun of functions of the res-

pective meterorological factors,

Linear regression
e — =1

" The first apprcximation which can be made is to
assume a linear functional relaticnship, If one year data are
used to dcrive the functlonal relatlonshlps, it is necessa ary
_ to elimlnate the combined seasvnal and long term trend and

also the day-of—thc week effect.

A regression equation of the fornm

X = a4byT + bW 4 bl + P + F(t)+a eee(2.2)
is therefore fitted te the data, where x is the demand at
fixed time each day, T,W,L,P are the corresponding specific
meteorologlcal factcrs, a’bl’bZ’bB’bh are consta nts, d is the
day of~th; —weak correctlon, F(t) is a polynomial function
of the time of the year for a particular week and accounts
for variations in the basc load with the time ¢f the year,

Thus a+F(t) is the base load at the week,

ih'this ekpresSibn;"thelknown quantitiés'are the deﬁendent
| vafiablé_x and the independent variables T,W,L,P,t and the
object of the analysis is an estimatién of the regression
coeﬁficients ubl,b2,b3,b4 and the values of de In equationA

':-2.2 meteorélogical factors nay be added or removed depending
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upon the environment conditicn for the time under consi-
deration. The quantities of immediate interest in the an2lysis
are the meteorologiccl regression coefficients bl’bZ’b3’b4’
whlch effe ctlvely neasure the change in denand per unit
ohange of each meteorological variable, and the day-of-the
wegk ccrrection d. Having oalculated the values cf bl’bz’bB’b4
and d, the run of basic demands may be detcrmined by adjusting
the actual demands to some standard set ¢f weather crnditions
_andieliminating the day~of-the weck variation. As relationship
between demand and the specific meteorclogical facters tol

whlch 1t responds arc ncnlincar, the linear functicns 1ntroduced

*fflntc the regression analy51s will yield only average effects

over the range covered by the data.

2.2 Method Involving Past Load Data only [5]

Spectral Expansion- In order to ‘evelop a fully autematic
l power system, it is neoessqry and convenlent to have a model
of prediction utlllslng thexnost readlly available data, On
the basis of this consideration, Farmer [12] has develcped

a theory using past lcad data only.

Since the basic patlern of load denand tends to repeat
it self after every 24 hours, it is possible to consider the
time for eéch day, whether continucus or discrete, as being a
member of an enscmble of time series. We thus have the problem
of predicting a nonstationary Pprocess given an ensemble of

same functions.
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Considering the load curve divided in to part-day
périods of several hours duration., Fige 2.3 shows a typical
day divided into 8 hours periods everlapping by 2 hours,
The déily load curves for a particular periocd fom an
ehsemble,vand it is rcasongble for this period to define
the load on the mth day-at the nth instant of time as Xnn®
an ensemble (with m=5) for the period 1200 to 2000 is shown in
Fige 2.4

i tt
xnm can be written as

Xon = %on * 8(T0) B+ (L)Y #8500 ) &+ ..(2.5)
where fl(Tm)’f2(Lm)’f3(Wm) cte are functions of temperature
Tm’ illumination L., and wind velocity W » The gquantity Ann
representé the base load, and the factors B_ . Ymn’smn"‘
allow for varying importance of the weather parameters with

time of day.

The chief advantage of spectral expansion method
undoubtedly lies in the fact that no meteorological data are
required for its predictions, and consequently the need for
ekpensive,instrumentation or the use of possibly inaccurate
weather forecasts is saved,

The chief disadvantage of .spectral technique lies in
its tpghilityto take account of rapid changes which may be
caused by the onset of stoms or television programmes of
national interest or a chonge in consumers pattern on

account of holidays or strikes, These fairly infrequent
events, which are normally known in advance, could be accounted

for by putting a compensating program into the computer as

and when required.
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2.3 Method of Prediction Using Pattern-Recognition

Techniques [3,7]

Pattern recognition techniques ére generally applied
in the study of variables whose total physical principles
behind their variation is unknown, but certain kinds of
méasurements explain their behaviour. Approach to the
pProblem of prediction is based on the fact that daily
electrical load patterns in the same geographical area were
~assumed to have been repeated sometime in the past as a regult
of similar climatological nconditions. This method of predic-
tion utilizes recent load and weather information in |
.-l .‘ addi tion to weather load relationships, The
basic 24-hour load pattern is divided into slots each slot
cqnsis‘tihg o:fé to 4 hours, This division allows For various
weather parameters to be considered for different times of
The day. Within each time slot it is assumed that changes in
‘weathér patfern do not affect the load significantly. Fig.2.2

shows a standard system of pattern recognition which is adoptéd

here, ' ’
| Feature . Feature o
- Raw Data | Processing Selection Decision ! -Forecast
Fige 242

(i) Feature Processing -

The purpose of features processing is to extract,

accunulate and evaluate the relative significance of all tbe
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weather variables such as tempcerature, relative humidity
wind'veloéity etc, in the~vicinity of clectrical power
systém. Auto-correlation analysis is performed since it
is well~known fact that daily load pattems correlate
closely with the previous days climatic condition. The -
choice for independent weather variables to be selected
depends upon the season beilng analysed, For QXamplé humidity
is significant in thé summer UTime analysis 3 . and in
the same mannér, windchill factor is significant in
winter time analyses.
(1i) Feature Selection ~

In this various means are used to find out the most
efficient independent varisgbles that explain similar load

patterns on an electrical power system. Two types of studies

were performed on weather varizbles from feabure processings

(a) A1l combination Regression

(b) Stepwise lincar Reggression analysis.

In study (a), the multiple correlation coefficient squard
factors for all combination of weather variables were deter-
mined. Study (b) was pPerformed to obtain total squared error.
(iii) Dccision

It incorporates the following functions -

(a) Cluster Analysis -- Variables selccted through feature

selection were used to perform cluster analysis to

separate the different dates in to classcs with similar
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climatic parameters, Variation with in a c¢lass or cluster
represent the unknown nature of loads The optimum number of
classes could be one with different cluster as dense and as

for as possible. The numbers of classes could also be

dependent on available data. Weights can be given to
different selected variablcs to emhance or reduce their

relative importance and also to nomalize different variables,

~(b) Growth Elimination = In order to use load information

datihg‘several years back , load growth will be eliminated

by the concept of percent spread, Load values will be

o converted to pércent'spread values while perserving the

shape,
SR  Lo=L.
Percent spread = St = L _min X 100 eee(2.6)
: Lnex Lnin

. where,
Ly = load at time t (Mw)
L min = Minimum load for that year (MW)

L maXx = Maximum load for that year (MW)

In performing the conversion each load value will be
converted to a value between zero and 100. Zero corresponds
to the minimum load for the period of study and 100 corresp-nds

to. thev maximum load for the same period.

(¢) Interpolation = CluStér analysis will identify the best
dates for load forecasting of particular day. Depending on
the lead time either current weather infonnation (lead time
1~3 hours), or forecasted wcather information Llead’time up to

'“-24 hours) will be used in the cluster analysis to identify
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the above dates. It can be proved that if the ratics
of minimum to maximum load for two particular days are
equal, the corresponding pieccwise shapes will only be
different by scalar, Percent spread factor will convert
all the load to a common base by perserving the shape

which will satisfy the above condition,

Interpolation can be rcpeated 8 times for the threu-

hour intervals to obtain a base load curve, We will have

]
sz-FE

(L)

‘where,
F'(t) = Actual load curve at time t
F(t) = Base loéd curve at time t
K = Constant (Scalar)
E = Error

So, -the forecast for time (t+l) will be |
F" (t41) = KoF(tsl) 2 E e (2.7)
where constant K will be changed adaptively (1~3 hours) as

new load information is reccived,

Maximum error of 4 percent was computed by comparing
forecasted and actual 1load curves. This mcthod is suitable
for small area powcr systens duc to limitation of geographical
area and applicability ¢t weather parameters. In a large power
syétem diversity of loads distort the weather sensitive

pattern of load.
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2.4 State Estimation Technique [6]

Present day power systenm engiﬁeers have achieved
schemes for onfline real time control of complex peower
systems, A precise short-tem forecasting methcd for
estimating the status of systens is required for this

. pUrpose.

Before one makes a forccasting model it is necessary
to decide the structure of load. It is essential to find
a properxnodeling of load and some methods of identifying
noise characterisfiCs'for'practical application of state

estimation to load forccasting,

The state variables in the load forecasting models
are
(1) The system load it-sclf
" (2) The incrament of systen load

(3) The short temm anc long term load patterns.

In load forecasting, it is very inportant to decide
how far in future preodiction are to be mades The method of
forecasting depends upon the forecasting period. If 1% is
desired to predict the system load 1 or 2 hours in advance,
then the effect of wecather fluctuations is not predeminant and

can be neglected.

State equation can be written as
;~4 )
n+l 1 1 £, . €

An+1. —O 1 'AQ- €

X

1
n
o ve.(2.8)
n
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wherevXn is the system load at nth instant, an is loan

increment at nth interval. Observation equation

Y, =[1 o] X, | + 0 .. (2.9
An,
where Y, is an observation value of lead at n, n, el; &2
, : n" "n" n
~are the intrinsic system noiscs. All noiscs are assumed to
occur independently. The most optimal forecast values of

states are sequentially given by

. . _. l N
Xn+l 1 1 ’Xn, Kn+1 1l 1 Xn
= . , Yo .1m [1 0]

An+l‘ 0 1}|a Kn+1 0 1 S
| e+.(2,10)

Equation (2,10) can be written as

L v
Xnel = (l'Kn+l) X+ 2p) Kpyg Yoo «+» (2.11)

2 2 '
Bpyl = (1-.-Kn+1) o+ Kn+1 (Y xn) e (2.12)

n+l-

The above formulation is the sa@é as the exponential
smoothing. technique for fluctuation with increment, However
this forecasting model has excellent propertics  that of

1 2 s
nal and Kn+1’ sequentially

optimal correcting gains, K
determined by prior informaticn about variances of ncise,
and that of bbtainiﬁg the lcast mean squdre error of
forecasting.'

If it is desired to predict the system load 24 hours
in a advance then inadditicn to load increoment, effect of

weather variables such as temperature and humidity is taken
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in to account while modeling the forecasting system, So

the structure of system load and observation is written

as
v T < A g
Xn+l {1 0 g % n; [b 0 i'Tni {éi
={ { i‘ ] ’ + ) o..(2.13)
Al 10 “n!{An ;ﬁn_ Yn, an € |
L W [ JL 4 s
r -
Yn+l = [Sn+l 1] ixn+l
fa i+ nn+l 000(2.14)
{_‘m-lJ

where X, is the load at n, &, is the load fluctuation

because of weathef conditions ~ temperature T, and humidity
Hn. Sn+l i1s the coefficient of daily standard load pattern

(s, = Spare T = 24 hours), € Bps Y,y and S, can be calculated
from data series (Y, Yy, Y54.0Y ). So the sbtimal forecasting

values of states using fhe ncw cbserved values are sequentially

given by
1
Xpe1 = Xptk g [Yh+1'(sn+l Xp +op SptBaTo+Yy Hy)l
«ee(2.15)
5 .
Snel = 2t [Yh+1'(sn+l Xy 40y AP Ty Hy) ]
() 0(2 016)

1

. . - . .
where correcting gains Kn+1 and Kn+l are determined using the

2

Co s . . 1 v
pPrior information about noise €nr €y By a0 Utilising the

results of (2,15) and (2.16) the ferecasting load Yoo at m4T
is given by
el = Sner X+ 2ngo eee(2.17)

In a practical application of load modeling such as
the introduced above, there 1s often no prior information

abcut noise variance, Thereforc some icdentification a2lgorithms
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L an rxn natrix of Cmnétantﬁ czlled the transition
‘matrix, with the property, £(t) = LE(t~1).

~l

a coulmn vector of 'n' constants called the smcothing
vector,

General Model ~ The observed load X(t) is represented as

a linear combination of known functions of time and a noise

component, as shown below
X(t) =" £(t) +e(t) vee(2.18)

The coefficients a are assunec to be locally ccnstant.
The coefficients are gradually changing, but slowly enéugh
$0 that they can be considered constant over a time span
equal to or greater than thc moximum lead time. Under this
assumption, forecasts can be computed by extrapclating the
expression in (2,18), Using the known £fitting functions
£(t) and estimates a(T) of the current values of the

coefficients i.e, from
X, (T+7) = 2a' (T) E(t+r) ve. (2.19)

To employ this method, we need (a) an appropriate set

of fitting'functions and (b) a method for estimating the
coefficients from observed values of loads Estimates of the
coefficients are revised hourly where as the fitting functions

are stationary.

The estimates of the ccefficients are computed using
welghted least squarc critcrion. A constant B (0 < B < 1)
is selected and the estimates a(T) are computed by minimizing

the equation given bclow
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% 8d [X(T~3) =~ 3(T) F (T-0)]° .. (2.20)
J=0

The constant g controls the rate at which the past
errors are discounted, i

After selecting the fitting functions and the smoothing
constant, the vector h and the transition matrix L are
calculated, L and h are stored as program constants and

forecasts are computed according to the following algorithm.

(4) The estimates of the coefficients are revised according

to ‘
aT) = L'a(1-1) + F [X(T)~ xy(T)] e (2.21)
(B) New forecasts are then computed from (2,19)

Calculation of L and h = It is found thet r.m,s value of
forecast error is minimum when the smoothing constant is taken

as 0.99%4.

On analysing hourly load data of two years it was found that
weekly variations are quite consistent through out the year. So it
was decided that the best approach would be to develop a
model for the hourly loads over an interwal of one week
rather than separate 'week day' and 'weck end' models. The
weekly variations in hourly load are described as a cyolié
function of time with a period of one week, It was decided
that a Fourier serieé would be the most appropriate model
which meets the‘requirements for the fitting functions,

The model sclected is of the form

n
X(t) = C + );_l(ai sin W;t+ b; cos W;t) ...(2,22)
i=



24

a ; - -

g pd [X(3) ~3(1) T (2-0)2 v (2.20)

J=0

The constant B controls the rate at which the past
errors are discounted. .

After selecting the fitting functions and the smoothing
constant, the vector h and the transition matrix L are
calculateds L and h are stored as program constants and

forecasts are computed according to the following algorithm.,

(A) The estimates of the coefficients are revised according

to

a(T) = L"a(T-1) + B [X(T)~ X;(T)] oo (2.21)
(B) New forecasts are then computed from (2,19)

Calculation of L and h - It is found that r.m.s value of
forecast error is minimum when the smoothing constant is taken

as 009914'0

On analysing hourly load data of two years it was found that
weekly variations are quite consistent through out the yesr., So it
was decided that the best approach would be to develop a
model for the hourly loads over an interwval of one week
rather than separate 'week day' and 'week end' models. The
weekly variations in hiourly load are described as a cyclic
function of time with a period of one week. It was decided
that a Fourier series would be the most appropriate model
which meets the‘requiranents for the fitting functions,

The model sclected is of the form

m
X(t) = C + ;_l(ai sin Wit+ b, cos W, t) .,.(2.22)
i=
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that is, a constant C and Fourier serics with 'm' frequen-
cies. Since a period of week is assumed, all w's are of the
form |
2n
168
where K; is a positive integer less than 84,

The fitting functions are expressed by

Sin @lt-
- Cos wyt
£f(t)= :

Sin @21:

C.OS w2t L XY c(2.23)

The coefficients ¢,a;'s and bys constitute the vector a
It was found nine frequencics should be introduced for
K = 1,2,3,4,5,6,14, and 28.

The transition matrix L has the property

£(t) = L £(t-1) eee(224)

The velue of the smoothing vector h is given by

!

BAF g £(ed) B (-3) 77 £00) ... (2.25)

.

j=0
Estimates of variance of the forecast errors for various lead
times are updated according to
| 82 (1) =7 $5(1) + (L-N)K(D) - X (1))°
| cee(2.26)
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The forecast model adapts automatically to secasonal
changes and changes in daily fluctuafions. The method is
also operationally simples An hourly matrix multiplication
and a vector addition are required to update the model,

Computer storage requirencnts are reasonable.

As the weather data has not been taken into account
separately, it is reflected by the past data only so whenever
there is abrupt change in weather the accuracy of the forecast

gets jeoParadiseds

246 Adaptive Short-tem forecasting of hourly loads
using wegther informgtion

In this methods hourly load forecasts with a lead time
of 24-hours are produced based on beth historical load data
and information from the latest weather forecast. This method
combines stochastic load models énd adaptive weather load models
optimally to yield an adaptive forecasting procedure especially
sulted for on-line control 6f power systems. This method is

discussed in detail in Chapter -3,



COMPUTER._PROGRAMMING
OF
" ADAPTIVE SHORT TERM FORECASTING

3.1 -Basics of Method

The forecasting modei in the method used contains
an adaptive weather load model to utilize the wegther .
forecast information and an adaptive stochastic model to
utilize the historical load data in making the statistically
optimum load forecasts, This adaptive féatures gnables the
model to update its own parameters according to its past
performance. S0 the forecasting model is suitable for
on-line usage, Simplified flow chart of forecasting pro-
cedure is already shown in Fig. 1.1. The procedure is

explained under the following sections,
3+1.1 Stochastic load model

The hourly system load is divided in to three

components, |

2(1,3) = T(i,3) MC (1,3) + X(1,J) eee(3.1)
where,

2(i,J) = systan load measured in hourly MWH at hour

J and day 1
T(i,j) = Basic component of load at hour j and day i
WC(i,j)= Weekly cycle component (day-of-the-week effect)
at hour J and day i

X(i,3j) = Residual component containing the effect of
weather variation at hour j and day i.



GOMPUTER PROGRAMMING
OF
APTIVE SHORT TERM FORECASTING

3.1 Basics of Method

The forecasting modei in the method used contains
én adaptive weather load model to utilize the weather .
forecast information and an adaptive stochastic model to
utilize the historical load data in making the statistically
optimum load forecasts, This adaptive féatufes enables the
model to update its own parameters according to its past
‘performance. So %fhe forecasting model is suitable fér
on=-line usage. Simplified flow chart of forecasting pro-
cedure is already shown in Fig, 1.1l. The procedure is

explained under the following sections,

3.1.1 Stochastic load model

The hourly system load is divided in to three
components, _ ,
2(1,3) = T(i,3) +WC (1,3) + X(i,y3) e (3.1)

where,
Z(i,j) = systam load measured in hourly MWH at hour
J and day i ‘
T(i,j) = Basic component of load at hour j and day i
WC(i,Jj)= Weekly cycle component (day-of-the-week effect)
at hour j and day i

X(i,j) = Residual componcnt containing the effect of
weather variation at hour j and day i.
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The nature of these three compohents is very different,
T(i,J) can be considered morc or less constant from day to
day, WC(i,J) is a slowly changing component signifying the
weekdy pattern of the hourly loads and X(i,J) is rapidly
changing component containing fast hour to haur variations
in the load due to numerous random factors such as weather
conditions experienced by the load arca served by the subs-
tation. An autoregressive type of model is chosen for the

random component,
(1) = A X (1) + W(i-1) oo (3.2)

where,
X,
X(i) ={x(i,2)

oo .

R

(L,24) 1

X(1i) is a (24 X 1) coulmn vector of residual components

- for the ith day.

A Vgﬁ(ZA-X 24) matrix of cocfficients,

W(i=1l)= (24 X 1) column vector of model error terms.,
In this model each clement of X(i) is lincar function of all
the elements of X(i=1), An unknown (24X24) covarance matrix
Q is defined such that

E [w@) w1 = a o oo (3.3)
where W(i)T denotes the transpose of W(i). An equivalent form
of equation (3.3) can be written for the (j,k)th element of

a as
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Q(j)k) = E[W(i’j) w(i’k>] 000(3.“")
where W(i,j) is the model error term for hour j of the ith
day.

3ele2 Weather load model

The farecastihg Procedure required a weatkherload
model in which daily peak load is represented in terms of
weather=variables, Thc model also conteins terms corrcsponding
to the basic load and thé weekly pattern similaf to those

used in the stochastic model. .The model is of the form,

Y1) = B(i) + S(i)+ W(i) + e(i) wee (3.5)

where,
Y(i) = Peak load on the ith day

B(i) = Basic load componcnt of peak load on i th day
s(i) Weekly pattern component of the peak load on

the ith day

W)

Weather~sensitive componont of the peak lcad
on the ith day \

€(1) = Random componcnt of the peak load cn the ith gday.

~ Strictly speaking, B(i) and S(i) should be defined as
elements of T(i,J) and WC(i, j). However, better estimates
can be expected to result if B(i) and S(i) are cstimated

independely of T(i,3) and WC(i,Jj) respectively.

The weathcer~sensitive component W(i) is assumed to be
»a linear function of suitably transformed valucs of weather
variables such as temperaturc and humidity observed at the

load centre, A gencral form of the model is given by
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k
W(l) = §=1 CJ WJ(l) 0-0b(366)

where,
k = number of weather veariables in the model
WVJ(:L):;j th weathcr variable (or a transformed value of
of the variable) on the ith day
Cj--. unknown jth ccefficient of the model,
There will be scven Valu/cs in the weekly pattern

corresponding to ecach day of the week, Thus

SPP(i) o o(3.7)

Sj‘" jth value of weekly pattern (j=1 corresponds to
Sunday)

P.(i) = 1 if the ith day corresponds to the jth day
J of the week

0 otherwise
The weather variables sclected are the average daily
temperature and the relative humidity. As shown in Reference
(1], it is necessary to make a nomlincar transformaticn of
the tempcrature variable in order to formulate a linear
.weather load model of the type shown in equation (3.6). In
6rder to transfcrm the weather variable it is necessary to

study the effect of weather variables on the load,

(a) Effect of Temperature

To detemine the effeect of temperature on the load
it is ccmmon to plot a scatter diagram of daily peaks

versus daily average temperature. The scatter diagram
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is shown in Fige 3e1s Using curve fi¥dingtechniques,

weather variable can be transformed as under.

Wy(i) = TMP(i) = TS if TMP(i) - 1S
=0 if TWCTMP(L)XKIS } .40 (3.8)
= TW~TMP (i) if TMP(i)<TV

where TW agnd TS are the fixed parameters of the trang-
formation and TMP(i) is the avcrage temperature on the ith
déy,

(b) Effect of Hunidity

For agricultural load it is observed that load
'requirénént is negligible when the relative humidity
| approaches 100 percent, But as the relative‘humidity
decreases the agriculbural load starts .drcreasing, So
the reclative humidity can bc transformed by the following

relation,
W/,(1i) = 100 = Relative hunidity vee(3.8(b))

35¢143 Initialization Proccdures

Initialization procedures involve identification of the
unknown - parameters of the weather-load model and of the matrices
A and Q of the stochastic model, In addition the current values
ofiT(i,j), Wwe(i, 3), X(i,3) of cquation (3.1) and B(i) and Si
of equations (3.5) and (3.7) arc also required,

Indentification of A and Q = The identificaticn of A and Q is

based on the residual component &(;) of the historical load data.
Since the residual componant is not directly available, it is

. necessary to first estimate T(i,J) and WC(i,j) from the given
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load data. Each clement is obtained by filtering the
weekly pattern and the residual component from the load
da‘ca'.
. i l
T(i,3) = 1/7 % .w6z(k,3) J=1,2, ¢4 924 vee(3.9)

k=1 .—-7 8,00’, N
where N is the number of days for which load data is

availzable,

The weekly pattern component WC(i, j) is obtained by
an exponential smoothing filters
O OWC(4,3) = WC(1-7;3) + @ [2(1,3)-T(1,3)=WC(i-7,5)]
J = L,25000y2h0 | ~+ex(3.20)
i =£8,9,ee0,N |
where a is a filter ccnstant (0.2 to 0.5) and
WC(k,3) = Z(ky3) =T(7,3) k=l,2, 4447 s (3.11)
" Here using QQuatiéns (3.9), (3.10) ond (3.11), the residual
components X(.) cen be cstimated from the given load‘data.

Let these be dencted by X(1), X(2)e.e,etcs

. ] T .
Post-multiplying equation (3.2) with X" (i) and taking

the expected values gives the following

. T .

. Q = rO-A’-O A | » 00.(3.12)
where [ = B[X(1) X7 (1)] ves(3.12)
Similarly post-nultiplying equaticn (3.2) by X (i-loand teking
the expected values gives

A=1Ty f'l ees(3.14)
where , 'AA ’
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Equation (3.12) and (3.,14) constitute the identification

equations for identifying A and Q. Matrices [, and [ are esti-
mated from the residual components X(.) of the historical

data as follows

N e 4
lo =11 5_X'(D) xT(1) ceo(3.16)
i=
[ g X(i) X5 (i-1) (3.17)
l N-l i___2_ ram L [ ] *

Identification of Weather load Model = The unknown para-

meters of weather-load model are identified by minimizing
the exponentially weighted sum of squares of prediction

error. So we minimize,.

N 7 k 2,Nwn
E=x [¥(n)-B(n)~ L S§;F; (n)~2 C,W,(n)]%
n=1 - i=l i=l '
s (3.18)
B(n) in the above expression is cstimated by exponential

smoothing schene,

B(n)= B(n-1) +x [Y(n-1) =~ g S4P; (n=1)
i=l

k
> Ci in (n—l >"'B(n~l)] es e (3019)
1=1

where B is a constant between O and 1, Constant a is also
assumed known, The normal values for o and B arerespectively
Equation (3,19) can be written as
" k wca— 7 sy
i= 1=
veo(3.20)
where,
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Y(n-1) = a¥(n=l) +(Q-a) o Y(n-2) + eoss

a¥ (n=~1) +(1l-a) ¥(n-2) vee(3.21)
in(n-l)=awvi(n—l)+(l-a)aWVi(n~2) £ e
=0£W\)'i (n-l)+(l-oz )’Wi(n~2) ese (3.22)

P(n-1) =ocPi(n-l)+(l—on)ocP];_ (n=2) + oo
ﬂ?i(n"l)"'(l'“) ‘I‘Si(n-Z) 0‘00(3023)

Hence cquation(3,18)bocomes

E = g (Y(n)~Y(n~-1) - g S;(P; (n) Jﬁi(n-l))
n=1 i=l

(G (W, (n)-TF (2-1)))%""
1=l  eee(3.24)

If the initial values of Y(n), in(n)(igl,Z...k),

?i(n)(i=l,2,...7) are known, the subsequent values can

be estimated using equations (3.21), (3.22) and (3.23)

and the unknown parancters Si and Ci can be determined by a

least squares method. For computetional cconomy, a recursive

estimator is useds Let

aY(n)

= Y(n) -~ ?(H—-l) 0'00(3325)
‘aT = (31,320'{0 57,01,(32000,(:1{)

$"(n) = [P1(a)-Fy (1-1), P, (0)-F, (0=1) e s i, (n)=TW (ne1),
WVZ(n)Jﬁva(n-l),...]
| eea(3.27)
VQ(N) = optimum estimate of the cooefficicnt vector a at the
N th iteraticn. Then a(N) can be written as

AN) = B(N-1)+P (W) @ () [aY ()T (N)A(N-1)]
ee o (3.28)
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where P(N) is a newly defined variable,
P(N) = 1/B(N-1) = TR (-1)p()[1” (1) SR (-1 (n) R (1)
P P(N-1) |
| ees (3.29)
Tp perform the identification process by using equations
(3.28) and (3.29), we require initiel value of ¥(.),
in(.), ﬁi(-), a(.) and P(.)s In order to obtain these, the

data base is divided in to three parts as shown in Fig, 3.2
DATA SEQUENCE

N

Fig. 3.2 Division of the historical data base
in three parts for identification of
weather=load model,

Part A is used for determining ?o’ Wio, ‘1'510, the initial
values of Y(n), Wi(n) and ?i(n). The initial values are

determined by taking the simple avereges

- 1 @
YO == I Y(n) 000(3030)
n n:l '
e 1D : -
WiO = I-;l E in(n) l=l,2’ OO.v’K 00.(3031)
n=1%
.0 = 4% P.(n) Cia,2 7 .(3.32)
i = m n= i L ) g oe by LN ] )

where m'is the total number of days included in part A,
Part B is used for the determination of initial values
B(0) and P(C). Using cquations (3.21),(3.22),(3.23) and
(3.27), the values of Y(n), Wi(n), Pi(n) and ¢(n) are
obtained, Then, a(0) and P(C) are estimated from the

following equations,
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PO) =[ & (3ot 1I~t oo (3.33)
JePartd
a(C) =P(c) [ = #(3) av(3) ] eee(3.24)
jsPartB

Part C of the data is used for updating P(.) and
a(.) recursively and the values are stored for producing

Peak load forecasts with the current weather load data.

3.1.4 Adaptive Forecasting Procedure

The load forecast for the (i+l)st day, z(i+l,jJ),
3=1,244424, is made on the basis of measurements of z(i,3),
321,24 44,24 and the weather forccast W (i+1), 3=1,2...k

in the following steps.

Updaté T(i,3) and WC(i,J) -~ The basic component T(i,J),
J=1,2.e424 is updated accerding to equation (3;9) and the
weekly pattern component WC(i,j) is updated according to
equation (3.1C). The residual component X(i) is then

determined as follows

X(i,3) = z(1,3)=T(i,J) = vC (i,J)
J=1,244 0424 | ee.(3.35)
Updata A and Q¢ - Matrices A and Q are updlated by recstima-
ting the conocuriance matrice [ and [ by the following

equations.
i-.l \u i"l
1 . T,y :
= fo + ':'i.“’ [2&(1) & (l)- ro ] 000(5036)
1

i
]
0
i 4-1 i=

el d ) £T@-1) - 1 1 eu(3.37)
1 1
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where [+ and f; are the cstimates of the covariance
matrices fo and fl obtained by pro;essing the datg of

the ith day, Eauations (3.36) and (3.37) can be easily
derived from equation (3.16) and (3.17)« The algcrithm
given above is very efficient since the updating of
covariance matrices is based cn only the previous estimates

and the new product tems X(i) LT(i) and X(i) &T(i-l).

The new estimates of A and Q are cumputed using
updated estimates of fo and fl in equation (3.12) and

;(3.14);

Forecast Dased on stoghastic Mcdel

T S B —

The forecast of the next 24 values of residual cecmpcnent
X (i+l) is produced by using cquaticn (3+2) and assuming the
forecast of model errors W (i+l) tc be the expected value

of W(i+l) i.e. zerc.
X (i+l) = A X(1) ees(3.38)

The load forecast bascd on the stochastic model, zs(i+l,3),

is then given by

78(1+1,3) = (1,3)+0C(L+2,3) +X(i41,3)
j = 1,2,..00,24 9-5(3'39)
In the forecasting cquation (3.39), the basic camponent is
assumed to be unchan;ed from the ith tc the (i+l)st day
The variance of the forecast Zs(i+l,j) is given by the

variance of the J th nodel error term, i.e. Q(J,J)

2 .
% (3) = (5,3) | ee. (3.40)



Update weather~load Model

The actual peak load for the ith day, Y(i) is

determined from the load data

Y(1) =M?x [z(i,3)] oo (3.41)

By using equations (3.21), (3.22), (3.23), (3.25), (3.28)
and (3.29), the parameters of the weather load model a(i) are
updated. |

Peak load forecast Dased on Weather forecast -

The peak load forecast for the (i+l)st day is calcula~

ted as follows

~

k
Y(i+l) = B(i+1)+S(i+1)42 N Cy WV (1+1) oo (34042)
. .j=

where WVJ.‘(i+l) is the forecast of the Jth variable for
the (i+l)st day.
The variance of Y(i+l), o 2

y
variance estimate based on the observed peak~load forecast

is computed by updating the

error of the ith day i.e.

ol = ol 2 [{ Y@ - YW= ol ] oo (3.43)

Gomposite Load Forecast

The composite load forecast is the optimum combination
of the forecast based on stochastic model and the péak load
forecast based on weather load model, If the maximum value of
25(i+1),3), 3=1,2,..424 is the same as Y(i+l), then composite
forecast is same as given by stochastic model namely,
Z8(i+l,3), J=1,2...24, However, the weather forecast brings
extra information about the future loads and hence, in most

cases, Y(i+l) and the maximum of Zs8(i+l,j) are different. Two
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stochastic estimates are combined to obtain a suitable
weighted average of the two estimates. The equations for
computing a composite load forecast Z(i+l) from zs(i+1,3)
and Y(i+l) are the following.

(¥ (i+1) 2, Ja(g,P)

2
y

Z(i+l,,j) = Zs(i'!'l,j) + -
a(p,p) + o
' 000(3044)

where,

Zop = m;x { zs(i+1,3)} e (3.45)

‘and p is the hour of the day associated with Zs o The forecast

1%

2 . 2 . . . .
© variance, °'j s 15 reduced from its original value since -

extra information in the form of the peak load forecast
has been used in the composite forecast,

2
| - Q“(J,p)
o2 = a(3,3) - > oo (3.46)
Q(p’p)"' gy'

J = 1,2400002l

Special holidays modify the daily load pattern in
a way that is generally diffcront from the regular pattern
of weekends * Special holidays are observed te-giffar. from one
holiday to another, although the load patterﬂ b% each'hbli-
day remains approximately the same from year to year, Where
enough data are available, it is possible to determine an
average load pattern for cach special holiday from historical
load data, These average estimates can then be used in the

load forecasts for special holidays.



3.2 Flow-Chart

The flow-chart for the devcloped program has been
presented in two sub-sections, Flow chart given in subsection
3.2.1 stands for initialising and identifying the parameters
of stochastic load model and wecather lcad models The values of
paramcters calculated in this section arc passed to adaptive
- forecasting programs.

Flow~chart presented in section 3,2.2 stands for adaptive
forecasting program. In this flow-chart, parameters alrcady
stored in the previou.s flowohar_'t are taken out, proceésed
along with current hourly loéd data, current'values of weather
variables and forecasted values of weather variables to make

hourly -load forecast for the next 24 hours.

3«3 Details of Programming

The flow-charts given in the previocus section have been
implemented in FORTRAN IV on DEC-2050 computer of R,U.C.C. The

software package for_short-tem load forecasting with lead

time of 24 hours consists of two sections,

Section =1 This scction is titled, 'Forccasting Incorporating

Effect of Temperature' and is given in Appendix~l, It includes'
the effect of only onec weather varisble i.e, dally average
temperature while making load forecast for the next 2h~hours,
Two programs have been developed in this sections First
program is used to identify and initialise paraneters cf

stochastic model and weather load model as per flow chart.



FLOW CHART FOR INITIALISATION OF STOCHASTIC LOAD MODEL AND WEATHER LOAD MODEL

READ HISTORICAL LOAD DATA Z(i,j) AND VALUES OF WEATHER

VARIABLES, TMP (i) AND HMDTY (i) FOR THE SAME PERIOD
WHERE j 1,2.... NHOUR

1,2... NDAY

CALCULATE BASIC LOAD COMPONENTS T (i,j) ,WEEKLY LOAD CO-

-MPONENTS WC(i,j) AND RESIDUAL LOAD COMPONENTS X(i,}) BY

PROCESSING THE HISTORICAL DATA USING EQUATIONS, (3.9)(3.10)
{3.11) AND (3.)

CALCULATE AND STORE THE VALUES OF MATRICES(IG] AND[;] EST-
MATED FROM RESIDUAL COMPONENTS OF THE HISTORICAL LOAD

DATA USING EQUATIONS, ~
' NDAY

1 . .
(6] =55y > X1 &)

(=1
NDAY

: _ | . -

STORE THE VALUES OF FOLLOWING COMPONENTS (FOR USE OF
ADAPTIVE FORECASTING): BASIC LOAD COMPONENTS T(i,j) FOR
THE LAST SIX DAYS OF AVAILABLE DATA, WEEKLY LOAD COMP-
ONENTS WC(i,j] FOR THE LAST SEVEN DAYS OF AVAILABLE
DATA, RESIDUAL COMPONENTS FOR THE LAST DAY OF AV-
AILABLE DATA, |

CALCULATE PEAK LOAD,Y(i),FOR EACH DAY OF THE AVAILABLE
DATA

WHERE  Y(i) = MAX [Z(i,))]; i=1,2.... NDAY
s :

l

®




TRANSFORM WEATHER VARIABLES, TEMPERATURE & HUMIDITY USING

FOLLOWING EQUATIONS:

WW(i) = TMP-TS  IT TMP(i)>TS
=0 IT TW<TMP()>TS
=TW-TMP(i) IT TMP(1)<TW

W\B(3) =100 ~ HMDTY (i)

i = 1,2....NDAY

CALCULATE INITIAL VALUES OF Y(n) WM i (n) AND Pi(n) USING FIRST
PART OF AVAILABLE DATA AND UPDATE THEIR VALUES USING

SECOND AND THIERD PART OF AVAILABLE DATA USING EQUATIONS:
(3.21) TO (3.23) AND (3.30) 70(3.32)

. A
INITIALISE MATRICES [P] AND [4]JSING SECOND PART OF THE AVAILA
BLE DATA USING EQUATIONS

IE Fem S

PART B
2 (0) =[Pt0 Y
Bol-bafz s

WHERE J=1,2...8 IF NO.CF WEATHERVAR!ABLES =1
J=1,2....9 IF NO.OF WEATHER VARIABLES=?2

UPDATE MATRICES [P] AND[&] SUCCESSIVELY USING THIRD PART OF
AVAILABLES LOAD DATA. EQUATIOMS INVOLVED ARE (3.28),AND(3.29)

\ A
STORE MATRICES [P]AND [3] FOR THE LAST DAY OF AVAILABLE
LOAD DATA (TOBE USED FOR ADAPTIVE LOAD FORECASTING)

|}




3.2,.2 FLOW CHART FOR ADAPTIVE FORE CASTING:

)

)

/READ STORED VALUES OF BASIC LOAD COMPONENTS T(jj) WEEKLY
LOAD COMPONENTS WC(i,j) AND RESIDUAL LOAD COMPONENTS Xi,))

FROM INTIAL[SATION PROGRAM

READ STORED MATRICES[P][F‘][P]AND [3] FROM INTIALISATION
PROGRAM |

/READ HOURLY LOAD DATA AND VALUES OF WEATHER VARIABLES
FOR THE CURRENT DAY AND FORE CASTED VALUES OF WEATHER
VARIABLES FOR THE NEXT DAY.

)

UPDATE BASIC LOAD COMPONENTS Z(i,j),WEEKLY LOAD COMPONENTS
WC(i,j) USING CURRENT DAY MOURLY LOAD DATA AND CALCULA-
TE THE VALUES OF RESIMUAL COMPONENTS X(i,j) FOR THE CUR-
RENT DAY USING EQUATINNS (3.9),(3.10) AND(3.35) RESPEC TIVELY

UPDATE MATRICES([G] AND [[f] AND CALCULATE COEFFICIENT MATRIX
[A] AND COVARIANCE MATRIX [G] USING EQUATIONS.

rL' fu += [X(l)xr(n) F'-IJ
ﬁ': [‘,‘+;-—‘_T x(i)xX%i-)- [‘i‘]
[0, 0-B-ARA

CALCULATE THE VALUES OF RESIDUAL COMPONENTS FOR THENEXT
DAY X(i+1,j) USING UPDATE VA.UE OF MATRIX [A]
X(HL ) =AX(i,))
i STAND FOR CURRENT DAY j=1,2..NHOUR

o




FORE CAST HOURLY LOAD AND VARIANCE FOR THE NEXT 24
MOURS ON THE BASIS OF STOCHASTIC LOAD MODEL USING
EQUATIONS:

25(1+1,5) = T(i,]) +WC (i+15) +X [ 1+1])

"'520) =Q{ni); j=12..... NHOUR
1= CORRESPONDS TO CURRENT DAY

UPDATE MATRICES[F]'AND[G] USING CURRENT HOURLY LOAD
DATA AND VALUES OF WEATHER VARIABLES FROM EQUATIONS
(3 28)AND(3.29)

CALCULATE BASIC LOAD COMPONENTS FOR THE NEXT DAY USING
EQUATIONS .

B(i+,]) -Y(.)-Zu WV (i) ;sm,m

j = t,2....NHOUR ’
k= NO. OF WEATHER VARIABLES CONSIDERED

FORE CAST PEAK LOAD FOR THE NEXT 24 HOURS USING FORE- .

CASTED VALUES OF WEATHER VARIABLES FROM EQUATION -
(3.42)

FORE CAST HOURLY LOAD DATA AND VARIANCE FOR NEXT
24 HOURS BY OPTIMALLY COMBINING THE FORECAST BASED

ON STOCHASTIC LOAD MODEL AND WEATHER LOAD MODEL FROM
EQUATIONS: (3.44)TO (3.46)
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second progran is usced to update the valucs of parameters
provided by the first program, utilising current load data
and cbserved value of weather variable and simultaneously

makes forecast for the next 24 hours (as per flow chart ).

section =2 This scction bears heading, 'Forecasting incorpora-

Ting Effect of Temperature and Humidity and is alsoc given
in Appendix-l, It includes the effect of two weather variasbles
l.e. daily average temperaturc and daily relative humidity,
Like Section-1l it alsc consists of two programs. One for
initialisetion and identification of stochastic and weather
load parameters where as the second program updates.these
Parameters and mekes forecast for the next 24 hours taking

into account the effect of temperature and humidity,

The above mentioned programs use the following sub-
routines,
MATINV(X,A,L)s The function of this subroutine is to
calculate the inverse of the matrix [X]. Matrix [A] is the
out put of the sub-routine, i.e, [A] = [X]'l. L specifies
the order of matrix [X]. The distinguishing feature of this
subroutine is that the original matrix [X] dces not get
des troyed., ‘
MATMUL(A,B,C,L1,L2,L3) ~ The function of this subroutine is
To calculate the product of two matrices A and B as and when
required by the main program, C is the cutput matrix., L1
denotes the number cf rows in matrix [A]. L2 is equal to
the number of coulmns in matrix [A] or number of rows in

matrix B, L3 represents the number of coulmns in matrix [B].
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ARRAY (MODE, I,J,N,M,S,D) ~ If MODBL=l, it converts single
dimension matrix into double dimension matrix, In this case
[s] is input matrix and D is output matrix, N implies no.
of rows and M implies no, c¢f coulmns in the output matrix.

I and J implies dimensicns of input matrix [S].

If MODE=2, it converts double dimensicn matrix in to
single dimensiori metrix, In this case D is the input matrix
and S is the cutput matrix, This subrcutine is used in

conjunction with MINV subroutine,

MINV (A,N,D,L,M) - [A] is the matrix whose inverse is .

required D is the deteminant of the matrix, In this subroutine

original matrix [A] gets destrcyed,

CPU time required by thc initialisation preogram varies
from 7 toc 8 seconds for pfocessing the data of 92 days,
Whereas the CPU tine required by the adaptive program veries

from 3 to 4 secondss



CHAPTER ~ 4

COMPUTATIONS AND _RESULTS

The developed programs have been run on actual load
data and weather variables records obtained from Ramnagar
Substation, Roorkee and Hydrology department of Roorkee
University respectively, For this purpose, following data

were obtained.

1. Hourly load data for a period of 102 days from 1 Aug.
1987 to 10 Nov. 1987, out of this 92 days data were
used for initialising and updating parameters of load
models and the rest of data ¥Were used for the compa-
rison of results, Hourly load data is given in
Appendix - 2,

2, Daily average temperaturc and relative humidity
records are also given in Appendix=Z, For the execution
of programs, constant a end B were fixed at the following

values.

o = 0'02, ﬁ = 00985

Overall results are divided in the following parts,.

Part A In this part results are obtained by incorporating
the effect of average temperature only, Results are further
subdivided in to two sections, In the firsﬁ section, load
forecasts are made with a lead time of 24 hours and after
every 24 hours, the parameters of models have been updated.
The above forecasts have also beun compared with the actual

values of hourly loads obscrved on thé same days.
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~In second seeticn load Prejdets are-made with a lead

timelol one weeky; assuming weather foreemsts were avdilabie,

Eggz_g_r'ln this part results have been obtained by taking
into account the effect of average tempcrature and relative
humidity. Here also results have been subdivided into two
sections, In the first section, hourly load forecasts are
.Inade with a lead time of 24 hours and after every 24 hours -the
parameters of models have been updateds In the second section
load projections are made with a lead time of one week. The
above forecasts have also been compared with the actual

values of hourly loads observed on the same days.

The computed values of 'hourly-load forecasts followed
by their graphical comparison with the actual hourly loads
dbserved on the same data are presented in a sequence as

per the following table.

¢

Thus it will be observed that there is a good agreement
in the forecasted and actual values occuring especially in
view of the fact that the lecast count of the observation is 5

units, Sample results are included in. 8ppendiX - 3.
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Forecasting | Lead time Forecasted Maximum Maximum S.D | Compari-
incorpora~ | of fore- | day S.D estima~ | actually sion !
ting effect | casts ' ted | observed raph sheet
of - e | (Fig.No.) |
‘ SeDe 1 Hours| S.D.|Hours I
24 hours |Nov.2,87 5.4 | 21 | 6.52 (07 4,1
24 hours |Nov,3,87 15,76 | 09 5.52 {09 4,2
Temperature | 24 hours |Nov.7,87 [15.45 | 21 6,05 |21 4.3
24 hours |Nov.8,87 [5.47 | 17 6.28 |17 Lok
4 days |Nove5,87 [5.83 | 20 6.89 {07 L5
1 week (Nov8,87  |5.89 | 1Y |6.65 |17 4.6
24 hours |Nov.2,87 - |5.45 | 21 6.52 |07 L7
Temperature |24 hours (Nov.3,87 |[5.72 ! 18 6.32 {19 4.8
gggy.?hmi' 24 hours |Nove7,37 |5.46 | 16 | 6.29 | 10 4.9
24 hours |Novs8,87 |(5.48 | 13 6.12 | 17 4,10
; L4 days |Nov,5,87 (5.81 | 21 6.81 | 07 4.11
: 1 week INov.8,87 1(5.87 | 21 6.63 | 09 4,12
|
i R
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FORECAST FOR NOV, 2, 1987,

INCORPORATING EFFECT OF TEMPERATURE
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FORECAST FOR NOV. 3, 1987

INCORPORATING EFFECT OF TEMPERATURE

LEAD TIME = 24 HOURS
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FORECAST FOR NOV,7, 1987

INCORPORATING EFFECT OF TEMPERATURE
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PORECAST FOR NOV.8, 1987

INCORPORATING EFFECT OF TEMPERATURE

LEAD TIME = 24 :uopy
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LOAD (AMPS,)

FORECAST FOR NOV,5, 1987,

INCORPORATING EFFECT OF TEMPERATURE

ILEAD TIME = 4 DAIS
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LOAD ( AMPS,)

FORECAST FOR NOV, 8, 1987

INCORPORATING EFFECT OF TEMPERATURE

LEAD TIME = 1 WEEK
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PORECAST FOR NOV, 2, 1987,

INCORPORATING EFFECT OF TEMPERATURE AND HUMIDITY

LEAD TIME = 24 HOURS
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FIG.NO. 4,7



LOAD (AMPS,)

FORECAST FOR NOV,3, 1987.
INCORPORATING EFFECT OF TEMPERATURE AND HUMI DI TI

LEAD TIME = 24 HOURS
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FORECAST FOR NOV, 8, 1987

INCOR PORATING EFFECT OF TEMPERATURE AND HUMIDITY

LEAD TIME = 24 HOURS
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FORECAST FOR NOV.5, 1987
INCORPORATING EFFECT OF TEMPERATURE AND HUMIDITY

LEAD TINE = 4 DAYS
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PORECAST FOR NOV.8, 1987
INCORPORATING EFFECT OF TEMPERATURE AND HUMIDITY

LEAD TIME = 1 WEEK
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CHAPTER = 5

CONCLUSTONS
Lhe short-term lond forccasting program developed

here offers following advantages.

1, The methodology takes both historical load data and
weather infomation in to account in forecasting

hourly loads.

2, The forecasting models are adaptive in the sense that
the model parameters are automatcally éorrected to

keep track of the changing load conditions.

3e The methodology can be used effectively as an on-line
software package in the utilities control cwuaputer

system,

4, The methodology prcduces not only lcad forecasts but

also probable crror in each ferccast,

5. The methodclogy has bcen developed in such a manner
that it allows ready adoptation to different power

systems,

Forecasts made by this method have been found quite
satisfactory even with a lead time of cnc week whén comPpared
with actual values. The maximun standard deviation observed
with forecasts in one week advance is 6,89 however when
forecasts are made by daily updating the model parameters
it has been found that maxinunm standard-deviation was 6,52
The probable caus¢ for the higher magnitude of standard

deviation are -

PR ROOTH
pntrdl Livrary Universi Ul
Contial Li quQRKEB
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(1) From the very first obscrvation of load data‘it
appears that the most of values are given as nultiple
of five (i.e.’average step 'S 5.6 percent of peak
load) rather than in decimal points, So it is one of
mest crucial factors in deciding the magnitude of

standard deviation,

(2) As in the methodology used it is required to take the
inverse of 8X8 or 9X9 matrix in initialisation opera-
tion which is not diagonally dominant with the result

large truncation errcrs are introduced.

The accuracy of adopted methodclogy can be further
improved it instead of daily average values, hourly weather
forecasts were uséd. At the same time « can be assigned
different values in different reasons tc improve the fore-

casting accuracy.

In this part of pregran dealing with historical data
could be worked cut off-line and only the adaptive part nced
to be done 9Belinc, Thus this mcthod is well suited for

on=line load forecasting.

The present progranm doesnct have a provision for

bad data rejection and special holiday forecasting,
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FORECASTING INCORPORATING EFFECT QF TEMPERATURE
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00200 C PROGRAM FOR IDENTIFICATION AND INITIALISATION
00225 C OF PARAMETERS OfF STOCHASTIC LOAD MODEL AND

00237 C WEATHER LOAD MODEL
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00260 C IF INTERMEDIATE RESULTS ARE DESIRED THEN REMOVE
00270 C ¥ FROM THE FIRST COULMN QF RESPECTIVE

no280 ¢ PRINT-STATEME“TS IN THE PROGRAM

00300 (==C=====ScooSc=cSoSESsCnocSo ISR SRS STESESSSSSSSSSTSSS
00400 DIMENSION Z(365,24),T(365,24),WC(365,24),T0W0(24,24),
00500 1 TOW1(24,24),%(365,24),A(24,24),AT(24,24),

00600 2 AT0(24,24),TOTNV(24,24),0(024,24) ,ATOAT(24,24),
00700 3 TMP(365),WV(365),p(7,365),Y(365),POBAR(T),

00800 4 YMINC365),WVMIN(365),PMINCT,365),DELY(365),

00900 5 PHAIT(365,8),A0(8),AE(365,8),

01000 6 AZERO(8),PEE(365,8,8),TAM1(8,8),

01100 7 PO(E,8),POINV(64),dL(64),IM(64)

01150 (o=s=EoSS oo I N e S S S S N S S S RS SRR S S S SRS
011352 C Z(N,\d) LOAD IN AMPERS ON N TH DAY

01154 C AliID JTH HOUR

01158 C TMP(N) TEMPERATURE ON N TH DAY

01160 C Y (M) PEAK LOAD ON N TH DAY

01162 C NDAY NUMBER UOF DAYS FUR WHICH LOAD
01164 C DATA IS AVAILABLE

01166 C NHOUR HUURS PER DAY, 24

01168 C Nji LOAD DATA FUR FIRST TO N1 DAY
01170 C CONSTITUTE THE FIRST PART OF LOAD DATA
01172 C N2 LOAD DATA FDR N1+1 TO N2 DAY

01174 ¢ CONSTITYUTE THE SECOND PARYT OF LOAD DATA
01176 C THIRD PART OF LOAD DATA IS FROM N2+1

01178 C TO MDAY

01180 C DAY DAY ON THE LAST DATE OF AVAILABLE DATA
01190 Cosmossmmmnnomo o N s S N N s NS e ARSI SR RS SR s
01200 OPENCUNIT=1,FILF='LOD1 ,DAT")

01300 OPEN(CUNIT=4,DEVICE='DSK',FILE='RES1.DAT')

01400 OPENCUNIT=T,DEVICE='DSK! ,FILE="RES2.DAT")

01500 OPENCUNIT=9,DEVICE='DSK' ,FILE="RES3,DAT"')



PAGE: 2
FORECASTING INCORPORATING EFFECT OF TEMPERATURE ’

01600 OPEN(UNIT=10,DEVICE="'DSK' ,FILE='RES4.DAT")

01700 READ(1,%) NHOUR , NDAY,N1,N2,ALPHA,BEETA,TS,TW,LDAY
01800 READCL,*) ((Z(1,9),d=1,NHOUR),I=1,NDAY), (TMP (1), I=1,NDAY)
01825 Fkk3 KRR K KK AR K KRR OR §OK KKK R R KRR KRR Rk KRRk R kR Rk XK
01837 C SECTIUN 1: STOCHASTIC LOAD MUDEL

01843 C IDENTIFICATION 0F PARAMETERS

01846 HkkFRAOKK Kok K R OK 3R R KR ROk K 3K 3k 3 K JOK 30K 33k ok 30K K K OK K 3K kR KoKk Kok ok ok koK
01900 C CALCULATION OF gASIC LOAD COMPONENTS

01950 e e e e b
02000 DOLO I=7,NDAY

02100 DO 10 J=1,NHOUR

02200 SUM=0,0

02300 DOS K=(I=6),I

02400 SUM=SUM+Z (K, J)

02500 5 CONTINUE

02600 TCL,J)=sum/"7.

02700 10 CONTINUE

02750 e e e e e
02800 C CALCULATION OF BASIC LOAD COMPONENTS FOR THE

02850 C FIRST SIX DAYS OF AVAILABLE DATA

WYL R P E R PR e T e b R e e Y
02900 PO 20 I=1,6

03000 DD20 J=1,NHOUR

03100 T(I,d)=T(7,J)

03200 20 CONTINUE

03300 * PRINT49 |

03400 49 FORMAT(T10, 'BASIC LOAD COMPONENT')

03500 % PRINT31,( (T(I,Jy),J=1,NHOUR),I=1,NDAY)

03600 31 FORMAT (5X,3(5X,8E13.5/)/)

R N e - e e e e e e
03700 C CALCULATION OF WEEKLY LUAD COMPONENTS

03750 (SCoRSS oSSR C oo NN NS S R N o R P N E E S S SRS C RS R RS RS ERE TR SES
03800 pU30 K=1,7

03900 PO 30 J=1,NHOUR

04000 WCCK,J)=2(K,d)=1(7,d)

04100 30 CONTINUE

04200

DO 35 I=8,NDAY



04300
04400
04500
04600
04700
04800
04850
04900
04950
05000
05100
05200
05300
05400
05500
05600
05700
05800
05900
06000
06100
06200
06300
06400
06500
06600
06700
06800
06900
07000
07100
07200
07360
07400
07500
07600
07700

P
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s .
- . -

o -
. o -

40

71

60

50

33

65

AGE: 3

DO 35 J=1,NHOUR
WECT,J)=WC((I=7),J)+ALPHAX(Z(T,J)=T(I,J)=NC((I=7),J))
CONTINUE

PRINY51

FORMAT(T10, '"WEEKLY COMPONENT')

PRINT31, C(WC(I,J),0=1,NHOUR),I=1,NDAY)

ot oot o e Y T e SV o T s T e Tt ot gy P i S Uy iy N T gy Y W e gy i o oty W e S e e S i o dmin Y MY G e M o o
W et WYtk e v M g G e S W e e W L g g B W U s oot T T S I o S Wt A . s P o S B v W G WO W G et e e i

P W TER G e O o UL S P ot T s S gy o Gre YAV M P s WA M MR g W MRS o i g0 M (o e DS TEP M S OT gme TBA s TS AN GO DA WY byt
e tmet TR e an et B g Wun g B pw U g TS Sir o (900 gy PO T SRS ey My G W gy WM Bher e . WA R G EG e N ey e B e Ve g e WS e e G e

D040 T=1,NDAY

D040 J=1,NHOUR
X(I,d)=2CT,J)=T(T,d)=HC(I,d)

CONTINUE

PRINT7

FORMAT(T10, 'RESTDUAL COMPONENT')

PRINT31, ((X(I,J),J=1,NHOUR),I=1,NDAY) |
WRITE(4,%) (CZ(T,J),J=1,NlOUR),I=(NDAY=5),NDAY)
WRITE(4,%) ((WC(I,J),J=1,NHOUR),I=(NDAY=6),NDAY)
WRITE(4,*) (X(NDAY,J),J=1,NHOUR)

FSFLOAT (NDAY)

DUSQ J=1,NHOUR

DO50 K=1,NHOUR

TOWO (J,K)=0,0

PN6G I=1,NDAY

TOWO (J,KI=TOWO (g, K)+X (I, J)*X(I,K)

CONTINUE

TOWO (J, K)=TOWO (J,K) /F

CONTINUE

PRINT33

FORMAT (20X, 'TOW0 ')

PRINT31, (¢(TOWO(J,K),K=1,NHOUR) ,J=1, NHOUR)
D070 J=1,NHOUR

DO 70 K=1,NHOUR

TOWL (J,K)=0,0

DO 65 I=2,NDAY

TOWL (I, RK)=TOWL (J,K)+X(L,J)*X((I=1),K)
CONTINUE
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07800
07900 70
08000 *
08100 69
05200 *
08300
08400
08500
08600
08700
08800 *
08900 6
09000 %
09100 300
09200
09300
09400
09500 80
09600
09700
09800
09900
10000
10100 990
10200 %
10300 7
10400 *

TOW1 (J,KI=TOWL (J,K)/(F=1,0)

CONTINUE

PRINT69

FORMAT(T15, 'TOWL ")

PRINT31, ((TOW1(J,K),K=1,NHOUR),J=1, NHOUR)
WRITECT7,%) ((TOWO(I,Jd),J=1,NHOUR),I=1, NHOUR)
WRITE(C7,*) ((TDW1(I,J),J=1,NHOUR),I=1,NHOUR)
NH=NHOUR

CALL MATINV(TOWO,TOINV,NH)

CALL MATMUL(TOWL,TOINV,A,NH,NH,NH)

PRINT6

FORMAT(/T10,'A' /)

PRINT300, ((ACI,J),J=1,NHOUR),I=1,NHOUR)
FORMAT(5X,4(5%,6E15.7/))

DO8O I=1,NHOUR

P8O J=1,NHOUR

AT(I,J)=AJ,I)

CONTINUE

CALL MATMUL(A,TOWO,ATO,NH,NH,NH)

CALL MATMUL(ATO,AT,ATOAT,NH,NH,NH)

DU9Y J=1,NHOUR

DO9O K=1,NHOUR

Q(J,K)=TOW0 (J,K)=ATOAT(J,K)

CONTINUE

PRINT 7

FORMAT(/T10,'Q'/)

PRINT300, ((G(J,K),K=1,NHOUR),J=1,NHOUR)

JOAS0  Hdkok KRR A KK AR ROR R OK AR R K ook 3ok KK K A K oK R K 3K K R o ok KKK 3K 0K KK KR R koK

19500 CC
10600 CC

SECTION 23 WEATHER LUAD MODEL
INITIALISATION QF PARAMETERS

TOGAE0 Kk kK K3k R R A 30K 30K oK K ok ook o 3k X0k 3 33 50K 000k R OKR ROK KRk kR Kok ok ok

10700 ¢

10750 (Cz====

10800
10900
11000
11100

CALCULATION OF pAILY PEAK LOAD

St TS by s T o ot T g R o V- 0 S ot Y T o - v " s S B o T e e G T N B W SO
g eondrng vafaciargueng g arfomi el el o e ianpueg gl e e erfusdl ol el oo gharfion el meeeruagsdofhoni ool st

DO} 4 1=1,NDAY

Y(I)=0.0

D4 J=1,NHOUR
IF(ZCI,J).6T.Y(1)) Y(I)=Z(I,J)



12000
12100
12200
12250
12300
12350
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14250
14300
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4 CONTINUE

A " T T S ey S g M s T g S W S s S g g T UM W B e R S G M WS M gty W P W TS T S M W WA M Smn S G S s W e M ) W o
b bttt I ISP T I T b 3tk S A bt 4 T R 3 4t Pttt et fdtde Bt S T Fobd et

- — O S " T s - T oy T s S Pt W o W vt Ty o e O AAN VOE B g ovv N gws GO U M v ki e W ey T W S St MM e S S Shee N e o g gu TP e wr te B
- e s s e T T R IR o e I m T U o e e T o e e T o W e e s e e s h G S S o S My e Ee o o v o o —

bu g 1=1,NDAY
IF(TMPCI) JGELTS) WV(I)=TMP(I)=TS
IFCTMPCI) JGT,TW, AND TMPCI) LT, TS) WV(I)=0.0
IF(TMP(I) JLELTW) WV(I)=TW=-THP(I)

8 CONTINUE
PRINT296

296 FORMAT (38X, 'WV(I)'/)
PRINT308, (WV(I),I=1,NDAY)

308 FURMAT (30X,2KE13,5/)

v o T o o W g g 0 gy N ot S e TRy s oy W o S et o SV ROV i W M oo s WS T e ke Gk O G 0 B Sant TR e G e W Y T
WS G T Bep TS A et My v gy 0 ey Tt W Yy MY g S o T e G g T TR N G W TR S M Srw WIS e s e S e o gum VTR wem T W NG TR e T T S Y

T S W pre gy g T s e e 0900 ity PRY s TN e WO s g T e T e o WG T e 4e SR g oo e WD M PN e S ot pigs 0 v S VW e
o > S, W P B o ey ey W sy T e T o S Ao - vt W wam om P o WV iy baep L VTS N M Y e s bovs e v e e TS s T e e D W S e o e

MDAY=MDAY/7
KDAY=NDAY=(MDAY%7)
IF(LDAY.GT.KDAY) GO TO 12
LDAY=LDAY+7

12 IDAY=L.DAY=KDAY
IDD=IDAY+1
DO16 K=1,MDAY
IDAY=IDAY+1
IF(IDAY.GT«7) IDAY=IDAY~T
D16 J=1,7
IF(J.EQ.IDAY) Go TO 24

P(J,K)=0.0

GO T0 16
24 P(J,K)=1,0
16 CONTINUE

PRINT 184

184 FORMAT(/T20,'P(J,KR)"/)
PRINT 188, ((P(J,K),J=1,7),K=1,NDAY)
188 FORMATC(TS,7F5.1)

I TS S T e M e e et e B e S s S0 o g MR e ST gy o a0t A gt M ke S b USRS e g o S AR e s Tt PR S VR S M Gty e e e S S W s o S oo S0

CALCULATOLN OF INITIAL VALUES,YOBAR,WVOBAR,POBAR(K)



17800
17900
18000
18100
18200
18300
18400
18500
18600
16700
18800
18900
19000
19100
19150

19200

19250
19300
19400
19500
19600
19700
19800
19900
19950
20000
20050
20075
20100
20200
20300
20400
20500
20600
20700
20800
20900

FORECA
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- - o
iy -
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16
12

212
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D052 1=1,7

PHMINCI, (N=1))=ALPHAXP (T, (N~1))+(1.0=ALPHAYXPMIN(I, (N=2))
CONTINUE

CONTINUE

PRINT248, (YMINCM),N=N1,NDAY)

FORMAT (/15X, ' YMIN',5%,E15,7)

PRINT249, (WYMINCN),N=N1,NDAY)

FORMAT( /15X, "WVMIN',5X,E15.7)

PRINT270

FORMAT (/30X, 'PMINCI,J)'/)

PRINT274, ((PMIN(I,J),I=1,7),J=N1,NDAY)
FORMAT (5K, TEL2.5)

WRITE(S,*) YMINCNDAY),WVMINCNDAY), (PMINCJ,NDAY),Jd=1,7)
WRITE(9,%) (P(J,NDAY),J=1,7)

2 s B e T i s gy M g S S i ey W B B s m S (Y e e WU W e Meh e e g SO S G (A S M VAR S S S R e g s TR e G
T o e o T e = A S g T it W g W L g oy v Wl UL Gy 0vn Bt OO ey vt BO% ey e e S o e G SV M e A O s e S . e B e ot e S8 o e

A e o e W oy S G T g Ry T gy D dar pqres B i P s s Wt A s oS Y b e B Bhih oty MR pwe WO Ghp S M Som ST e T W VER SO TV Mk e T
T e o i Pt S e S oot ST oy PN thvm VT e by T e W 1ot e WAL T fm toee R S gy o Tt SO0 R G T W B A Gy e mam T SN e e T B e e WY e

NO56 N=N11DAY,NDAY
PELY(N)=Y(N)=YMIN(N~1)

CONTINUE

PRIUT280

FORMAT (30X, 'DELY(N)'/)
PRINT284, (DELY(N) ,N=N11DAY,NDAY)
FORMAT (25X,2E13.5/)

s s S g T g T g W ot T s F g S rpan T UL TS S S S s A0S Y ke s G W S e g S v S R e e SR S G W S st
s s o W oy = o S g S aa W Gt S S o T Mo TV Sm B N s W W Aeas oy A W e S e $e Vet ue PR m W wmer Y W W A e

T v S gy St T g MY g S WL S g G s MW PR TUR rWG My e TN iy WoR WP S ek B i BUS W S WV TR ST gy S M TER UL S Rt S v
Y e o 0 oy ™ ot U g Yy M . T o) Gt s T G S Mg v e T g G VN e W M b Bia s B e G T G S mus W R G s e T e

NC=8

DOT72 N=N1iDAY,NDAY

D072 I=1,NC

IF(r.cT.7) 60O To 76
PHATT(N,I)=P(I,N)~PMINCI,(N=1))
GO TO 72

PHAIT(H, L)=WV(N)=WVMIN(N=1)
CONTIUUE

PRINT212

FORMAT (25X, 'PHATIT(N,I)'/)



11200

12300
12350
12400
12500
12600
12700
12800
12900
13000
13100
13200
13300
13400
13500
13600
13700
13800
13900
14000
14100
14200
14250
14300
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4 CONTINUE

- o Sy T T W BN D s s Py, T dah T iy T oy P00 ot Y ot g PO Sy W ad ein PN TR Gyt M W L e o e S e R TN D S0 Sl WS e Fow W M et W e v D o
e P TS T W S B G S ey e s PV S35 W gy SN U i U L iy oy VD G TV WO W G BN Dot BT W W W e e GO0 G R R S WS bma S AN N NP S S G e et (e S N S e

- - TS T N o S g PO Ban WS Mg T e S et S L ey S o VR o WS i N g O Y W gy WS A GO S S G VRS OB G Ml FEE S SO SOW MU W waex a0 NS e Gt N
e g RO T S wnn i gy v oy W e S iy Pt SO e S vy ae e TUP e MO en lemg S ST 4o PR MM i mm e W e A g T G M B e W e S W e W W S e Gy S e S o

DO 8 I=1,NDAY
IF(TMPCI) JGELTS) WV(I)=THP(I)~TS
IF(PMPCI) JGT, TW. AND . TNPCI) LT, TS) WV(I)=0.0
IF(TMP(I) . LE.TW) WY(I)=TW=THP(I)

8 CONTINUE
PRINT296

296 FORMAT (38X, 'WV(I)'/)

PRINT308, (HV(I),I=1,NDAY)

308 FORMAT (30X, 2E13.5/)

S - S WY AR Mt o o T poon WP fon M s N rym S ST s o sy N S S oy e RO i B N . S U0 i b e WO e e Mo P A e PO S M A ER

v i K T O T e e o T e S i MO gy SO i T b 950 | o s 2 D B o g MM T s WU PO e i e e G D aan M ot S Do odis e e e e g
o e 90 0t e o o S D T D I ik IS e e i i ot e DT e i e DD T e o o e e e e i S s e e e et om e e e e L . e

MDAY=NDAY/7
KDAY=NDAY=(MDAY%7)
IF(LDPAY,.GT.KDAY) GO TO 12
LDAY=LDAY+7

12 IDAY=LDAY=KDAY
IDD=IDAY+1
D016 K=1,MDAY
IDAY=IDAY+1 .
IF(IDAY.GT.7) IPAY=IDAY=]
pote J=1,7
IF(J.EQ.IDAY) GO TO 24

P(J,K)=040

GO T0 16
24 P(J,K)=1.0
16 CONTINUE

PRINT 184

184 FORIAT(/T20,'P(3,K)"/)
PRINT 188, ((P(J,K),J=1,7),K=1,NDAY)
188 FORMAT(TS5,7F5.1)

o i S o S M M sy S i 40 e v W o SO gy i ST Gy T P v e SO0 bt [ P e W G qam o g e 0O S OO o PO S S e T PO g % S R0

CALCULATOIM OF INITIAL VALUES,YOBAR,WVOBAR,POBAR(K)
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14350 (=S e e N s N S T N N e S N N S I IR NS s SRS NS S S E oSS ST E RS o s S
14400 YOBAR=0,0

14500 WVOBAR=0.0

14600 DO28 w=1,N1

14700 YOBAR=YOBAR+Y(N)

14800 WVQEAR=WVOBAR+WV(N)

14900 28 CONYLINUE

15000 G=FLOAT(N1)

15100 YOBAR=YOBAR/G

15200 WVOBAR=WVOBAR/G

15300 DU32 K=1,7

15400 POBAR(K)=0.0

15500 DD36 H=1,N)

15600 PORAR (K)=POBAR(K)+P(K,N)

15700 36 CONTINUE

15800 PORBAR(K)=POBAR(K) /G

15900 32 CONTINUE

16000 * PRINT228,WVOBAR,YOBAR

16100 228 FORMAT(/15X,2F12.6)

16200 * PRINT252

16300 252 FORMAT (30X, 'POBAR(K)'/)

16400 % PRINT256, (POBAR(K) ,K=1,T)

16500 256 FORMAT(27X,EL15,7)

16550 (=ooE=ERTs=ooosrNI TS CoCasr TR SIS SN S S ISR ESSISSEss
16600 C CALCULATIQN OF MEAN VALUES

16700 C FOR THE SUCCESSIVE DAYS

IR e L P P e P T P P
16800 YMIU(N1)=YOBAR

16900 WUMIH(NL)Y=WVOBAR

17000 D044 1=1,7

17100 PMINCI,M1)=POBAR(CI)

17200 44 CONTINUE

17300 N1IDAY=NDAY+1

17400 NL1LIDAY=N1+1

17500 D048 N=(N1+2),NiDAY

17600 YMIHN(N=1)=ALPHAXY (N~=1)+(1,0-ALPHA)*YMIN(N=2)

17700 WYMIN(N=1)=ALPHAXWV(N=1)+(1,0=ALPHA)*WVMIN(N=2)



17800
17900
18000
18100
18200
18300
18400
18500
18600
18700
18800
18900
19000
19100
19150
19200
19250
19300
19400
19500
19600
19700
19800
19900
19950
20000
20050
20078
20100
20200
20300
20400
20500
20600
20700
20800
20900
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16
72

212

AGE: 7

DD52 1=1,7

PMINCI, (N=1))=ALPHAXP (T, (N~=1))+(1.0~ALPHA)*XPMIN(I, (N=2))
CONTINUE

CONTINUE

PRINT248, (YHIN(N),N=N1,NDAY)

FORMAT (/15X , ' YMIN',5X,E15.7)

PRINT249, (WVMIN(N),N=N1,NDAY)

FORMATC(/15X, "WVMIN',B5X,EL15,7)

PRINT270

FORMAT (/30X, "PMINCI,J)'/)

PRINT274, ((PMIN(I,J),I=1,7),d=N1,NDAY)
FORMAT(5X,7TEL12.5)

WRITE(9,%) YMINCNDAY),WVMIN(NDAY), (PMIN(J,NDAY),J=1,7)
WRITE(9,%) (P(J,NDAY),J=1,7)

. o WY e B o T v U s O e N o o ey TVt SR v G S D o Yl W e e A P e s g W S (TR e e W O e W G e 0 o S s
.t e T v T T m W s 7 e o S T s oy S G S e e W S o o e e e e W Y s T S RS EN o 0 e S e e T dam o S

PR o T oy D g, SOOE gy M gy, S o) O o Lise siee W Setee TR okt e i S s W R Gwm e WWD e 0 B gue WA e T WS VMR SO e S TR TR W W et e ve SO et
W e e o e g T T Y srw P iy Y fhn S v o TS i ST aan Ml 0 TP My ey Wt W g e e e da et e W) G gwp T s SN TN G o Y e e A 46 Ay

DOS6 N=N11DAY,NDAY
DELY(N)=Y(N)~YMIN(N=1)

CONTINUE

PRINT280

FORMAT (30X, 'DELY(N)'/)
PRINT284, (DELY(N) ,N=N11DAY,NDAY)
FORMAT(25X,2E13,5/)

st g ™ qaat B g S5 s W S o P o v pgas S U4 TR Mg VO NS s S P Ay e v G o i T et S N g Wov gmp S N s W S e
T B S e n T e T e B s e e U L T WOR ey TS ey e B e s e e oy e o e W S Vit e S oot B ey TR M M e e

NC=8

DOT72 N=N14DAY,NDAY

DO72 1=1,NC

IF(I.GT,7) GO To 76

PHATT(N, L)=P(Y,N)~PMINCI,(N=1))
GO TO 72

PHATT (N, DI=SHV(NY=@VMINCN=1)
CONTIUVE

PRINT212

FORMAT (25X, '"PHATIT(N,I)'/)
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21000 * PRINT216, ((PHAIT(N,1),T=1,NC),N=N11DAY,NDAY)

21100 216 FORMAT (SX,8F12.6/)

21150 CE=E=SE N oo o= RSN SN S s s SN eSS S oSSR S S SRS S S SESSSsaS
21200 CC CALCULATION OF poO

21225 (o= oR oS s s s SN E e N N T NN SN S m s s S S S SR TS S s s e
21300 bog2 J=1,NC

21400 DNg2 K=1,NC

21500 PO(J,K)=0,0

21600 DOR4 N=N11DAY,N2

21700 PO(J,KY=PO(J,K)+PHALIT(N,J)*PHAIT(N,K)

21800 84 CONTINUR

21900 82 CONTINUE

22600 CALL ARRAY(2,NC,NC,NC,NC,POINV,PO)

22700 CALL MINV(POINV,NC,C,JL,JM)

22800 X PRINT288

22900 288 FORMAT (25X, 'DETERMINANT ' /)

23000 * PRINT292,C

23100 292 FORMAT(35X/,E13.5/)

23200 CALL ARRAY(1i,NC,NC,NC,NC,POINV,PO)

23300 * PRINT240

23400 240 FORMAT (30X, 'POCI,J)'/)

23700 * PRINT244,((PO(I,J),J=1,NC),I=1,NC)

23800 244  FORMAT(5X,8(E15,7))

PR LA e L e P S P Y T S T
23900 CC CALCUGLATION OF ACQ)

23950 C:::::=:::=:===========:::=£!2==::==:::::::::::::::::::::::
24000 DpNg9 J=1,NC

24100 AD(J)=0,0

24200 DUIgg N=N11DAY,N2

24300 AOCI)=A0CJI+PHAIT(N, J)XDELY (N)

24400 88 CONTINUE

24500 89 CONTINUE

24600 % PRINTZ264

24700 264 FORMAT (/30X, 'A0(3)'/)

24800 * PRINT260, (AO(J),Jd=1,NC)

24900 260 FORWMAT (25X ,E14.6)
25000 151 CONTINUE
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25100 D091 1=1,NC

25200 AZERD(I)=0.0

25300 DG91 J=1,NC

25400 AZFEROCII=AZERD(I)+POCI,J)*A0(J)
25500 91 CONTINUE

25600 * PRINT232

25700 232 FORMAT (30X, 'AZEROCJ)'/)

25800 * PRINT236, (AZERO(J) ,J=1,NC)

25900 236 FORMAT(25X,E15.7)

28950 (CEEERE R RS N N N N N S N S N S SIS SRS NSNS IS ISR RE TR
26000 CC CALCULATION OF pPEE FUR SUCCESSIVE DAYS
LR R e e e T e St -
26100 D092 1=1,NC

26200 D92 J=1,NC

26300 PEE(N2,I,J)=P0(1,J)

26400 92 CONTINUE

26500 N21DAY=N2+}

26600 DO152 H=N21DAY,NDAY

26700 SUM4=0.0

26800 pn124 1=4,NC

26900 SUM3=0.0

27000 PO128 J=1,NC

27100 SUM3=SUNI+PHAIT (N, J)¥PEE((N=1),J,1)
27200 128 CONTINUE

27300 SUMA=SUMA+SUM3¥PHAIT(N, 1)

27400 124 - CONTINUE

27500 SUM4=1.0+SUM4/BEETA

27600 SUM4=1.0/5Un4

27700 b0132 I=1,NC

27800 SUM5=0.0

27900 nO136 J=1,NC

28000 SUMB=SUNS+PEE ((N=1),I,J)*PHATT(N,J)
28100 136 CONTINUE

28200 DO140 J=1,NC

26300 TAM1(I,J)=SUMSXpPHAIT(N,J)

28400 140 CONTINUE
28500 132 CONTINUE



28600
28700
28800
28900
29000
29100
29200
29300
29400
29500
29600
26700
29800
20900
29950
30000
30050
30100
30200
30300
30400
30500
30600
30700
30800
30900
31000
31100
31200
31300

+ 31400

31500
31600
31700
31800
31900
32000
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144

156

164

172

168
176

DO148 I=1,NC

D01 4B K=1,NC

PEF(N,X,K)=0.0

DO144 J=1,NC
PEE(N,I,K)=PEE(N,I,K)+TAMI(I,J)*PEE((N~1),J,K)
CONTINUE

PEE(N,I,K)=PEE(N,T,K)/ (BEETA*%2)
PEE(N,I,K)=PEE((N=1),I,K)/BEETA=PEE(N,I,K)*SUM4
CONTINUE

CONTINUE

PRINT204

FORMAT(T20, 'PER(N,I,K)'/)

PRINT208, (C(PEE(N,I,K),K=1,NC),I=1,NC),N=N2,NDAY)
FORMAT(5X,8(5X,8814.5/)//)
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DO156 J=1,0C

AE(N2,J)=AZERO(J)

CONTINUE

DO1L76 M=N21DAY,NDAY

SUM7=0.0

PO164 J=1,NC
SUM7=SUMT+PHAIT (N, J)*AE((N~1),J)

CONTINUE

SUMT7=DELY (N)=5UM7

DO168 I=1,NC

AE(N,I)=0,0

DO172 J=1,NC
AE(N,I)=AE(N,I)+PEE(N,I,J)*PHAIT(N,J)
CONTINUE

AE(H,1)=AE(N, I)*SUMT+AE((N=1),1)

CONTINUE

CONTINUE

WRITE(10,%) ((PEE(NDAY,I,d),J=1,NC),I=1,NC)
WRITE(10,%) (AE(NDAY,J),J=1,NC) '
PRINT180
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32100 180 FORMAT(1SX/115,'AE"'/)

32200 * PRINT185, ((AE(T,J),J=1,NC),I=N2,NDAY)
32300 185 FORMAT (5X,8F13.5/)

32400 STOP

32500 END

SR K SR K ok R OR KRR OK o ok R KK S ok K KKK SR KKK oK oK K 3R K Ko KA KK K
32550 Ch=¥Sks¥mkzskoxmkmkskmkokomkokoko¥nksdkokokokskokoko ko ko ko ko ko XX
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PROGRAM FOR ADAPTIVE FORECASTING

FORECASTING INCORPORATING EFFECT OF TEMPERATURE

00200 CC

00300 ¥HAKEFAIKK KA KRR IRK KA R KRRA KRR HOR AR KK KKK KK

00400
00500
00600
00700
00800
00900
00950
01000
01100
01200
01300
01400
01500
01600
01650
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02750
02775
02787
02793
02800
02900
03000
03100

1
2
3
4
5

PAGE:

DIMENSION 7(8,24),WC(8,24),TMP(3),Wv(3),Y(2),
X(3,24),TOWQ(24,24),T0W1(24,24),7(24),P(7,2),
A(24,24),AT(24,24),T0INV(24,24),AT0(24,24),
DELY(2),TAM1(8,8),PEE(2,8,8),AE(2,8),B(3),
ATOAY(24,24),0(24,24),75(24) ,5VAR(24) ,YMINC2),
WYMINC2),PMINCT,2),PHATIT(2,8),CVAR(24),2C(24)

[ A B R B B A B A B S A I B O BN B B B L3N]
C"..I"ibe‘ﬂ.ll.".'ﬂﬂ:..l

OPEN(UNIT=3,DEVICL=

D

e
29

SK

.
.
1

[l
L

’ FIIIE:

L1
e
- e

INP

.
.

1

TR BB B B )
e % ¢ & & g

+DAT')
OPEN(UNIT=4,DEVICE='DSK' ,FILE="'RES1,DAT")
DOPEN(UNIT=5,DEVICE='DSK' ,FILE="INP2.DAT")
OPEN(UMIT=6,DEVICE='DSK' ,FILE='INTL.DAT")
OPEN(UNIT=7,DEVICE='DSK' ,FILE="'RES2.DAT")
OPEN(UNIT=9,DEVICE='DSK',FILE='RES3,.DAT"')
OPEN(UNIT=10,DEVICE='DSK',FILE="'RES4.DAT")

.qt.ct!cq;ghq.o‘q'qlel.'-.Qﬂlclnﬁoqoqqc...qoil
LRI A B I I B B AR AR N B B A N B B B B B B B B R B B A

O o 0N

"o
LI B

1

.
.

READ(3,%*) NH,ALPHA,BEETA,TS,TVW

READ(4,%)
READ (4, %)
READ(5, %)
READ (6, %)
READ(7,%)

CCTOWLCI,J),J=1,NH),I=1,NH)
READCO,*) YMINCL),WVMINCL), (PMINC(J,1),d=1,T)
READ(9,%) (P(J,1),J=1,7)

READ(10,%)

[ EE R EEE R *
2480 ananasn

e
e
-e
»e
»-
0

UPDATE BASIC ,WEEKLY PATTERN COMPONENT AND
CALCULATE RESIDUAL COMPONENT

L IR - *t s ae
" hoe .. * S0 s

NO13 J=1,NH
T(L')zf.)ao
P15 1=2,8

TCI=TGII+Z(1, )

-
.s

[
.

.
*

((PEEC(1,1,d)

-
LA ]

’
-
.

»
L

J=1,8),1=1

.
L]

L1
2%
e
(s

.
“e

LR J
L

(we(r,d),d=1,N1),I=1,7)
(xC(1,3),Jd=1,NH)
(z2(8,1),J=1,NH),TMP(2) ,TMR(3)
HeoudT, MCOUNT, YOLD, WVAR
((TpWwo(Y,J),J=1,NH),I=1,NH),

-

*8
2]

LEB.A]
. * 0

8)

.
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e
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03200 15 CONTINUE

03300 T(=TCI) /7,0 |
03400 WCC8,d)=WC(1,J)+ALPHAX(Z(8,J) =T (J)=HC(1,d))
03500 X(2,0)=2(8,J)~T(J)-WC(8,J)

03600 13 CONTINUE

03700 * PRINT 14

03800 14 FORMAT (10X, 'BASIC LOAD COMPONENT'/)

03900 * PRINT16, (T(J),J=1,NH)

04000 16 FORKAT(5X,8F12.6)

04050 Ciadssssssssrsrssgsadasgrasatoasssrosasrsssataassszsnasesns:e
n4a07s5 ¢ CALCULATION OF PEAK LOAD
LN AR R R R R R R R R S R R N R R R RS R R R R R R R R R R R R R R R S

04100 Y(2)=0,0

04200 DN4y J=1,NH

04300 IF(z2(8,J).67.Y(2)) Y(2)=Z(8,J)
04400 49 CONTINIE

N

04450 Ciesratdtressorsossosatesnzatonossssessesaasisosaonssreese
04475 C WEATHER VARIABLE TRANSFORMATION
04487 Ceisssssstsrozoosasiosotossagsoetsoseosnsreneinosesastnszeee

04500 D046 I=2,3

04600 IF(IMP(I) JGE.TS) WV(I)=TMP(I)-TS

04700 IF(TMP(I) JLT TS ANDLTMP(I),,GT,TW) WV(I)=0,0

04800 IF(TMP(I) J,LE.TW) WV(I)=TW=TMP(T)

04900 46 CONTINUE

04950 C:

04975 C CALCULATION OF p(J,K)
Cc:

L BE IR B BRI 1 * e e 8 & g %t 9 b s,
LR R T 4 » 0w 2 a % e h et -

e
e
.s

e
ns

* » ’:...".....'...l‘......Ill.’
. . 8 00 000 DB s S S e Al et ol

04987 TitrIdrroIINIsciiisacasiNLILILOIIOICLIIGILIOOSGIOVIILIOIIIOIIIGLIILTL
05000 nus3 J=1,7

05100 M=J+1

05200 IF(J.EQ.T) M=1

05300 P(M,2)=p(J,1)

05400 53 CONTINUE

05500 * PRTINT 211,(P(M,2),M=1,7)

05600 211 FURMAT(5X,'P(#,2)',5X,7F3,.1)

05700 CUUNT=FLOAT (NCOUNT)

05750 Cessditidoredasstasesedgrsoidnsoseosesanzosaredesanenee
05775 C UPDATE 'A' AND Q' MATRICES
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05787 Cessssddossdoasszesesdosaasionsarsysesatasezoasazeanseee
05800 pDO17 J=1,NH

05200 D017 K=1,NH

06000 TOWO(J, KI=TOWO(J,KI+(XC2,J)%X(2,K)=TOWO(J,K))/COUNT
06100 TOW1C(J,K)=TOWL1(J,K)+(XC2,J)*X(1,K)=TOWL(J,K))/
06200 2 (COUNT=1.0)

06300 17 CONTINUR

06400 CALL MATINV(TOWO,TOINV,NH)

06500 CALL, MATMUL(TOW),TOINV,A,NH,NH,NH)

06600 21 I=1,NH

06700 pO21 J=1,NH

06800 ATCI,N)=AWJ, 1)

06900 21 COMTIMUE

07000 | CALL MATMULCA,TOWO,ATO,NH,NH,NH)

07100 CALL MATMULCATO,AT,ATOAT,NH,NH,NH)

07200 pDO23 J=1,NH

07300 nnz3 K=1,NH

07400 QCJ,K)=TOWO(J,K)y=ATOAT(J,K)

07500 23 CONTINUE

07550 Cereceesszsetssasstasstorsassesstsosssasssssstesssansse
07600 CC FORECAST BASED N STOCHASTIC MODEL

07650 Ciereertstzsrssaststettrgnstsronstonaszesoseasstsesatass:
07700 D027 1=1,NH

07800 X(3,I)=0.0

07900 DU29 J=1,NH

08000 X(3,1)=XC3,I)+A (T, J)*X(C2,d)

08100 29 CUNTINUE

05200 ZS(1)=T(I)+WC(2,1)+X(3, 1)

08300 27 CONTINUE

08350 Cisssrsssaorstanstessaatessstsssssssasnseossstssstasses
08375 C HOUR CORRESPONUDING TO PEAK LOAD

08387 Caasdrissscioresesrastossdrasysasessasssrazsaezrazees:
08400 25P=0,0

08500 D035 Jg=1,NH

08600 IF(28C¢J)«GT.Z28P) 78P=ZS(J)

08700 35 CONTINUE

08800 DO36 J=1,NH



08900
09000
09050
09075
09087
09100
09200
09300
09400
09500
09600
09700
09800
09900
10000
10050
10078
10087
10100
10200
10300
10400
10500
10600
10700
10800
10900
11000
11100
11200
11300
11400
11500
11600
11700
11800
11900

C
C
c
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36
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51

212

59
57

213

.
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tTe o8 8 s 0
LA B BN B

.0
L2

4

[
.

TF(ZS(J).EQ.ZSP) KP=J

CONTINUE
TrrerozisatrrorrraseratroroNrranrIIILIILILIIILLSY
STOCHASTIC VARIANCE

20
»e

LEd
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e
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e
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e
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e
20
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Ldd

PU3T J=1,NH

SVARCJ)=Q(J,J)

CONTINUE

REWIND 4

WRITE(4,%) ((7(1,J),J=1,NH),1=3,8)
WRITE(4,%) ((WC(I,J),d=1,NH),I=2,8)
WRITE(4,%) (X(2,J),J=1,NH)

REWIND 7

WRTITE(T,%) ((TOWO(Y,J),J=1,NH),I=1,NH),
((TOW1(I,J),Jd=1,NH),T=1,NH)

29
»”

L - 8 .
» * »

LIR30 [ 3. [ N * [ EEE N I I I
a®oe t!:nl.l:-::tonncncsgnono

.o
ae
»e

29
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UPPATE WEATHER LOAD MODEL

11l

. . ] [ LA B B B B R A B
«n L] . aa R s s B eP ey

33
[}
e
.

LB
L)

s

YMINC(2)=ALPHAXY (2)+(1.0=ALPHA) XYMIN (1)
WYMIN (2)=ALPHAXWV (2)+(1,0~ALPHA) ¥WVMIN (1)
D051 J=1,7

PMIN(J,2)=ALPHAXP (J,2)+(1.0=ALPHA)*PMLN (J,1)
CONTINUE
PRINT212,YMINCL),YMIN(C2),WVHINCL), WYMIN(2)
PRINT212, ((PMIN(J,I),J=1,7),1=1,2)

FORBAT (5X,4F1244/)

REWIND 9

WRITE(9,%) YMIN(2),WVMINC2),(PMINCJ,2),J=1,7)
WRITE(9,%) (P(J,2),J=1,7)

POST J=1,8

IF(J.GT,7) GO TO 59
PHAIT(2,d)=P(J,2)-PHIN(J,1)

GO 70 57

PHAIT(2,J)=WV(2)=WVMIN(L)

CONTIHUE

PRINT213, (PHAIT(2,d),J=1,8)

FORMKAT(5X, 'PHAIT' ,8E12,5/)
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e

»
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L3
L ]

*
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4



12000
12100
12200
12300
12400
12500
12600
12800
13000
13100
13200
13400
13500
13600
13700
13800
14000
14100
14200
14300
14400
14500
14600
14700
14800
14900
15000
15100
15200
15300
15400
15500
15600
15700
15800
15900
16000

PAG
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63

61

67

69

65

217

73

218

A}

75

DELY(2)=Y(2)=YMINC(1)

SUM4=0.0

D61 I=1,8

SM3=0.0

NO63 J=1,8
SUM3=SUM3+PHAIT(2,J)*PEE(1,J,1)
CONTINUE
SUM4=SUMA+SUMI¥pHALIT(2,1)
CONTINVE

StM4=1.0+SUMA/BEETA
SUM4=1.0/5UM4

D065 I=1,8

SUME=0.0

D67 J=1,8
SUM5=SUMS+PEE(L,I,J)*PHALIT(2,J)
CONTINUE

NOA9 K=1,8
TAML(I,K)=SUMS¥pHAIT(2,K)
CONTINUE

CONTINUE

PRINT217, (CLAML(T,Jd),J=1,8),I=1,8)
FORMAT(5X, 'TAML',3X,8E13.5)
pDo74 1=1,8

PO71 K=1,8

PER(2,1,K)=0.0

nO73 J=1,8

PEE(2,I,K)=PRE(2,I,K)+TAMI(I,J)*PEE(L,J,K)

CON'TINUE

PRINT218,PEE(2,1,K)

FORMAT(5X, 'PEE',3X,E13.5)
PEE(2,I,K)=PEE(2,1,K)/ (BEETA%%2)

PEF(2,Y,K)=PEE(1,I,K)/BEETA-PLE(2,I,K)*¥SUM4

CONTINUE

SUM7=0.0

no75 J=1,8

SUM7=SUMT+PHAIT (2,J)*AE(L,J)
CONTINUE
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16100 SUMT=DELY(2)=-8UM7

16200 Dn77 1=1,8

16300 A(2,1)=0,0

16400 pDa79 J=1,8

16500 AE(2,1)=AE(2,I)+PEE(2,X,J)¥PHATIT(2,J)

16600 79 CUNTINUE

16700 AE(2,I)=ARE(2,1)%SUMT+AE(1,1)

16800 77 CONTINUE '

16900 * PRINTT72,(AE(2,1),I=1,8)

17000 72 FORMAT(5X, 'AE' ,3X,8F12,6/)

17100 X% PRINTT74, ((PEE(2,1,J),J=1,8),I=1,8)

17200 74 FORMAT(5X, 'PEE',3X,8E13.5/)

17300 REWIND 10 ,
17400 WRITE(10,%) ((PEE(2,I,J),J=1,8),1=1,8),(AE(2,J),J=1,8)
17500 SUM2=0,0

17600 pO70 J=1,7

17700 SUM2=SUM2+AE(2,J)*PMINC(J,2)

17800 70 CONTINUE

17900 B(3)=YMINC2)=AE(2,8)*0JVMIN(2)=~SUM2

18000 SUM=0.,0

18100 npugl J=1,7

18200 SUM=SUM+AE(2,J)%P (J,2)

18300 83 CONTINUE

18350 Csassasesocsanasseisossanaoaaesoessonosesyasassnesassse:
183775 C PEAK LOAD FORECAST BASED OM WEATHER MUDEL

18387 Cassrssigoassssatsnseniasstorsoososissrosssasstsanzssaese
18400 YW=R(3)+SUM+AE(2,8)%WV(3)

16500 IF(MCOUNT.EQ.Q) G TO 89

168600 SQ=Y(2)~YOLD

18700 WVAR=WVAR+ (SQ¥¥*2=~WVAR) /FLOAT (MCOUNT)

18800 89 MCOUNT=MCOUNT +)

18900 YOLD=YW

19000 MCOUNT=NCOUNT+1

19100 REWIND 6

19200 WRITE(6,*) NCOUNT,MCOUNT,YOLD,WVAR

19300 * PRIUTBO,WVAR

19400 80 FORMAT (10X, 'WVAR' ,F12,5/)



19500
19550
19600
19700
19900
20000
20100
20200
20300
20400
20500
20600
20700
20800
20900
21000
21100
21200
21300
21400
21500
21600
21700
21800
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19450 C::
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OMPOSITE FORECAST AND VARIANCE

® % e et g ®aa
2 % ® 26 8 * an e g
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*re
e

SUB=YW=ZSP

DENOM=Q(KP, KP)+WVAR

D091 J=1,NH

ZC (I =ZS (I +SUB*Q (J,KP) /DENOM
CVAR(J)=Q(J,J)=Q(J,KP)**2/DENOM

CONTINUE

REWIND 5

WRITE (5,%) (2C(J),J=1,NH)

PRINT3L

FORMAT(1H1///10x%, 'LOAD FORECAST BASED ON STOCHASTIC MODEL'
» 10X, "VARIANCE' /)

PRINT33,(ZS(J),SVAR(J) ,J=1,NH)
FORMAT(20X,F10.5,28%,F10.5/)

PRINTSS, YW

FUORMAT(///20X,'PEAK LOAD BASED ON WEATHER MODEL=',F10.5)
PRINT93 "

FORMAT(1H1///25%, 'COMPOSITE LOAD FORECAST',10X,'VARIANCE
1'7)

PRINT95, (2C(J),CVAR(J) ,J=1,NH)

FORMAT (30X,F1045,17X,F10.5/)

STOE

EHD

21850 Co%k=Xo¥oXoRo¥oXoXom¥okoXokz¥okokokoskoXokeXKokokomkokzXokoX



00100
00200
00300
nVU3sh0o
0uaco
00500
n0ROD
00R50
nOATS
00700
00800
009500
01000
01100
01200
01300
01400
01500
01600
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02800
02900
02950
02975
03000
03100
03200
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PROGRAM FOR IDENTIFICATION AND INITIALISATION
OF PARAMETERS Or STOCHASTIC LOAD MODEL AND
WEATHER LOAD MONEL
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IF INTERMEDIATE RESULTS ARE DESIRED THEN REMOVE
'x1 FROM THE FIRST COULMN OF RESPECTIVE
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DIMEMSION 7(365.24),T(365,24),WC(365,24),TOH0(24,24),
TN (24,24),%(365,24),A(24,24) ,AT(24,24),
ATO(24.24) . TOTNV(24,24),Q0(24,24),ATOAT(24,24),
THP(365).,WV(2,365).,P(7,365),Y(365),POBAR(T),
YMIH(365),WVMIN(2,365),PMINCT,365),DELY(365),
PHAIT(365,9),A0¢9),AE(365,9),
AZERO(9),PEEC365.,9,9),TAML1(9,9),HMDTY(365),
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ACID 1.OAD IN AMPERS OM N TH DAY

AD JTH HOUR

HUDTY (V) HUMIDITY ON N TH DAY

THP (M) TEMPERATURE ON N TH DAY

Y (M) PEAK LOAD ON N TH DAY

NDAY NUMBER OF DAYS FOR WHICH LOAD

DATA IS AVAILABLE

NHNUR HNURS PER DAY,24

N1 LOAD DATA FOR FIRST TO N1 DAY
CONSTITUTE THE FIRST PART OF LOAD DATA

M2 LOAD DATA FOR N1+1 TO N2 DAY
CONSTITUTE THE SECOND PART OF LOAD DATA
THIRD PART OF LOAD DATA IS FROM N2+1
TO NDAY

LDAY DAY ON THE LAST DATE OF AVAILABLE DATA
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OPENCUNIT=1,FILER="LODL . DAT")
DPEL (UNTT=4,DEVTICE='DSK' ,FILE="RES1.DAT!)
OPRL(UNIT=7,.DEVTCE='DSK' ,FILE='RES2.DAT")



03300
03400
03500
03600
03700
03800
03850
03875
03887
63900
04000
Na100
(4200
06300
04400
04500
04600
04700
04800
04900
05000
05100
05200
05300
05400
05500
05600
05700
0Ns600
05900
06000
ni100
06200
N6300
06400
06500
0N6A00

FORECASTING INCORPORATTNG EFFECT OF TEMPERATUREpﬁg%:HUM%DITY
OPEL (UNIT=9,DEVTCE='NDSK' ,FILE='RES3.DAT')
OPEN(UNIT=10,0EVTCFE='DSK' ,FILE='RES4.DAT")

READC1,%) NHOUR,NDAY,N1,N2,ALPHA,BRETA,TS,TW,LDAY
READCT, %) (C€Z(T,.1),J=1,NHOUR),I=1,NDAY), (TMP(I),I=1,NDAY)
READ(1,%) (HMDTY(I),I=1,NDAY)

ok 3k o o oK sk ok okooR o ok s oK K ok 3K 3K oK K sl ok o Sk K ok Ok K ok ok ok ok ok oK ok ok K oK K OK ok K sk Kok kK

C SECTION 1: STOCHASTIC LOAD MODEL
c IDENTTFICATION nF PARAMETERS
R AR R R RO AR AR ok KKK KRR K KKK K ok ok ok ok ok
c CALCULATION OF RASIC LOAD COMPONENTS
Cieasssstsentosnsassastaszattosatsatstaessosssssssesssss
DU1G T=7,NDAY
PO 10 J=1,NHOUR
SUN=0.0
NOS K=(I~6),T
SUM=SUM+Z (K ,.1)
5 CONTINUE
T(I.JI=SUM/T.
10 CUNTINUE
Cirasacssszssosesasesztonatitaosedoestsesssnsatsstatsses

-----

DO 20 I=1,6
DO20 J=1,NHOUR
T(I.=T(7,d)
20 CONTINUE
X PRINTA9
49 FORMAT(T10, 'BASTC LOAD COMPONENT')
% PRIWT31,C (1(1,.1),J=1,NHOUR),I=1,NDAY)

..... . .
.- e n e L. * . L3
“ 4 an LI ] - » -
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C
C CALCULATION O urCKLY LOAD COMPONENTS
c . . S : b e

[ BBEEE NN N W]
L L B I ]

L1 2
e

T EEEX R [ EEEEEEER)
® ® a ® % o~ LEC R RN )

- LT *
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NG 30 J=1,NHNUR
WCK,J)=2(K,J)=7(7,J)
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06700 30 . CONTInUE

06800 PG 35 I=B,HNDAY

06960 DO 35 J=1,NHOUR

07000 WCC1,d)=HCC(T~TY. I +ALPHAR(Z(T,3)=T(T, ) =WC((I~7),J))
07100 35 CONTINUE

07200 * PRINTSY

n7300 51 FORMAT(T10, 'UWEEKLY COMPOMENT')

07400 * PRINT31. ((WCL(I,. ) ,J=1,NHOUR),I=1,NDAY)

07500 Cttzsetstaessssatatasssansassstssesassesazestssssesizses
07600 C CALCULATION OF RESIDUAL COMPONENTS

07700 Cotssetssasatesnsasatstosatataotassastasarssstsnstsatosese
07800 DU40 T=1.NDAY

07900 D040 J=1,NHOUR

08000 X(T.=Z2(T, ) =T(T,J)=WC(I,J)

08100 40 CONTINUE

08200 ¥ PRINTT1

08300 71 FURMAT(T10, 'RESTDPUAL COMPUNENT')

08400 * PRINT31, ((X(I,J).J=1,NHOUR)Y,I=1,NDAY)

06500 WRTITE(4,%) ((2(T..1),J=1,NHOUR),I=(NDAY=5),NDAY)
06600 WRITEC4,%) (CUC(T,J),J=1,NHOUR), T=(NDAY~6),NDAY)
68700 WRITE(4,%) (X(NPAY,J),J=1,NHOUR)

06800 F=FLOAT(NDAY)

06960 DOSG J=1,NHOUR

095000 DOS0 K=1,HHOUR

09100 TCWG(J,K)=0.0

09200 D060 I=1,NDAY

09300 TUWO (I, KI=TOWO (I, KI+X (I, J)*X(1,K)

06400 60 CONTINUE

09500 TOWO (T, K)=TOWO (T K) /F

09600 50 CONTINUE

09700 % PRTHTII

09800 33 FURMAT (20X, ' TOWO ")

n9900 % PRTNTIL. (CTOWOCT.K),K=1 ,NHOUR) ,J=1, NHAOUR)

10000 D070 J=1,NHOUR

10100 D 70 K=1,NHOUR

10200 TOM1 (J,K)=0,0

10300 DU 65 I=2.NDAY



FORECASTING INCORPORATTUG EFFECT OF TEMPERATUREPQSS:HUM%DITY
10400 COTOMLCS,K)=TOWL (I KY+X (T, D) X (I=1),K)
10500 65 CLMTINUE
10600 TOWL (I, K)=TOWL (1K) /(F=1.0)
19700 70 CUNTTUUE
10800 * PRINTHY
16900 69 FURIGAT(T15, 'TOWL 1)
11000 * PRINT31, CCTOWL(7.K),K=1,NHOUR) ,J=1,NHOUR)
11100 WRITE(7,%) (CTOWO(I,Jd),J=1,NHOUR),I=1,NHOUR)
11200 WRITE(7.%) (CTOw1(T,J),J=1,NHOUR),T=1,NHOUR)
11300 MH=NHOUR
11400 CALL HATINV(TOWO.TOINV,HH)
11500 CALL MATMUYL CTOWY , TOINV, A, NH,NH,NH)
11600 % PRINTG
11700 6 FORNATC(/T10,'A' /) |
11800 * PRINTI00, CCACT, ). J=1,NHOUR),I=1, NHOUR)
15900 300 - FURMAT(5X,4(5X,6E15,7/))
12000 DUBO T=1,NHOUR
12100 DURO J=1,NHOUR
12200 AT(I, 0)=A(J, 1)
12300 80 CONTIHUE
12400 CALL BATMULCA,TAvo,ATO,NH, Vi, NH)
12500 CALT, (TATMUL (ATO AT, ATOAT,NH, NI, NH)
12600 D090 J=1,HHOUR
12700 D090 K=1,NHOUR
12800 Q(J.KISTOWO(J,KY=ATOAT (J,K)
12900 90 CONTINUE
13000 * PRINTY
13100 7 FORMAT(/T10,'Q' /)
13200 * PRINT300, (CQCJ,K) . K=1,NHOUR),J=1, NHOUR)
13300 sokkok ok kokkookop foRk oK RRIoROR R R AOR ROk KR ok ok ook K KKK KK SO KK
13400 CC SECTION 2@ WEATHER LOAD MODEL
13500 CC IMITIALISATION nF PARAMETERS
13600 kR KKKk K o Kok X sk Aok 3 ok K o ok ofe ok o K e ok 8 koK 0O ook oK Kk R R ROR KR Rk R Kok Rk K
13700 ¢ CALCULATION OF PATILY PEAK LOAD
13800 Cezstaztssasatetarosatatasatesaotatessssessosatsssasetsssss
13900 D04 I=1.MDAY

-

14000 Y(IY

0.0
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14100 DU4 J=1.NHOUR .
14200 IF(7€T,J).GT.Y(TY) YC(I)=Z(T,J)
14300 4 CONTINUE
14400 Cztsszsisrestasazotazsaanssstatstasaasaszsssratatatassssasasss
14500 C ROMSLTNEAR TRANSFORMATION OF THE WEATHER VARIABLE
14600 Ceesssastezeressorazsataeatassssssssessessstastasstssssssrnsse
14700 D08 I=1,NDAY
14800 IF(TMPCI) .GELTSY UV (1, T)=TMP(I)~TS
14900 IF(THR(I)LGT.TW.AND  TMP (1), LT.TS) WV(1,I)=0.0
15000 TFETHPCT) JLELTHY WV (1, T)=TW-THP(T)
15100 WV(2,7)=100,0~HHDTY (I)
15200 8 CUMTTHUE
15300 % PRINT296
15400 296 FURGATC(38X, "WV (1.T) /)
15500 * PRIUT308, (C WV(J, I),I=1,NDAY),J=1,2)
15600 308 FORMAT (30X, 2E13.5/)
15700 Citssrassessarsegesststansastatatzassgazasrtsstetstatss
15800 ¢ CALCULATION OF peJ,I)
15000 (Ct21stststersrssssazarsasntatasatssstasassrtzsssteszeses
16000 MDAY=UDAY /T
16100 KDAY=NDAY=(MDAY*7)
16200 IF(LDAY.GEL.KDAYY GO TO 12
16300 LDAY=ULDAY+7
16400 12 IDAY=LDAY~KDAY
165060 IDD=IDAY+1
16600 Dulé K=1,NDAY
16700 IDAY=TDAY+1
16800 IVCTDAY.GTA7) IDAYSIDAY=T
16900 DU16 J=1,7
17000 IF(J.EQ.IDAY) Ga TO 24
17100 P(J.K)=0.0
17200 GG TO 16
17300 24 P(J.K1=1.0
17400 16 CONTINUE
17500 * PRINT 184

17600 184 FORMATC(/T20,'PC1.K)Y/)
17700 % PRINT 188, ((P(J.KY,J=1,7),K=1,NDAY)
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17800 188 FORNATCTS,715.1)

.......

17860 (o retsrrszeaasiistee :2322:::::::::3:;3:3:::::::::::::::::
17900 ¢ CALCULATOIN OF TNITIAL VALUES,YOBAR,WVOBAR(K)
17950 C A'D POBAR(K)

17975 Casssstaszeesesssassartpsntototszazasssessstassazasasses
18000 YORAR=0.0

18100 DN2g N=1,N1

14200 YORAR=YOBAR+Y (N)

14300 28 CHONTINUE

15400 C=FL,OAT(N1)

14500 YOBAR=YORAR/G

15600 DU32 K=1.7

18700 PORAR(K)=0.0

18800 PDU36 H=1,N1

18900 PORAR(KI=POBARCKY+P (K,N)

19060 36 CONTINUE

19100 POBAR(K)=POBAR(KY /G

19200 32 COMNTINUE

19300 D034 K=1,2

19400 WYORAR(K)=0.0

19500 DU39 M=1,M1

19600 HYOBARCK)=WVOBARCK)+WV (K, M)

19700 39 CONTTHIE

19800 WYORARCK)=HVOBAR(K) /G

19900 34 CONTINUE

20000 * PRINT?228, YOBAR

20100 228 FORMAT(/15X,2¢12.6)

20200 * PRINT252

20300 252 FORNAT (30X, 'POBAR(K) ' /)

20400 % PRINT256, (PORAR(KY,K=1,7)

20600 256 FORMAT (27X, E15.7)

20550 C1238stisateseszsesssssansstatasaratrssasssatorazsnsasess
20600 ¢ CALCULATION OF MEAN VALUES

20700 C FOR THE SUCCESSTVE DAYS

20750 Ciiisriitssrazsassstatassatastatattatsesstsatzasisaatas
20800 YHTo (N1)=YOBAR

20900 DLAS K=1,2
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21000 WVMIN (K, N1)=WVORARCK)

91100 45 CONTINUE

21200 nu4d4 T=1,7

21300 PMTH (Y, N1)=POBAR(I)

21400 44 COUTINUE

21500 NiDAY=NDAY+1

21600 Mi1DAY=N1+1

21700 DOAS W=(M1+2),N1DAY

21800 YMINCN=1) =ALPHAKY (N=1)4(1,0=ALPHA)*YMIN (N=2)
21900 DUS3 K=1,2

22000 HYMTH (K. (=1))=AT,PHAXWV (K, (N=1))+(1.0=ALPHA) %
22100 LUVHINCK, (N=2))

22200 53 COWTINUE

22300 NO52 I=1,7

22400 PHINCT, (Nm1))=A,PUAKRP (L, (N=1))+(1.0=ALPHAYXPMINCT, (H=2))
22500 52 CONTINUE

22600 48 CONTINUE

22700 * PRINT248, (YMIN(N) . N=N1,NDAY)

22800 248 FORMAT /15X, ' YMIN',5X,E15,7)

22900 * PRINT249, (CHVMINCK.N) ,K=1,2), =1, NDAY)

23000 249 FORMAT(/15X, 'WUMTN',5X,2E15,7)

23100 % PRINT270

23200 270 FURMAT (/30X, 'PHTN(I,J) ' /)

93300 X PRINT274, ((PMINC(T,J),I=1,7),J=N1,NDAY)

23400 274 FURMAT (5X,7E12.5)

23500 WRITEC9,*) YMINCUDAY), (WVMINCK,NDAY),K=1,2),
23600 1 (PMTH(J.NDAY),J=1,7)

23700 VRITE(9,.%¥) (P(J.WDAY),J=1,7)

23750 C1srsesrsssrzesrassstazosatatetssstasesesatsssazsszssnsesse
23800 C CALCULATION OF pRELTA Y(N)

DINGE0 Ceestasstesetosesanatazsassetonssetararsnnyatsarsotsstassst
23900 DUS6L H=N11iDAY,NNAY

24000 - DELY (1)=¥ (M) =YMTN (N=l)

24100 56 CONTINUE

94200 * PRIIT280

24300 280 FORGAT (30X, "DELY(H) ' /)
4400 % PRILT284, (DELY () N=N11DAY,NDAY)



94500
24550
94600
24650
24700
24800
24900
25000
95100
24200
25300
29400
25500
25600
25700
25800
25900
26000
26100
26200
26300
26400
26500
26600
26700
97200
927300
27400
27500
27600
27700
27800
27900
26000
24300
24400
26450
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ID TPS TRAMSPOSE
Cssstssssaseesssassssssnsy :
D072 M=N11DAY,NnAY
DO72 T=1,9
IF(I.GT.7) GO Tn 76
PHATT (N, T)SP (I, n)~PMINCI, (N-1))
Go TO 72
76 JD=I-7
C PHATT (N, TY=UV (ID. M) =WYMIN(JID, (N=1))
72 CONTIIUE
X PRINT212
212 FORMAT(25X,'PHATT(N,I)'/)
* PRINT216, CCPHATT(H,I),I=1,9),N=N11DAY,NDAY)
216 FORMAT(5X.9F12.67)
cc CALCULATION OF po
HC=9g
DO82 J=1,NC
DURZ K=1,1C
PO(J,K)=0.0
DOB4A N=N11DAY,N?
POCJ,KI=POCJ, K)Y+PUATIT(N, J)*PHATT (N, K)
84 CONTINUR
82 COMTINUE
CALL. ARRAY(2,MC,MC,NC,MNC,POINV,PO)
CALT, MWINV(POINV,NC.C,JL,JM)
* PRINT288
208 FURMAT (25X, 'DETFRMINANT ' /)
* PRINT292,C
292 FORITAT(35%X,E13.5/)
CALL ARRAY(1,NC.NC,HNC,NC,POINV,PO)
* PRINT240
240 FORMAT (30X, 'POCT.J) ' /)
* PRINT244, ((PO(T,J).,J=1,NC),I=1,NC)

244 FORMAT(5X.9(E12.5))
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CALCULATION OF A(O0)

LY I

- L. IR EE]
N R : -

"
LE]

nO89 J=1,NC
ADCII=0.0
DOSA HM=H11DAY,M?D
AOCJI=ROCI)+PHATT (M, J)*DELY (M)
3 CONTINUE
3 CONTINUE
PRINT264
54 FORMAT(/30X, "AOC.IY' /)
PRINT260, (AQCI) .a=1,NC)
50 FORMAT (25X, E14.6)
51 CONTINUE
POYL I=1,NHC
AZERO(II=0.0
D91 J=1,NC
AZERO(II=AZEROCTIHPOCI L JIXA0CI)
L CouTINUR
PRINT2372
32 FORTAT(I0OX, 'AZERN(IY ' /)

PRTHT?236, (AZERO(.I).J=1,HC)

.......
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e
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-
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e
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e
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113
(1]
e
[1]
e
]
LX)

L X

DU92 TI=1,HC
NUY2 J=1,NC
PEEIN2,T,J)=P0(T..J)
: CONTINUR
M21DAY=N2+1
DU1E2 M=N21DAY,NDAY
SUNM4=0.0
Du1L24 I=1.,HC
SUMI=0,0
DUL28 J=1.NC
SUM3=SUN3+PHATIT (N, J)¥PEEC(N=1),J,1)
8 CUNTINUE



31900
32000
32100
12200
32300
32400
32500
32600
32700
32800
32900
33000
33100
33200
13300
53400
33500
13600
33700
33000
213900
34000
34100
34200
34300
34400
34500
34550
34600
14650
34700
34800
34900
35000
15100
35200
35300

03 AR
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124

136

140
132

144
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ae
e
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156

an
e

SUNA=SUMA+SUMS¥PHATT(N, I)
conrInUE
Sira=1,0+SUN4A/BRETA
Sliva=1,0/5UM4

D132 I=1.NC

SUNS=0,0 A
D136 J=1.NC /o
SUMS=SUHS+PEL ((=1)
CONTINUE

DU140 J=1.NC

TAML (I, J)=SUNS*p
CUMTINUE ;

CONTINUE L\'“‘d//J//

D148 TI=1,NC

DO148 K=1.NC

PEFE(M.I.K)=0.0

nutaa J=1.NC

PER (M, I, KISPEE(N,T,K)+TAML (1, J)*¥PEEC(N=1),J,K)
CONTINUE

PER(N,I.K)=PEE(N,I,K)/ (BEETAX*2)
PER(N,T.K)=PEE((N=1),I,K)/BEETA=PER(N,I,K)*SUMA
COMTINUE

CONTINUE

PRTUT204

FURLGATCT20, 'PEE(N,I,K)'/)

PRIUT208, (C(PEE(N,T,K),.K=1,NC),I=1,NC),N=N2,NDAY)
FURNAT(5%,9(5X,9E12.5/)//)

L B L L B B B (3 L3 .
.= DI S -

¥PHATT(N,J)
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DD156 J=1.NC
AE(H2.JISAZEROCT)
CONTINUR

D176 N=N21DAY,nDAY
SUMT=0.0

DO164 J=1,NC

SUMT=SUMT+PUATT N, J)¥AE((N=1),d)
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1L400 164 CUMTINUE

15500 SUMT=DELY (M) =SUMT

15600 DU168 I=1.NC

315700 AE(i1,T)=0.0

315800 DO172 J=1,NC

15900 AE(N, TYSAECN, T)+PEE(N, T, J)¥PHATT(N,J)
36000 172 CONTINUE

36100 AECH, TI=AECH, I)xSUMTHAE ((N=1),T)

36200 168 CONTINUE
16300 176 CONTINUE

36400 WRTTEC10,%) ((PRE(NDAY,I,J),J=1,NC),I=1,NC)
316500 WRITE(10,%) C(AECNDAY,J),J=1,NC)

16600 * PRINT160

36700 180 FURMAT (15X/T15, 1AE " /)

36800 * PRINT185, ((AE(I,.]),J=1,NC),I=N2,NDAY)

3,900 185 FURMAT (5%, 9E12.5/)

37000 STOP )
317100 END

37200 Cavanunnsnnennsacasnsecnsceasoseassoscensnsanaseconssnssanansnns
17250 Cavaeensaannnnaasesasosnnansnanasnessnssssensssesasasnsconsnnss
37300 SUBROUTIHE MATINV(X,A,L)

17350 C THIS SUBROUTINE CALCULATES THE INVERSE

37375 C OF HATRIX,X.

17387 C ORIGMAT, MATRIX,X IS NOT DESTROYED

37400 DIMENSION X(€24,24),A(24,24),B(24,48)

37500 DUS000 J=1,L

317600 DOS000 K=1,L

37700 B(J.K)=X(J,K)

37800 5000  CONTINUE

37000 N1=2%1,

318000 N2=1,4+1

18100 DO10L M=1.1

36200 D020l M=NZ,ul

34300 B(M.11Y=0.0

38400 201 ME=M+T,

35500 101 B(M.MNY=1.0

18600 DU4s0 J=1.L
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368700 IP(n(J,J).E0.0) €O TO 102
33800 DU4ASO M=1,L

36900 IF(HM.EQ.JY GO T 450
35000 C=R(M.J)

39160 C=¢/B(J,J)

39200 DUL05 M=1,N1

39300 105 B(M,MYI=BCM,N)Y=Bd,N)*C
36400 450 CONTINUE

39900 DO106 J=1,1

40000 R=1./R(J,d)

40100 DO106 M=N2,N1

40200 106 B(J.M)Y=B(J,N)*R

40300 DN1001 J=1,L

40400 DO1001 K=1,L

40500 1001  A(J.KY=B(J,X+0)
40700 102 RETURN

AGROQ END

ADB50 Ciessssiessstecstastaszatagsassatstssasossasssszsasssazsets
AGBTS Ciszlsssttscsrtetazatesazatassnsazesreszazazazastasszazasse
40900 SURRNUTINE HMATMUY.(R,S,U,L1,L2,03)

40950 C THTS SUBROUTINE CATLCULATES THE MULTIPLICATION

40975 C GF TWO MATRICES.R AND S,

40987 C U IS THE RESULTANT MATRIX

40993 C Ll 1S THE NUMBER OF ROWS IN MATRIX R

40996 C L2 IS THE MUMBER OF COULMNS IN MATRIX R

40998 C OR NUMBER OF ROWS IN MATRI S.

46999 € L3 T8 THE NUMBER OF COULMNS IN HATRIX S

41000 DIMENSION R(24,24),5(24,24),U(24,24)

41100 DU13 I=1,L1

41200 D013 J=1,L3

41300 U(I.JI=0.0

41400 D019 K=1,L2

41500 UCY, =0T, I)+R(TLRI*S (K, D)

41600 19 CUNTINUE

41700 13 CORTINUE

41800 RETURY

41900 END
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41050 Czsttistsesstensentotatanatetorstssatasgsatattotassttsasssase:

42000 SUBROUTYNE ARRAY (MODE,I.J,N,M,$,D)
42100 DIMENSION $(81) ,n(81) '

42300 NI=Nw~T

42500 C TEST TYPE OF CANVERSION

42700 IF(MOPE~1) 100, 100, 120

42900 C COMVERT FROM STHGLE T0 DOUBLE DIMENSION
43100 100 IJ=IkJ+1

43200 NM=N*JI+1

43300 DU 110 K=1,.

43400 NM=1M=NT

43500 PO 110 L=1,1

43600 IJ=TJ=1

43700 MHMSNM-1

43800 110 D(MM)=S(IJ)

43900 GO TO 140

46100 ¢ CONVERT FROM DONBLE TO SINGLE DIMENSION
44300 120 1J=0

44400 NM=0

44500 DO 130 K=1,.

44600 DO 125 1=1,1

44700 1J=TJ+1

44800 NMENMe1

44900 125 S(IJ)=Demm)
45000 130 NH=NM4+NT
45200 140 RETURN

45300 END

45350 C3lisstsissststatsastssssentoatotsnseszastastasirassasesess
45375 Ceratssstatesesiesasantaaesssasassataszarataitatsaaszsness
45400 SUBROUTTINE MINVCA,.N,D,L,H)

45500 DIMENSION AC81),L(81),M(81)

AS600 Caunnnacoennscsesanasnsecnonesnassasssssassnsasnasocancancass
45900 C IF A DOUDLE PRECISION VERSION UF THIS ROUTINE
45950 ¢ IS DESIRED,THE ¢ TN COULMN 1 SHOULD BE REMOVED

46000 C FROM THE DOUBLE PRECISION STATEMENT WHICH FOLLOWS
46300 C DOUBLE PRECISION ALR,BIGA,HOLD
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TIIE C MUST ALSO BE REMOVED FROM DOUBLE PRECISION
STATEMENTS APPRARING IH OTHER ROUTINES USED IN

46575 COUJUCTION WITH THIS ROUTINE.
45900 THE DOURLE PRECTSION VERSION NF THIS SUBRQUTINE

46500 C
C
C
¢
46950 C MUST ALSG COWTATH DOUBLE PRECISION FORTRAN
C
¢
c
C

46550

47000 FONCTIONS. ABs IN STATEMENT
47100 10 MUST RE CHANGED TO DABS,
47300 e eaaaeefecne-neaetanesetanesececcenaacencenacsannnane
47500 SEARCH FOR LARGEST ELEMENT
47700 N=1.0

47800 NK==1

47900 DO 80 K=1,M

48000 MK=HK+N

43100 L(K) =K

48200 M(K)=K

48300 KK=NK+K

43400 BIGA=A (KK)

4R500 DO 20 J=K,N

ARK00 ZENR(J=1)

48700 DD 20 I=K.N

45800 TJ=I2+1

44900 10 TF(ABSI(BIGAY= ARS(A(IJII) 15,20,20
49000 15 BIGA=A(TJ)

44100 L(K)=t

49200 M(KY=d

49300 20 CONTINUE

49500 C INTERCHANGE ROWS

49700 J=T(K)

49800 IF(J=K) 35,35,25

49900 25 KI=K=1

50000 DO 30 I=1,N

50100 KISKI+N

50200 HOLD=wA(KT)

50300 JIZKTmK4d

50400 ACKI)=A(JT)

50500 30 A(JI) zHOLD

50700 C INTERCHANGE COTLUNMNS
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50900 35 I=M(K)

51000 IE(I-K) 45,45,38
51100 38 JP=l%(I=1)

51200 DO 40 J=1.H

51300 JK=HK+J

51400 JI=gP+d

51500 HOLD==A (JK)

51600 ACJIKY=ACJT)

51700 40 A(JI) =HOLD

51900 C DIVIDE COLUMN RY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS
52000 C COUTATHED IN BTGA)

599200 A5 IF(BTGAY 48.46,48
52300 46 D=0.0

52400 RETURN

52500 48 DU 55 I=1.N
52600 IF(I~K) 50,55,50
52700 50 IK=NK+I

52800 ACIK)Y=ACTK)/(~RIGA)
52000 55 CONTINUE

53100 C REDUCE MATRIX
53300 DO 65 T=1,N
53400 IK=HK+T

53500 HOLD=A (IK)

53600 TJ=T~F

53700 DO 65 J=1.N
53800 TJ=1J4N

53900 "~ IF(I-K) 60,65,60

‘54000 60 IF(J~K) 62,65,62
54100 62 KJ=IJ=I+K

54200 AT =HOLDRACKII+A (1)
54300 65 CONTINUR

54500 C DIVIDE ROW BY RpTVOT
54700 KJ=K~1¢

54800 DO 75 J=1,M

54900 KJ=KJ+N

55000 IF(J=K) 70,75,70

55100 70 ACKJ)=A(KJ)/BIGA
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55200 75 COUTILUE

55400 C PRODUCYT OF PIVATS

55600 D=DXRTGA

55800 C REPLACE PIVOT Y RECIPROCAL
56000 ACKKYI=1_0/BIGA

86100 80 CONTTLUR

56300 C FINAT. ROM AND cALUMN TNTERCHANGE
RES00 K=N

56600 100 K=(K=1)

56700 TF(K) 150,150,105

56800 105 ISL(K)

56900 IF(I-K) 120,120,108

57000 108 JO=N¥(K=1)

57100 JREN*(Tal)

57200 DO 110 J=1,N

57300 JK=JQ+d

57400 HOUD=A (JK)

57500 JI=JR4J

57600 ACIK)==ACJT)

57700 110 ACJIY =HOLD
87800 120 J=M({K)

57900 IF(J=K) 100,100,195
8000 125 KISK=il

54100 DL 130 I=1,Y

54200 KI=ZKI+N

54300 HOLD=A(KI)

58400 JIZKT~K+J

58500 AMKI)==A(JI)

58600 130 ACJI) =HOLD

54700 GO 7O 160

53800 150 RETURHN
55900 EwD
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00100 kst AR RK ok 003K KK OKROK K ook ok 3 kK ok 3K 0K 0k ok k0K oK oK oK K R K koK o ok X

PROGRAM FOR ADAPTIVE FORECASTING

00300 Hkskdok Rk kRN ok 3Ok 3 KKK 3K KKK Rk 30K K KK KKK ORI AR KK KR O Kok K ¥

00400
00500
00600
00700
00800
00900
00950
01000
01100
01200
01300
01400
01500
01600
01650
01700
01800
01900
02000
02100
02200
02300
02400
02500
02600
02700
02750
02775
02787
02793
02800
02900
03000
03100

ceet

C'l.90.'.l.;tq‘ni.'.alO.l...'0..!q0n..o....col!|.
L I B S AP I 2 A 2 B R - B BN I S RS B R L

QO N N N

v
v

L34
e 0

DIMENSION Z(8,24),WC(8,24),TMP(3),WV(2,3),Y(2),
1 X(3,24),TOW0(24,24),TOW1(24,24),7(24),P(7,2),

2 A(24,24),AT(24,24),TOINV(24,24),AT0(24,24) ,HMDTY (3),
3 DELY(2),TAM1(9,9),PEE(2,9,9),AE(2,9),B(3),

& ATONT(24,24),0(24,24),25(24),SVAR(24),YMINC(2
5 WVMIN(2,2),PMIN(7,2),PHAIT(2,9),CVAR(24),2C(

. ee . L.ER L] [ 3
:.-..‘...:..-!-.2..:

)y
24)

s e v s o taey
LN A ) L]

2]
L2 d

L3 LB EE-8
- LN

20

* e e [ . .
. ve - - s

OPENCUNIT=3,DEVICE='DSK!,FILE='INP1.DAT')
OPEM(UNIT=4,DEVICE='DSK',FILE='RES1,DAT")
OPEN(UNIT=5,DEVICE='DSK' ,FILE='INP2.DAT")
OPENM(UNIT=6,DEVICE='DSK' ,FILE="INYL.DAT")
OPEM(UNIT=7,DEVICE='DSK! ,FILE='RES2.DAT"')
OPEL (UNIT=9,DEVICE='DSK' ,FILE='RES3.DAT!')

OPEN(UNIT=10,DEVICE='DSK',FILE='RES4,DAT')

READ(3,%) NH,ALPHA,BEETA,TS,TH
READ(4,%) ((Z(1,J),J=1,NH),I=2,7)
READ(4,%) ((WC(I,J),J=1,NH),I=1,7)
READ (4,%) (X(1,J),J=1,NH)
READ (5,%) (Z(8,d),J=1,NH), TMP(2), THP(3) ,HHDTY (2), HMDTY(3)
READ(6,%) NCOUNT,HCOUNT,YOLD,WVAR
READ(7,%) ((TOWOCI,J),J=1,NH),I=1,NH),
1 ((TOW1CI,J),J=1,NH),I=1,NH)
READ (9, %) YMIN(1),CWVMINCK,1),K=1,2),(PMINCJ,1),d=1,7)
READ(9,%) (PCJ,1),J=1,7)
READ(10,%) ((PEE(1,I,J),J=1,9),I=1
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UPDATE BASIC , WELKLY PATTERN COMPONENT AND
CALCULATE RESIDUAL COUMPONENT

DD13 J=1,NH
T(1)=0.0
DDOLS I=2,8

TI)=TCII+Z(T,J)
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03200 15 CONTINUE
03300 T(I)=T(J)/T7.0
03400 WC(8,J)=WC(1,J)+ALPHAX(Z(8,J)=T(J)=WC(1,J))
03500 X(2,0)=2(8,J)=T(J)=WwC(8,J)
03600 13 corTINUE
03700 % PRINT 14
03800 14 FORMAT (10X, 'BASIC LOAD COMPONENT'/)
03900 * PRINT16, (T(J),J=1,NH)
04000 16 FORMAT(5X,8F12.6)

1

04050 Creesseasesssssssstaostssstsasssressaosssearesaatsssssssssnss
04075 C CALCULATION OF pPRAK LOAD
I A e R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R Y
04100 Y(2)=0.0
04200 D04y J=1,NH
04300 IF(2(8,3),GT.Y(2)) Y(2)=7(8,J)
04400 49 CONTINUE
04450 Ciosssiitoratonssetotsresertossstasorssrrsrasasstosssansseese
04475 C WEATHER VARIABLE TRANSFORMATION
L A R R R R R R R R R R R R R R R R R R R R R R R R R R R R E R R S R R R E R EENE Y.
04500 D046 1=2,3
04600 IF(TMP(I).GELTS) wV(1,I)=TMP(1I)=T5
04700 IF(ITMP(Y) LT TS, AND,TMP(X),GT.TW) WV(1,I)=0,0

. 04800 IF(TMP(I)LELTW) WV(1,TI)=TW=THP(I)

0 04900 46 CONTINUE

004920 WV(2,2)=100,0=HMDTY(2)

004940 WV(2,3)=100,0-HMDTY(3)

p 04970 Ceeotttlitrrsrasarssestosnssssaassssyeessesasssssssssrssss

¢ 04985 C CALCULATION OF p(J,K)

f A R R R E  E S R R R R R R S E E S R R R RN

05000 DOsS3 g=1,7

05100 M=J+1

05200 IF(J.EQ.T) M=l

05300 P(M,2)=P(J,1)

05400 53 CONTINUE

05500 * PRINT 211,(P(M,2),M=1,7)
05600 211 FORMAT(5X, 'P(},2)',5X,7F3,1)
05700 COUNT=FLOAT(NCOUNT)
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03200 15 CONTINUE

03300 T(JI)=T(J)/7.0

03400 WC(8,J)=WC(1,J)+ALPHAX(CZ(8,J)=T(J)=WC(1,d))

03500 X(2,1)=72(8,J)=T(J)=wC(8B,J)

03600 13 COMTINUE

03700 * PRINT 14

03800 14 FORMAT (10X, 'BASIC LOAD COMPONENT'/)

03900 * PRINT16,(T(J),J=1,NH)

04000 16 FURMAT(5X,8F12.6)

L G R R N N N R R S R SN R
04075 C CALCULATION OF PEAK LUAD

04087 Csesossstisssssssstsosssnetsaasorussesessssososasssanssssses:
04100 Y(2)=0.0

04200 D04y J=1,NH .
04300 IF(Z(8,J),6GT.Y(2)) Y(2)=Z(8,J)

04400 49 CONTINUE

04450 Coeddgadsozasenssesstesesotaiasossassoansssatrtsnasssssess
04475 C WEATHER VARIABLE TRANSFORMATION

L A R R R R R R R R R R R R R R R E R R R R R R R R R R R R R R R R RS R B
04500 D046 1=2,3

04600 IF(TMP(I).GE.TS) WV (1,T)=TMP(I)~-TS

04700 IF(IMP(I) LT.TS,AND,TMP(T),GT,TW) WV(1,I)=0,0

04800 IPCTMP(I) JLESTW) wV(1,T)=TW=THP(I)

04900 46 CONTINUE

04920 WV(2,2)=100,0-HMDTY(2)

04940 WV(2,3)=100,0=HMDTY(3)

N R N R s R R R R R R R R R R R R R R R R R N T
04985 C CALCULATION OF p(J,K)

04992 Cosssaditerasossrstssssetstanasesetsssssesasnssatstssasssss
05000 DOS3 Jg=1,7

05100 M=+

05200 IF(J.EQ.7) M=1

05300 P(M,2)=P(J,1)

05400 53 CONTINUE

05500 * PRINT 211,(P(N,2),M=1,7)

05600 211 FORMAT(5X,'P(},2)',5X,7F3.1)
05700 COUNT=FLOAT(NCOUNT)
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NHT7H0 Cresssititoosesstadotenssstotoesozesasssaaseestessssesses
05775 C UPDATE 'A' AND 'Q' MATRIX
05787 Cerdotrsiogrgacestototnntsoseotstrsgossoestssosnssnssese
05800 D017 J=1,NH
05900 NOL7 K=1,NH
06000 TUWO (J,K)=TOWO(J,K)+(X(2,J)*X(2,K)=TOWO(J,K))/COUNT
06100 TOWLCJ,KI=TOWL (J,KI+(X(2,J)%X(1,K)=TOW1(J,K))/
06200 2 (COUNT=1.0)
06300 17 CONTINUE
06400 CALL MATINV(TOWO,TOINV,NH)
06500 CALL, MATMUL(TOW4,TOQINV,A,NH,NH,NH)
06600 D021 I=1,NH
06700 D021 J=1,NH
06800 AT(I,Jd)=A(Jd,I)
06900 21 CONTINUE
07000 CALL MATMUL(A,TOWO,ATO,NH,NH,NH)
07100 CALL MATMUL(ATO,AT,ATOAT,NH,NH,NH)
07200 nO23 J=1,NH
07300 DO23 K=1,NH
07400 Q(J,K)=TOWO(J,K)=ATOAT(J,K)
07500 23 CONTINUE
07550 Cerstssrsragozaeraredssorssoisassssasssssnssessstassssenes
07600 CC FORECAST BASED pN STOCHASTIC MODEL
07650 Cirdzeisasgssasissasiosoeaasssastassarasasssasssssnanse
07700 D027 I=1,NH
07800 X(3,I)=0.0
07900 PO29 J=1,NH
08000 X(3,I)=X(3,I)+A(I,J)*X(2,J)
08100 29 CONTINUE
08200 ZS5(X)=T(I)+WC(2,I)+X(3,1)
08300 27 CONTINUE
08350 Cieatsadtzoseststotetstarssstossssosassssssstssastessssss
08375 C HOUR CORRESPONDING TO PEAK LOAD
08387 Ciresoridoorocssssssspasisosassasssssnsnzsassesasstes:
08400 Z8P=0,0
08500 DO35 J=1,NH

08600 IF(725(¢J)«GT.Z28P) ZSP=Z5(J)



08700
08800
08900
09000
09050
09075
09087
09100
09200
09300
09400
09500
09600
09700
09800
09900
10000
10050
10075
10087
10100
10150
10200
10250
10300
10400
10500
10600
10700
10800
109800
11000
11100
11150
11200
11300
11400
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CONTINUE

PO36 J=1,NH
IF(2S (1) EQ,ZSP) KP=J
CONTINUE

. e ® . . . . I EEE R R E E R RN
. . ® - * L] LI ] L I B B B B B R Y

e
e
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..
-
-e

-

NO37 J=1,NH

SVAR(J)=Q(J,J)

CONTINUE

REWIND 4

WRITE(4,%) ((Z(1,J),J=1,0NH),I=3,8)

WRITE(4,*) ((WC(I,J),J=1,NH),I=2,8)
WRITE(4,¥*) (X(2,J),J=1,NH)
REWIND 7

WRITE(7,*) ((TOWoO(I,J),J=1,NH),I=1,NH),
((rowi(i,J),d=1,nHu),1=1,NH
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UPDATE WEATHER LOAD MODEL
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YMINC2)=ALPHA¥Y (2)+(1.0=Al
bU 50 K=1,2 |
WYMIN(K,2)=ALPHA*WV(K,2)+(1,0~ALPHA)*¥WVMIN(K,1)
CONTINUE

pOs1 J=1,7

PMINC(J,2)=ALPHAXP(J,2)+(1.0=ALPHA)*PMIN(J,1)

CONTINUE
PRINT212,YMINCL), YMIN(C2), C((WVMIN(K,d),K=1,2),J=1,2)
PRINT212, ((PMIN(J,I),J=1,7),1I=1,2)

FORMAT(5X,4F12.4/)

REWIND 9

WRITE(9,¥) YMIN(C2),(WVMINCK,2),K=1,2),(PMINCI,2),d51,7)
WRITE(9,%) (P(J,2),J=1,7)

NC=9

NOsS7 J=1,NC

IF(J.GT.7) GO T 59

PHAIT(2,J)=P(J,2)=PMIN(J,1)
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11500 GO TN 57

11550 59 JD=J=7

11600 PHAIT(2,J)=WV (JD,2)~WVYMIN(JID,1)
11700 57 CONTINUE

11800 ¥ PRINT213, (PHAIT(2,J0),J=1,NC)
11900 213 FORMAT (5X, 'PHAIT',9E12.5/)
12000 DELY (2)=Y(2)~YMIN(1)

12100 SUM4=0,0

12200 PO61 I=1,NC

12300  SUM3=0.0

12400 DN63 J=1,NC

12500 SUM3=SUM3+PHAIT(2,J)*PEE(1,J,1)
12600 63 CONTINUE

12800 SUM4=SUM4A+SUM3*PHAIT(2,1)

13000 61 CONTINUE

13100 SUM4=1.0+SUN4/BEETA

13200 SUM4=1.0/5UM4

13400 DO65 I=1,NC

13500 SIIM5=040

13600 nO67 J=1,NC

13700 SUMS=SUMS+PEE (1, 1,J)*PHALIT(2,J)
13800 67 CONTINUE

13900 * PRINT216, SUMS

14000 DUBY K=1,NC

14100 TAM1(I,K)=SUMB*pHAIT(2,K)

14200 69 CONTINUE '

14300 65 CONTINUE

14400 * PRINT217, (CTAML(I,d),J=1,NC),I=1,NC)
14500 217 FORMAT(5X, 'TAM1',3X,9E13.5)
14600 NO71 I=1,NC

14700 DO71 K=1,NC

14800 PEE(2,I,K)=0.0

14900 D073 J=1,NC

15000 PEE(2,Y,K)SPEE(2,1,K)+TAM1(1,J)*PEE(1,J,K)
15100 73 CONTINUE

15200 * PRINT218,PEE(2,1,K)

15300 218 FORMAT (5X, 'PEE' ,3X,E13,.5)
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15400 PEE(2,I,K)=PEE(2,I,K)/ (BEETA¥%2)

15500 PEE(2,I,K)=PEE(1,I,K)/BEETA-PEE(2,T,K)*SUN4

15600 71 CONTINUE

15700 SUMT7=04.0

15800 DUTS J=1,NC

15900 SUMT=SUMT+PHAIT (2,J)*AE(1,J)

16000 75 CONTINUE

16100 SUM7=DELY(2)=-SUn7

16200 pDO77 1=1,NC

16300 AE(2,1)=0,0

16400 D79 J=1,NC

16500 AEC2,I)=AE(2,I)+PEE(2,1,J)%PHAIT(2,J)

16600 79 CONTINUE

16700 AE(2,I)=AE(2,I)%SUMT+AE(L,T)

16800 77 CONTINUE

16900 % PRINT72,(AE(2,I),I=1,NC)

17000 72 FORMAT (5X, 'AE',3X,9F12.6/)

17100 * PRINT74, ((PEEC2,I,J),J=1,NC),I=1,NC)

17200 74 FORMAT (5X, 'PEE',3X,9E13.5/)

17300 REWIND 10

17400 WRITE(10,*)((PEEC2,I,J),J=1,NC),I=1,NC), (AE(2,J),J=1,NC)
17500 SUM2=0,0

17600 D070 J=1,NC

17700 SUM2=SUM2+AE(2,J) %PMIN (I, 2)

17800 70 CONTINUE

17900 B(3)=YMIN(2)=AE(2,8)¥WVHIN(L,2)=AE(2,9)XWVMIN(2,2)=50UM2
18000 SUM=0,0

18100 bugl J=4,7

18200 SUM=SUM+AE(2,J)%P(J,2)

18300 83 CONTINDE

18305 * PRINT 84,AE(2,8),wV(1,3),AE(2,9),WV(2,3)

18310 84 FORWAT(/3X,'AE(2,8)=',F10.6,3X,'Wv(l,3)="',F10,6,3X,
18315 1 'AE(2,9)=',F10.6,3X, 'WV(2,3)=',F10,6/)

18325 Ceestoatoessostotetoossasstotostoasassosssassstasssssesss
18337 C PEAK LOAD FORECAST BASED OUN WEATHER MODEL

18343 Cogaossetsssasassstssssnsstotssenessonosessssasassnsene:s
18400 YU=B(3)+SUM+ALC(2,8)%WV(1,3)+AEC2,9)%WV(2,3)



FORECASTING INCORPORATING EFFECT OF TEMPERATURE' ARD HUMIDITY
18500 IF (MCOUNT.EQ.0) Gu TO 89
18600 SQ=Y(2)~-YOLD
18700 WVAR=WVAR+(SQ¥*2~yVAR) /FLOAT (MCOUNT)
18800 89 MCOUNT=HCOUNT+1
18900 YOLD=YW
19000 NCOUNT=NCOUNT+1
19100 REWIND 6
19200 WRITE(6,*) NCOUNT,MCOUNT,YOLD,WVAR
19300 * PRINTBO,WVAR
19400 80 FORMAT (10X, 'WVAR' ,F12,5/)
19450 Ceests s sseseoansssenssocoensrotstarssssssnssassasese:
19500 CC COMPOSITE FORECAST AND VARIANCE
19550 Cerstcstotstenseetsonsssesrancontoatsonsrongssansnssessrsenss
19600 SUB=YW=28P
19700 DENOM=Q (KP,KP) +WVAR
19900 D091 J=1,NH
20000 7C(J)=25(J) +SUB%Q (J, KP) /DENOM
20100 CVAR(J)=Q(J,d) =0 (J,KP)*%2/DENOM
20200 91 CONTINUE
20300 REWIND S
20400 C WRITE (5,%) (ZC(J),J=1,NH)
20500 PRINT31
20600 31 FORMAT (1H1///10X, 'LOAD FORECAST BASED ON STOCHASTIC MODEL'
20700 1 ,10X, 'VARIANCE'/)
20800 PRINT33, (Z5(J),SVAR(J) ,J=1,NH)
20900 33 FORMAT(20X,F10,5,28%,F10,5/)
21000 PRINTSS, YW
21100 85 FORMATL(// /20X, 'PEAK LOAD BASED ON WEATHER MODEL=',F10,5)
21200 PRINTO3 '
21300 93 FORNAT (1H1///25%, 'COMPOSITE LUAD FORECAST',10X,'VARIANCE
21400 117)
21500 PRINTYS, (ZC(J),CVAR(J) ,J=1,NH)
21600 95 FORFAT(30X,F10.5,17X,F10.5/)
21700 STOP
21800 END

21850 C=Xds¥okoXokmikmkoKoXeXokokoXoXoXokoXekoXokokasXokokokokok=ko¥ksk=X



KoK Ko m Kom Ko Kt K o o Hme Hom Ko o Home K e Ko
X

3¢

¥ APPENDIX = 2 X
¥ X

¥r¥ K m Kt hmKm K m KD K Ko om Ko K Koo Ko Yo o K



33.\v

0.
YaIL

Ra WIAGAK sUsSTaT Lo
87, TO 100Va (ReR, 87,
TO rRIJRKEE

0:8PRVYED AT

DER SUPPLYING PUWER

1
4

LOAD (ANDS,)
FROM {AUGUST,

FEE

T L A LTS T Q. TOo IO T Tz P S, - —-_—— =T Cl o
« o s s s & " e e “ e . 5 s . o« L Y LY « o0 . v . x ¢ s @ s & e
O NINC NCLC Qi COW ONT O vrC U Qe Cue S T
Dr=<r DN O NSO DT DO O N NOn o3 oo Rl o N FD Y OOy
.~ . . ~ o~ RN -~ -~ -~~~ -~ o o~ -~ . - - o~ - - . -~ .~ -~ a0~ -~ - .~ -~

[l &3 & > . <
¢« o e s ¢ e . o o . e e s e & « e . “ s « * e . e @ " 5 & « ¢« ¢ e @ s ¢ &
(el o e o< TTC Ik R o 1o T en BN sl el Al AU AT ol o o C Ty Mmoo sC< oCu
Tt niVe N1 0t RN o ¥ o Lo BV ol o Ve SRR 1 1 Ve B o TN X0 0 1 0 Mg ST o S o i o Ealonlis S NOY T Suon
.- an - a - -~ - oa - now .~ . ~ w om - n o EET S L NN - a o .- a - aoa LR
Q2CC ST CTT CCO OoCC OO0 ood S Co CTC T cCC oo Coo
* e« + 00w « v @ ¢« v . ¢ ¢ a LI « o & e & s s s T Y e = ¢ « & s ¢ s o
e Cuna oo oo GOV CCC O I e AC G O ninn oo
PSS WG WS s kg 000 DO A OO S (N MO0 nnes

ocCoCc oo oo OO0 COC COO OCO CGT CCC T CoC To0 Ccoo oo
LI I " & « & = s & ®
S GCl NCO &Co
T M MO <SFOs

QOC OCC TOC COQ COC COC OO GO CoC COC Lo GO CcOuc
¢ s s ¢ s » ¢« s s e s LI} . s . L) L [ .« s . e s + e « v
MO OOl CQ QOO wiNe OunNs uind Oe OoCcy (NCC nIoO cne N o
BO e IO o PO et QUE inhG SO0 e MGs ec S es

-—t L anl
.~ a . an - e LR LN LN N [N - aaw LK NN -~ w o CECNEEN - & e LNEENEEN
s s 0 « s ¢« @ LY ¢ s e LY .. e e s . .« s 0 * e . ¢ 0 e e 0 e s .
VICC Owmnr Oy GO Nco OCit N 0o OO ONC O CIne o
<L NS QS e KO W00 IO B0 NI Gt OIS M <l
LN LEENEEN ENEENIEN ~ . e LR NN . wa [NEE NS " aa [ NN - a oa - o a [NEFNEEN LICNIEN

CCC OCC CCC CCO CCC OCC CCOo CLo <CccC COTC CCC CCOo CCo
« L] * & = ¢ & ® « & 8 . & u ¢ & @ o e 2 . & & ¢« 8 ¢ .« & & e & o . ¢ @ e« & =
T S UoCyn SN C Uyl O Sy NS N e e aco ouwnic

L0 A~ C INA O O8N P00 KOS L4 N el UNC oW g

CCoO COC CCO CCC CTO0 COCC CCa TCCC oo OOoC GoOo oo CCco
s e @ * o [} e s @ L ¢ e [ Y . e e * e > s 8 ¢ . s * ¢« &
nCy OoCC CoC Oy COC o OO N CoOC Ound OnNe aOoc oown
O IO UGN W0 UNNGO FOE UWGON <uar- 0 PN dn0 SO0 HNn



SO

e ltego]

(R o

[o] = ol

ppisitse}
ASiNe ]} o

ccc
®« 8 6
nccec
MmO

cco

. s 8
W

MO

WD

SO
. o
[ SX
[Sefaie’

[l ag o]
« o 0
oW
K

[ele ko]
« 5 @
ono
[Te Nl o]

O
CE Y
[=Rke3ie]
Felutat]

[@X el
«
U
Wy~

Qo
[}
o C
Pelteiee

<CC
]
< NS
OO

(wle Yol
. e
Neliglig]
g JXo Ne]

COC

.z .
[ Y elly)
[*pavelte]

- - -

coo
. e &
wnoo
< o~

(=l ele]

<

[P
e s @
ccc
HpTteite]

(o el e
« 0 .
[tafex) o]
MO0

-
TS
L 4
fond o R
[TolNp iR«

[T NN
-CC
v e ¢
[l Feliey
FaRVel oy



ooo
.« s 3
ownmo
SISO

(=l

L
(endiogise]
WS~

(elele]

¢« s 0
(o it
[laiteRo]

OO0

* e @
WG
[ag AV lNs]

lelele;

¢ & ©
f=1tei iy
<TULOID

.- A
T
¢ & @
CcCC
Kelgoile]

[N wy o)

¢ & ¢
wwuy
[igitele]

SO
« o e
(i T ot ]
<TOr~

n~ . ow
Rl S
. 9 °
o
Falei¥el

SO

[
(s} Ielig]
o o

oo
« 8.
oCo
(19 30 3o o]

SCoO
¢« s @
[l ot eni
<Xt

< <t

lagltelte]

SO

e o 6
nown
MOuD

- o ow
[ -
¢ v 9
W
ST Lo



OO

* L L
Lol o Land
O 05

CCo
“ v .
noc
<L

OO
. e
o
<o

<o

” & o
o<
<.on

CcCco
¢ s o
ONG
ki p Ve ]

o

SO

.« o @
cowm
UNOOG

winc
<N O

joR o]

* ..
xCo
Ealislie]

o
s ¢ 8

[ agN o

UIL

(olefe]

e & e
Iefedte]
SHOWO

cco
T & e
o
8

- n o=

A

coo

s s &
WS
[LYUNDE

CcCo
*e & =
oC o

coc

* s 0
<unun
FNn

s s ¢
FoR el
N~

e s ¢
[=3ie]Te}
WO

cCC
¢ * @
cTo
i~ n



¢ s .
o
SO0

CcCco
¢ e
wmunc
pal¥alie]

CcCo

[fg N agev)

oo

s & 8
SO
[IpXteVe]



T o

[=rhielin
Andiefe]

COC
. e »
N
MmO

(ot lw]

T )
Falefoy
Mo

oo

+ s 0
[l Te)
BoRioN g

SO

"«
oCoO
.o

P iat]
. & @
ST
[So]%e W

ST

[eleds]
hoalvefon)

coc
e a6
Y Cy
<SKWG o

oCc o

s s e
OO
<O~

coo
¢ ¢

C Oy
i togond

SO

LR ]
SO
<LIOY

<O
« 0w

oW

~oSeoy

[ et w)

. ..
O
iSalVelng

[erl el o

« o
e
e~

[elnYe]
* s 6
meo
[ag1pRNe]

o~ or-

TS

e« & ¢
QoW
<OWn



cCC
« s .
Falisley
I ONM

oc o

annw

oz
« v &
IO
2172 Res!

* e
< SN
Yoot o



gk TaRe v

o

(42378 Resi

I~

COoOo

s s
Ny
<SS

EE

v

?

CORDeND AT

~

k

ITY GF RON|

v
D

[%

[4

TO 1ONOVENAER, 87,

AGER TEAPERaTURE R
S UNTVER

RTIET
uGcust, 87

VER
EPA
1A

1LY A
YD
FROM

D
HYDROLOG

A AN A A A AR A Aw

COWWINC O LS T Oy o
I UMEININGS DY 0 S D
L N R A Y )
NG 0O N

L L T VY N S S N

O CINC C:OWNC
SO G NOOY < P~ LD OO
€ & ¢ s e ¢ a8 w0 e
Aseialestcolonloalo te ol ot S o)
OOV CIONCION NN OV N

L N L T N U U U VY

sladislalelislalallsleliletlelle)
¢ ¢ & ¢ ¢ 5 & 9 T ¢ T & ¥
I INOIOS NNV N

L O L T R U U O N S

DO NOINCCUnNC Uy
O et A NI N A MU
LA I R I Y I I )
QOO VDT/OCM MO

L N . T U U Y AT Y N

SCOoOIGUIIDUNICCNnCC
Ot T QI A LN
T ¢ & ¢ F s e e E s S
MO O COVONMM NNV ON O N

S % A AN s A aaaww

OCSOCTCNCInNCOCT
¢ & & 2 s 0 e ¢ 0 0
NOND QMO ~-OND &

L L T L N NV N N N Y

ONQOCOSOWNICUICIN
CONHAC OO NN
& & & & s & ¢ o E 2 s 0 0
MMM OSSN OO NNON Y

L . T T N VY VY R NNV Y

NINCCONNCGC oo
N DO M-
¢ 0 % e s 00 s 0 e 0

AT

sECOKDRD

SITY LF RUNRKKE

T TuNOVE 'R FEH,87.

UuIVER

TURLT, |

\

TIyE HUMIDLTY

R’

RELA
JEPA
201 1A

F

T4

DAT
HYDROLOG

Lo R L L L N U N N
PN N
[ e NI
« v 2 o 0

CSONN M SN Tt 5 3
SO NSO O

Ll

3,06
7200
L0
,()(/
00
U.U(\

2

“ A A A A na e n A

CcoocCcoCcocCc oo e
I2oCO2CTTOOCOIYL
¢« & & ¢ & ¢ ¢ €T & ¢ &
BT A O MO~ el
[toftegeel ot ot ot ol S Ve IV ol MV

L R N L U O YR U U U

jelaletalolelelalelof Of ol o
COTTCoTOICOQIICU
¢ & & & & € ¢ & ¢ & T &
VSN MDD 0
[ted ¥ elecfost palVeiVeilof puiVe ttadVe)

L S N L U U - U U N NN

cocoooC T CcooCc o
SOCTDDTCODOITOG
T # & & & & ¢ ¢ S5 ¢ ¢ & 3
OO NHIMOM O NC <
e anitolosl oolnyl auiVvesValte IV el o X V)

L N O L U N U U U N

COCCCCoOoOCOCCCTT
DQOTOOOCOTOOTOL O
§ & & & 6 5 & &8 ¢ 8 o ¢
UL O et e e O N Y

LN SR R T L N U R NN N N

[eleolelelelalelelalel el
SOOCOCLOOOOO TOD
* 6 s ¢t " s e 0 0 s s e
LISINAD QU T O YO T
WO OO~ T CINLOr~

S % & A %AW A A n A

CCOoQCCCTTCCOo
S ¢ o 0 s 8 0 0 6 ¢ 0 0 s
SN NSO M~ N0~
(UodNod e nd ol and i 2 '#iVat o oV}

L N N . U U U U S

COCOOCoOOTCTTCS
COTOTOTODOOoC oD
e & & & & & ¢ & & 5 & 8
LINMNL TSI NN 0NNM
e o nor-rw



APPENDIX=3

LOAD FORECAST FOR NOV,2,1987,
INCORPORATING EFFECT OF TEMERATURE
LEAD TIME = 24 HOURS

PEAK LOAD FORECAST BASED ON WEATHER

LOAD MODEL

STUCHASTIC MODEL VARTANCE COMPOSITE LOAD VARIANCE
FORECAST FORECAST
35.,58047 11.75080 38,64714 11,74755
35.55842 11.302814 35.41317 11.158779
35.97369 9.67181 35,74727 9,.63431
38.74831 9423400 38.30494 9.,09021
41.11955 9,42730 40,72059 9,31087
50.28537 9.23137 49,52908 8,81296
56.80984 9,90273 56.51877 9,84076
56.18791 7.60052 55,95837 7.56198
52.64802 14455344 52,32492 14,47708
57.40342 15,37038 56,91782 15,19789
58.96393 21,84258 58,33269 21,.55110
59.83277 24,53753 58,81046 23,77302
53.65423 14,73419 53,39414 14,68471
55.39155 25,79219 54.77410 25,91331
55.14290 19,60849 54,28445 19,06942
56.47277 21.61483 55,77385 21,25750
57.067114 20.46026 56,41126 20.14562
87.81229 26.79156 86,62767 25,76500
96.97104 33.38753 92,90589 21,.29901
85.96086 31417362 83,49074 26,71033
75.80860 31.07944 74.39875 29,62544
53,88451 22.06274 53.67560 22,03082
43,80680 14.77484 43.64203 14,75498
35.18908 16,10780 35,17769 16,10771

85,74341



APPENDIX=3

LOAD FORECAST FOR NOV,2,1987,
INCORPORATING EFFECT OF TEMERATURE
LEAD TIME = 24 HOURS

PEAK LOAD FORECAST BASED 0N WEATHER

LOAD MODEL

STUCHASTIC MODEL VARIANCE COMPOSITE LOAD VARIANCE
FORECAST FORECAST
35,58047 11,75080 35,64714 11,74755
35.,55842 11.30281 35,11317 11.15779
35,97369 9,67181 35,74727 9,63431
38,74831 9423400 38.30494 9.09021
41.11955 9,42730 40,72059 19.31087
50.28537 9,23137 49,52908 8,81296
56.80984 9,90273 56,51877 9,84076
56,18791 760052 55,95837 7.56108
52,64802 “14,55344 52,32492 14,47708
§7.40342 15.,37038 56.91782 15,19789
58,96393 21.84258 58,33269 21,55110
59,83277 24,53753 58,81046 23,77302
53,65423 14.73419 53,39414 14,68471
55.39155 25,79219 54,77410 25.51331
55.,14290 19,60849 54,28445 19,06942
56.47277 21,61483 55,77385 21,25750
57.06711 20.46026 56,41126 20.14562
87.81229 26,79156 86,62767 25,76500
96,97104 33.38753 92,90589 21,29901
85.96086 31.17362 83.49074 26,71033
75.80860 31.07944 74.39875 29,62544
53,88451 22.06274 53.,67560 22,03082
43,80680 14.77484 43.64203 14,75498
35.18908 16,10780 35,17769 16,10771

85,74341



APPENDIX~3

LOAD FORECAST FOR NOV,.8,1987.
INCORPORATING EFFECT QF TEMERATURE
LEAD TIME = 1 WEEK

" PEAK LOAD FORECAST BASED ON WEATHER

STOCHASTIC MODEL VARIANCE COMPOSITE LOAD VARIANCE
FORECAST FORECAST
38,09843 10.45588 38.19225 10,38194
32.11634 10.46504 32,28756 10.21873
32.02110 9,00662 32.03035 9,00590
30.04130 8.58199 29,93548 B.48792
32.70704 8,86735 32,58041 8,75110
40,01230 8464343 40,00938 8.64336
52.56910 9,36676 52.52585 9,35104
53,89843 7.21517 53.87573 7.21084
51.96153 13,50227 52,15696 13.18140
48,47491 13.87326 48.,77850 13,09895
49.13355 21.12627 49,64807 18,90230
51.24337 23.90858 51.80264 21.28089
45.30100 14,55949 A5.47681 14,29981
46,55671 24,91983 46,66912 24,81369
43,35238 19,04880 43.67102 18,19585
45,00019 21.36379 45,30045 20,60638
47,73059 20,11817 A8,35538 16,83868
79.29706 26,13197 80,98432 2.21568
76.86715 31.36696 77.50095 27.99218
70,17398 29.72483 70.70805 27.32854
67.49090 30.73060 67.66405 30,47872
55,96167 21.36624 56.07414 21,25998
45.92212 14,09879 45,93226 14,09792
34,47274 15.33168 34,49542 15,32736

Laab MODEL = 81,14063



APPENDIX~-3

LOAD FORECAST FOR NOV,2,1987.
INCORPORATING EFFECT OF TEMPERATURE AND HUMIDITY
LEAD TIME = 24 HOURS

PEAK LOAD FORECAST BASED ON WEATHER

LOAD MODEL

STOCHASTIC MODEL VARIANCE COMPUSITE LOAD VARIANCE
FORECAST FORECAST
35,74101 11478330 35.81097 11.,77954
35,57708 11.30193 35.15880 11,16772
35.89503 9.67326 35.67881 9,63740
38.71941 9,18967 38,30231 9,05622
41.09866 9.39107 40,72359 9.28315
50,14407 9.22262 49,42705 8.82824
56.,51855 10.02229 56423106 9,95890
56,03846 7.63240 55.,81541 7.59424
53.,21648 14.31842 52.87455 14,22873
57.05699 15,54117 56458376 15,36939
58,72188 21,91650 58,11707 21,63590
59,66159 24,57889 58,69172 23,.85733
53.55248 14.74889 53.30298 14,70114
55.00433 25,98280 54,40592 25,70811
55,04967 19.62041 54.23768 19,11465
56,32219 21,64722 55,65745 21,30827
56.84657 20,48778 56,22034 20,18696
87.65183 26.80778 86,52862 25,84002
96,67952 33,50584 92,84122 22,20477
86,05322 31,16454 83.73261 27,03363
75.8947% 31,08994 74,57248 29,74877
54,01022 22,00983 53,81783 21,98143
43.81393 14,77034 43.65878 14,75187
35,45101 16419595 35,45215 16.19595

85.,29960



APPENDIX=~3

LOAD FORECAST FOR NOV,8,1987,
INCORPORATING EFFECT QF TEMPERATURE AND
LEAD TIME = 1 WEEK

HUMIDITY

PEAK LOAD FORECAST BASED ON WEATHER

STOCHASTIC MODEL VARIANCE COMPOSITE LOAD VARIANCE
FORECAST : FORECAST
38,01353 10.45090 38.21633 10,37756
32,04951 10445509 32.42370 10,20540
32,01506 9.00604 32.03271 9,00549
30,02983 8.58396 29,79247 8,48349
32.73195 B.87145 32,46776 B8,74699
40,04193 B8.64390 40,03825 8,64387
52,58879 9.36115 52.50318 9,34808
53.,93337 7.,21502 53.88295 7.21049
51.84630 13,49025 52,27328 13.16514
48,22092 13.87738 48.89560 13.06569
48,91124 21.12627 50.05393 18,79787
51.15303" 23.93290 52.39973 21,16129
45,21427 14.56994 45.61038 14,29016
46,61071 24.91834 46,85888 24,80852
43,24993 19.04254 43,9549¢8 18.15612
44,83516 21,35678 45,49908 20,570717
47.53774 20412046 48.92589 16,68428
78,91781 26420360 82.67042 1,09439
76,75441 31,41256 78,16785 27,85005
70.,08097 29474227 71426952 27.22319
67,46298 30,73400 67.84517 30,47353
56.04992 2137103 56.30500 21,.25501
45,98029 14.09792 46,00586 14,09676
34.46171 15.33175 34,51378 15,32691

LUAD MODEL = 82,83396
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