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ABSTRA.CT • 

Considerable work has been carried out in recent 

years on problem concerned with load flow analysis,economie 

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 term 

forecasting of electrical load demand. It is, however, 

important from the practical point of view of economic 

generation scheduling and security checking to be able to 

predict accurately load demand several 1 urs 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 methodb 	d = ref. [5] which 

has been adopted for probabilistic forecasting of hozrly 

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

to one week, has been included in Chapter-.3 along with. 

necessaf°y flow charts for developing computer programs. 

The forecasting is based on both historical load data and 

information from latest weather forecast. The developed 

program combines stochastic load model and adaptive weather 

load models optimally to yiald 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 co puter program has been run on 

actual load and weather variables (Temperature and humidity) 

records obtained from Rain Nagar Sub-station and Hydrology 

departaent of .Roorkce University respectively. Results 

have been found satisfactory and are presented in Chapter-4 

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 Forecast_  [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 process of defining future loads in sufficient quan-

titative detail so that important powers-system expansion 

decisions can be made. For 'effective power system expansion, 

estimates of both powers and energy are crucial. An accurate 

forecast depends on the judgement of the forecaster and it is im-

possible to rely strictly on analytical procedures to obtain 

an accurate forecast. Also Good judgement alone can not be 

over emphasized in forecasting future requirements and ana-

lytical tools must be used. 

In some cases a total forecast is obtained by combining 

forecast for various classes of customers '. such as residential, 

commercial, industrial, agricultural and other. For the better 

prediction of load it is imperative for the forecaster to be 

well versed with the characteristics of varieties of loads 

i.e. growth rate with time and effect of weather fluctuations. 

In many cases seQsonal 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 system load that is residential. Increase 

in per capita consumption due to wide spread use of weather 

sensitive devices, necd to include weather effects in forecasting 
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future requirements become imperative. 

Let it be emphasized that solar energy technology 

may have a tremendous impact on load patterns experienced 

by electric utilities. It is well-documented fact that uses 

of solar energy technology for heating and airconditioning 

is well with in the state 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 to be followed depends upon 

period of interest for load forecasting, Short and medium 

term forecasting can be done using conventional procedures 

i.e. by extrapolation of certain factors characterizing 

hourly modulation of load. For long term forecasting consump- 

tion is broken down in to homogeneous sectors. The preceding 

extrapolation technique applied to different consumption 

classes makes it possible to generate individual load curves 

thus giving a global level by summation. This approach also 

makes allowance for structural deformation of consumption. 

1.2 Importance of Load Forecasting [1,2,31 

Load forecasting has always been an integral part of 

powdr system planning and operation. However, it did not 

receive as much attention in the past as it deserves because 

the fuel supplies, especially hydrocarbons, were cheap and 

abundant and utilities could find funds for erecting enough 

gas/oil generation plants at relatively short lead times. 

In the last few years, conditions have considerably changed 
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and the past practices have to be suitably modified. Thus 

load forecasting will assume greater importance in the years 

to come. 

Long term demand forecast is used to determine the 

capacity of generation, transuission and distribution 

system additions and energy forecasts determine the type of 

facilities required i.e. wether peaking generating unit cr 

base load unit should be installed as there is substantial 

difference in their cost, Whereas the i 1portance of short-

term forecasting is reaJ..ised in service reliability and 

efficient operating performance of power supply system, 

particularly in case of thermal power plant which demands 

accuracy in the forecast of system load. This is necessary 

in order that generating capacity adequate to supply the 

system load, maintain systeil security and supply the nece-

ssary spinning reserve. The scheduling of spinning reserve 

as coverage for the loss of largest unit or the loss of that 

transmission capacity which renders unavailable the greatest 

amount of generating capacity, is an accepted principle of 

reliable system operation. 

1.3 Classification of  Load, forecastin ..[l,4] 

Depending on the time period of interest, a specific 

forecasting procedure may be classified as - 

(a) Short term load forecasting 

(b) Long term load forecasting. 
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(a) Short term load .forecastir - A technique for computing 

twenty four hour forecasts is essential for monitoring and 

controlling power system operation. Load forecasts are nece-

ssary for on-line solution of scheduling problems, such as. 

unit commitment and economic dispatch and also for security 

analyses by line load flow solution. 

The forecasts of these hourly loads which may corres-

pond to a system load, an area load or a bus load are of 

direct value for the short term operation of the system. 

Total system load is needed in daily scheduling, the most 

economic allocation between different plants. In addition 

for thermal plants load forecasts up to several hours in 

advance are needed tc account for economies cf starting up and 

shutting off various plants. Hourly bus-load fcrecasts are 

needed for number of off-line applications related to economic 

and system security problems. On line control requires forecasts 

of bus loads as input to different analysis programs that 

monitor and control the systems operation. 

The forecast should be sufficiently accurate throughout 

the lead time period. Here load time period varies from hours 

to a week. In particular accuracy of the forecasted daily 

peak load and the daily rniniraura load is important because 

these forecasts are used for scheduling spinning reserve and 

interchanges. In addition to forecast accuracy the following 

consideration are also ii portant. 
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(j) The computer storage required 

(ii) The computer time required 

(iii)The loaci and/or weather data required, 

(b)  Low term load forocastin, 

Forecasting techniques may be based on extrapolation or 

on correlation or on a combination of both. Correlation 

techniques of forecasting is advantageous in fcr,-cing the 

forecaster to understand clearly the inter relationship 

between growth patterns and other measurable factors. No 
one forecasting method, it must be emphasized, is effective 

in all. situations. The accuracy of a forecast is crucial to 
any electric utility, since it dictates the timing and 

characteristics 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 are too high can result in 

severe financial problems due 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. 

1.4 	for: 	rt le- •1 ' f eq tin 

In present work computer program in FORTRAN IV for 
probabilistic forecasting of hourly power-system loads with 

lead times of 1 to 24 hours is developed, The 'forecasts pro-

duced are based on both historical hourly load data and 

information from the latest weather forecast. The methodology 
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combines stochastic load models and adaptive weather load 

models OPUmaUy to yield an adaptive forecasting procedure 

especially suited for real time control of power systems. 

Being an adaptive model it avoids the frequent tuning of its 

parameters from year to year. The details of the method are 

included in chapter -3. 

1.5 Data Reguire ents 	Source 

To test the developed computer program hourly load 

data for 102 days i.e.  from 1st Augusts  87 to 9 November, 87 

has been collected ,.from 132 KV Rsmnagar grid substation. The 

above mentioned data has been observed on 33 KV feeder supplying 

power to Roorkee town, 

Daily records of weather variables, average temperature 

and relative humidity has been collected from Hydrology 

department of Roorkee University for the same period. 

The Processing of the historical data is done only. once 

for initialisation of the model parameters. Once the initia-

lisdtion is completed and model parameters are updated, on 

the basis of current load values forecastes are made using the 

updated— model parameters and latest weather forecast. 

1.6 Forecasting Procedure [5] 

A highly simplified flow chart of the forecasting procedure 

is given in Fig. 1.1. It combines two forecasting models, a 

stochastic model to relate the future loads to the past 

loads and a . weather load model to represent the effects of 



CURRENT . ) 	( 	LATEST 
HOURLY LOAD 	 WEATHER 

	

DATA 	 FORECAST 

UP DATE 	 UP DATE 
STOCHASTIC 	 WEATHtR- 

	

MODEL 	 LOAD MODEL 

	

LOAD 	I 	I
PEAK-LOAD 

FOrlECAST 	I FORECAST 
FOR 24 HOURSQ  

FINAL 
FORECAST 

FIG, 1.1 

Simplified Flow (hart For Forecasting Procedure 
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weather yariableson future loads... The models them selves 

are updated as the forecast are produced. 

1.7 Arrangement of the details 

Chapter 2;inclues the discription of different 

techniques use:d for short torn load. forecasting. Chapter-3 

presents the details of the riethod adopted for forecasting. 

Programming clet3i is are also discussed in the same chapter. 

Forecasting results are given in chapter-4. Conclusinns 

drawn on the present wc'rk are included in dhapter-5. 



CHAPTER - 2 

REVIEW OF THE METHODS USED FOR SHORT-TERM LOAD 
FORECASTING 

The problem of short-term load forecasting has been 

the subject of sever :l recent publications. Earlier efforts 

by Matthewman and Nicholson [3] were mainly directed 

towards performing regression 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 predic-
tion of future loads as it did in determining past ones. 

[6] 
In the later studies by Toyoda et.aJ_/and Christianse [4] 

weather information has been ignored and an adaptive time 

series approach has been adopted. The limitation of these 

approaches is self evident, the weather, which plays an 

important role in future load W1 	, has no place in 

these models. In the later publication by Pradeep 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 reference [7] pattern-recognition 

technique was used for forecasting hourly loads. The only 

drawback of the schcne is large computer storage requirements 

for classifying n d aiensional pattern space in to separate 



regions or clusters, In recent publication by Martin T. 
Hagan and Suzanne M,Behr [8] it is shown that Box and 
Jenkins time series models are well suited to short term 
load forecasting where as in reference [9] two different 
adaptive and weather sensitive models are used based on the 
fact that different weather variables are found to be 
relevant in summer end winter. Adaptivity is attained 

through careful usage of Kalman filtering and Bayesian 

techniques. 

The purpose of the present chapter is to present, the 
brief discription of the different techniques used for 

short tern load f rocastg and their limitations. The 

literature includes the discription of the following methods. 

2.1 Methods involvin  meteoroloogical data [3] 

If the demands for a particular half hour are plotted 

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

pronounced tx h in summer months and a peak in winter 
months. Upon this seasonal trend is superimposed,a regular 

rhythemic variation between days of the week, together with 

an erratic variation which is attributable to weather fluc-

tuations. 

The meteorological factors found to affect the demand 

may be summarised as follows 

(a) Temperature 

(b) Cloud cover and visibility 

(c) Wind velocity 

(d) Relative humidity 

(e) Precipitation. 



The erratic variation of load attributable to weather 
fluctuation it then some function of these factors, and much 

efforts :of prediction has beon directed to determine the nature. 

and 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 	 ...(2.1) 

where a is the base load at a particular instant in question, 

d is the day-of-week correction and G is a function of the 

various meterological factors influencing the load. This 

equation forms the common starting point of three different 

methods of prediction [2.1(a),2.1(b),2.2] two of which are 

based on meterological data and one on past load data only. 

(a) 	Method of Prediction .(Jsina Weather Weightinng [3], 

In the method of weighting proposed by Urya 	[10]i 

load is separated into two main components, a base load, and 

a variable quantity which reflects the effect of weather. 

The base load is determined from past records by weighting 

meteorological factors and applying combined weight as per-

centage reduction to the system load. Initially, the proper 

weighting of elements of the weather will only be attained 

after a period of trial and error. 

Using a chart of base loads an accurate load estimate 

can b.e made using proper weighting of three of meteorological 
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factors (namely temperature, cloudiness and wind velocity) 

based on the best available weather forecast. 

Re-estimates, and any necessary scheduling adjustments, 

are then periodically rude as more up-to-date weather fore-

casts are obtained. Tho feasibility of this method lie in 

the consistency of 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. 

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

uniform. 

(iii)Peak and hourly base loads tor each Saturday and Sunday 

over a period of number of weeks must be consistent. 

Any change in the base load from year to year on account 

of increased overall daiand will soon become evident, and the 

necessary adjustment must be made. 

(b) Multiple  Regression Methods [3) 

In on analysis by Dais, the is eoAcgia1., inforr.ia- 

tion is reduced to a number of specific factors designated as 

follows 

(i) effective temperature T 

(ii) c soling . power of the wind W 

(iii. )illumination index L 

(iv) rate of precipitation P 



1.2 
In. deriving the functional relationships between 

the variation of dalond and the specific meteorological 

factors to which it is sensitive, the basic assumption is 

again made that the weather-sensitive c 1ponent cf the 

demand may be expressed as sum of functions of the res-

pective meterorologicoJ. factors. 

Linear regression 

The first approximation which can be made is to 

assume a linear functional relationship. If one year data are 

used to derive . the functional relationships, it is necessary 

to eliminate the combined seasonal and long term trend and 

also the day-of-the week effect. 

A regression equation of the form 

x = a+b1T + b2W + b3L + b4P + F(t)+d  

$,s therefore fitted to the data, where x is the daund at 

fixed time each day, T,W,L,P are the corresponding specific 

meteorological factors, a,bl,b2,b3,b4 are constants, d is the 

day of-the -weak correction, F(t) is a polynomial function 

of the time of the year for a particular week and accounts 

for variations in the base load with the time of the year. 

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

In this express ion, the known quantities are the dependent 

variable x and the independent variables T,W,L,P, t and the 

object of the analysis is an estimation of the regression 

coefficients .1bl,b2,b3,b4 and the values of d. In equation 

2.2 meteorological factors may be added.or rer:ioved depending 
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upon the environment c:)nditicn for the time under consi-

deration. The quantities of inrnodiate interest in the analysis 

are the meteorological regression coefficients bl,b2 ,b3,b4, 

which effectively measure the,, change in d Nand per unit 

change of each meteorological variable, and the day-of-the 

week correction d. Having calculated the values cf bl,b2,b3,b4 
and d, the run of basic demands may be determined by adjusting 

the actual demands to some standard set of weather c--;n;litic)ns 

and eliminating the day-of-the week variation. As relationship 

between demand and the specific meteorol6gioal factors to 

which it responds are nonlinear, the linear functions introduced 

into', the regression analysis will yield only average effects 

over the range covered by the data. 

2.2 MethodInvolyin _Past Load Data o1 [5] 

Spectral Expansion- In order to develop a fully aut)matic 

dower system, it is necessary and convenient to have a model 

of prediction utilising the most readily available data. On 

the basis of this consideration, Farmer [12] has developed 

a theory using past load data only. 

Since the basic patt -Ern of load demand tends to repeat 

it self after every 24 hours, it is possible to consider the 

time for each day, whether continuous or discrete, as being a 

member of an ensemble of time series. We thus have the problem 

of predicting a nonstat~.onary process given en ensemble of 

sane functions. 
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Considering the load curve divided in to Part-day 

periods of several hours duration, Fig.-  2.3 shows a typical 

day divided into 8 hours periods everl.apping by 2 hours. 

The daily load curves for a particular period form an 

ensemble, and it is reasonable for this period to define 

the load on the mth day at the nth instant of t.Lme as xmn' 

an ensemble (with m=5) for the period 1200 to 2000 is shown in 

Fig. 2.4. 

x can be written as 

xmn ` amn + f(T) 	 b+ 

where 	

bmn+ 	s••(2.5) 

where fl(Tm), f2(Lm), f3(Wm) 	etc are functions of temperature 

Tm, illumination Lm, and wind velocity Wm. The quantity amn  

represents the base load, and the factors Pmn# Ymn' 8mn"' 
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 reed for 

expensive .instrumentation or the use of possibly inaccurate 

weather forecasts is saved. 

The chief disadvantage of spectra]. technique lies in 

its inabi.lityto take account of rapid changes which may be 

caused by the onset of storms or television programmes of 

national interest or a change in consumers pattern on 

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

for by pitting a compensating program into the computer as 

and when required. 
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2.3 Method of Predi ction Usin- Pa tern~Reco~nitl' on„ 
Te iques [3,7) 

Pattern recognition techniques are generally applied 
in the study of variables whose total physical principles 
behind their variation is unknown, but certain binds of 

measurements explain their behaviour. Approach to the 

problem 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 reault 
of similar climatological conditions, This method of predic-
tioxn utilizes recent load and weather information in 

.add4tion 	to weather load relationships.. The 
basic 24-hour load pattern is divided into slots each slot 
consisting of 2 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 
weather - pattern do not affect the load significantly. Fig.2.2 

shows a standard system of pattern recognition which is adopted 
here. 

Feature 	Feature 
Raw Data `` Processing 	selectio 	Decision -►Forecast 

Fig. 2.2 

(i) Feature Process ing - 

The purpose of features processing is to extract, 

accumulate and evaluate the relative significance. of, all, the 
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weather variables such as temperature, relative humidity 

wind velocity etc. in the V itini ty of electrical power 

system. Auto-correlation analysis is performed since it 

is well-imown fact that daily load patterns correlate 

closely with the previous days climatic condition. The 

choice for independent weather variables to be selected 

depends upon the season being analysed. For example humidity 

is significant in the summer time analysis 	and in 

the same manner, windchill factor is significant in 

winter time analyses. 

(ii) Feature Selection -  

In this various means are used to find out the most 

efficient independent variables that explain similar load 

patters s on an electrical power system. Two types of studies 

were performed on weather variables from feature processing, 

(a) All combination Regression  

(b) Stepwise linear Regg±ession analysis. 

In study (a), the multiple correlation coefficient squard 

factors for all combination of weather variables were deter-

mined. Study (b) was performed to obtain total squared error. 

(iii) Decision 
It incorporates the following functions - 

(a)  Clus  ter  AnalyAs  s -- Variables  s el ;_.cted through feature 

selection were used to perform cluster analysis to 

separate the different dates in to classes with similar 
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climatic parameters. Variation with in a class or cluster 

represent the unknown nature of load. 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 variables to enhance or reduce their 

relative importance and also to normalize different variables, 

(b) Growth Elimination -. In order to use load information 

dating several years back , load growth will be eliminated 

by the concept of percent spread. Load values will be 

converted to percent spread values while perserving the 

shape, 
Lt"Lmin    Percent spread = S t = •° -~---- X 100 	...(2.6)  
Lm ax-Lmin 

where, 
Lt == load at time t (MW) 

L nun = Minimum load for that year (MW) 

L max = Mcimuxn 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 tho period of study and 100 corresp^nds 

to, the maximum load for the sac period, 

(c) Int 	1ation Cluster analysis will identify the best 
dates for load forecasting of particular day. Depending on 

the - ad time either current weather information (dead time 

1-3 hours), or forecasted weather information (lead time up to 

24 hours) will be used in the cluster analysis to identify 



the above dates. It can be proved that if the ratios 

of minimum to maximum load for two particular days are 

equal, the corresponding piecewise shapes will only be 

different by scalar-. Percent spread factor will convert 
all the load to a c--)moron base by porserving the shape 

which will satisfy the above condition. 

Interpolation can be repeated 8 times for the thre - 

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

F+ t 	K + E 
F(t) 

where, 

Ft (t) = Actual load curve at time t 

F (t) . Base load curve at time t 
K . 	; Constant (Scalar) 
E 	Error 

So, the forecast for time (t+l) will be 

F►r (ttl) = K-:F (t+l) :~.' E 	 ... (2.7) 
where constant K will be change. adaptively (1-3 hours) as 

Aw load information is received. 

Maximum error of 4 prcont was ccmputed by comparing 

forecasted and actual load curves. This method is suitable 

for small area power systems due to limitation of geographical 

area and applicability of weather parameters. In a large power 

system diversity of loads Cistort the weather sensitive 

pattern of load.. 
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2.4 State Estimation Technique [6] 

Present day power system engineers have achieved 

schemes for on-line real time control of complex power 

systems. A precise short-terra forecasting method for 

estimating the status of systems is required for this 

purpose. 

Before one makes a forecasting model it is necessary 

to decide the structure of load. It is essential to find 

a proper modeling of load and some methods of identifying 

noise characteristics for practical application of state 

estimation to load forecasting. 

The state variables in the load forecasting models 

are 

(1) The system load its -self 

(2) The increment of system load 
(3) The short tern and long term load patterns. 

In load forecasting, it is very important to decide 

how far in future prediction are to be made. The method of 

forecasting depends upon the forecasting period. If t4 is 

desired to predict the system load 1 or 2 hours in advance, 

then the effect of weather fluctuations is not predominant and 

can be neglected.. 

State equation can be written as 

Xn+l  _1 1 Xn en ll  
_  I I 2 

~n+l 	0 1 ~n En 



where Xn is the system load at nth instant, on is load 

increment at nth interval. Observation equation 

Yn = [1 0] 	Xn 	+ nn 	 ... (2.9 

I nJ  
where Y is an observation value of load at n, nn, e, c

2 
are the intrinsic system noises. All noises are assumed to 

occur independently. The most optimal forecast values of 

states are sequentially given by 

Xn+1 fi 1 Xn 	Kn+1 	 1 1 Xn 
+  Yn+1 [1 0)2 

Ln +l ^ 0 1 	Kjj 
J 	 L° 1 on 

...(2.10) 

Equation (2,10) can be written as 

Xn+1 ° (1—K11) (Xn+ ten) +Kn+l Yn+l 	• • . (2.11) n 

~n+l ' (1~K n+1) An+ Kn+l (Yn+l` Xn) 	 ...(2.12) 

The above formulation is the sar:)t as the exponential 

smoothing. technique for fluctuation with increment. However 

this forecasting model has excellent properties that of 

optimal correcting gains, Kn+1 and Kn+l, sequentially 

determined by prior information about variances of noise, 

and that of obtaining the least mean square error of 

forecasting. 

If it is desire(! to predict the system load 24 hours 

in a advance then inaddition to load increment, 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 

Xn +l 1 0 # Xn F0 0 	Tn I i En ' 

An+l 0 an' on j din Yn Hn 
- 	 i a — ` 	 _ 1 — .. 

Yn+l = [Sn+l 1] ' Xn+l~ I + nn+l 	• • • (2.14 ) 
An+l I 

where X is the load at n, on is the load fluctuation 
because of weather conditions - temperature Tn and humidity 
H. Sn+l is the coefficient of daily standard load pattern 
(S -. Sn+T,, T = 24 hours). an$ Pn,Yn and Sn can be calculated 
from data series (Yo, Yl, 2"'' So the optimal forecasting 
values of states using the now observed values are sequentially 
given by 

X 	= X +K1 [Y -(S,- X +a o 	T tY Ha)] n+l 	n n+l n+l ni n n n n n n n 
... (2.15) 

~n+l = do+Kn+l n+1` (S n+l Xn +a An +P nT n+Yn Ha)] 

...(2.16) 
where correcting gains Kl l and K2n+l are determined using the n+  

prior information about noise En, cri, nn +l• Utilising the 
results of (2.15) and (2.16) the forecasting load Yn+T at n+T 
is given by 

Yn+T = Sn+T Xn + ~n+T 	 ... (2.17) 

In a practical application of load modeling such as 
the introduced above, the o is often no prior information 

about noise variance. Therefore s~me identification algorithms 
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L 	an nxn matrix of c ,nstant, called the transition 
matrix, with thc: property, f(t) = Jif( 1)• 

a coulmn vector of ' n~ constants called the smoothing 
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) = at 	f(t) +e(t) 	 ...(2.18) 

The coefficients a are assuriecL to be locally constant. 
The coefficients are gradually changing, but slowly enough 

$.o that they can be considered constant over a time span 

equal to or greater than the maximum leekd tire. Under this 
assumption, forecasts can be cmputed by extrapolating the 

expression in (2.18). Using the known tti 	functions 
f(t) and estimates a(T) of the current values of the 
coefficients i.e. from 

)c (T+'G) = a' (T) (t ) 

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 load. Estimates of the 
coefficients are revised hourly where as the fitting functions 

are stationary. 

The estimates of the coefficients are computed using 

weighted least square criterion. A constant P (0 < p < 1) 

is selected and the estimates a(T) are computed by minimizing 

the equation given below 
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7, 	P J [X(T-j) - a' (T) f (T-J)]2 	...(22o) 
J.0 

The constant 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 

calculated. 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) + h [X(T)- Xl(T)] 	...(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 0.994. 
On analysing hourly load data of two years it was found that 

• e-~ly V riatians are_. quite . c sistent through :out, the year. So it 

was decided that the best approach would be to develop a 

model for the hourly loads over an interval of one week 

rather than separate + week day' and 'week end' models. The 

weekly variations in hourly 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 requirements for the fitting functions. 

The model selected is of the form 

m 
X(t) = C + i~(ai sin Wit+ bi cos Wit) ... (2.22) 
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E 	P~ [X(T..j) -i4 (T)  f (T-J)]2 	...(2.2o) 
J=o 

The constant 3 controls the rate at which the past 
errors are discounted. 

After selecting the fitting functions and the smoothing 
cons tanto the vector h and the transition matrix L are 
calculated.. L and Ti 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._l) + 'h [X(T)- X1(T)J 	.,. (2.21) 

(B) New forecasts are then computed from (2.19) 

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

as 0.994. 
On analysing hourly load data of two years it was found that 

VWeekly Varia ions are quite .ositent througi -out. ttae year. So it 

was decided that the best approach would be to develop a 

model for the hourly loads over an interval of one week 

rather than separate ' week day' and 'week end' models. The 
weekly variations in hourly 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 requirements for the fitting functions. 
The model selected is of the form 

m 
X(t) = C + E (ai sin Wit+ bi cos Wit) ... (2.22) 

i=l 
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that is, a constant C and Fourier series with l m l, f`requer~•-
cies. Since a period of week is assumed, all w' s are of the 
form 

2n W =--K.  
168 

where K is a positive integer less than 84. 

The fitting functions are expressed by 

s Sin colt l 

_ 	Cos Wlt 

Sin w2t 

1Cosw2t ••x(2.23) 
I. 

Sin wmt 

Cos Wmt 

The coefficients c,ai 's and bis constitute the vector a, 
It was found nine frequencies should be introduced for 

K = 1,2,3,4,5,6,14, and 28. 
The transition matrix L has the property 

f(t) ;. L f(t-1) 	 ...(2.24) 
The value of the smoothing vector h is given by  

f(j) 	(~J) ]'tel f(0) ... (2.25) 
j=o 

Estimates of variance of th.U, forecast errors for various lead 
times are updated according to 

sti (T) = Y s(T) + (1-Y)[x(T) - 
... (2.26). 
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The forecast model adapts automatically to seasonal 

changes and changes in daily fluctuations. The method is 

also operationally simple. An hourly matrix multiplication 

and a vector addition are required to update the model. 

Computer storage requirements are reasonable. 

As the weather data has not boon 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 jeoparadised. 

2.6 Adaptive Short-tcrn forecasting_ohouLd3 
using weather information 

In this methods hourly load forecasts with a lead time 

of 24-hours are produced based on both historical load data 

and information from the latest weather forecast. This method 

combines stochastic load models and adaptive weather load models 

optimally to yield an adaptive forecasting procedure especially 

suited for on-line control of power systems. This method is 

discussed in detail in Chapter -3. 



CHAPTER,-33 

COMPUTER PROGRP1MING 
OF 

ADAPTIVE SHORT TE FORECASTING 

3.1 Basics of Method 

The forecasting model in the method used 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 statistically 

optimum load forecasts. This adaptive features enables the 

model to update its own parameters according to its past 

performance. So 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. 

Z(i,j) = T(i,j) +WC  (i,j) + X(i,j) 	...(3.1) 

whore, 
Z(i, j) = system 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, j )= Weekly cycle component (day-of-the-week effect) 
at hour j and day i 

X(i, j) = Residual component containing the effect of 
weather variation at hour j and day i. 
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Cal K ER PROGRA IMING 
OF 

ADAPTIVE SHORT  TERI  FORECASTING 

3.1 Basics of Method 

The forecasting model in the method used 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 statistically 

optimum load forecasts. This adaptive features enables the 

model to update its own parameters according to its past 

performance. So 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 mod 1 

The hourly system load is divided in to three 

components. 

Z(i,j) = T(i,j) +WC  (i,j) + X(i,j) 	...(3.1) 

where, 
= system 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, j)= Weekly cycle component (day-of-the-week effect) 
at hour j and day i 

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



The nature of thc;se three components is very different. 

T (i, j) can be considered more or less constant from day to 

day, WC(i,j) is a slowly changing component signifying the 

weekkby . pattern of the hourly loads and X(i, j) is rapidly 

changing component containing fast hour to heur variations 

in the load due to numerous random factors such as weather 

conditions experienced by the load area served by the subs- 

tation, An autoregressive type of model is chosen for the 

random component. 

X(i)= A X (i-1) +(i1) 	 •.. (3.2) 

where, 

X(i) = X(i,2) 

(i) is a (24 X 1) coulmn vector of residual components 
for the ith day. 

A = (24 X 24) matrix of coefficients. 

W(i-l)= 	(24 X 1) column vector of model error terms. 

In this model each clement of X(i) is linear function of all 

the elements of X(i~•l). An unknown (24X24) covarance matrix 

Q is defined such that 
E [W(i) W(i)T] = 	 ...(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 

Q as 



Q(J,k) - E[W(i,j) W(i,k)] 	 ..•(3.4) 
where W(i, j) is the model error toxin for hour j of the ith 

day. 

3.1.2 Weather load model 

The forecasting procedure required a a :atherload 
model in which daily peak load is represented in terms of 

weather-variables. The model also contains terms corresponding 

to The basic load and The weekly pattern similar to those 

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

Y(i) = B(i) + S(i)+ W(i) + e(i)  
where, 

Y(j) = Peak load on the ith day 

13(i) = Basic load component of peak load on i th day 

S(i) 	Weekly pattern component of the peak load on 
the ith day 

W(i) = Weatherrsonsitive component of the peak load 

on the ith day 

,e(i) = Random component of the peak load en the ith day. 

Strictly speaking, :3(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 13(i) and 3(i) are estimated 

independely of T(1, j) and WC(i, j) respectively. 

The weather.-sensitive component W(i) is assumed to be 

a linear function of suitably transformed values of weather 

variables such as temperature and humidity observed at the 

load centre1  A general foal of the model is given by 
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W(i) 	£ 	C. WV(i)  
j ;l 

where, 

k = number of weather variables in the model. 

WV j(i)_j th weather variable (or a transformed value of 

of the variable) on the ith day 

Cf unknown jth coefficient of the model. 

There will be seven values in the weekly pattern 

corresponding to each day of the week. Thus 

S(i) = 	S .P .(i) 	 •. •(3.7) 
j =i 

where, 

S3= jth value of weekly pattern (j=1 corresponds to 

Sunday) 
p(i) 	1 if the ith day corresponds to the jth day 

of the week 
0 otherwise 

The weather variables selected are the average daily 

temperature and the relative humidity. As shown in Reference 

(ii], it is necessary to make a nonlinear transformation of 

the temperature variable in order to formulate a linear 

.weather load model of the type shown in equation (3.6). In 

order to transform the weather variable it is necessary to 

study the effect of weather variables on the load. 

(a) E „t of Tempe rater e 

To determine the effect of temperature on the load 

it is common to plot a scatter diagram of daily peaks 

versus daily average temperature. The scatter diagram 



IMP. 
Daily average temperature 

FIG.NO, 3.1 
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is shown in Fig.. 3-.1. Using curve ittingtechniques, 
weather variable can be transformed as under•  

= TMP(i) 	TS 	if 24P(i.) - TS 

0 	if TW<INP(i)<TS } ...(3.8) 

TW-INP(i) 	if mP(i)<TW 

where TW and TS are the fixed parameters of. the trans-

formation and TMP(i) is the average temperature on the ith 

day, 

(b) Effect of Humidily 

For agricultural load it is observed that load 

requirement is negligible when the relative humidity 

approaches 100 percent. But as the relative humidity 

decreases the agricultural load starts .Ez reasing. So 

the relative humidity can be transformed by the following 

relation. 

W2  (i) = 100 - Relative humidity  

3.1.3 Initialization Procedures 

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 

of T(i, j), WC(i, j), X(i..,j) of equation (3.1) and B(i) and Si 

of equations (3.5) and (3.7) are also required. 

Indentificati.on  of  A and Q - The identification of A and Q is 

based on the residual component X(.) of the historical load data. 

Since the residual component 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 : rc:l the load 

data. 
i 

T(i,J) = 1/7 E 	Z(k,J) 	j1,2,,,,24 	... (3.9) k=i-6 i=7,8,.., N 
where N is the number of days for which load data is 
available. 

The wc&kly pattern component WC(i,j) is obtained by 

an exponential smoothing filter. 

WC(i,j) - WC(i-7:j) + a [Z(i,j)-T(i,J)-WC(i-7,j)] 

j 	1,2,'.'..,24 	 •..(3.10) 

i = 8,9, .1..,N 

where a is a filter constant (0.2 to 0.5) and 

WC(k,J) = Z(k,J) -T(7,J) k=1,2,...7  
Here using equations (3.9), (3.10) and (3.11), the residual 

components X(.) can be estimated from the given load data. 

Let these be denoted by X(1), X(2)...,etc. 

Post-multiplying equation (3,.2) with XT  (i) and taking 
the expected values gives the, following 

Q=f o-A1o AT 	 ••.(3.12) 
where f o  = E[X(i) X T(i)]  
Similarly post-multiplying equation (3.2) by XT (i-) and taking 
the expected values gives 

A  = 1l I-o_i  •••(3.14) 
where 

11  = E CX(i) XT(i-l)]  
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Equation (3.12) and (3-.14) constitute the identification 
equations for identifying A and Q. Matrices F. and F1 are esti-
mated from the residual components X(.) of the historical 

data as follows 
N 

j o = N 	X~-(i) XT(i) 	 ...(3.16) 
i=1 

N 
rl - E 	(i) XT(i-l) 	 ... (3.17) 

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 

E=L[Y(n)-]3(n)- E S.P.n)-~ E CiWi(n)}2pN•-n 
n=1 	 j=1 11 	i l 

... (3.18) 
D(n) in the above expression is estimated by exponential 

smoothing sch me, 

B(n)= D(n-1) +a [Y(n1) - E 	 (n-1) 
i=1 

k 
i-C. W. (n-1)-13(n-1)]  

where S is a constant bo-twoen 0 and 1. Constant a is also 
assumed known. The norr_7al values for a and p arerespectively 

0,2 and 0985.  
Equation (3.19) can be written as 

B(n) = ?(n-1) - E 
-1

Ci W(n-1) - E S(n-1) 
i 	 i=1 

...(3.20) 
where, 
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Y(n-1) = aY(n..l) +(l-a) a Y(n-2) + #••P 

= aY(n..l) +(l-a) Y(n-2) 	... (3.21) . 

WV i (n-1)=awVl (.n-1)+(1-a)aWVl(n-2) ~ ... 

xwvi(n-1)+(1-a.Mi(n-2) ... (3.22) 

P(n..l) =aPi (n-i);-(l-a.)aP.(n-2) + .•. 
=aPi (n-l)+(1-a) Pi (n-2) 	,,.(3.23) 

Hence cquation(3.18)bkGomez 
N 	 _ 

E = E [Y(n)-7(n-.i) - E S 	- (Pi(n) Pi( n-1)) 
n=1 	 i =1 

k -EC (WVi (n)-W (n-1) ))213N-n 
... (3.24) 

If the initial values of Y(n), IN,(n)(i&1,2...k), 
are known, the subsequent values can 

be estimated using equations (3.21), (3.22) and (3.23) 
and the unknown paroneters Si and Ci can be determined by a 
least squares method. For c iputctional economy, a recursive 

estimator is used. Let 

AY(n) = Y(n) - Y(n-1) 	 ...(325) 

a 	= (S1,S2... S7, C1,C2...,Ck) 

0T(n ) = CPl(n)..Pl(n-1),P2(n)-P2(n-l).. •,WI(n) VVvl(n+l), 
WV2 (n)-1V2(n-1), ... ) 

...(3.27) 
A(N) = optimum estimate of the coefficient vector a at the 

N th iteration. Then a(N) can be written as 

A(N) = a(N-1)+P(N) (N)[LY(N)-OT(N)I(N-1)] 
... (3.2s) 
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where P(N) is a newly defined variable, 

P(N) = ]./(N-1) 12P(N"1)S(N)[l4T(N) 1p(N-1)S6(N)_1, 	(NN) 
P(N-1) 

...(3.29) 
Tb perform the identificaticn process by using equations 

(3.28) and (3.29), we require initial value cf Y(. ), 

Wi (. ), Ti (.), a(.) and P(.). In order to obtain those, the 
data base is divided in to three parts as shown in Fig. 3.2 

DATA SEQU -i~NCE 

TTF I 
Fig-. 3.2 Division of the historical data base 

in three parts for identification of 
weather-load model. 

Part A is used for cdeternining Yoe W7i0, P10, the initial 

values of Y(n), W(n) and Pi(n). The initial values are 

determined by taking the simple averages 

M 
Yo =m E Y(n) 

n=1 , 
m 

WViO = 	E 1V. 1 (n) 
n=1 
m 

Piv - m E Pi(n) 
n =1 

i=1,2, ...,K 

i= ,2, ...,7 

...(3.3e) 

...(3.31) 

... (3.32) 

where m is the total number of days included in part A. 
Part B is used for the determination of initial values 

'(o.) and P(C). Using equations (3.21),(3.22), (3.23).,and 

(3.27), the values of Y(n), W i(n), Pi(n) and 0(n) are 

obtained. Then, a(0) and P(c) are estimated from the 

following equations,. 



0 
P(U) _ 	E 	b (j)45() I~l 	...(3.33) JePartn 

a(C) = P(C) [ E 	0(j) AY(J) ] 	...(3.24) 
jcPartl3 

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 days  Z(i+l,j), 

j=1,2...24, is made on the basis of measurements of Z(i,j), 
j=1, 2....24 and the weather forecast WV j.(i+l), j=1,2 ... k 
in the following steps. 

Update T(i,j) and WC(i,j) - The basic component T(i, j), 
j=1,2...24 is updated according to equation (3.9) and the 
weekly pattern component WC (i, j) is updated according to 
equation (3.10). Tho residual component X(i) is then 

determined as follows 

X(i,j) = Z(i,j)-T(i,j) - WC (i,j) 
J=1,2....24 	 ...(3.35) 

Updata A and Qs - Matrices A and Q are updated by reestima-

ting the conouriance matricr 1 o  and f 1  by the following 

equations. 

i i-1 1 T i-1 
f o  = f o  + i  [X(i) X (i)- fo 	] 	...(3.36) 

- - + 	=°1  [ (i) XT(j1) .. fl  1  
1 w  1 
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where 1 and 11 are the estimates of the covariance 
o 

matrices 1 and 11 obtained by processing the data of 

the ith day. Equations (3.36) and (3.37) can be easily 

derived from equation (3.16) and (3.17). The algorithm 

given above is very efficient since the updating of 

covariance matrices is based on only the previous estimates 

and the now product terms X(i) XT(i) and X(i) XT(i_l). 

The now estimates of A and Q are computed using 

updated estimates. of Io and 	in equation (3.12) and 

(3.14). 

Forecast_ Eased on stoçhastic Model 

The forecast of the next 24 values of residual component 

X (i+l) is produced by using equation (3.2) and assuming the 

forecast of model errors W (i+l) to be the expected value 

of W(i+l) i.e. zero. 

X (i+i) = A X(i) 
 ...(3.38) 

The load forecast based on tho stochastic model, Zs(i+l, j), 

is then given by 

7s(i+l,j) = T(i,j)+WC(i-+-1,j) +X(i~1,j) 

j = l,2,....,24  

In the. forecasting equation (3.39), the ba'sio component is 

assumed to be unchan; ed from the ith to the (i+l)st day 

The variance of the forecast Zs(i+l,j) is given by the 

variance of the J th model error term, i.e. Q(i) 
2 

s (j) = Q (J,J)  ...(3.40) 
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U Pd ate weather-load Model 

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

determined from the load data 

Y(i) = Max[Z(i,j)] 	 ...(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 Based on Weather forecast - 

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

ted as follows 

kN 
Y(i+l) = 13(i+l)+S(i+l)+EC j WV.(i+1) 	...(3.12) _1  

where wi (i+l) is the forecast of the Jth variable for 

the (i+l)st day. 

The variance of Y(i+l), o- y is computed by updating the 

variance estimate based on the observed peak-load forecast 

error of the ith day i.e. 

0-2 = 6y + 	[{ Y(i.) - Y(i)}2- o- y ]  

Composite Load Forecast 

The composite load forecast is the optimum combination 

of the forecast based on stochastic model and the peak load 

forecast based on weather load model. If the maximum value of 

Zs(i+l),j), j=1,2,.,.24 is the same as Y(i+l.), then composite 

forecast is same as given by stochastic model namely, 

Zt~ (i+l; j ), 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 Z,9(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+l, j ) 

and Y(i+l) are the following. 

[Y (i+l) -zsp]Q(J, D) 
Z (i+l, j) = Z5 (ia 1, j) +  

Q(~,) + ~y 
... (3.44) 

where, 

ZSj) = max { Zs(i+l,j)} 	 ...(3.45) 
J 

and p is the hour of the day associated with Zsp. The forecast 

variance, o- ~ , is reduced from its original value since 

extra information in the form of the peak load forecast 

has been used in the composite forecast.. 

Q2 (J, p) 
a2 = Q(j,j) .~ ~_..— -- 2~- 	 ...(3.46) 

Q(p, p) -t- cr y 

= 1,2.....24 

Special holidays modify the daily load pattern in 

a way that is generally different from the regular pattern 

of weekends • Special holidays are observed to 4i r from one 

holiday to another, although the load patterx of each'holi-

day remains approximately the same from year to year. Where 

enough data are available, it is possible to determine an 
average load pattern for each 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 developed 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 weather load model. The values of 

parameters calculated in this section arc passed to adaptive 

forecasting program. 

Flow-chart presented in section 3.2.2 stands for adaptive 

forecasting program. In this flow-chart, parameters already 

stored in the previous flowchart are taken out, processed 

along with current hourly load data, current values of weather 

variables and forecasted values of weather variables to make 

hourly -load forecast for the next 24 hours. 

3.3Details of f „ Pro rammin 

The flow-charts given in the previous section have been 

implemented in FORTRAN IV on DEC-2050 computer of R. U. C. C. The 

software package for short-term  load forecasting with lead 

time of 24 hours consists of two sections. 

Sectio na-1 This section is titled, 'Forecasting Incorporating 

Effect of Temperature' and is given in Appendix-l. It includes 

the effect of only one weather variable i.e. daily average 

temperature while making load forecast for the next 24-hours. 

Two programs have buen developed in this section. First 

program is used to identify and initialise parameters of 

stochastic model and weather load model as per flow chart. 



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

START 

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

VARIABLES, T M P (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,j) BY 

PROCESSING THE HISTORICAL DATA USING EQUATIONS, (3.9),(3.10) 
(3.11) AND (3.1) 

CALCULATE AND STORE THE VALUES OF MATRICES[ID]ANDfr ] EST-

IMATED FROM RESIDUAL COMPONENTS OF THE HISTORICAL LOAD 

DATA USING EQUATIONS. 
1 NDAY 

[r] NDAY 	X(!) XT(I) 
(=1 

NDAY 

Em] NDAY-1 	.(i) (i-1) 
:~= 

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,j)]; i= 1,2.... NDAY 

J 



ii 
TRANSFORM 	WEATHER 	VARIABLES, TEMPERATURE & HUI'II©ITY USIN 

FOLLOWING 	EQUATIONS: 
WVI(i) = TMP-TS 	IT 	TMP(i)>TS 

= 0 	IT 	TW<TMP(i)>TS 

=TW-TMP(i) IT 	TMP(i)<TW 

W%(i) 	100- HMDTY (i) 

i 	1, 2....NDAY 

CALCULATE INITIAL VALUES 	OF Y(n) 	W.V 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)10 (3.23) 	AND (3.30) TO(3.32) 

INITIALISE 	MATRICES [P] AND [A]JSING 	SECOND PART 	OF THE AVAIIJ  

BLE 	DATA USING 	EQUATIONS 	_1 

[P(0J=rF
e

0 (1) OT(1rn 
PARRT ES 

~a (0~=[P(01[1~ ART BYrJ~ 

WHERE 	J1,2....8 	IF 	NO. CF WEATHERVARIABLES =1 

J = 1,2....9 	IF 	NO.OF WEATHER VARIABLES 	2 

1 
UPDATE MATRICES [P] AND[a] SUCCESSIVELY USING THIRD PART OF 

AVAILABLES 	LOAD DATA. E.QUATIONIS INVOLVED 	ARE (3.28),AND(3.29) 

STORE MATRICES [P]AND ['a] FOR THE LAST DAY OF AVAILABLE 

LOAD DATA (TO BE USED FOR ADAPTIVE LOAD FORECASTING)' 



).2.2 FLOW CHART FOR ADOPTIVE FORE CASTING: 

START 

READ STORED VALUES OF BASIC LOAD COMPONENTS T(i,j) WEEKLY 

LOAD COMPONENTS WC(i,jj AND RESIDUAL LOAD COMPONENTS )Gi,j) 

FROM INTIAL I SA TI ON PROs. RAM 

READ STORED MATRICES[1ltr'~[P]AND [aJ FROM INITIALISATION 

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 HOURLY LOAD DATA AND CALCULA-

TE THE VALUES OF RESI1:UAL COMPONENTS X(. j) FOR THE CUR-

RENT DAY USING EQUATII'NS (3. 9),(3.10) AND(3.35) RESPECTIVELY 

UPDATE MATRICES[(p]AND [(i AND CALCULATE COEFFICIENT MATRIX 

[A] AND COVARIANCE MATRIX [Q] USING EQUATIONS. 

 

+ 	
~(i)X94iaj 

A 	rt O , Q -~0 — At0'AT 

CALCULATE THE VALUES OF RESIDUAL COMPONENTS FOR THENEXT 

DAY X(i+t,j) USING UPDATE VA,.UE OF MATRIX EA] 

X(i+1,j)=AX(f,j) 

i STAND FOR CURRENT DAY j=1,2....NHOUR 

3 



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

2S(i+1,1) =T(i,l)+WC(i+1►J)+-X(i+1,j) 

Q (I►1) 	1= 1,2.. 	NHOUR .. 
CORRESPONDS TO CURRENT 	DAY 

UPDATE MATRICESEP]•AND [a] USING CURRENT 	HOURLY LOAD 
DATA AND 	VALUES 	OF WEATHER 	VARIABLES 	FROM EQUATIONS 

(3.2 8) AND (3.29) 

CALCULATE 	BASIC LOAD 	COMPONENTS 	FOR THE NEXT OAY .USING 
EQUATIONS: 	 k 	_ 

B(i+1,J) 	=Y(i)-xCi 	WVi(1)- 	SiPi(i) 
il 	 =1 

j = 1,2....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 	BASE 
ON STOCHASTIC 	LOAD MODEL 	AND WEATHER 	LOAD MODEL FROF  
EQUATIONS: 	(3.44)10 (3.46) 

STO P 
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Second program is used to update the values of parameters 

provided by the first program, utilising current load data 

and observed value of weather variable and simultaneously 
makes forecast for the next 24 hours (as per flow chart ). 

Section - 2 This section bears heading, l ~,orecasting incorpora-
ting Effect of Temperature and Humidity and is also given 

in Appendix-1. It includes the effect of two weather variables 

i.e. daily average temperature and daily relative humidity. 

Like Section-1 it also consists of two programs. One for 

initial.is,ation and 1zlentification of stochastic and weather 

load parameters where as the second program updates these 

parameters and makes 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): 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] l̀. L specifies 
the order of matrix [X]. The distinguishing feature of this 

subroutine is that the original matrix [X] does not got 
destroyed. 

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 output matrix. Ll 

denotes the number of 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]. 

F] 
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ARRAY(MODE, I,J,N,M,S,D.) - If MODDL=1, 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,, of coulmns in the output matrix. 

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

If MODE2, it converts double dimension matrix in to 

single dirlension matrix. In this case D is the input matrix 

and S is the output matrix. This subroutine is used in 

conjunction with MINV subroutine. 

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

required D is the deter inapt of the matrix. In this subroutine 

original matrix [A] gets destroyed. 

CPU time required by thy: initialisation program varies 

from 7 to 8 seconds for processing the data of 92 days. 

Whereas the CPU time required by the adaptive programvcries 

from 3 to 4 seconds,. 



CHAPT t-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. Fbr 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 l &e used for the compa-

rison of results. Hourly load data is given in 

Appendix - 2, 

2. Daily average temperature and relative humidity 

records are also given in Appendix-.2. For the execution 

of programs, constant a and p were fixed at the following 

values. 

a = 0.2, 	3 = 0.985 

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 first 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 been compared with the actual 

values of hourly loads observed on the same days. 	- 
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I& end eo'tidn lad s jests are.,made with a .eaa 

tio one,. wore a suii'ng _whether foreea is Frere viala ie. 

Part t B - In this part results have been obtained by taking 

into account the effect of average temperature and relative 

humidity. Here also results have been subdivided into two 

sections. In the first section, hourly load forecasts are 

made with a lead time of 24 hours and after every•,[curs;  -the 

parameters of models have been updated. 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 

observed 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 least count of the observation is 5 

units. Sample results are include-'d in appendix - 3. 
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Forecasting Lead time) Forecasted Maximum Maximum S.D J Compari- 
incorpora- of fore- I day S.D estima- actually  sion ting effect casts ' ted observed graph sheet 
of - Fig.No.1 

S.D. ; Hours S.D. Hours 

24 hours Nov.2,87 5.44 21 6.52 	107 4.1 
24 hours Nov.3,87 15.76 09 5.52 	09 4.2 

emperatire 24 hours Nov.7,87 5.45 21 6.05 	21 4.3 
24 hours Nov.8,87 5.47 17 6.28 117 4.4 

• 4 days Nov.5,87 ►5.83 20 6.89 '07 	I 4.5 
1 week Nov8,87 5.89 17 6.65 	17 4.6 

24 hours Nov.2,87  5.45 21 6.52 07 4.7 
Temperature 24 hours Nov.3,87 5.72 18 6.32 i 19 4.8 i 	 ._ and 	1 24 hours Nov.7,87 5.46 16 6.29 10 4.9 idity. 

24 hours Nov.8,87 5.48 13 6.12 17 4.10 
4 days Nov.5,87 5.81 21 6.81 07 4,11 
1 week Nov.8,87 5.87 21 6.63 09 4.12 



FORECAST FOR NOV. 2, 1987. 

INCORPORATING EFFECT OF TENPERA1URE 

LEAD TIME = 24 HOURS 
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FORECAST FOR NOV. 3, 1987 

INCORPORATING EFFECT OF TJMPERAZURE 

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

INCORPORATING EFFECT OF TEMP ERAIU RE 

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

INCORPORATING EFFECT OF TEMPERAIVRE 

LEAD TIME = 24 kw' 
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FORECAST FOR NOY.5, 1987. 

INCORPORATING EFFECT OF TEMPERATURE 

LEAD TIME = 4 DAIS 
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FORECAST FOR NOV. 8, 1987 

INCORPORATING 	EFFECT OF TFMPERAIURE 

LEAD TIME = 1 WEEK 
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FORECAST FOR NOV. 2, 1987. 

INCORPORATING EFFECT OF TIMERATURE AND HUMIDITY 

LEAD TIME = 24 HOURS 
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FORECAST FOR NOV.3, 1987. 

INCORPORATING EFFECT OF T 14PERAIURE AND HUMIDITT 

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

INCORPORATING EFFECT OF TEKPERATURE AND HUMI DI TI 

LEAD TINE = 24 HOURS 

100 
Q 

90 ' 

m 
70 

60 

• 50 

40 

30  

20 

10 

0 2 4 6 8 10 '12 14 16 18 20 22 24 
TIME (HOURS) 

OBSERVED 

FORECASTED 

FI G. N0. 4.9 	 "y . _- 



FORECAST FOR NOV. 8, 1987 

INCOR PORATING EFFECT OF TERPERATURE AND HUMIDITY 

LEAD TIME = 24 HOURS 
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FORECAST FOR NOV. 5, 1987 

INCORPORATING EFFECT OF TI PERATURE AND HUMIDITY 

LEAD TIME = 4 DAYS 
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FORECAST FOR NOV.8, 1987 

INCORPORATING EFFECT OF TEKPERAIURE AND HUMIDITY 

LEAD TIME = I WEEK 
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CHAPTER - 5 

CONCLUSIONS 

the shor t tom 	for -cis ing program developed 

here offers following advantages. 

1. The methodology takes both historical load data and 

weather information in to account in forecasting 

hourly loads. 

2. The forecasting models are adaptive in the sense that 

the model parameters are automatcally corrected to 

keep track of the changing load conditions. 

3. The methodology can be used effectively as an on-line 

software package in the utilities control computer 

system. 

4. The methodology produces not only load forecasts but 

also probable error in each forecast. 

5. The methodology has boon 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 one week when compared 

with actual values. The maximurl 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 maximum standard-deviation was 6.52 

The probable cause for the higher magnitude of standard 

deviation are 

R©n 
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(1) From the very first observation of load data it 

appears that the most of values are given as multiple 

of five (i. e. average step "= 5.6 percent of peak 

load) rather than in decimal points. So it is one of 

most 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 errors are introduced. 

The accuracy of adopted methodology can be further 

improved it instead of daily average values, hourly weather 

forecasts were used. At the some time a can be assigned 

different values in different reasons to improve the fore-

casting accuracy. 

In this part of program dealing with historical data 

could be worked out off-line and only the adaptive part need 

to be clone Q1~elinc. Thus this method is well suited for 

on-line load forecasting. 

The present program d.oesnct have a provision for 

bad data rejection and special holiday forecasting. 
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PAGE;  1 
FORECASTING INCORPORATING EFFECT OF TEMPERATURE 

00100  

00200 C PROGRAM FOR IDENTIFICATION AND INITIALISATION 

00225 C OF PARAMETERS OF STOCHASTIC LOAD MODEL AND 

00237 C WEATHER LOAD MODEL 

00250 *#*#############*##############################*####* 

00260 C IF INTERMEDIATE RESULTS ARE DESIRED THEN REMOVE 

00270 C ' #'  FROM THE FIRST COULMN OF RESPECTIVE 

00280 C PRINT-STATEMENTS IN THE PROGRAM 

00300 C.__-__==_==x  ___.  
00400 DIMENSION  Z(365,24),T(365,24),WC(365,24),TOW0(24,24), 

00500 1  TOW1(24,24),X(365,24),A(24,24),AT(24,24), 

00600 2  AT'O(24,24),TOIFNNV(24,24),Q(24,24),ATOAT(24,24), 

00700 3  TMP(365),WV(365),P(7,36),Y(365),POBAR(7), 

00800 4  YMIN(365),WVMIN(365),PMIN('7,365),DELY(365), 

00900 5  PIIAIT'(365,R),A0(8),AE(365,8), 

01000 6  AZIrRO(II),PEE(365,8,8),TAM1(8,8), 

01100 7  PO(S,8),POINV(64),JL(64),JM(64) 

01150  

01152 C LOAD IN AMPERS ON N TFA DAY 

01154 C AW D JT'H HOUR 

01158 C TMP(N)  TEMPERATURE ON N TM DAY 

01160 C Y(N)  PEAK LOAD ON N TM DAY 

01162 C NDAY  NUMBER OF DAYS FUR WHICH LOAD 

01164 C DATA I8 AVAILABLE 

01166 C NHHOtJR  HORS PER DAY, 24 

01168 C ml 	 LOAD DATA FOR FIRST TO N1. DAY 

01170 C CONSTITUTE THE FIRST PART OF LOAD DATA 

01172 C N2  LOAD DATA FOR N1+1 TO N2 DAY, 

01174 C CONSTITUTE THE SECOND PART OF LOAD DATA 

01176 C THIRD PART OF LOAD DATA IS FROM N2+1 

01178 C TO NDAY 

01180 C TODAY  DAY ON THE LAST DATE OF AVAILABLE DATA 

01190  

01200 ()PEN (U  IT=1. , F iLE=' Lc101 , DAT' ) 
01300 OPEN'(UNIT=4,DEVICE-'IDSK' ,FILE;='RES1.DAT! ) 

01400 OPEN (IIPIIT=7 , Drr.VICE-'DSK' , r ILE=' RES2,DAT' ) 
01500 CPE;N([JNIT=R,DEVICE='DESK' ,FILE;=' RES3.DAT' ) 
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01600 	 OPEW (UNIT=10, DEVICE='DSK' , FIl,E=' RES4. DAT' ) 

01700 	 READ(1,c) NU OUR,NDAY,N1,N2,A[,PHA,SEETA,TS,TW,LDAY 

01800 	 READ(1,*) ((Z(I,J),J=1,Nii()UR),I=1,Nt)AY), (TMP(I),I=1,MDAY) 

01825  

01837 C 	SECTION 1: STOCHASTIC LOAD MODEL 

01843 C 	IDENTIFICATION OF PARAMETERS 

01846 * 	****** 	* * xc ** 	* *** * # * ** **** *** 

01900 C 	CALCIJi,ATIUN OF FBASIC LOAD COMPONENTS 

01950  

02000  DD10 I=7,NDAY 

02100 	 10 10 J=1,NF1OUR 
02200 	 SUM=0.0 
02300 	 01)5 K=(I-6),I 
02400  SUM=SU.UM+Z(K,J) 

02500 5 	CONTINUE 

02600 	 T(I,J)=SUM/7. 

02700 10 	CONTINUE 

02750 C =_—___-_______..___..__=_=_c_==_= 

02800 C 	CALCULATION OF BASIC LOAD COMPONENTS FOR THE 

02850 C  FIRST SIX DAYS OF AVAILABLE DATA 

02875  

02900  DU 20 I=1,6 

03000 	 D020 J=1,NHOIJR 
03100 	 T(I,J)=T( ,J) 
03200 20 	CONTINUE 

03300 * 	'RINT49 
03400 49 	FORMAT(T'10r'BASIC LOAD COMPONENT') 
03500 * 	PRINT31, ( (T(I,~J),J=1,NHOUR),I=1,NDAY) 

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

03650 C __..__..—__,.c_ ________.._....______^____..______-_ 

03700 C 	CAt,Ct1LA;UC)N OF WEEKLY LOAD COMPONENTS 

03750 

03800 	 1)030 K=1,7 
03900 	 00 30 J=i , NHOUR 

04000  WC(K,J) (K,J)—T(7rJ) 

04100 30 	CONTINUE 
04200  DO 35 I=8,NDAY 
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04300 00 35 J1,NHOUR 

04400 WC(I,J)WC((I-7),J)+ALPHA*(Z(I,J)-T(I,J)-wC((I-7),J)) 

04500 35 CONTINHE 

04600 * PRINT51 

04700 51 FORMAT(T10,'WEEKLY COMPONENT') 

04800 * PRINT31,((WC(I,j),J=1,!W0UR),I=1,NfAY) 

04850 
04900 C CALCULATION OF RESIDUAL COMPONENTS 

04950 
o5000 0040 	.t1,r4DAY 

05100 0040 	J1,NH0UR 
05200 X(I,J)=Z(I,J)-T(I,J)-WC(I ,J) 

05300 40 CONTINUE 

05400 * PRINT7I 

05500 71 FURMAT(T10, 'RESIDUAL COMPONENT') 

05600 PRINT31,(Cx(I,J),Ji,NIioUR),I1,NDAY) 

05700 WRITE(4,*)  ((Z(I,J),J1,NI1OUR) ,I=(NDAY-5),NDAY) 

05800 WRITE(4,*)  C(WC(I,J),31,NHOUR),I=(NDAY-6),NDAY) 

05900 WRITE(4,*) 	(X(NDAY,J),J1,NiO(.lR) 

06000 FFLOAT(NOAY) 

06100 D050  Ji,NHOtJR 

06200 0050  K=i,NHOtJR 

06300 TOW0(3,K)0.0 

06400 D060 11,NDAY 

06500 TOWO(J,K)=TOWO(j,K)+X(I,J)*X(I,K) 

06600 60 CONTINUE 

00700 TflW0(J,K)TOW0(J,K)/F 

06800 50 CONTINUE 

06900 * PRINT33 

07000 33 FIJRMAT(20X,'TOW0') 

07100 * PRINT31,((TOW0(J,K),1,NH0UP),J=1,NF1UJUR) 

07200 0070 01,NHOUR 

07300 DO 70 K1,NHOUR 

07400 TOW1(J,K)0.0 

07500 00 65 12,NDAY 

07600 T0W1(j,K)TOW1(J,K)+X(I,J)*X((I-1),K) 

07700 65 CONTINUE 
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07800  'T!)W1(J,K)=T1JW1(J,K)/(F 1.0) 

07900 70  CONTINUE 

08000 *  PRINT69 

08100  69  FORu AT'(Ti5,'TOWW1' ) 

08200 *  PRINT31, ((TOW1, ( JI,K),K=1,.NHC][1ER),J=1,NHOVR) 
08300  WRITE(7,*) ((T0WO(I,J),J=1,NHC)tJR),1-t,NHOUR) 

08400  WRITE(7,*) ((TOW1(I,J),J=1,NHOUR),I=1,NHOUR) 

08500  NN=rJHOIJR 

08600  CALL fAATXNV(TUW0,T0INV,NH) 

08700  CALL MATMUL (Tt'1W1 , TOINV, A, NH, Nli1, Nut) 
moo * 	PRINTF 

08900  6  iF'CIRMAT(/Tt0,'A' /) 

09000 *  PRINT300,((ACI,J),J=1,NHOUJR),I=1,NHOUR) 

09100 300 FG?RMAT(5X,4(5X,5E15.7/)) 

09200  [)080 I 1, WHOUR 

09300  0080 J 1,NH0tJR 

09400  AT(I,J)=A(J,I) 

09500 80  CONTINUE 

09600  CALL MA'TNUL (A,'TOWO, ATO, NH, NU, NH) 

09700 	CALL MT\TMUL(ATO,AT,AT0AT,NH,NU,NH) 

09800 	0090 J=1,NUOUR 

09900 	 0090 K=1,NHOUR 

10000  Q(J,K)=T0W0CJ,K)-AT0ATCJ,K) 

10100 90  CONTINUE 

10200 *  PRINT 7 

10300 7  F'fRMAT(/T10,'C)"/) 

10400 *  PRTPNT300, ((O(J,K),K=1,NHOt1R),J= 1,WHOIJR) 

10450 k *  ** *** * ** * *** * ***xc 	** 	* *** * 
10500 CC  ECTItON 2: WEATHER LOAD MODEL 

10600 CC  INITIALISATION OF PARAMETERS 

10650 ***  **** # *  ** * ** x**  *  * *  ** 

10700 C  CALCULATION OF DAILY PEAK LOAD 

10750  

10800  nn 4 1=1,NDAY 

10900  Y(I)0.O 

11000  0f)4 J=1,NHOUR 

11100  IF(Z(I,J).GT.Y(x)) Y(I:)=Z(1",J) 
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11200 4  CONTINUE 

11250 

11300 C  NONLINEAR TRANSFORMATION OF THE WEATHER VARIABLE 

11350 

11400  OU 8 11,NDAY 

11500  IF(TMp(I),GE.TS) WV(I)=TMP(I)-TS 

11600  IF(TMP(I) .GT.TW.AWDTMP(I) ØLT Ø TS) WV(I)0.0 

11700  IF(TMP(I).riE.TW) WVI)TW—TMP(I) 

11800 8  CONTINUE 

11900 *  PRIMT296 

12000 296 FURMAT(38X,'WV(I)'/) 

12100 *  PRINT3O8,(WV(I),I1,NDAY) 

12200 308 FLiRMAT(30X,2E13.5/) 

12250 C = = 

12300 C  CAT,CUrAT1ON OF 

12350 C- 

12400  MDAYZWI)AY/7 

12500  KDAYNDAY-(MDAY7) 

12600  IF(LflAY.GT.KDAY) CO TO 12 

12700  14DAYLflAY+7 

12800 12  IDAyLJ)AY—K[)AY 

12900  ID1)IDA+1 

13000  DU16 K1,lJDAY 

13100  IDAyIiThY+1 

13200  IF(IDAY.GT.7) ILAyIDAY7 

13300  D016 J10 

13400  IF(J.EQ.IDAY) GO TO 24 

13500  P(J,K)O.0 

13600  GO TO 16 

13700 24  P(J,K)i3 O 

13800 16  CONTINuE 

13900 *  PRINT 184 

14000 184 FtiRMAT(/T20,'p(,Ic)'/) 

14100 *  PRINT 188,C(P(J,K),J=1,7),K=1,MDAy) 

14200 188 F'(JRlAT(T5,7F5.1) 

14250 

14300 C  CATCtthATOiF OF INITIAL, VAWJES,Y0BAR,WV0AR,P0BAR(K) 
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17800 1)052 	1=1,7 

17900 PMIW (I, (N-1))=At PHA*P (z, (N-1)) t (1 .0-ALPliA) *PMIN (I, (N-2) ) 

18000 52 CONTINUE 

18100 48 CONTINUE 

1,8200 * PRINT248,(YMIN(N),N=N1,NDAY) 

18300 248 FORMAT(/15X,'YMIN',SX,E15.7) 

18400 * PRINT249r(WVMIN(N),N  N1,NDAY) 

18500 249 F'ORMAT(/15X,'WVMIN',5X,E15.7) 

18600 * PRINT270 

18700 270 FORMAT(/30X,'PMIN(I,J)' /) 
18800 * PRINT274, ((PMIN(I,tJ),I=1,7),J=N1,NDAY) 
18000 274 FORMAT(5X,7E:12.5) 

19000 WRITE(9,*)  YMIN(NDAY),WVMXN(NDAY),(PMIII(J,NDAY),J=1,7) 

19100 WRITE(9,*) 	(P(J,NDAY),J=1,7) 

19150  

19200 C C.J\I,CULATION 	OF' DELTA 	1(N) 	 ~? 

19250  

19300 1)056 	N=N11I)AY,NDAY 

8.9400 DEI4Y(N)=Y(N)-YMIN(N-1) 

19500 56 CONTINUE 

19600 * PRIUT28Q 

19700 280 Ft.1RMAT(30X,' 0ELY(N)' /) 

19800 * PRINT2R4, (DELY(N),N=N111AY,NI)AY) 

19900 284 F'1)RMAT(25X,2E13.5/) 

19950  

20000 CC MATRIX PHAI AND ITS TRANSPOSE 

20050  

20075 NC=8 

20100 0072 N=N11DAY,NDAY 

20200 0072 	I=1,NC 
20300 IF(I.GT.7) 	GO TO 76 

20400 PtiA1'I(M,I)P(I,N)PMI(I,CN1)) 

20500 GO TO 72 

20600 76 P1{AIT(NN1,I)=NV(1J)-WVMIPJ(N-1) 
20700 72 CONTINUE 

20800 * PRINT212 
20900 21.2 FOORIMAT(25X,'PHAIT(N,I)'/) 



PAGE:  5 
ruRECASTI1G INCORPORATING EFFECT OF TEMPERATURI 

11200 4  CONTINUE 

11250 

11300 C  NON-LINEAR TRANSFORMATION OF THE WEATHER VARIABLE 

11350 C -- = 

11400  DO 8 I1,NDAY 

11500  IF(TMP(I).GE.TS) WV(X)=TMP(I)-TS 

11600  IF(TMP(I),GT.TW,Ar4D.TMP(I),LT 0 TS) WV(I)0.0 

11700  IF(TMP(I) .LE.TW) WV(I)TW-TMP(I) 

11800 8  CONTINUE 

11900 *  PRINT296 

12000 296 F'ORMAT(38X,'Wv(I)',) 

12100 *  PRINT308,(WV(I),I1,NDAY) 

12200 308 FORMAT(30X,2E13.5/) 

12250 

12300 C  CALCULATION OF P(J,I) 

12350 

12400  MDAYNDAY/7 

12500  KDAyNDAY-(MflAY*7) 

12600  IF(l,OAY.GT.KOAY) GO TO 12 

12700  I.4DAYLDAY+7 

12800 12  IDAYbDAY-i(DPY 

12900  IDDIDAY+1 

13000  0016 Ki,NDAY 

13100  IDAyIDAY+1 

13200  IF(I1AY.GT,7) IyIDAY7 

13300  01-316 j1,7 

13400  IF(J.EQ.I1)AY) Go TO 24 

13500  P(J,K)0.0 

13600  GO TO 16 

13700 24  P(L1,K)=i.0 

13800 16  CONTINUE 

13900 *  PRINT 184 

14000 184 F[iRi1AT(/T20,'P(J,I)'/) 

14100 *  PRINT 188,C(P(J,K),J1,7),Kzi,NDAY) 

14200 188 F[IRMAT(T5,7L'5.1) 

14250 C = == = 

14300 C  CALCULATOIN OF INITIAL  VALUES,YOBAR,WVOBAR,POSAR(K) 
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14350  
14400 YQBAR=0.O 
14500 WVOBAR=0.0 

14600 D02,6 	ct=l,rd1 
14700 YOBAR=YOBAR+Y(N) 

14800 WV0bAR=WV0bAR+WV(N) 

14900 28 CONTINU 
15000 C=F'ILCAT(N1) 
1.5100 YQBAR=YOBAR/G 

15200 VQBAR=WVQBAR/G 
15300 1)032 	K1,7 

15400 POBAR(K)=0.0 

15500 D036 	ISI1,N1. 
15600 POBAR(K)= PQ!AR(K)+P(K,N) 
15700 36 CONTINUE 

15800 P0BAR(K)=POBAR(K)/C 
15900 32 CONTINUE 
16000 * PRINT22U,WV0(3AR,YQBAR 

16100 228 Ft3RMAT(/15X,2,F12.6) 

16200 * PRINT252 

16300 252 NUURIIAT'(30X,'POBAR(K)'/) 
16400 * PRlNT256, (P0 3AR (K) , K=.(, "1) 
16500 256 FORMAT(27X,E15.7) 

16550 (_______________ ___c=— .._ __..___-________ 
16600 C CALCULATION (OE' MEAN VALUES 

16700 C FOR THE SUCCESSIVE DAYS 

16750 C_  __  
16800 YMIU(N1) =Y0BAR 
1(90() VJVMTFI(N~,)=WV0 	AR 
17000 D1144 	I=1, 7 
17100 PMIN(I,N1)=POBAR(I) 

17200 44 CONTINUE 
17300 N1DAY=NDAY+1 
17400 111DJAY=N1t1 
17500 D043 	N=(N1+2),N1DAY 
17600 YMIT~(M-1)=ALPHA*Y(N-1)+(1.0-ALPHA)*YMIN(N-2) 
17700 (VMIN(N-1)=ALPHA*WV(N-1)1(1.0-ALPHA)*WVMIN(N^2) 
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17800 P052  T=1,7 

17900 PMIN(I,(N-1))=ALAIIA*P(I,(N-1))+(1.0-ALPIHA)*PMIN(I,(N-2)) 

18000 52 CONTINUE 

18100 48 CONTINUE 

18200 * PRIUIT248,(YMIN(NN),N=N1,NNDAY) 

18300 248 ECRM)\T(/15X,'YMIN',5X,E15.7) 

18400 * PRiNT249, (WV IN(N),N=N1,NDAY) 

18500 249 FORMAT(/15X,'WVMIN',5X,E15.7) 

18600 * PRINT270 

18700 270 FORMAT(/30X,'PMIN(I,J)'/) 

18800 * PRII'JT274,((PMIIN(I,J),I=1,7),J=N2,,NDAY) 

18900 274 F'fRMAT(5X,7k;12.5) 

19000 WRITE(9,*)  YMIN(NDAY),WVMIC l(NDAY), (PMIN(J,NDAY),J=1,7) 

19100 WRITE(9,*)  (P(J,NDAY),J=1,7) 

1915 

19200 C CALCUL TION OF DELTA Y(N)  

19250  

19300 1)056  N=N11[)AY,NDAY 

19400 DELY(N)=Y(N)-YMIN(N-1) 

19500 56 CoNITINUE 

19600 * PRIN 280 

19700 280 F'ORMAT(30X,'I)ELY(N)'/) 

19800 * PRINT284, (I)ELY(N),N=N11DAY,NI)AY) 

19900 284 F'1)RMA'T(25X,2E13.5/) 

19950 C-_.._ ___ z- 

20000 Cc MATRIX PHAI AND ITS TRANSPOSE 

20050 C_ _ -____ 

20075 NC=s 
20100 1)072 N=N11DAY,NDAY 

20200 D072 1=1,NC 

20300 IF(I.GT.7)  GO TJ 76 

20400 PtIAZ`)'(GI, z)=P(l,N)-PMIN (I, (N-1) ) 
20500 GO TE  72 

20600  76 PMAIT(H,I )WV (N)_WWVMIN(N-l) 

20700  72 CONTINUE 

20800 * PRINT212 

20900  212 F 0RMAT (25X, ' PhAIT (N, I )'/) 
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21000 * 
21100 216 FOMAT(5X,8Fi2.6/) 

21150 

21200 CC CALCULATION OF PO 

21225 

21300 0082 0=1,NC 

21400 0082 K1ONC 

21500 P0(j,K)0.0 

21600 D084 IJN11DAY,N2 

21700 P0(J,Ic)P0(J,K)+PHAIT(N,1)*PHAIT(N,K) 

21800 84 CONTINUE 

21900 82 CONTINUE 

22600 CALL ARRAY(2 ,NC,Nc,WC,NC,POINV ,P0) 

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

22800 * PRINT288 

22900 288 FORMAT(25X, 'DETERMINANT/) 

23000 * PRINT292,C 

23100 292 FDRrAT(35x,E13,5/) 

23200 CALL AR}AY(1,NC,NC,NC,NC,P0INV,P0) 

23300 * PRINT240 

23400 240 FORNAT(30X,'PO(I,J)'f) 

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

23800 244 F0RMAT(5X,8(E15,7)) 

23850 

23900 CC CALCULATION OF A(0) 

23950 

24000 D089 J1,NC 

24100 A0(J)0,0 

24200 D088  NN110AY,N2 

24300 A0(J)A0(J)+P}1AIT(N,J)*DEIY(N) 

24400 88 CONTINUE 

24500 89 CONTINUE 

24600 * PRINT264 

24700 264 FORMAT(/30X,'AO(J)'/) 

24800 * PRTNT260,(A0(J),J=1,NC) 

24900 260 FORMAT(25X,E14.6) 

25000 151 CONTINUE 
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25100  0091 I=1,NC 

25200  A7,ERO(I)=0.0 

25300  0091 J=1,NC 

25400  AZER0(I)=AZFR0(I)+P0(I,J)*A0(J) 

25500 91  CONTINUE 

25600 *  PRINT232 

25700 232  FORMAT(30X,'AZFRO(J)' /) 

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

25900 236 FURMAT(25X,E15.7) 

25950  

26000 CC  CALCULATION OF PEE FUR SUCCESSIVE DAYS 

26050 Cw--===_--____.  _________ 	 _________ _- 
26100  1)092 I=i,NC 

26200 D092  J=1,I'1C 

26300 P  E(N2,T,J)=P0(; ,j) 

26400 92 CONTINUE 

26500 N21DAY=N2+), 

26600 D0152 H=N21DAY,NDAY 

26700 SUM4=0.0 

26600 01]124  I=1,NC 

26900 S[1M3=0, 0 

27000 1)0128  ►I=1,NC 

27100 StIM3=SUUM3+FHAIT(N,J)*PEE((N-1),J,I) 

27200 128 CONTINUE 

27300 SUM4--St)M4+SUM3*pHAIT(N,I) 

27400 124 CONTINUE 

27500 SUM4=1.O+SHM4/BEET 

27600 St1M4=1 .0/SIJM4 

27700 150132  I=I,NC 

27800 SUM5=0.0 

27900 00136  J=).,NC 

26000 StlM5=5tJM5+PEE((N-1),I,JJ)*PHHAIT(N,J) 

28100 136 CONTINUE; 

28200 D0140 J=1,NC 

2U300 TAM1(I,J)=SUMS*PHAIT(N,J) 

26400 140 CONTINUE 

20500 132 CONTINUE 
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28600 00148  I=1,NC 

28700 00148 K=1,NC 

28800 PEE.(N,I,K)=0.0 

28900 00144 J=1,NC 

29000 PF,E(N,I,K)=PEE(N.I,K)+TAM1(I,J)*PEE((N-1),J,K) 

29100 144 CONTINUE, 

29200 PF;F;(N,I,K)= PE ,(N,I,K)/(ElEETA**2.) 

29300 PEE(N,I,K)=PEE((N-1),I,K)/BEETA-PEE(N,I,K)*S[JM4 

29400 148 CONTI11UE, 

29500 152 CONTXW[lE 

29600 * PRINT204 

29700 204 EQRMAT(T20,'PEE(N,I,K)' /) 

29800 * PRINT208,(((PEE(N,I,K),K=j,NC),I=1,NC),N=N2,NDAY) 

29900 208 FORMAT(5X,8(5X,8E14.5/)//) 

29950 C=__-__.._.._..____ =--__ 

30000 CC CALCULATION OF AE FOR SUCCESSIVE DAYS 

30050 C .._.. __ __ 

30100 00156 J=1 , NC 
30200 AE(N2,J)=AZERU(J) 

30300 156 CONTINUE 

30400 00176 M N210AY,MDAY 

30500 50147=0,0 

30600 00164 d=1 , NC 
30700 SUM7=SUUM7+PiiAIT(N,J)*AE((N-1),J) 

3080() 164 CONTINUE 

10900 511147=0EbY(N)-511M7 

31000 00168  I=1,NC 

31100 AE(N,I):0,0 

31200 001172  J=1,NC 

31300 AE(N, I)=AE(N,I)+PEE(N, I,J) *PHAIT(N,J) 

31400 172 CONTINUE 

31500 AE;(N,l)=AE(N,I)*SUM7+AE((N-1),I) 

31600 168 CONTINUE 

31700 176 CONTINUE 

31800 WRITE(10,*)  ((PEE(NDAY,I,J),J=1,NC),I=1,NC) 

31900 WRITE(10,*)  (AE(NDAY,J),J=1,NC) 

32000 * PRINT180 
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32100 180 kORR~5AT(15X/'1'15,'AE'/) 

32200 * 	PRTUU'x185,((AE(I,J),J=1,NC),I=N2,NDAY) 
32300 185 FOR1-~AT(5X,8E13.5/) 

32400 	STOP 

32500  END 

32550  
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00100  

00200 CC 	PRt1GRAM FOR ADAPTIVE FORECASTING 

00300******c**********#*xc***********# 

00400 	DIMENSION 7(R,24),WC(8,24),TMP(3),WV(3),Y(2), 

00500  1 X(3,24),TOWO(24,24),TOWt(24,24),T(24),P(7,2), 

00600  2 A(24,24),AT(24,24),TCINV(24,24),ATO(24,24), 

00700  3 DEICY(2),TAM1(8,8),PEF(2,8,8),AC(2,8),S(3), 

00800 	4 ATOA'.'(24,24),Q(24,24),ZS(24),:IVAR(24),YMIN(2), 
00900  5 WVMIN(2),PMIN(7,2),PRA'IT(2,$),CVAR(24),ZC(24) 

0095 C:::::::;: ;::•:::t;::'::::;:::;►:::•:::::::::::•;::;::: 
01000 	fPEw(uNIT=3,DE VICE:='DSK',FILE='INPI.DAT' ) 
01100 	0PE;ENi(tJPIIT=4,DfVICE=!DSK',FIIa :='RES1,DAT' ) 
01200 	OIPEN(UNIT=5,DVICE 'DSK' ► FILE=' INP2.DAT' ) 
01300 	0E FE l(UNIT=6,DE?,VICE='DSK' ,FILE= ' INTL.DAT' ) 
01400 	Cl't?,f~i(UNIT=7,Dt;VICE':='T.~5K',FILE=IRES2.DAT') 
01500 	[OPEN ([INIT=9, DEVICE='DSK' ,FILE= 1 11 E;S3. DAT' ) 
01600 	OPE,PJ C,UNLIT=10, DEVICE='DSK' , E' ITjE=' RE:S4. DAT' ) 
0165,! C: ; . : : e . s f • . . . .: s ; : : , : : : : • : : : ~1 : ; .. . , . : s i s•: • a • 1~ s w i : : • 

01700 	READ(3,*) PNH, Al PHA, E3EETA,TS,TUJ 
01800 	READ(4,*) ((Z(:1,J),J=1,NH),1:=2,7) 
0,900 	RE;AD(4,*) ((WC(I,J),J=l,NEI),I=1,7) 
02000 	READ(4,*) (X(1,J),J 1,NH) 
021.00 	READ(5,*) (L(U,J),J=1,NE-1),TMP(2),TMP(3) 
02200 	REAia (b, *) E+.1C0Url , fICOUNNT, Y0LD, VlVAR 
02300 	RE AE(7,*) ((TUW0(I,J),J=1,NHH),I=1►NH), 
02400 	1 	(('SOE11(I,J) ► J1,Nl1) ► 	 ) ,NEI) 
02500 	Rf;AD(9,*) YMIN(1),WVM1N(1) ► (PMIN(J,1) ► J1,7) 

02600 	RIEAD(9,*) (P(J,1),J=1,7) 
02700 	READ(10,*) ((PEE;(1► ,1,J),J=1,8),1=1,8),(AE;(1,J),J-1,8) 
(170 C ...........................■...f....f....,,....S•.•.♦M....... 

02775 C 	IJPDATE; BASIC ,WE;FK;LY PATTERN COMPONENT AND 

02767 C 	CALCULATE,; RESIDUAL COMPONENT 

02793 C :: i : ::: • . : : : 	::: • .. s :.:::: r ; : ; :: :: : :: , : : i : : ; i :: • ::: s :: • • 

02800 	0013 J--1 , NH 

02900 	'1'(x.1)=0.0 
03000 	0015 I=2,8 

03100 	'T(J)=T'(,J)+Z(I,J) 
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03200 15 	CONTINUE 

03300 	 T(J)T(J)/7.0 

03400  'C(8,J)=WC(1,J)+ALPNA*(ZC8,J)-T(J)-WC(1,J)) 

03500  X(2,J)=Z(8,J)-T(J)-WC(8,J) 

03600 13 	CONTINUE 
03700 * 	PRI1IT 14 
03800 14 	F()R14AT(10X,'BASIC LOAD COMPONENT'/) 

03900 * 	PRINT'16,(T(J),J=1,NH) 
04000 16 	FORi.lAT(5X,3F12.6) 

40 5  C : : : i : i ; s : : i • ; : ; • ; + ; ; :: • : + : + i i i ; : i : i i :: s w i : w w ; s : : : w i : •. ; : • 

04075 C 	CALCULATION OF' PEAK LOAF) 
04087  C+ : • • • • • • . • • : • • • • • • • : • .. ♦ : • • :. • • • • : • ♦ • . • • . • • • + • . • • • .: • ♦ • • • • 

04100 	Y(7,)=U0 

04200 	 1)049 J=1,NH 
04300  IFCZC8,J).GT.Y(2)) Y(2)=Z(B,J) 

04400 49 	CONTINUE 

04475 C 	WEATHER VARIAULE TRANSFORMATION 

04500 	1)046 12,3 

04600 	 :(k'(T'MP(I).GE.TS) WV(I)=TMP(I) -TS 
04700 	 IF (TMP(I).LT.TS.AN D,TMMP(I) •GT.TW) WV(I)=O0 
04800 	 IF(TMPCI),IiE.TW) wV(I)=TW-TMP(I) 
04900 46 	CONTINUE 

04975 C 	CALCULATION LW P(J,K) 
04987 C:::::::::::::::; :::::::::::::::;::::::;:::::::::::::::::: 
05000 	1)053 ,;J=1,7 

05100 	M=J~1 

05200  IF(J.EG.7) MM-1 

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

05400 53 	CONTINUE 

05500 * 	PRINT 211,(P(M,2),M=1,7) 
05600 211 FORNAT(5X,'P(M,2)',5X,7F'3.1) 
05700 	COUNT=FLQA ' (PNCOUN ) 
0 5 7 5 •  •  . • . • e • • . • • ♦ .. + r • . . . • • • w . + • • w • . r • • • • • • • . • • . •  • . • . s • • • • w 

05775 C  UPDATE 'A' AND '0' MATRICES 
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05787 C :::::......:::::::::::::••••eS::::::::::;::::::::::::::i 
05800 	 0017 J=1,NH 

05900 	0017 K=I,NH 

06000 	 T't)610 (,X, K)=TOW10 (J, K)+(X(2,J) *X (2, K) -TOWO (J), K)) /COUNT 

06100 	TtlW1(J,K)=TGW1(J,K)+(XC2,J)*X(1,K)-TOW1(J,K))/ 

06200 	2 (COUNT-1.0) 

06300 17 	CONTINUE 

06400 CALL MATINV(TCWO,TOINV,NH) 

06500 CALL 	MMMATMUL(TOt•W1,TOINV,A,NH,NH,NH) 

06600 0021 	I=1 ,, NH 
06700 0021 	3 	1,NH 
06800 AT(I,J)=A(J,I) 

06900 21 CO1ITIMUE 

07000 CALI, MATMUL(A,TOWO ,ATO ,NH, NH, NH) 

07100 CALL MATMUL(AT0,AT,ATOAT',NH,NH,NH) 

07200 0023 J 1,NH 

07300 D023 K=I,NH 

07400 U(,I,K)=TOW0(LJ,K)—ATOAT(J1,K) 

07500 23 CONTINUE 

07550 C•  :................... ..................►.,,;........ 

07600 CC FORECAST BASED ON STOCHASTIC MODEL 

0 , 6 5 C r • • . w . • • • • 	• • • . • r • • • w • r r w . • • r r • • r . • • • • 	• • w • • • • • • • • r • • e w 

07700 0027 	I=1, N0 

07800 X(3,I)=0.0 
07900 0029 	J=1,ld}H 

08000 X(3,I)=X(3,Ia+A(I,J)*X(2,~J) 

013100 29 CONTINUE 

08200 ZS(I)=T(I)+WC(2,I)+X(3,I) 

08300 27 CONTINUE 

08350 C:::::;::;::::•:::::::;: :::::::::::::::t::S:::::::::::: 
08375 C HUIJH CORRESPONDING TO PEAK LOAD 

08387 C: :::::::::::::•::::: ::;:::;:t::::::::;:;:::::::::::::: 
08400 ZSF=0.0 

08500 [)035 J=1,NH 

08600 IF(ZS(J).C~T.Z5P) 	ZSP=ZS(J) 

08700 35 CGIITIOUJE 

08800 0036 J=1,NH 
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08900 	 IF(ZS(J).E0.ZSP) KP'—J 
09000 36 	CUNTIHUE, 

0 9050  C:.*:::::::: R f ! • • ! • ♦ • • . • : f • 	• • • • • • • • • • • • 	• w • 	! • • • • • • • • • ± 

09075 C 	STOCHASTIC VARIANCE 
Q9087 /+••••••••♦•s•••••e•••••f•••+•••••a••••'•••••w••••:•••• 

09100 	D037 J=1 , NH 
09200 	SVAft(J)=Q(J,~J) 
09300 37 	CONTINUE 

09400  REWIND 4 

09500 	WRITE(4,*) C(7,(I,J),J1,NH) r 13.8) 
09600 	WRITE(4,) ((WC(I,J),J=1,NH),I=2,8) 
09700 	WRITE(4,*) (X(2,7),7=1,NH) 

09800 	 REWIND 7 
09900 	WHITE(7,*) ((T0W0(I,►J),J=1,NH),I=1,NH), 
10000  4 (('OW1(I,J),J1,NH),71,NH) 

10050  

10075 C 	UPDATE WEATHER LOAD MODEL 
10087 	• s : • • • r • • • • • • • .. • • • s • • • w w r e • • • • R • • • r • • • . • • w • • s • • • • w w • w ♦ r 

10100 YMI13(2)=ALPHA*Y(2)+(1.0-:ALPHA)*YMIN(1) 
10200 WVMIN(2)=ALPHA*WV(2)+(1.0-ALPHA)WVMIN(1) 
10300 D051 	J=1,7 
10400 PMIN(J,2)=ALPS{A*P(J,2)+t,1.0-ALPHA)*PM1N(J,1) 
10500 51 C(lNTINt1E; 
10600 * PRINT212,YMIN(1),YMIN(2),WVMIM(i),WVMIN(2) 
10700 * PRIWT212,((PMIN(J,I).J=1,7) ,Ii ,2) 

10800 212 FE1RMAT(5X,4F12.4/) 

10900 REWIND 9 

11000 WRITE(9,*)  YMIN(2),WVMIN(2),(PMIN(J,2),J=1,7) 

11100 WIRTTK(9,*)  (P(J,2),J  1,7) 

11200 D057 J=1,8 

11300 IF (J.G'T,7) 	GO To 	59 

11400 PfHAIT(2,J)=P(J,2)-PMIN(J,1) 
11500 GO TO 57 

11600 59 P1[AIT(2, 1)=WV(2)-WVM1NC1) 
11700 57 CONNITTI•flJE 
11800 * PRJJ1T213, (PHATT(2,J),J=1,8) 
11900 213 FJRMAT(5X,'PHAIT',8Ei2.5/) 
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12000 OI.T,Y(2)=Y(2)-YMIra(1) 
12100 SIJM4=0.0 

i2200 0061  1=1,8 

12300 StIM3=0.0 

1'2400 1063 J= 1 , 8 

12500 SUM3=SU.1M3+PF1AIT(2,J)*PEF(1,J,I) 

12600 63 C(JNT'I1IIJE 

12800 SW44=SUM4+S(IM3*P UAIT'(2, I) 
13000 61 CONTINUE 

13100 S(tM4=1.0+SUM4/13FETA 

13200 UM4=1.0/StJM4 
13400 1)065 	1=1,8 

13500 SUM5=0.Q 

i300 0067 	►I=1,8 
13700 SUM5=3[IM5+PEF(1,I,J)*PFIAIT(2,J) 

13800 67 CONTINUE 
14000 0069 K=1,8 

14100 TAM1 (I,K)=SUWWi5*PHAIT(2,K) 
14200 69 CONTINUE 
14300 65 CONTINUE 
14400 PRIIdT217,((" AN1(I,3),J 	1► 8),I=1,8) 
14500 217 FORMAT(5X,'TA1~1',3X,8E13.5) 
14600 1071 	11,8 

14700 0071 	K=1,8 

14800 PEF;(2,1,K)=0.0 

14900 1)073 	J=1 # 8 

15000 PEE(2,I,K)=PFF(2,I,K)+TAMi(I,J)*PFE(1,J,K) 

15100 73 CONTINUE 
15200 * PRITN:IT218,PEE(2,I,K) 
15300 218 FORMMMAT'(5X,'PEE' ,3X,F13.5) 

15400 PEE(2,I,K)=PEE(2,I,K)/CBFFTA *2) 

15500 PEE(2,I,K)=PFS:(I,I,1')/BEFTA-PEE(2,I,K)*SUUM4 
15600 71 CONTINUE 
15700 SUM7=Q.0 

15800 01)75 	J1,8 

15900 SlUM7=S11N7+PFIAIT(2,J)*AE(1,J) 
16000 75 CONTINUE 
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16100 SWI7=0EI,Y (2) -SCJM 7 

16200 0077  I=1,8 

16300 AIE(2,I)=0.0 

16400 1)079 	J=̀1,8 
16500 AE(2,T)=AE(2,I)+PEE(2,I,tJ)*PHAIT(2,J) 

16600 79 CONTINUE 

16700 AE(2,I)=AE(2,I)*SUM7+AE(1,I) 

16800 77 CONTINUE 

16900 * PRTIUIT72,(AE(2,X),I=1,8) 

17000 72 F0RMAT'(5X,'AE',3X,8F12,6/) 

17100 * PRI.NT'74,((P'hE(2,I,J),J=1,8),7=1,8) 

17200 74 FIJRMAT (5X, 'PCE' , 3X, 8E13. 5/ ) 
17300 REWIND 10 

17400 WRITE(10,*)  ((PEE(2,I,j),J=1,8),T=1,8),(AE(2,J),J=1,8) 

17500 S1!M2=0.0 

17600 0070 J=1,7 

17700 SUM2=SUM2+AC(2, j)*PMIN(J,2) 

17800 70 CONTINUE 

17900 5(3)=YMTN(2)-AE(2,8)*WVMIN(2)-SUM2 

18000 S[UM=0.0 

18100 Dt183  J=1,7 

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

16300 83 CONTINUE 

1.8350 C..,...,...•.,........ e..,♦• ...........................  
18375 C PEAT( LOAD FORECAST BASED ON WEATHER MODEL 

1 8 3 8 7  

18400 YU=)3(3)tSUMiAE(2,E3)*WV(3) 

1b500 71'(MCUUNT.EO.0)  (0 TO 89 

16600 SQ=Y(2)-YOLD 

18700 WVAIt=WVARt(SO**2—WVAR)/FLOAT(MCOUNT) 

18800 89 MCOUNT=MCUtJNTt1 

18900 YOI,I)=YW 

19000 NCi3UNT= NCOUNT+l 

19100 REWIND 6 

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

19300 * PRI(UT80,WVAR 

19400 80 F'URMAT(10X,'WVAR',E'12.5/) 



PAGE: 	7 FORECASTING INCORPORATING EFFECT OF' TEMPERATURE 
19450  (..• .......................•..............,:••::......... 
19500 cc 	COMPOSITE FORECAST AND VARIANCE 
1 9 5 5 J C i : : : : •• 	• • : : w : • • : :• • i s : : : • • • • • • • s • • • • • • • . • • • • • • • • • • • • • • • • • • , , • • . . . . . • • . • . . . . . ♦ . . . . . • . . • . • . . 
10600 SIJB-XW•ZSE' 

19700 DKNUM=Q(KP,KP)+WVAR 

19900 0091 J-1.NR 

20000 ZC(J)=Z5(J)+SUB*O(J,Kp)/UEN0M 

20100 CVA[ (J)=Q(J,JT)-Q(J,KP)**2/DENOM 

20200 91 CONTINUE 

20300 REWIND 5 

20400 CC WRITE  (5,*)  (ZC(J),J=1,NH) 

20500 PIR;TUT31 

20600 31 FURMAT(1H1///10X.'IOAD FORECAST BASED ON STOCHASTIC MODEL' 

20700 1  r  10X,' VARIANCE' /) 

20800 P RINT'33, (ZS(J),SVAR(J) r J=1,NH) 

20900 33 FORMAT(20X,F'10.5,28X,Fi.0.5/) 

21000 PRINT85,YW 

21100 85 FCIRMAT(///20X,' PEAK LOAD BASED ON WEATHER MODEL' ,F10.5) 

21200 PRINT93  •• 

21300 93 FORMAT(1H1///25X,+COMPOSITE II,UAD FORECAST'r 10X,'VARIANCE 

2.1400 1'/) 

21500 PRINT95, (ZC(J) rCVAR(J),J=1,NR) 

21600 95 F0RMAT(30X,E10.5,17X,F10.5/) 

21700 STOP 

21800 ENI) 

21850  
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00100 m *  * *  *  *  *  T  * * * 

00200 C  PROGRAMS FUR Tr)ErrTIFICATION AND INITIALISATION 

00300 C  IIF' PARAMETERS OF STOCHASTIC LOAD MODEL AND 

00350 C  WEATHER LOAD MODEL 

00400 ***'4(*************************************************** 

00500 c IF INTERMEDIATE RESULTS ARC DESIRED THEN REMOVE 

00600 C ' *'  FROM THE F'rusT COUT,MN OF RESPECTIVE 

00650 C PRTITT STATEMENTS TN TUE PROGRAM 

n0F,75 C ::•:•;•: 	::::::::;: 	c:::::::::.:si;:c.......::;;•;:: 
00700 DIMENSION 	7,(365.24),T(365,24),WC(365,24),TOWO(24.24), 
00800 1 TI1UU1 ( 24.24),X(365.24),A(24,24),AT(24,24), 

o0000 2 TTO(24.24).TOTNV(24.24).Q(24,24),ATOAT(24,24). 

01000 3 ̀ 1'r{l'(.365).IJV(2,365).P(7,365),Y(365),POTAR(7), 

01100 4 YllIri(365).WVMIM(2.365),PMIN(7,365),DELY(365), 

01200 5 PHAIT(365.9),A0(9),AC(365,9). 

01300 6 AZ  0(9  ,PEE(365.9).9) ,TAM1 (9,9) ,HWVrY(365) , 

01400 7 PO(9.9).POINV(81).JL(81),JM(B1),WVOBAR(2) 

01500 r : 	. . . . . • . • a • : • . • • 	• • . •s  • • 	• . • . . . .. . . . . . . . . . . . 	. . . * . . . •  .  • 
nti600 C Z(N.J)  LOAD IN AMPERS ON N TM DAY 

01'I00 C AND JT14 HOUR 

01800 c HrTDTY(N)  HUMIDITY ON N TM DAY 

01900 C Trip(N)  TEMPERATURE ON N PH DAY 

02000 C Y(N)  PEAK LOAD ON N TM DAY 

02100 C HDTY  Nu.1MBER OF DAYS FOR WHICH LOAD 

02200 C DATA IS AVAILABLE 

02300 c NHOUR  HOURS PER DAY,24 

02400 C Ni  LOAD DATA FOR FIRST TO M),  DAY 

02500 C CONSTITUTE, THE FIRST PART OF LOAD DATA 

02600 C M2  LOAD DATA FOR N1+1 TO N2 DAY 

02700 C CONSTITUTE THE SECOND PART OF LOAD DATA 

02800 C TUIRT) PART OF LOAD DATA IS FROM N2+1. 

02900 C TO NDAY 

02950 C r,1UAY  DAY ON THE LAST DATE OF AVAILABLE DATA 

02975  C : : • • • • : 	: 	: • 	• • : • ; ♦ . • 	• a • : • : • ::: • i : • • : i : • t : : : # :  :  :: i • : 

03000 01?Erh(1INIT=1,FILr ='LOD1.DAT' ) 

03100 fPEM(UPTIT_4,DEVTrCE='DSK' ,F'I(,E='RES1.fAT' ) 
03200 0PF1. (UNIT=7.DEVTCE='>) SK' ,F'ITo  =' RES2.DAT' ) 
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03300 	 O[PEL(t.iNIT=9,fEVTCE='DSK' ,FILE='RES3.DAT' ) 

03400 	 01'ENN; (UNJIT: 10 , DEVTCF= 'DSK' , FILE=' RES4 e l)AT' ) 

03500 	 REAM)(1 ,*) tNklntUR.rNDDAY,Ni,N2,ALPFIA,BEE.TA,TS,TW,LDAY 

n3600 	RCAD(1,*)((Z(T„T).J=1.NHOUR),I=1,NDAX),(TMP(I),I=1,NDAY) 

o3700 	 READ(1.,*) (EIMDTY(I),I=1,NDAY) 

03800  

03850 C 	SECTION 1: STOc ASTIC LOAD MODEL 

03875 C 	.IDFUTTFICATIOU oF PARAMETERS 

03887 	 * 	* 	*** ** *** * 	* T * ** * 	* 

03900 C 	CALCULATION OF RASIC LOAD COMPONENTS 

04000  1,. : e w • • e • . : • . ' : : . : ° : : : : : 	:. : . : • : : : . • : : . . 	: : • : : : . 	: • 

04100 	0010 T=7,NDAY 

64200 	 DO 1.0 J=1 . NHC)UR 

04300 	SUPS=0.0 
04400 	 DOS K=(I.6).T 

04500 	 SlUMM=51JP9iZ (K , J ) 

04600 5 	CONTINUE 

04700 	T(I.sa)=SUM/7. 

04800 10 	CONTINUE 

04900 C;•::,;.•:••:•:":•e:::: 	::;e: .:•:::'::';;::::: 
05000 C 	CALCW.,ATION OF T'uAs,IC LOAD COMPOUENTS FOR THE 

05100 C 	FIRST SIX DAYS oF' AVAILABLE, DATA 

,Jt ,00 C:,.;e..:••a e :.•.;e::.•..;..}:,:.•.:.....:».....} • • • • n • . . • ♦ . . . e 	.. • • . • : „ 	e • e • • . • • • r ♦ • • . • • • • • • 	• _ ♦ • • e 

o5300 	 DO 20 T=1.6 
05400 	0020 ,7=1,NNHOTJR 

05500 	 T(I.U)=T(7,J) 
n5600 20 	Ct11'J'TINt1E 
05700 * 	PRINT49 
05000 49 	Fl.1RMAT(T10,'F3ASTC LOAD COMPONENT') 
05900 * 	PRIUUT:31. ( (T'(T,~7) .J=1,NIEDUR),I=1,NDAY) 
0600() 31. 	F()PhAT(5X.3(5X„1f'13.5/)/) 
n c!1 0  ~++ e + e e : ; :  • • • • • w • n • e • n  .  . • • • w a e + n  • • •  e • • • • e • • • • • • • • • e 

0E200 C 	CALCULATION 01' t11"CKLY LOAD Cf31°1PON ;NTS 

06300   /~ • ' . • * • w • w • 	
: 	: ° •w • . • : • .. . . . 	• ” . • " 	. " . • • : . . . . : ' • : • • • • : • : •      C • 	: • 	. . : 	. . 	• 	• 	• 	w 	. n 	. • 	e . e 	• 	• • 	r . • 	• 	. ♦ • • 	e 

06400 	0x;30 K=l , 7 
06500 	 DCS 30 J-1.NunUR 
00600  
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n(70n 30 CONTINUE 

O6300 DU 	35 I=R.NDAY 

06900 0(l 	35 	J=1.NF1fUR 

07000  

07100 35 CONTINUE; 

07200 * PRTriT51 

07300 51 FORTIAT(T10,'WEE~(LY COMPONENT') 

07400 * F'RINT31. ((WC(I,,7) .J=1,PNI70UR),I=1,PNDAY) 

07500 
   C • . • • e . . . . . . : •  

. e . • 1 • • i • . • e • • • . • . . . • • • • • e • • • + • • • • f ! ♦ A e 

07600 4C C# LCULATION OF RESIDUAL, COMPONENTS 

07800 0U4() 	I=1.MDAY 

07900 0040 	J=1.NHC1UR 

08000 X('T.J)=Z(I,J)-T(T.J)-WC(I,J) 

08100 40 CONTINUE 

08200 * PIRTr1T71 

08300 71 F'URNAT(T10,'RE:STDUAU COMPONENT') 

08400 * FRTNT31.((X(I.J).J=1,NHOUR),I-1,NDAY) 

08500 WRTTE(4.*) 	((Z(T.,7),J)-1,NHOUR),I=(ND?\Y^5),NDAY) 

08600 71ITE(4.*) 	(CWC('r.J).J=1,r11OUR),T=(NDAY-6),NDAY) 

08700 t'JHITE(4.*) 	(X(NT)AY,j),.1=i,NH0UR) 

08000 F=FLOAT(PNDAY) 

00900 D05() J=1.NHOUR 

09000 D050 	K=]..UHQUR 

09100 TCint', (,T,F)=0.0 

09200 0060 I=1.NDAY 

09300 TuWO(,3,K)=T0W0(,T.K)+X(I,J)*X(I,K) 

09400 60 CONTINUE 

09500 TOW0 (,7,K)=TOW0(,1. K) /F 

09600 50 CONTINUE 

09700 * PRTUT33 

09800 33 FORr.MAT(20X,'T0W0' ) 

09900 * 'RR't 	'I'31.((TOW 	(1.K),Kt,NHOUR),J1,NHOUR) 

10000 0070 J=1,hUH0UR 

10100 Do 70 K=1.NHnUR 

0700 Tc1,11 (.1,K)=0,0 

10300 DU 65 I=2.NDAY 
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10400 T'U!•11 (,J,K)=T0W1 (,J.K)+X(I.J) *X((I^1) ,K) 

1 X500 65 CWITIMLJE 

10600 r QWt(J.K)=T0t"~1(1.{ )/(1; -1•~~) 

10700 70 CUNTTHUE 

10800 * PRfl T69 

10900 69 E'imNNAT (Ti 5,'TCJW1 i ) 
11.000 * PRIr.T31.((TOtJ1(j.K),K=1,NHOUR) ,Ji ,NHDUR) 
11100 WHIT'F(7.*) 	((T'01w0(I,J),J=1,NHOUR),I=1,Na}TOUR) 
11200 WRITE(7.*) 	C(TO w1 (I,J),J=1,NHOUR),T=1,NH0UR) 
11300 NH=WHOUR 
11400 CATS , 	1IATINV(TOW0.'l'OINV•NH) 
11500 CALL 	NATMUL(TOVII.T0IMV,A,tJTI ,NH ,NH) 

11600 * . PRTt T6j 

11700 6 FORP;AT(/Tj0,'A'/) 

11800 PRTNT300. C (ACI, J) .J1 ,CJHOUR),I=1,rHOUR) 

11900 300 FUTZriAT(5X.4(5X,6E15.7/)) 

12000 00080 	I=1.r.JHHOtR 

12.100 0 80 	,J: 1, rlHOTJR 

12200 AVI, ,J)=A(J,I) 

12300 00 COr1TIrJUF' 

12400 	 CALL IiATNNIit,(A,Tf1WO.AT0,MH,till,NH) 

12500 	 CALL +t11^,'TMUi,(ATt). AT. ATOAT,1`NHHI ,NH ,NNFH) 
12600 	 0090 J=1 , HHOUI~ 

12700 	 0090 K=1 , NHOUR 

12800 	 0(J.K)=T0W0(J,K)—AToaT(J,K) 
12900 90 	C0iIT..PJfIt;; 

13000 * 	Pt",ItNT7 
13100 	7 	F'URMAT(/T10,'Q' /1 
13200 * 	PRIe T300, ((Q(J,K) .K=1. ,PJFHCUR) ,J=1,1'JHOII}:R) 
13300 * 	# %***** * * *** * 	 * *** #******* # r * ** * 	* 
13400 CC 	SECTION 2: WEATHER T011U MODEL 
13500 CC 	INITIALISATION nF PARAMETERS 

13600  * 	 * * * * T ~K * 	 * * * 	* 	 * * 

13700 C 	CAl.,CUTATION OF nAIT,Y PEAK LOAD 
13800  f+ • ♦ • • : • • • w • • • . • ■ . . • • • : • • • • • : • • • • • • • • 	• • • • 	w 	• • • • • • • : • • ! 

13900 	 004 I_1.MDAY 

1«000 	Y(I)=0.0 



5 
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14100 	D04 Jl l . N TOUR 

14900 	TF(7,(T,J).GT.Y(T)) Y(I)=Z(I,J) 

1300 '1 	CUPITIr;UE 
1 '4 •R 0 11 l„ : • : : : • • i 	• . • . • . : w • . . . . . • w i e : : • • e • • • ! • : : : : . : : f 	: • : 	• i • : : s 	: • : 

16500 C 	C m'-T I',JCAP TRA[1,SpORFTATION OF THF WEATHER VARIABLE, 

14600 C::'.......: 	 ::;:,, 	 : 	;;..,...:.• :...:::.:.....e;...:.,..•! 

1.700 	 1)08 I=1 . NU11Y 
1 R0 	 I1'(Tr1W,1 (I).GE.T ) WV(1,'.I)=TMP(I)-TS 
14900 	 I (TtIP(I).GT.TW.AN1a,TMP(I).TT.TS) WV(1,I)=0.0 
15000 	 TF(Tt'tP(I),IE.THHl) wV(1.I)=TW-TMP(t) 
1 5100 	 tWV (2 . T) =140.0-HrnD91Y (I ) 
15200 8 	COT'TTIUUE 
15300 * 	Pt2TUT296  
15400 	296 	FUft ~11T(3RX.'WV(,'1.T)'/) 
15500 * 	PRIUT308,(( WV(,1. I),Iw1,NUAY),J=1,2) 
15600 308 E'UR;ltAT(30X,2E13.5/) 

15700 C•* .................;:::*;:;.;.:,.:::l;::::•:::•::;:;::: 

15800 C 	CALCULATION OF n(J.I) 
15900  C • • 

	• . • . . . . : • • • 	• . • ! . : • 	. : • . 	• ! t • • • • • s • • . • , • • M • . • . • : } • • : 
• . ! ! e + • . • r w ! 	R w ! f r t • 	. . . • . . f . . . . . • . . • . . p • s + • 	• • t 

16000 	MDAY=QDAY/7 

16100 	 KDAYz,^1T.1AY- (r1DAY*7 ) 
16200 	 IF(T D Y.CT.KDAY' GO TO 12 
11,300 	 LUAY =r,DAY+7 
16400 12 	Ii)AY=T,DAY-Kl) Y 

th500 	 IT)D=IDAY+1 

16600 	 D016 K1 ,DAY 

10700 	I1)AY=IDAY+1 

16800 	 It'(TDAY.GT.7) IrnAY=IDAY"7 
16900 	1)016 JT-1,7 

17000 	 It'(J.EQ.IDAY) (Th TO 24 
17100 	PCJ.K)-0.0 

17200 	GG TO 16 

17300 24 	P(,TJ 1=1.0 

17400 16 	CGrt'IIIIUE 
17500 * 	PRIi9T 184 
17600 184  
17700 * 	PRITIT 1f8,((P(J.K).J=1.7),K=1,rmf)AY) 
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17800 188 F(URrIAT(T5.7E'5.1 

17850 (':::• ;•;......:'"  :;::::••::::::::::::::•:•:;: 

17900 c CIU CULATOIN OF TNTTTIAL VALUES, Y0F3AR,WVOBAR(K) 

17950 C AIM POBAR CK ) 
17975  C : : . : . ♦ • • , . : . . • ♦ . . . . . : . ♦ . . • : . : • ' • . :: • . : 	• 	• : • • • : • • • 	, * ' ♦ . 
10000 Y0FIAR=0.0 

101,00 D020 	lJr1 , t' 1 
11200 Y0R=Y0tAP+Y(1`J) 

1X1300 28 CIJMTINUF 

i400 C=rj10AT(N1 ) 
111500 YORAR=Y0BAR/C, 

1600 0032  K1.7 

18700 POSAR(K)=0.0 

1€;800 0036  U1  .J1 

10900 P0RAR(K)=P0BARCK)+P(K,N) 

19000 36 COM TIPUUE 

19100 P0P,AR(K)=P0BTR(1,1/G 

19200 32 COUTIrJUE 

1 9300 D034  K=1,2 

19400 WV0T TR(K)=0.0 

19500 1)039  ri=2 , rri 
19600 tWWVOVIAfR(K)=WV0BArt(K)+WV(K,nl) 

19700 39 COrJTTHITE 

19800 WV01:11RGK)=1IV0f ARR(K)/G 

19900 34 CONTINUE 

70000 * RRITtT228,Y0BAR 

70100 228 F0RtlAT(/15X,2;a'12.6) 

?0200 Ft2It3'I`252 

?0300 252 Fflr nAT(30X,' P0BAR (K)' /) 

70400 * PRIUT256,(P0BAR(K),K=1,7) 

20500 256 FURTIAT(27X.F'1 55.7) 

70550 C" ; •:.:::  !::  .:♦::::::::::::::!::::;..;.: 

70600 C CALCULATION OF MPAI  VALUES 

20700 C FOR THE SUCCESSTVE DAYS 

9075n C:;;::;:;:::::;::;••....::::::::::::::;: ::::::::::::::... 
70000  YHHTJ (H1)=Y0BAIR 

70900  0045 K=1.2 
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91000 WVrt_rrr(K.MI)=WVORAR(K) 

91100 45 CUPI'TIPJTIE 

91200 0044 	T1,7 

91300 PIITr1(I,ri1)`=P0BBAR(I) 

21400 44 COUTIrurlE 

91500 r11DAY=MDAY+l 

71600 rfi lt)AY=N1+1 

71700 0040 	t•1=(C11+2).1'31r7AY 

91.000 YP1'(rJ(N-1)=11t,P11A*Y(N-1)+(1.0-ALPHA)*YFIIr1(N-2) 

71900 0U53 K=1.2 

92000 1JVNTN(K.(tI))rPHA*IV(K.(J-1))+(1.0—AT,PHA)*  
72100 IUUVrlit).(K. (N^2) ) 

92200 53 COuJTI1'1UE 

72300 0052 	I=1.7 

92400 triCrJ(T,(~1-1))~111.r~rt 	(S/tN-1))+(1•O,niar~H1) 	PM1N(X.tj1«2)) 

92.500 52 Ct)r1TIUTJ 

92600 48 CUr1TTUUE 

22700 * PRIr1T248, (YMTN(r1) .r'a=N1,NDAY) 

92800 248 F't1RLIAT (/1 X,'YrlTUU',SX,E15.7) 

72900 RTraT249, ((CaUr•UT1(K.N) ,K1 .2) 	 i ,rrC1Y) 
73000 249 Ft)RrtAT(/15X.'WVMMTr1I,5X,2E15.7) 
73100 * PRUIT270 
93200 270 FURri~11'(/:0X.'PD1Tr1(x, ,l) , /) 

93300 1:Tzr' 27 	,((pMIN(T.J).T1,7),Jr7 	,NDAY) 
73400 274 FUrlriAT(5X.7F12.5) 

73500 fd1?TTE;(9,*) 	YrlIrafrlf)1\Y).(WVMIrJ(K,Pit)AY),K 	1,2), 

73600 1 	(PMRTr1(J.1'Jt)AY) .J=1 .7) 

93700 ti1.TTE(9.*) 	(R(J.rUDAY),L1 1,7) 

73750 r'.:.... ;..::.  .;:  ..::._::.:•:::• ....::...:...........~.::. 

73000 C CALCUhATIOrd 	OF nr"t,TA 	YCN) 

93050  ( : • : • : 	: t • . • • . . • s • • : t i • i • : 	i : i • : 	• : •! • : : 	'. • • : : • 

93900 D05(, 	rJ=rrjIDAY,TIDAY 
74000  

91) 00 5f, CC7rl~1IrIr1(; 

94200 * PRI T280 

94300 	290 	MMA"'(30X,'DEI,Y(hr)' /) 

24400 * 	PFST'lOT284, (DEr,Y(tJ).N=NlIDAY,NDAY) 
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94500 284 F()RriAT(25X,2E13.5/) 

7~~5`'i0 r,..• .  .....::...........~  ..::.~.:I•..  •••II••••.•••I ♦ . . Y 	. . . . . . ! 	. . . • . • ! . • 	• • R • . ! 	• • • . . f • S • S • • • . • 1 • • • R 

24600 CC 	MATttIX PHAX ACID ITS TRANSPOSE 

' 4 6 5 0 1. • • , • • . • • . . • ! • A • +~ . • • . • •  . • • • 1~ • ♦ . • • • • ! ! • • • . • • • R • • • • • • ♦ ! 

24700 	 1)072 C7-tJ11DAY.1'inAY 

74800 	 D072 T=1,9 

24900 	 IF'(i.(T.7) CO Tfl 76 

95000 	 F'k121`t'i'(N.T) 	 (1 .ra)-PMIt7(I, (P1-1) ) 
95100  GO TO 72 

9h200 76 JD-I-7 

95300 PktAIT(N.I)Uv(an.N)-WVMIN(JD, (N-1)) 

2_i400 72 COWTIIIIJC 

95500 PHxrJ'r2I2 

25600 212 FORMMAT(25X,'PHA'rT(FT,I)' /) 
75700 * Pt?INT216,((k>HAIT(i1.I),I'=i.,9)5N=PJ11DAY,t`JDAY) 
2~i800 2) 6 F0Rit1A",'(5X.9F1.2.6/) 
95900 CC: CA1C11rATIflN 	OE 	p0 
26000 PIC-(J 
26100 D082 	x.1=1 , tic 

26200 0087 	K 	1.tiC 

70300 P0(J,K)-0.0 
96400 D084 N=N1IDAY.N2 

96500 P0(,.J,K)=P0(j,K)+Pi1AIT(t'I,J)*PHAIT(N,K) 
2t600 84 CONTINUE 
96700 82 C0NTII i1E 

27200 CAt,T, 	ARTZAY(2,NNC.T'1C,NNC,NNC, 	OINNV,P0) 
97300 CM 11 	h;INY(POZP1U,r1C.C,JI,,J 	) 

77400 * PRINT208 

87500 208 FUn1;AT(25X,'DETFPPrINAPIT' /) 

97600 * PRIT;T292 , C 

97700 292 F'UR1iAT'(35X,E13.5/) 
77000 CALL 	ART AY(1,r3C.T1C,NCPTC►('QINVT'0) 
77900 * PRINT240 

90000 240 Fo RM11T(30X,'PP0(T.1t)' /) 

93300 * PRTNT244, ((P0 (I,,T).J=1,NC),I=1,NC) 
2400 244 F0RMAT(5X.9(E12.5)) 
?EIT50 C ......:::::: :............:.................  ......:::: 
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CM cULlATIOFJ OF A(0) 
• • • • e a . ♦ w R • . . . • . . • • • • . ♦ • . • ► . • w • • • • • • • • • • • • • • • • ! • • • w • • 

0080 J=1 , riJC 
AQ(J)0.0 

Dtl8fl r7-tJ11DAY.NJ2 
!1Q(13)=1~t7CJ)+PF3J1TTf.J`(.J)~I)J~I,'f ((+t) 

I 	COUTIt'JtJE 
CONTINUE 
PRItJT264 

	

74 	F'cmrtA'V(/30X.' 10(47)' /1 

PRIT T260, (/ O(J) .d=l,MC) 

	

Q 	Fr1Rrl/\T(25X, 14.6 

	

51 	CONTTUTTE 
D091 1=1 ,ric 

AZEk(1(I)=G.4 
1)(191 J=l . NG 
AZFRO(I)=AZERU(T)+PO(I.►]) i\O(1J) 

I 	COr•TTIMUE 

P P. T►„T232 

	

3;J 	F't:)Rr;l\T(30X.'IZEnn(J) I/) 

PRTr3T236. (AZF,Rn(,T).j=1,IIC) 

	

t6 	C'1JR1,11TC25X,E15.7) 
• • w p R • e w w e • • . • w ► w • 	► ; • w w • w ► • • • • • • • • • • ♦ ! • • • • • • • i • • • e • w • 

CAT CU1J TIOf OF PEE T1ATRIX FOR SUCCESSIVE DAYS 
• ♦ . • .• ♦ • a . • w • . • w • . e . S., . w • . • • e • • e . • ♦ • e z • w t e • • • w e • w w • w • e 
e . . . • e ♦ . . w . - . w . ie • . w • n . . 	 . a. 	s R ♦ • w s • 	• w • a • • • • • p . • 

0092 I=t , NC 

0092 J=1.1JC 

PI.J-(N2,I.J)=P0Cr.J) 
CClNTI4 1E 
PT21DAY=N2+1 

0[11 52 r1=T,J210AY, uOAY 
SUU4 0.0 
0017.4 1=1.1`JC. 
Slug3=n • 0 

00128  J =1 .NC  

SUM3=SUH3+Pt1AIT(N.JJ')*PEE((N-1) ,J.7) 

	

8 	CL)PITINUE 
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11900 SUr14=SUPI4+SUP13 *NNF1A TT (tI . I ) 

12000 124 CLu1 TlraIJ EE 

2100 SW' 4i .0+S tJh4/TlFETA 

12200 SUr41,0/SUM4 

12300 Du132 	I=1.11C 

'2400 SUT;! =o • 0 

32500 DIta 36 	J= 1 .r tC i 
12600 SUr+,5=StJH5+PCE( (J-1) 	*PHHAIT(N,J) 
32700 136 CUMTIriUE 

32800 D1)140 	J-1.NC 

2000 TAllI (I.J)=St1M5*P 
13000 140 Ct~PNT'IiIi[1E 

33100 132 CO TINIJE  
33200 011148 	I=1,NC 

13300 D1)140 	K=1.r1C 

33400  
33500 1)1J144 	J =i . PJC 

136600 PK'r(rf.I.K)RPEE;(w.I,K)+T AM1(I,J)cPEE((n1-1),J,K) 
? 3700 144 C(JHTIIJIJE 

13000  
-13900 PEF 	Pi,I,K)=11Et (fRi-I 	I.K)/13EETA-P1;F_'11~,I,I,K)*SUMO 
111000 148 CUrtTIWIE 

lt+1.00 152 CIflJTITJUE 

14700 P1tTt:T204 
34300 204 E1fl „AT(T'20.'PtE(N.I.K)'/) 
14400 PlI T ,,T208,(((PFErN,I,K).K=1,NC),I-1,NC),N=M2,NDAY) 
31,500 208 1 URT , AT(5X,9(5X,9E12,S/)//) 

• • 	• e . . 	e • • • s • • • 	• • • 	- • ♦ • • • • • e • • • 	• 	• • • 	s 

1'x600 Cc CAGCUt.It1TIOM 	01' 	AE r.11#TRTX FOR SU('CSSTVE DAYS 
'1 465 +•e•  e 

• e • • « 
r  r  ••  •~e•••••!•♦rw•~e•••t•w••••~•••••♦♦ • • e • • . • • • • • w • • • • : „ e 	w s w • + r • • w . w • 	• • • ♦ . r • s w t • 	e e w t • • • 

34700 01)156 	J=1 .UC 

3400  
14900 156 C1;1U9!IIJt1E 
35000 00176 r1=N21DAY,NflAY 
15100 SUP17=o.0 

3:200 00164 	J-1,PJC 

35300 SiJM7=SUM7+P11fITm.J)*AE((PJ-1).J) 
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15400 164 C£INrTNtir 

3!)500 	 3lJ 7=DELY(N)-SUM7 
35600 	00168 I=1.NC 

35700 A ,(i).T)=0.0 

35000 1)0172 	J=1,NC 

16900 .11F(r2.z)=AE( 	 ,I)+PEE(N,I,J)*PHAIT(N,J) 
16000 172 CONT'INTIE 

36100 AI (rJ.T)=AE(PI5I)*SUM7+AE((N-+1),I) 

16200 168 CUI'JTINUE 

16300 176 CUMT2~iUE 

36400 WRITE(10,*)  ((PFE(NDAY.I,J),J-1,NC),I=1,NC) 

16500 WRITE(10,*) 	(AE(ND1~Y,J),J=i.NC) 
36600 * PRIU'T1 f 0 
16700 180 FCURi1TT(15X/Ti5,'AE'/)  
36800 I'I;Ird'1£35,((AE( 	.,1). 	=1.NC). 	 N2,N 	y) 
mag00 185 FW iAT(5X.9E12.5/) 
17000 STOP 

37100 FIND 

37200  C . . • . . • • • . . . . . . • . . ♦ . • •  . . . . • w R w • • • 1 • • • w • R • • • • • • • w w R R f • A • ..•..s  

17250  Cl . . . . w . . • . .• • +w w • f • • R • • R . • w • • ■ • M 	! . f • • R 0 t R 5 • • R • • • + • R • R • • • • . Q it 0 . • 

37300 S1JC3ROUTINE 	MATIrTV(X,A,I.) 

37350 C THIS SU£1RCCITTNE CALCULATES THE INVERSE 

37375 C OF M1TRIX.X. 

17307 C ORTGNAL MATRIX,X IS NOT DESTROYED 

17400 DIPNE,NSTON  X(24.24),A(24,24),A(24,4A) 

37500 1)05000 	1J=1.L 

37000 005000  K=1,Ij 

37700 £l(J.K)=X(J,K) 

37000 5000 CONTINUE 

37000 i`.I12*L 

30000 N2T1+1 

18100 DO101 	rM=1.L 

3£I200 D02u1 	Pi=N2,H1 

18300 R(rI.t11=q • q 
30400 201 ~RIt=P1+T, 

.1i500 101 F3(r1.DTri)=1.0 

18600 00450 	J-1.t, 
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it1700 IF(r'(J,J).EQ.0) 	co 	TO 	102 
idnoo Du450 M=1,L 

ts9o0 IF (rt.E'l0.,.1) 	GO 	TO 	450 

19000 Ct3 ( r1 ..7 ) 

.19104 CC/E (J.,.a) 

19200 DUI05 	U=1,Ni 

19300 105 ti(Pt.rt) 	t~tM.rs)~t~f,T,N) 	C 

10400 450 CONTINUE 

19900 00106  

40000 R1./1,(J,J) 
40100 00106 N=N2,N1 

40200 10 P(J.e1)=E3(J,rI)R 
40300 01)1001 	,1=1,L 

A0400 001001 	K=1 	r 
40500 1001 A(J.K)=t3(J.,c+r1) 
40700 102 RETURN 
40000 EN1) 

40850 C i ° . . • • i : : ° . ° . . . . ° :. S . • ° ° . : . . . . . • • e .. . • • . : . • . . . ♦ S • a i : i i s • i : 

4 , 9 7 5 
C • ° . .. . 
• ♦ ♦  ♦ • . . . . . . . • . . . • s 

 ♦ • .  . . ° • • •  • • : ° : ° s . : w w • . 
 

s ° :  e : i : • • • . .  s  . e  r  _ • • . • e  •  s  e ♦ .  . . •  •  a  • . . 

4u000 SUT nOUTI11F' 	tll#Tr<1rJr (P,S,tli4.L2.T.,3) 

40950 C "..'E1IS 	SUBROUTINE CATCULAT .S 	TOE 	MtJT,'rIP1.~ICA'TION 

40975 C OF Tt'IQ 	1ATRICES.R 	AND S. 

40987 C U I? THE RESTTLTArJT MATRIX 

40903 C ti 	TS THE NUMBEr 	OF ROt'J; IN MATRIX R 

40996 C t2 	IS THE Nt.UMUNEp OF COIJLMNS IN MATRIX R 

40998 C OR NUMBER OF RCr:1S IN OATRI S. 

40999 C L3 	TS THE NUNUER (IF CQUULMNS IN NATRIX 	S 

41000 DIME NSIUr1 	R(24,24),S(24,24),U(24,24) 
41100 0013 	I=1.L1 

41200 0013 	,i=1,L3 

41300 [1(I.J)=0„0 

41400 0019 	K 	i , L2 

41500 OCT .Jl-t3il,J)+t2(T.K) 	S(Ct.J) 
41600 19 CONTINUE 

41700 13 CONTINUE 
41 100 RETURN 
4 900 END 
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FORECASTIIJG INCORPORATT1 G EFFECT OF TEMPERATURE AND HUMIDITY 

41950• ...::.::::.:..,::•;:•:•......:.:,:.:.:.....:..•:::... 

41975 C:;: ::::::::::.:::::::::::::::::::::::;:;:;::::::;:::::::::: 
42000 	SUBROUTINE AI RAY fr1oDE,I.U.U.f.S,U) 

42100 	DIMENSION S(81) .D(81) 

42300 	i`1T-1t••'.T 

42500 C 	TEST TYPE OF CnriVERSIOH 

42700 	IF(rinr)E-1 n 100. 100. 120 

42900 C 	COtJVFRT FROM Srr3GT.E TO DOUBLE DIMENSION 

43100 	100 TJ=I*J+] 

43200 	N11=t1*J+1 

43300 	DO 110 1C-1 "J 

43400 	P01=11ri-NI 

43500 	DO 110 L =1 . T 

43600 	1.7Id-1 

43700 	e119=Pt1Gi-») 

43£100 	110 D("#is')S(IJ) 

4300 GO TO 140 

44100 C' CmJVER'T' FROM Dn1wLE TO SINGLE DIMENSION 
44300 120 IJ=O 

4i 400 rdr1=0 

44500 DU 	130 	1.=1.x.1 

44(00 DO 	125 	T, =1.I 

44700 131J+1 

44800 N(i=NM 	i 

44900 115 S(IJ)-n(r1l ) 

45000 130 Nri=rl1 	I 
45200 140 RETUR11 

45300 	Frlf) 

45375  e •  • . . • .: • • . • . • . . : • • • • ..  • . • . • . • • • • w . • :. •  • • e • • • • • • • : • • . s • : 
• . . . .  . . w .  .~ •  • , w . . ,  . . . . . . • • . •  • . s w •  w • . • t • w . • • • . t • • • . 

45400 	SUBI<IJ11TIrME UINV(n.ri.1),L.H) 
45500 	1)1MEM SIU!1 AA(81),L(81),M(81) 

45600  C....... .... .. • .. • . • . • .. . . • . • .. • ♦ • • • . • • •e • . • . • • • • ♦ • ♦ . • ♦ . • • • • 

4;)900 C 	 IF A DOODLE PRECISION VERSION U THIS ROUTINE 

45950 C 	IS r)F,SIRFD.THE: (' XN COf1LMPJ 1 SHOULD BE REMOVED 

46000 C 	FROM THE DOUBLE ppECISION STATEMENT WHICH FOLLOWS 

40300 C 	DOUriLE PRECISIOrl 1k,0.L3IGA,HOLD 



46500 C 

46550 C 

46575 C 

46900 C 

46950 C 

47000 C 

47100 C 

47300 C 

47500 C 

7700 

47000 

47900 

49000 

42 100 

482()0 

413300 

4 400 

48500 

41600 

87 0 0  

4 o 13 00 

4U900 

49000 

49100 

49200 

49300 

49500 C 

49700 

49800 

49900 

0000 

90100 

50200 

so 300 

50400 

c O00 

S0700 C 

DO 80 N1Jl 

I'! K N K+ N 

L(K)K 

K K N K K 

BIGA=A(KK)  

DC) 20 JK.N 

IZW*(J-1) 

00 20 IK.N 

IJ=Iz+I 

10 	IF(4\BS(I3IGA)- ABS(A(IJ))) 

15 131Gh=A(IJ) 

L(K)=:t  

M (K 

20 CONTINUE 

INTERCHANGE ROWS 

r1 K )  

IF(J-K) 35.35,25 

25 KIK-U 

DO 30 I=1 .I'1 

K I Ku- N 

HOLI)=..J\ (TU) 

JIKIK+J 

A(KI)=A(JI) 

30 AWT) ;H01t) 

INTERCHANGE COTHNNS 

PACE: 14 
r1j1C1STfljG IUCORPORATIUG EFFECT OF TEMPERATURE AtJD HUMIDITY 

THE C MUST ALSO BE REMOVED FROM DOUBlE PRECISION 

STATEMENTS APPFARING Iii OTHER ROUTINES USED IN 

COIhJUCTI(Jt'J WITir TillS ROUTINE. 

THE OflhiRt,E PRECTSION VERSION OF THIS SUBROUTINE 

MIST ALSO COWTjVJIJ DOUBLE PRECISION FORTRAN 

FUNCTIONS. ABS IN STATEMENT 

lU MUST BE CHANcED TO DABS. 

••••••••••••• 

SEARCH FOR tAR(EST ELEMENT 

D=1.0 

Ii K - U 

15,20,20 



PAGE: 15 
FIJREC1\STIIJG INCORPORATTJG EFFECT OF TEMPERATUREMW HUMIDITY 

35 I=M(K)  

51000  IE(I-K) 45.45,38 

sIlOO  38 JPU*(I-1) 

c1200  DO 40 J1.N 

51300  JK1JIc+J 

51400  JIJp+J 

91500 UOLD..AfjP) 

sioo 	A(JK)A(JI) 

51700  40 A(JI) =HOLD 

51900 C  DIVIDE COLUMN nY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS 

52000 C  CONTAINED IN OTGA) 

52200  45 IF(5tcA 48.46.48 

52300  46 D0.0 

52400  RETURN 

52500  48 DO 55 I=1.N 

c2600  IF(I-K) 50,55,50 

52700  50 IKNK+I 

2flO0  A(IK)=A(IK)/(-BIGA) 

52900  55 CONTINUE 

c3100 C  tE1UCE MATRIX 

53300  DO 65 I1,N 

s3400  IK=-I 

53500  HOLDA(IK) 

53600 

53700  DO 65 J1.N 

s3000  IJIJ4N 

53900  IF(I-K) 60.65,60 

54000  60 IF(J) 62,65,62 

54100  62 KJ=Ij-1+K 

64200  A(IJ)=HOLDA(Kj)+A (Id ) 

54300  65 CUNIrUE 

66500 C  DIVIDE ROW BY PIVOT 

54700 

54000  00 75 Jt.N 

54900  KJ=KJ+N 

65000  IF(J-K) 70.75.70 

SbiOO  70 A(KJ)A(KJ)/BIG1 
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55200 	75 C111'JTIJ:CJE 

55400 C 	PP,ClDUCT OF PIVOTS 

x;5 00 	n=D-*RTGA 

c5800 C 	RREPb,ACC PIVOT MY RECIPROCAL 

st,l0O 	A(KK)=1_0/BILA 

56100 	80 CONTTUUu 

56300 C 	'e'IriAr ROW AND COLUMN INTERCHANGE 

56500 	=r1  
56600 	100 K=(K-1) 

56700 	W(K) 150.150, 105 

se,s0o 	105 I=L (K) 

56900 	Ir(I-i() 120.120,108 

57000 	108 JQ=N*(K-1) 

57100 	jR=IJ* (I-i ) 

57200 	00 110 d=1.rJ 

57300 	JK=J0;J 
57400 	HL)T)!)=A (JJK) 

57500 	JS= JR+J 
s;7600 	A(JK)=^A(JI) 

57700 	110 A(JI) -HOLD 
57800 	120 J=M(K) 

57900 IF(J-K) 	100.100,125 
58000 125 	KI=K-ri 
58100 DU 	130 	11,N 

58200 KI=KI1 N 

1h30() HOLD=A(KI) 

58400 JI KI—K+J 
58 500  
58600 130 	A (.TI) 	=fJOLD 

5i 7Q0 GU TO 100 
58800 150 	RET'URri 
Stt)00 EPJ(: 
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00100  

00200 CC  PROGRAM FOR ADAPTIVE FORECASTING 

00300 	* * * * 	** ** ** 	** *#** 	az* 	** 	* ** 
00400  DIMENSION Z(8,24),WC(8,24),TMPC3),WV(2,3),Y(2), 

00500  1 X(3,24),Ti)WO(24,24),TOW1(24,24),T(24)r PC7,2), 

00600  2 A(24,24),AT(24,24),TOINV(24,24),ATO(24,24),HMUTY(3), 

00700  3 PITY(2),TAM1(9r 9),PFF(2,9,9),AE(2,9),b(3), 

00800  4 ATOAT(24,24),Q(24,24),ZS(24),SVAR(24),YMIN(2), 

00900 	5 WVMIN(2,2),PLAIN(7,2),PHAIT(2,9),CVAR(24),ZC(24) 
00950 C•••••,••• • •, •,+•;•e.••••::::::::::::::::::•::::::•,••••• 

• • • e • e • • •  .  • •  • • . ♦  e e • : + e , • , s • •  , •  ♦ i w + •  • • • w w e • • e  M a • 

01000 	OPFWW (UUNNI'T=3,DEVICE='DSK' ,FILE= INP1.DAT' ) 
01100  OPETI(UNIT-4,DEVICE='DSK',FIUE='HES1,DAT') 

01200 	0PEPN (UNIT=5, DEVICE='DSK' ,FILE: ' INP2. PAT' ) 
01300 	t,OPEIii CUNIT=b,DEVICE=' pSK' ,FILE ' IN'X'L DAT' ) 
01400 	nPEN ([UNIT=7, DEVICE »'DSK' ,FILA,=' RFS2. DAT' ) 
01500  UYEE(UNIT=9,DEVICE'='USK',FILE='RFS3.DAT') 

01600 	OYENNJ (UP:IT=10, DEVICE=' USK' ,FILE=' RES4, DAT' ) 
01650 C• .......:.......:................:...........•...........:.. 

01700 	 READ(3,*) N}1,AJ PHA,UEETA,TS,T~~ 
01800  READ(4,*)((Z(I,J),J=1,NH),I=2,7) 

01900 	RF:A1)(4,*) ((klCCZ,J),J=1,NH),I=1,7) 
02000 	REAl)(4,*) (X(1,J),J=l,NH) 
02100 	REAI)(5,*)(Z(8,J),J=1,HH),TMP(2),TMP(3),UMDTY(2),HMDTYC3) 
02200 	R[ AD(6,*) NCOUNT,MCOUNT,YOLD,WVAR 
02300  READ(7,*) ((TUW0(I,J),J=1,NN),I=1,NH), 

02400  1 ((TOW1(I,J),.J=1,NH),I=1,NH) 

02500 	RUA()(9,*) YMMINC1), (WVMIN(K,1),K=1,2), (PMIN(J,I.),J=1,7) 
02600 	Rl-:AI?(9,*) (P(J►1),J=1,7) 
02700  READ(10,*) ((P  (1,I,J),J=1,9)I=1, 9), (AJ (1,J),J1,9) 

02750 C:::; ::::::::::::::::::;::::::::::::Z:::::::::::::;::::::::::: 
02775 C 	UPDATE 13ASIC , WEEKLY PATTERN COMPONENT AND 
0277 C 	CALCULATE RESIDUAL COMPONENT 
02793 C:::: • ::::::;:i :::::::::::::::5.•. 	 :::::;::::::S 
02800 	0013 J=1,NH 
02900 	T(J)0.0 
03000 	1)015 I2,8 

03100  
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03200 15  CONTINUE 

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

03400  

03500  X(2,J)=Z(8tJ)-T(J)-WC(8,J) 

03600 13  CONTINUE: 

03700 *  PRINT 14 

03800 14  FORMAT(1OX,'BASIC LOAD COMPONENT'/) 

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

04000 16  F(lRMAT(5X,8F12.6) 

04050 C:....:••♦.•.•••R•••••••••R:•.•.•••:••r•R•R••R••••••R•••••••. 

04075 C  CALCULATION OF PEAK 14UAD 

0  4O8 
	• . • • . • • • . . . • • R • • • • • • • e . • • • • • a • . • • • • • . R • • • 	e • . • ♦ • • . • • r • • ♦ • r 

04100  Y(2)=0.0 

04200  0049 J=1,NH 

04300  IF(Z(8,J),GT,Y(2)) Y(2)=Z(8,J) 

04400 49  CONTINUE 

04450 C;::;  ::::::::::::::::.;::::t:s:::;;:::;:;::::::::: 

04475 C  WEATh ER VARIA[3Lt TRANSFORMATION 

04487   • • f • : • ! • i • 	R • • • • • R • R • 	• '• 1 1 ♦ R • : • • • ♦ • • • R • f R R • f ; . • R • . • ! • • ♦ • • • 

04500  D046 I=2,3 

04600  IF(TMP(I).GE,TS) wwV(1,I)=TMP(i)-Ts 

04700  IF(TMP(I).LT.T$.AND.TMP(I).GT.TW) WV(1,I)=0.0 

04800  TF(TNP(I).LE.TW) WV(1,I)=TW-TMP(I) 

0 04900 46  CONTINUE 

0',04920  WV(2,2)=100,0-HA.jDTY(2) 

0'04940  WV(2,3)=100.0-HMDTY(3) 

004970 C ...:....:..........•.R,........R....•.............•R..... 

04985 C  CALCULATION OF P(J,K) 

04992 C ::::::::::::::::::::::;;::;::::;::::::;::::.::;::;:::::;;; 

05000  0053 

05100  M-J+1 

05200  IF(J.E0.7) M=1 

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

05400 53  CONTINUE 

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

05600 211 F0RNNAT(5X,'P(T;,2)',5X,7F3.1) 

05700  COUNT=FLOAT(NCOUNT) 
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03200 15 	CONTZC111E 

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

03400  WC(8,J)=WC(1,J)+ALPHA*(Z(8,J)—T(J)—WC(1,J)) 

03500  X(2,J)=Z(8,J)—T(J)-WC(R,J) 

03600 13  CONTINUE 

03700 * 	PRINT 14 
03800 14  FORNAT(IOX,'BASIC LOAD COMPONENT'/) 

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

04000 16 	F(URMAT(5X,8r12.6) 
AAAf 

1. • . • • • . • . . e • • . • • . • • • . • • . • f • • .. . • . . • • « • • ... . • • . . • • • . + • • . . . • .. • • 

04075 C 	CALCUr ATION OF PEAK LOAD 
04087 C • • • • • • . • • • . . • + • • • • • • . e • + • . • • a • s • • • • • • • • . • • • • • • • • , • . • . . . • . • • • . 

04100  Y(2)=0.0 
04200  0049 J=1,NH 

04300  IF(Z(8,J).GT.Y(2)) Y(2)= 2(8,J) 
04400 49  CONTINUE 

04450 C,... ++,.,•.........•...,,..•.•.. ....a ...........:........ 

04475 C 	WEATHER VARIABLE TRANSFORMATION 
`Z- O  1. . . . • • , . •  • • •  • • • • • • • • • + • • . ♦ . • • s •  • • • • • . • • • « , e •  . • • s • e «  + 

04500  0046 1=2,3 
04600  IF(TMP(I).GE.Ts) 4WV(1,I)=TMP(I)—TS 

04700 	 XI'(TMP(I).LT.T5.AND,TMP(T).GT.TW) WV(1,I)=0.0 
04800 	 IFCTMP(X).LE.TW) WV(1,I)=TW-TMP(I) 
04900 46  CONTINUE 

04920  WV(2,2)=100.0-HMOTY(2) 
04940 	 WV(2,3)=i,Q0.0-HMDTY(3) 
04970 C::::::.,,:....+...::::::•...........::::::..........+..... 

04985 C 	CALCULATION OF P(J,K) 
0499?_ C•...,..,.' ............................::::::::•::::':::::: 

05000 	1)053 J1,7 

05100  

05200 	IF(~). O.7) M-1 

05300  P(M,2)=P(J,1) 
05400 53 	CONTINUE 
05500 *  PRINT 211,(P(M,2),M=1,7) 

05600 211 FORMAT(5X,'PC1,2)',5X,7F3.1) 

05700 	 C0U1yT'=F1aOAT(NCOUN'r) 
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05750 C.....; .:............::::::...........;..,............;... 
05775 C  UPDATE 'A' AND '0' MATRIX 

05787  ,• . .
;........•...f.....• ..........................f.. 
. .
; 

. . . . . . . . . . • .
; 

. . , , • , . . • . . f . , . . . . , . . , . . . . . . . .  ::: 
05800 1)017  J=1,NH 

05900 D017 	K=1,NFH 
06000  
06100 TiJWI (J,K)=TUWj (J,K)+(X(2,J)*X(1,K)-TOW1 (~J,K) )/ 
06200 2 	(CODUT-1.0) 
016300 17 CONTINUE 

06400 CALL MATTNV(TOWO,TOINV,NH) 
06500 CALL MATMUI,(ToW1,T0INV,A,NH,NH,NH) 

06600 1)021 	I'-1, NK 

06700 17021 	J=1,NH 
06800 AT(I,J)=A(JJ,I) 

06900 21 CONTINUE 
07000 CALL MATMUl4(A,TOWO,ATG,NH,NI{,NH) 
07100 CALL MATMUL(AT0,AT,ATOAT,NH,NH,NH) 
07200 1)023 	J=1,NH 
07300 1)023 	K=1,NH 

07400 Q(J,K)=T0W0(J,K)-ATOAT(J,K) 

07500 23 CONTINUE 

07550 C,,......• ..:...:......:.  ....................f,.,..,..,l. 
07600 CC FORECAST BASED ON STOCHASTIC MODEL 
0 7 6  5/ 1  ^ . . , • f • • • f ! • • • • . . • • ! • , , • . • • • • • • • ♦ ! • • . f • • . • • • • f • • • . • • • f • • • 

07700 0027 	I 	1,1JH 

07800 X(3,I)=0.0 

07900 D029 J=I,NH 
08000 X(3,I)=X(3,I)+A(I,J)*X(2,7) 

08100 29 CONTINUE 
08200 ZS(I)=T(I)+WC(2,I)+X(3,I) 

08300 27 CONTINUE 
08350 c• ..................•..,. .......,..,........•........... 
08375 C HOUR CORRESPONDING TO PEAK LOAD 

o8387 i: i w i i i M!! A i i i i A f i  i i  i i• i i i  A i  w i i A 1•:  i!  i i i i i  i  i 

08400 ZSP=0.0 

08500 1)035 	J=I,NH 
08600 IF(ZS(JJ).GT.ZSP) 	zSF=ZS(,J) 
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08700 35 CONTINUE 

08800 0036 J=1,NH 

08900 IF(ZS(J).EQ.ZSP) 	KP=J 

09000 36 CONTINUE 

09050 C :::::::::::::::::: t::::::::::::::::::::t:::t:::;::;::;;: 

09075 C STOCHASTIC VARIANCE 

09087  C : : . , : : . . ; ; : • . • ; . : 	; . : : : . ; e e 	: i . i : : : . 	. : : s : . 	: i 	i Y i i i : . . 

09100 P037 	J=1,NH 

09200 SVM (J)=0(J,J) 

09300 37 CONTINUE 

09400 REWIND 4 

09500 WRITE (4  , 	) 	((Z (I , J) , J 	1 , N H) , I 	3 , 8  ) 
09600 NIRITF(4,*) 	(('WC(I,J),J=1,NH),I=2,8) 

09700 WPITE(4,*) 	(X(2,J),J=1,NH) 

09800 REWIND 7 

09900 WRITPE(7,*) 	((T0W0(I,J),J1,NH),I1,NH), 

10000 4 	C(TOW1(I,J),J1,NU),zi,N 	) 

10050 C : + : i . i i : : . : : s : : i . • . s : ! : : ; : i i : . ; i w i . . : . : : ; . ; ; e ; i + i : s s 

10075 C UPDATE t EAT11 R LOAD MODEL 

1007 C:::::: :2:::::: : 	......•::::::2::::::;::::........... 

10100 YMIN(2)=AI PW►A*Y(2)+(ti.0-ALPHA)*YMIN(1) 

10150 1)0  50  K=1,2 

10200 WWVMIN(K,2)=ALPHA*WV(K,2)+(1.0-ALPHA)*WVMIN(K,1) 

10250 50 CONTINUE 

10300 0)051  J=1,7 

10400 PMItl(J,2)=ALPHHA*P(J,2)+(1.0-ALPHA)*PMIN(J,1) 

10500 51 CONTINUE 

10600 * PRI1T212,YMIN(1),YMIN(2),((WVMIN(K,J),K=1,2),J=1,2) 

10700 * PRINT212,((PMIN(J,I),J=1,7),I=1,2) 

10800 212 '0flMAT(5X,4F12.4/) 

10900 REWIND 9 

11000 WRITE(9,*)  YMIN(2)r (NVMIN(Kr 2),K=1,2),(pMIN(J,2),J=1,7) 

11100 WRITP,(9,*)  (P(J,2),J=1,7) 

11150 NNC=9 

11200 0057  J=1,NC 

11300 IF(J.GT.7)  GO TO 59 

11400 PJlAIT(2,J)=P(J,2)-FMIN(J,1) 



PAGE:  5 
FORECASTING INCORPORATING EFFECT OF TEMPERATURE AND HUMIDITY 

11500 G()  TC)  57 

11550 59 JL)=J-7 

11600 Pr-(AIT(2,J)=WV(tJD,2)-WVMIN(JD,1) 

11700 57 CONTINUE 

11800 * PRINT213,(PHAIT(2,1J),J=],NC) 

11900 213 FURMAT'(5X,'PHAIT',9E12.5/) 

12000 DE1,Y(2)=Y(2)-YMIN(1) 

12100 S[1144=0.0 

12200 1D1061  i=1,NC 

12300 SUM3=0.0 

12400 0(163  J=1 , NC 
12500 Sl1M3=St1M3+PHAIT (2, J) *PEE (1, J, I ) 
12600 63 CONTINUE 

12800 S0M4=5IJM4+SUM3*PFIAIT(2, I) 

13000 61 CONTINUE 
13100 StJM4=1.0+SUM4/13EETA 

13200 S13M4=1.0/SUM4 
13400 1)065 	1=1 , NC 

13500 S11M5=0.0 

13600 1)(167 	J=1,NC 

13700 SUM5=5UM5tP ;E(I,I,J)*PKAIT(2,J) 

13800 67 CONTINUE 

13900 * PRINT216,SUM5 

14000 1069 K=1 , NC 

14100 TAMI (I,K)=S 0M5*PFiAITG2,K) 
14200 69 CCnTTIN11E 

14300 65 CONTINUE 

14400 * PRIUT217,((TAMI(I,J),J=1,NC),I=1,NC) 
14500 217 F'i1RelAT'(5X,' TAM1 + , 3X,9E13.5) 
14600 DC171 	I =1,NC 
14700 0071 K=1 , NC 
14800 PEE(2,I,K)=0.0 

14900 0073 J=1,NC 

15000 PE;F.(2,I,K)=PEE(2,I,K)+TAM1CI,J)*PEE(1,J,K) 

15100 73 CONTINUE 

15200 PRzi1T218,P.EE(2,I,K) 

15300 218 F0RMAT(5X,'PEE',3X,E13.5) 
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15400 Pl E(2,I,K)=PEE(2,I,K)/(BEETA**2.) 

15500 PEE(2,I,K)=PEE(j,,I,K)/HEETA—PEE(2,Ir K)*SUJh14 

15600 71 CONTINUE 

15700 SUM7=0.0 

15800 0075 J=1,NC 

15900 SIIM7=SUUN7+PHAIT(2,J)*AE(1,J) 

16000 75 CONTINUE 

16100 50M7=DFLY (2) —SUM7 

16200 0077  I=1,NC 

16300 AE(2,I)=0.0 

16400 0079 J=1,NC 

16500 AE(2,I)=AE(2,I)+PEE(2,I,J)*PHAIT(2,J) 

16600 79 CONTINUE 

16700 Al(2,I)=AE(2,I)*SUM7+AE(1,I) 

16800 77 CONTINUE 

16900 * PRINT72,(AE(I,I),I=1,NC) 

1,7000 72 FGRHAT'(SX,'AE',3X,9F12.6/) 

17100 * PRINT74,((PEE(2,I,J)►J=1,NC),I=1,NC) 

17200 74 I OR iAT(5X,'PE:E',3X,9E13.5/) 

17300 REWIND 10 

17400 WRITE(10,*) ((PEE;(2,I,J),J=I,TNC),I=1,NC), (AE(2,J),k]=1,NC) 

17500 SUM2=0 0 

17600 D[)70 J=1,NC 

17700 StIM2=S(1P•M2+AE(2,J)*PMIN(J,2) 

17800 70 CONTINUE 

17900 R(3)=YMIN(2)-AE(2,8)*VIVMIN(1,2)-AE(2,9)*WVMIN(2,2)—SUM2 

18000 StIt1=0.0 

18100 0083  J=1,7 

18200 S1(M=SCJM+AE(2,J)*P(J,2) 

18300 83 CONTINUE 

18305 * PRINT  64,AE(2,8),WV(1,3),AE(2,9),WV(2,3) 

18310 84 F4)R14AT(/3X,'AC(2,8)=',F10.6,3X,'WV(1,3)=',Fi,0,6,3X, 

18315 1  'AE(2,9)=',F10.6,3X,'WV(2,3)=',E'10,6/) 

18325 C ....• ..............:....:............•..........••.. 

18337 C PEAK LOAD FORECAST BASED UN WEATHER MODEL 

18383 /^•♦•• s••.•.••••••••••.•••►.•••••••••••••♦••••.•••••••. 

18400 Yt-!=(3(3)+SIJM+AC(2,O)*WV(1,3)+AE(2,9)*WV(2,3) 
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18500 IF(MCQUNT.EQ.0) Gu TO 89 

18600 SO=Y(2)-YOLD 

18700 WVAR=WVAR+(5Q**2-WVAR) /FLOAT(MCOUNT) 

18800 89 MCOUNT=PlCOUNT+1 

1900  Fs YOI,D=YW 

19000 NC(OUNT=NCOUNIT+1 

19100 REWIND 6 

19200 WRITE:(6,*)  NCOU)NT,MCOUNT,MOLD,WVAR 

19300 * PRI11T80,WVAR 

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

19450 C:::;::: z::::::;::::;;;:s:;::s::::::::::::s ::::::::::::::::: 

19500 CC COMPOSITE  FORECAST AND VARIANCE 

19550 C :::::::::::::::;::::: 5::::;::;:::::::::::::;:::::::::::;::: 
19600 SUH :Yh1-ZSR 

19700 DENOM-0(KP,KP)+WVAR 

19900 10091  J=1 , NHj 
20000 ZC(J)=ZS(J)+SUB*Q(J,KP)/DENOM 

20100 CVAR(J)=Q(J,J)-O(J,KP)**2/DENOM 

20200 91 CONTINUE 

20300 REWIND 5 

20400 C WRITE  (5,*)  (ZC(J),J=1,NF1) 

20500 PRINT31 

20600 31 FORMAT(1Hi///10X,'LOAO FORECAST BASED ON STOCHASTIC MODEL' 

20700 1  ,1OX,'VARIANCE'/) 

20800 PRRINT33, (ZS(JJ),SVAR(J),J=1,NH) 

20900 33 FORMAT (20X, F10.5, 28X,F10, 5/ ) 

21000 PRTI,JT85, YW 

21100 85 FORMAT(///20X,'PEAK LOAD BASED ON WEATHER MODEL=  ',F10„5) 

21200 PRINT93 

21300 93 FC)RAT(lH1///25X,'COMPQSITE LOAD FORECAST',10X,'VARIANCE 

21400 1'/) 

21500 PRIlT95,(ZC(J),CVAR(J),,,J=1,NH) 

21600 95 FORMAT(3OX,F10.5,17X,F10.5/) 

21700 STOP 

21800 END 

21850  
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r IJAD (AFMPS. ) Fl ;SERIF;} AT R,k i,:AGA} SI; S`fwr L,i' 
N'RI IAIJGIISm, 57. To j0ifl 	,;R, 87. (1 , 33 \r 
FF.;E,DER SUPI'LYIiJG Ptlt°, t R TO rt')JRKEE; '.Cfl'I 

45.0 , 40.0 , 	40.0 , 	40.0 , 45.0 , 50.0 , 55.0 , 
60 .0 , 7[n,0 , 	70.0 , 	7(~ 5.0(~ , 70.0 , 70.0 , 70.0/~ 
60.0 , 65.0 , 	75.0 . 	80.0 , 80.0 , 70.0 , 60 ,0 , 
45.0 , 40,0 , 	33.0 , 	38.0 , 40,0 , 42.0 , 15.0 , 5r 
60.0 , 60.0 , 	70.0 , 	65.0 , 60.0 , 60.0 , ar),n , 55,0 , 60,0 , 	75.0 , 	80,0 , 80.0 , 70.0 500 ,t' 	► 
45.0 , 'M,0 , 	45,0 , 	45.0 , 50,0 , 50.0 , 50.0 , 60.0 , tbS,0 , 	711,0 , 	70.0 , 75,0 , 75.0 , 7'),() , 15. 
75.0 , 50.0 , 	50,0 , 	65.0 , 75,0 , 70.0 , 5 0,0) , 45.11 
50,0 , 50,0 , 	50,0 , 	50.0 ► '18.0 , 50.0 , 50,0 , 52.`- 
60,0 , 75.0 , 	75,(i , 	80.0 , 70.0 75.0 , 75.0 , 75.  
70.0 , r1 5,0 , 	75 ,0  , 	5,0 / 75.0 , h0.0 , 50.0 , so,': 	/ 

50,0 , '5,n , 	45,0 48.0 , 50.0 , 50,0 , 50.0 , 
50,0 , 50,0 50,0 , 	60„0 , 75,0 , 50,() , 50.0 , 50,0 
50.0 , 55.0 , 	55,() , 	90,0 ► 1, 0 ,0 , 75,0 , 30 ,0 , 70,1) 

50.0 , 555r , 	50
/'() 

,() 
V

,0 , 	40,0 40/~ .1) , 50.0 , 5'x.0 / 
65.0 / 75.0 , 	, / 	00.0 I 0.') , 7Q, () / 7 '} .fl , 75, 0 
75,0 , 7 0.0 , 	75,0 , 	90.0 , o5,') , 75.0 , 6fl,0 , 

50,0 , 50.0 , 	45, 0 , 	45,0 , 50.3 , 50.0 , 5),0 , 50,0 
60,0 , 65.0 , 	60.0 , 	75,0 , 70.0 , 70.0 , 70.0 , 10.0 
6000 , 55,0 , 	80,0 , 	100.0 90.0 , 65.0 , 60,0 , 55.0 

40.0 , 40.0 , 	50.0 , 	50.0 ► 45.0 , 50.0 , 59,0 , 50.0 
45,0 , 65,0 , 	6Q,0 , 	75„0 , 7fl.0 , 60.0 , 65,0 , 65.0 
65.10 , b5.0 , 	85,() , 	9(),0 , 95,0 , 80.0 , 50,0 40,1) 

40.0 /,",.0 , 	45,10 , 	45,0 , 50,0 , 50.0 , 50,0 , 
60.0 , 55,0 , 	65.0 , 	65.0 , 115.0 , 65.0 , 50,0 / 55.:~ 	, 
55,0 , 65.0 , 	75,0 , 	90.0 ► 85.0 , 70.0 , 50.0 , 50.r' 
45.0 ► 45.0 , 	48_C , 	50.0 , 50,0 , 52.0 , 52.0 , 57,0 	I 
55.0 , 65,1) , 	78.0 , 	78,0 , 00 0 .0 , 75.0 r '1 1.0 , 55,0 
75.0 , 70.0 , 	80,0 , 	1of1,C , 85.0 75.0 5`i.() 

50.1) , 50,0 , 	50,0 , 	5O,~ , `, ),0 , 55,x0 . 55 ,0 , 60.0 ► 7 0 .0 , 	70,1) , 	i(),() , 80,0 ► 75,1) , 7'_') , 75.i 	► 
130.0 , 75, 0 / 	85.0 , 	95,0 , 90.0 , 65. r, , ,,1n SC.o 

48.0 , 4= 5.0 , 	40.0 , 	42.0 , {k7.n ^5,0 , 50 ,1) 
55.0 , 60.0 , 	75,0 , 	70.0 , 70.0 , 70.1) , 7_) , 75.1' 
70.1 , I0,Q , 	70.0 , 	90,0 , 85.0 , 70.0 , 55.0 , 

40,0 , 4fl,0 ► 31).0 ► 35, 0 , 33.0 28.0 , 23.0 , 
45,0 , 50,0 , 	50.0 , 	50.0 , 50,1) , 50.0 , 51 .0 , 5 a,~ 60.0 , 60.0 , 	60.0 , 	90.0 , 75.0 , 50.0 40,0 
40.0 , 38,0 , 	36.0 , 	30,0 , 32.0 , 35.0 11, 0 60.0 , 60,0 , 	65,() , 	65.0 , 60,0 , 55,0 / 60,i0 , 30.0 60.0 , 60.0 , 	60,0 , 	90.6 , 80.0 , 65.0 , 5') .0 , t5.t% 	► 
40,0 , 40.0 , 	45.0 , 	45.0 , 48.0 , 50,0 50.0 , 50.0 
55,0 

, 
, 55.0 60,0 , 	55,0 , 	60.0 , ► 60.0 55.0 , 50,0 . 50. 	, , 	70,0 , 	90,0 90.0 , 70.0 , 5`±,0 , 50.)' 	, 

45.0 , 45.0 , 	48,0 , 	48.0 , X 0.0 50.1) , 50 .0 , 50 .1 60.0 , 60,0 65.0 65,0 60,0 60.0 , 65,0 , 60.0 60.() , 65.0 , 	75.0 , 	05.0 , 1.50.0 , 70,0 , 55,0 , •5.o 



45.0 , '0.0 , 	40.0 r 50,( , 50.0 , 	50.0 r 	50.0 , 
55.0 , 60.0 , 	70.0 , fan,C , 60.0 , 	00.0) , 	x) 0 ,0 , 	,:)r,u 
60.0 , 60.0 00.0 , r 95.0 , 90,0 , 	u0.0 , 	60.0 , 

35.0 , 35.0 r 	40,0 , 50.0 , 55.0 , 	55.0 , 	55,0 , 	55.'' 
60.0 , 60.0 , 	61.n ► 70,0  r 60.0  , 	bO.0 , 	fin,()  
65.0 , 70.0 , 	75,0  ► a00,0 , 90,0  , 	80.0 , 	60.0 , 	55.( 

50.0 , 50.0 55.0 , r 55.0 , 60.0 , 	60.0 , 	55,0 , 	bS, l 
55.0 , bO.0 60.0 , ► 65.0 , 65.0 , 	65,0 , 	60,0  , 	b0.r, 
55.0 , 50.0 , 	80.0 , 90,0 , 95.0 , 	55.0 , 	50.0 , 

45.0 , 45.0 , 	50.0 r 5 0 ,0 r 55,0 , 	55.0 r 	5ci.0 , 	`)r),Y 
50,0 , h5,0 70,0 , r 70.0 , 70.0 , 	65.() , 	05.0 '!0.0 
65.0 , b2.0 95,0 , r 100.0 , 75.0 75.0 , 	60,') , 	50,0  

40,0 , 35.0 , 	S0.n , 50.0 , 50.0 r 	50.0 , 	50.0 , 	5C„c 	r 
55.0 , 60.0 , 	65.0 r 65.0 , 65.0 , 	60.0 , 	60.0 , 	60,0 	, 
65.0 , 60.0 90.0 , , 75.0 , `.:0.0 75.0 , 	60,0 , 	5C.0 

50.0 , 50.(0  , 	50,0 r  50.0 r 5 0 ,0 , 	55.1 , 	50,0 , 	:50,0 
550.0 , 50.0 , 	55.1)  r 55,0 / 70.0 r 	05.0 , 	70.0 , 	60.0 

50.0 60.0 , 65.0 , 	75.0 r 95.0 r 90,0 , 	80.0 , 	6.0 , 

50.0 , 45.0 , 	i3O  , 48.0 , 50.0 , 	50,0 , 	50.0 , 	5o,(: 
52.0 , 55,0 r 	60.0 , 60.0 , 58.0 , 	55.0 , 	50,0 , 	37,0 
50.0 , 60.0 , 	80.0 , 90.0 , 85.0 , 	05.0 , 	52.0 , 
40.0 , 40.0 , 	40.( , 42.0 , 45,0 , 	50.0  , 	50,0 , 	50.,E 	r 
55.0 , 60.0 , 	75.0 , 75.0 , 75.0 , 	65.0 , 	65,0 , 	bO,G 
70.0 , 60.0 , 	90.n , 05,0 90.0 , 	75.0 , 	60.0 , 	50.0 
40.0 . 40,0 40, 0  , 45,0 r 50.0 , 	55.0 , 	55 0 0 , 	50.0 
65.0 , 70.0 , 	75.0 ► 7",0 r 75.0 , 	65.0 , 	75.0 r 	75.0 
70.0 , 70.0 , 	90.0 , 95.0 , 00,0 , 	65.0 , 	55.0 , 	50.0 

56.0 , 5A.0 , 	50.0 ► 50.0 , 50.0 ► 50.0 , 	60,0 , 	50,r► 
65.0 , 75.0 r 	60,0 , 75.0 , 70.0 , 	65.0 r 	60,0 , 	70.0 	► 
65.0 , 60.0 , 	00.0 ► 85.0 , 35.0 , 	70.0 , 	55.0 , 	50.( 	, 

38.0 , 35.0 . 	35,0 ► 38.0  , '10.0 , 	50.0 , 	50 , n , 	50.0 
60.0 , 70 .0 ► 75.0 ► 80.0 , h5,0 , 	50.0 r 	70,0 , 	65.0 
65.0 , 65.0  r 	85.0 , 95,0 , 90.0 , 	80.0 , 	50.0 , 	5,(' 

45.0 , 40,0 r 	40.0 , 42.0 , 45.0 , 	510.0 r 	55.0  r 	50,0  
45.0 r  55.0 , 	55.0 , 50.0 r  60.0 r 	60.0 ► 65,0 60.0 	, 
55.0 r 55.0 , 	70.0 r 78.0 , 70.0 55.0 r 	50,0 it5.(.i 	, 

35.0 r 35.0 , 	35.0 , 3R.0 , 40.0 r 	45.0 , 	50.0 , 	5n,(+ 	, 
60.0 , 60,0 , 	50,0 ► 60.0 r 60.0 ► 00.0 , 	60.0 , 	60.0 	, 
55.0 , 60,0 r 	70.0 , 90.0 r 60.0 , 	70.0 r 	55.0 r 	50,0 	, 
50,0 45.0 , 	50.0 , 50.0 r 60.0 , 	40.0 , 	40,0 , 	50.0 	, 
55,0 , 55.0 , 	60.0 , 65.0 r 50,0 , 	50.0 , 	50.0 , 	55,11 	r 
55.0 , 60.0 80.0 , p0,0 , 65.0 55.0 , 	50.0 0.c. 	, 
50.0 , 50.0 r 	45,() , 50.0 r 50.0 , 	50.0 , 	50.0 r 	3r. r 	, 
60,0 , 60,0 , 	60.0 , 50,0 , 60,0 60.0 , 	60.0 , 	00.0 	, 
55.0 , 55.0 , 	80.0 , g5,0 , £0.0 75.0 , 	60.0 , 	45.0 	, 
45,0 , 45.0 , 	50.0 r  50.0 50.0 r 	50.0 , 	50.0 , 	ti().() 	, 
50,0 , 55.0 , 	55.0 r  60.0 65.0 r 	68.0 , 	6.0 , 	65,0 
70.0 60.0 , 	80.0 , 95.0 90.0 , 	75.0 , 	50.0 , 	45,0 



45.0 , 	110.0 , 40.0 , 50,() , 50.0 , 50.0 , 50.1) , 
55.0 , 	60.0 , 70.0 , 60.0 , 60.0 , 60.0 , ,n.0 , 
60.0 , 	60.0 r 80.0 , 95.0 , 90.0 . j0.0 , hil.0 , rr`.(` 

35.0 ► 35.0 , 40.0 , 50.0 r 55.0 , 55,() , 55,0 , 5~.  
60.0 , 	1)0.0 , 65.0 , 70.0 r 60.0 , b0.() , 60,0 6.' 
65.0 r 	70.0 , 75.0 , 100.0 r 90,() r 80.0 , 60.0 , $5.1 

50.0 , 	50.0 , 55.0 , 55.0 , 60.0 , 60.0 , 55.0 , 55.1 
55.0 60.0 , 60.0 , 65.0 , 65.0 , 65.1) , 60,0 , 
55.0 , 	50.0 , 80.0 , 998,0 , 95.0 , 55,0 , 5n.0 , 50.1 

45.0 ► 45.0 , 50.0 , 5n.0 , 55.1) , 55.0 , 50.0 , 55,(' 50.0 , 	65.0 , 70.0 , 70.0 r 70.0 , 65.0 , 05.0  
65.0 r 	62.0 , 95.0 , 100.0 75.0 , 75,() r 60,0 , 
40.0 , 	35.0 , 50.0 r 50.0 , 50.0 , 50.0 , 511,0 , 5C.(' 
55.0 , 	60.0 , 65.0 , l 5. G 65.0 , 60.0 , 60.0 , 60.0 
65.0 , 	60.0 , 90.0 r 75.0 r 0,0 75,0 r 60,0 , )l'.(' 
50.0 , 	50.0 , 50.0 , 50.0 , 5n.0 , 55.0 50.0 , 50,0 50,0 , 	50.0 , 55.() , 55.0 , 70.0 , 65,0 , 70,0 , 
60,0 , 	65.0 , 75.0 r 95.0 , 90.0 , 80.(1 , 65.0  
50.0 , 	45.0 ► '8.0 , 48.0 , 50.0 , 50.0 , 50.0 , 50.1 
52.0 , 	55,0 , 60.0 , 60.0 , 58.0 , 55.0 , 50.0 , 7,U 
50.0 r 	60.0 ► 80.0 , 90.0 , 85.0 , 65.0 , 52.0  
40.0 , 	40/~ .0n ► 40.0 , 4

75,0
2,0 , '5,O r 5r 0C .1) 50,0 , 50.0  

5.0 5 	. 0 , 	6'6 0 . 0 , 75,0    ,  , 75.0    , 6 5 . 0 , 65.0  ,  

70.0 , 	80.0 , 90.0 , 95.0 , 90.0 , 75.() , 60,0 50. (` 	, 
40.0 , 	40.0 , 40,0 r 45.0 r 50.0 r 55.() , 55,0  ,n.0 
65.0 , 	70.0 , 75.0 , 75.0 , 75.0 65.0 , 75,0 , 75,0 70.0 , 	70.0 , 90.0 ► 95.0 90.0 , 65.e , 55.0 , 
56.0 , 	5A.0 , 50.0 , 50.0 , 50.0 , 50.0 , 60,0 , 50.(, 	, 
65.0 , 	75.0 60.0 ► 75,0 , 70.0 , 65.0 r 60.0 ► 70.0 h5.0 , 	60,0 r 80.0 , 85.0 , 35.0 , 70.0 , 55.0 , ')(,.( 	, 
38,0 ► 35,0 , 35.() , 38.0 , 40 .0 , 50,0 , 5o.0 , 50, 0 
60.0 , 	7n.0 r 75.0 r 80.0 r F5,0 r 80.1) r 70.0 , 65.0 65.0 , 	65.0 , 85,0 r 95.0 r 90.0 b0 . () , 50.0 , 5,( 
45,0 , 	40.0 , 40.0 42.0 , rt5,() , 50.0 , `a5.n , 50.0 
45.0 , 	55.0 , 55.0 , 50.0 , din.( , 60.0 , 6`i 3 O , 60.0 
55.0 , 	55.0 , 70,0 . 78.0 , 70.0 , 55.0 r 50,0 115.(0 

35.0 , 	35.0 , 35.0 , :38.0 , 40.0 60.0 , , 
45,0 
bbO.0 r 50.0 60,0 / 50.1  t 0.0 60.0 60.0 , , 50,0 , 60.0 , 

55.0 60.0 , 70.0 90.0 60.0 , 70.0 , 55,0 , 50.0 	, 

50.0 , 	45.0 , 50.0 ► 50.0 , 40.0 40.0 , 40.0 , 50,0 	r 55.0 , 	55.0 , 60.0 , 65.0 , 50.0 , 50.0 , 50.0 , 55,0 
55.0 , 	60.0 , 80.0 , 90,0 , 65.0 . 55.0 , 50,n , 

50.0 , 	50.0 , 45.0 , 50.0 ► 50,0 , 50,0 , 5o,0 60.0 , 	60.0 , 60.0 , 50,.0 ► 60.1) , 00.0 , bU.n , 0(0.0' 
55.0 , 	55.0 , 80.0 , 95.0 r 60.0 , 75.0 , 60,0 , 45.0 

45.0 ► 45.0 , 50.0 , 50,0 , 50.0 , 50.0 r 50,0 50.0 57/0~ .0 , 	5[~ 5.0n , 5{~ 5/~ .0 , 60.0/~ r 65.0 , 68.0 , 6
50.0

1' , () , 05.0 
0.0 ► 60.0 , 80. " , 95.0 , 90.0 , 1 5. 0 ,  , 45.0 



40.0 , 40.0 , 40.0 , 45.0 , 50,0 , 50.0 , !0.( , _)( 	.1 	► 
52.0 , 54.0 , 55.0 , 60.0 , 05.0 , 55.0 , 25,0 , 
60.0 , 50.0 , 80.0 , 90,0 , 90.0 , 70.0 , 

50.0 , ;,0.0 , 50.0 , 50.0 , 50.0 , 50.E ~r~n  at 	.~ 
60.0 , 70.0 / 55.0 , 60.0 , 50.0 , 55.0 yr•n h5.c 
65.0 , 80.0 , 90.0 , 95.0 , o5.0 , b5.0 50,0 :,0.0 

50.0 / 50.0 , 50.0 , 50,0 , 50,0 , 50.0 , 511 ,0 , 
55.0 , 65.0 , 65.0 , 70.0 , 70.0 , 60.0 p nt,,n ,r,•: 	, 
65.0 , 75.0 , 90.0 , 90.0 / 75,0 , 55.0 , 5'3,0 , X5,0 
45.0 , 50.0 , 45.0 50.0 , 50.0 , 55.0 , 55.0 , 
55.0 , 60.0 , 65.0 , 65.0 , 69.0 , 55.0 , 60,0 , 60.(' 
60.0 , 65.0 , 90,0 , 95.0 , 85.0 , 70.0 , 55.0 ► 50.r 	, 
45.0 , 45.0 , 50,0 , 50,0 , 50.0 , 55.0 , 50,0 , 50.0 
55.0 , 50.0 , 58,0 , 60.0 , 65.0 , 60.0 , 50,0 , 50.0 
60.0 , 65.0 , 70.0 , 85.0 , 85.0 , 65.0 , ss.o , :)0.o 
45.0 , 45.0 , 50.0 , 55.0 , 50,.0 , 50.0 , 50,0 , '*0,i 	, 
65.0 70.0 , 70.0 , 70.0 , 65.0 70.0 , o5,0 , 75." 
70.0 , 70.0 , 95.0 , 100.0 , 70.0 ► 65.0 , 50.0 , ::,o,r 

45.0 , 45.0 , 4 8,0 , 48,0 , 50.0 , 50.0 60,0 52.0 
55.0 , 65.0 , 70.0 , 70,0 , 65.0 , 60.0 , 55,0 , 60u 	, 
70.0 , 50.0 , 00.0 , 90.0 , 60.0 , 60.0 , 5n.0 , 5,o 
45.0 , 45.0 , 45.0 , 48,0 , 40.0 , 50.0 , !0,0 , 52.0 
50.0 , 55.0/~ , 65.0 , 6(~5.0 , 6{} 5.0 55(~ ,0/~ 65.0 
60.0 , 65.0 , 80.0 , 90.0 , 85.0 ► 7 0.0 , 

6
52,0
0.0 

 , 45•() 

40.0 , 40.0 42,0 , 45.0 , 45.0 , 50.0 , 50.0 , b0.(  , 
55.0 , 60,0 , 60.0 , 8,5,0 ► 65,0 , 65.0 , 50.0 , t)5. 0 
60.0 , 65.0 , 75.0 , 70,0 , 65.0 , 70.0 , 55.0 50,0 

50.0 45.0 , 40.0 , 40.0 , 50.0 , 50.0 , 60.0 S0.0 
60.0 , 70.0 , 70.0 , 70.0 , 65,0 , 50.0 , 55.0 , 5t',( 	, 
55.0 , 50.0 80.() , 90.0 ► 80.0 60.0 , ')n,0 55.r 
40,0 , 40.0 , 35.0 , 35.0 , 40.0 , 50.0 , 5n,r) , 5t7.(, 	► 55.0 , 60.0 660.0 , 60.0 ► o0.0 , 80.0 , r~n,n , 55,1 
55.0 , 58.0 , 85.0 , 08.0 , 90.0 75.0 , 60, 'k5,I 
50.0 , 50.0/~ , 45,0 I 45.0 , 50.0 , 5 /0~ .0 , 50,0 , 55,1' 
50.0 , 54.0 ~57 5(~.(0~ / 65.0 , 6t~ 0n.0/1 , 60/~ .0/-~ , 05,0 , EL~sc/}~ .~~ 
60.0 / '! 0 .0 f ;78, 0 / 85.0 , b 0.0 , 70.0 , 5(1.0 , 5I/.r! 

50.0 , 50.0 , 50.0 , 50,0 50.O , 50.0 , 50.0 , 
55.0 , 65.0 , 55.0 , 65.0 , 60.0 , 50.0 , 15,0 , 75,0 
60.0 58.0 , 95.0 , 95.0 , 95.0 , E;0.0 , 60.0 , 50.() 

50.0 , 50.0 50.0 , 50,0 , 50.0 55.0 55,0 tir7.r~ 	, 
60.0 , 70.0 , 75.0 , 75.0 , 70.0 , b0.0 , 70,c, 
65.0 , 60.0 , 90.0 ► 95.0 , 90.0 , 75.0 , 50.0 , 

50.0 , 50.0 , 50.0 , 50.0 ► 50,0 , 50.fl ► 5n.0 , 5fl,0 
55.0 , 70,0 , 75.0 , 75.0 , 70.0 , 60.0 70.0 , 70.0 
75,0 , 65.0 , 95,0 , 95.0 , 95.0 , 75.0 , 60.0 , 50.0 

40.0 , 45,0 , 50.0 , 50.0 , 50.0 55.0 , 60.0 , 55.0 
60,0 1 70.0 , 75,0 , 75.0 I 70.0 , 70.0 ► 70,0 , 70,0 
45.0, 65.0,1.00,0, 95.0► X5.0 X5.0, 5,0, 50.(', 



40.0 r  40.0 , 45.0 r 45,0 ,  50.0 ,  50.0 , 50 , >5•~'  r 60.0 , 	55.0 , 75.0 , p0,0 , 	80.0 , 	70.0 , 70),0 , 
60.0 , 	70.0 , 100.0 , 100.0 , 	98.0 , 	60.0 , 55.0 p .4 ,+ 	, 
40.0 ,  50.0 , 45,0 , 50,0 ,  50,0 ,  55.0 , 54,0 , 55." 70.0 , 	65.0 , 70.0 , 70.0 , 	65.0 , 	60.0  
60.0 , 	60.0 , 100.0 , 90.0 , 	80.0 , 	75,() , 57,0 , 50. r: 
45.0 r 	45.0 , 48.0 , 48,0 , 	50,() , 	5(0.0 , 59.0 , 57.11 
65.0 , 	60.0 , 70,0 , 65.0 , 	60.0 , 	65.0 60.0 , oO,u 
60.0 , 	60.0 , 90.0 , 90.0 , 	85.0 , 	b5,0 , 60.0 , 55.0 
40,0 , 	40.0 , 45.0 , 45.0 , 	48.0 , 	50.0 , 55,0 , 52.0 
65.0 , 	70.0 , 70.0 . 70.0 , 	70.0 , 	70.0 , 70.0 , 70,0 
65.0 , 	60.0 , 100.0 , 90,0 , 	80.0 , 	70.0 , 60.0 , 50.0 

45.0 , 	45.0 
60.0 

, 45.0 
60.0 

, 48.0 50.0 , 	50. 
60.0 

, 52.0 52.0 
60.0 , , , 610,0 , 	60„0 , , 65.0 , 65,n 	, 60.0 , 	60.0 , 95,0 , 5,O , 	75,0 , 	70.0 , 6.0 , 50.0 	, 
40.0 , 	45.0 , 45.() , 50.0 , 	60.0 , 	60.0 , 50.0 , 52.0 	, 50.0 , 	55.0 , 60.0 , 60.0 , 	C,n,O , 	70,0/~ , 65,0 , ~~ C.,,'j,t) 	, 
65.0 I 	65.0 , 100.0 , 95,0 , 	85.0 , 	65.0 , 55.0 , 50. t► 	, 
4 /5~ .0/~ , 	40.}0~ 

65.0 
, 40.0/~ , 4'7 0/~ .0 , 	' 5 ,0 

70.0 
, 	50.0 

70.0 
, 5",OC, 	/~ 

65.0 
, 50c .0 

60.0 , , 70.0 , (0.0 , , , , 35, 65.0 70.0 , 100.0 . 98.0 , 	00,0 , 	65.0 , 50,0 , 550.1 	, 
40.0 , 	40.0 , 45.0 , 45.0 , 	0,0 50.0 50,0 , 
50.0 , 	65.0 65,0 , 65.0 , 	65.0 , 	65.0 , <,0.0 , o5.0 	, 60.0 , 	65.0 , 95,0 , 92.0 , 	90.0 , 	85.0 . 5.0 , 50.1 ) 
50.0 , 	50.0 , 50.0 , 50.0 , 	50.0 , 	50.0 50.0 , 50.0 
60.0 65.0 , 65.0 , 70.0 , 	65.0 R 	05.0 ► 60,0 , 60.0 o0.0 , 	65.0 , 100.0 , 100.() , 	90.0 , 	65.0 , 55,0 , 55,0 
45.0 I 	45.0 I 45,0 , 45.0 , 	'5,0 , 	45.0 , 50,0 , 5n,t 	, 55,0 , 	50.0 / 55.0 , 60.0 , 	60.0 , 	60.0 55,0 , 58.3 	, 65.0 , 	60.0 , 85.0 , $5.0 , 	t30,0 , 	60.0 , 50.0 , 
50.0 , 	50.0 , 40.0 , 40,0 , 	40.0 , 	50.0 , 50.0 , 50,r) 60.0 , 	50.0 , 65,0 , 60,0 , 	60,0 , 	60.0 , 55,0 , 
60.0 , 	60.0 , 100.0 , 95.0 , 	00.0 , 	65.0 51.0 45. n 
40.0 , 	35.0 ', 40.0 , 45.0 , 	45.0 , 	50.0 , 50,9 , 55, ) 60.0 , 	60.0 , 55.0 , 58,0 , 	58.0 , 	60.0 , '55.0 . 60 . u 
60.0 , 	65.0 , 95.0 . 95,0 , 	90.0 , 	60.0 , 50,0 , 

40.0 , 	4 0.0 r 40.0 r 42.0 45,0 , 	50.0 r 5t1.0 , J0.' 
50.0 , 	50.0 , 55,0 , 55,0 52.0 , 	50.0 , V),0 , 51.( 	, 55.0 , 	60,0 , 95.0 , 90,0 , 	75,0 , 	60,0 , 75,9 , 
35.0 , 	35.0 , 40,0 , 40.0 , 	40,0 , 	35.0 , 3 ().0 , 40,0 , 	45.0 , 45.0 60.0 , 	60,0 , 	55.0 , 55.0  55.1 	r 55.0 , 	60.0 , 75.0 , 80.0 , 	75.0 , 	65.0 , 50.0 , ;t5.+ 	, 
40.0 , 	40.0 , 38.0 , 40.0 . 	42.0 . 	45.0 , 1,5,0 , 50.0 , 	50.0 , 50.0 , 50.0 , 	50.0 , 	50.0 , 6.5.0 , 
40.0 , 	50.0 , 75.0 , 80.0 , 	80,0 , 	50.0 r •0.0  •5. 
35.0 , 	35.0 , 38.0 38.0 , 	440.0 , 	45.0 x§8.0 , 50,1 
50.0 , 	50.0 , 50.0 . 60.0 , 	55.0 , 	50.0 , 50,0 , 50.0 
55,0 , 	70.0 , 85.0 , 85.0 , 	70,0 tt5.0 ► _> r.() , 



35.0 , 	35.0 , 38,() , 38.0 , 145.0 , 	sO.() , h"'.0 , 
50.0 , 	50.0 , 60.0 , 65.0 , 60.0 , 	50.0 , )0,0 ,f 	. 	► 50.0 , 	65.0 , 80.0 , 00.0 , 15.0 , 	55.0 , 71,A , 

40,0 , 	35,0 , 35.0 , 35,0 , 35.0 , 	40.0 , '.,)+'.0 , 
50.0 , 	55,0 , 55.0 , 50.0 , 50.0 , 	50.0 , 5r.') , 
50.0 , 	60.0 , 95.0 , 90.0 , 70.0 t,0.() , `~n.r) , '=f•.t` 	, 

30.0 , 	30.0 , 40.() , 40.0 , 40.0 , 	50.0 , 50.0 50,+l 
50„0 , 	50.0 , 60.0 , 60.0 , 60.0 , 	b0.0 , 60.0 , 
58.0 , 	70.0 , 95.0 , 95,0 , 80.0 50.0 , 45.0 , 

35.0 , 	35.0 , 40.0 / 40,0 , 40 .0 , 	50.0 , 50,D , 50.0 , 	52.0 I 55.0 / 60.0 , 55.0 , 	50.0 , 55.x' , 55. 	A 52.0 , 	65.0 , 85.0 , 85.0 , 80.0 , 	65.0 , 60,0 , 
50.0 , 	50.0 , 40.0 40,0 50.0 • 50.0 50,0 30.0 
45.0 , 	60.0 , 60.0 / 65.0 , 60.0 , 	6Q. . 60.0 , 65.0 
65.0 , 	75.0 , 100.0 , 100.0 , 90,0 , 	65.0 , 50.0 , 50.0 
50.0 , 	40.0 65,0 I 0.0 60,0 , , 40.0 , 45.0 , 	45.0 , 50.0 55,0 , 50.0 60.0 , , 65.0 ► 55,0 , 	55.0 , , 60.0 / 	75.0 , 90.0 , 15.0 , C0.0 , 	65.0 , 60. , 50.0 
40/~ .0/~ , 	4(' 0.0 , 40.0 , 40.0 , 40,0/~ , 	45.0 , 50.0 , 5(q,/f) 
60,0 , 	65.0 , 60.0 / 65,0 , 60,0 , 	55.0 , 50,0 , 50.0 

70.0 , 	80.0 , 95,0 , 95.0 , 00.0 , 	160.0 , 50.11 , '.O.10 
40.0 , 	40.0 40.0 I 40.0 , 40,0 , 	45.0 , 50.0 , 45.0 
50.0 , 	60.0 , 60,0 , 60.0 , 52.0 , 	50.0 , 50,0 , 30 
65.0 , 	90.0 , 95.0 ► 95.() , 75.0 , 	E60.') , 130.0 , 
40.0 , 	40.0 , 40,0 , 40,0 , 45.0 , 	50.0 , 50).0 , 50.r 
50.0 , 	65.0 , 70.0 , 70.0 ► 70.0 , 	65.0 , r,5,0 , 60,0 
65.0 , 	05.0 , 95,0 90.0 , t30.0 , 	70.0 A `,n,0 , 'n,0 	, 
40,0 , 	45.0 I 40.0 / 40,0 , 5 0 .0 , 	45.0 , 50.0 , 50.0 	, 

60.0 , 	65.0 , 50.0 ► 60.0 , 60.0 , 	30,0 , x,5.0 75,0 
70.0 , 	95,n A a00 r t5,0 , 5,0 r 	60,0 , 50,0 r 5.r 

35.0 , 	35.0 , 36.0 , 38.0 45.0 , 	50.0 , 57.0 , 52.0 	, 
60.0 , 	65,0 , 60.() , 55,0 ► 55,0 , 	55.0 , 55,0 , 65.0 	, 
65.0 , 	95.0 , 95.0 , 95,0 75,0 , 	50.0 , l(1.0 , 35,0 

35.0 , 	35.0 , 35,0 , 38.0 , 40.0 , 	50.0 , 50.0 , 52.0 	, 
50.0 / 	60.0 , 60.0 , 60,0 , 60.0 , 	60.1) , h5.() , o5.0 	, 
70.0 , 	80.0 100,() , 90.0 , 60,0 , 	60.0 , 50.0 , '0.0 	, 

35.0 , 	35.0 I 35.0 , 38,0 , 38.0 ► 48.0 , 50.0 , 50,0 	, 
50,0 , 	50.0 , 60.0 , 60.0 , 60.0 , 	60.0 , 60.0 , 60.0 	, 
60.0 , 	75,0 , 95,0 , 90.0 ► 30.0 , 	60.0 , 50.0 , '0,0 	, 

45.0 , 	45.0 , 40.0 , 40,0 , 50,0 , 	50.0 , 75,0 , 55,(' 	► 
50,0 , 	50,0 , 50.0 I 65.0 60.0 60.1i 60,0 60,0 
65.0 , 	70.0 , 90,0 , 90.0 , 75.0 , 	60.0 , 50,0 , 41.0 

40.0 , 	35.0 , 35.0 , 35,0 , 45,0 , 	50.0 , 50,0 , 50.0 
60.0 , 	00.0 , 50.0 , 50.0 , 50.0 , 	50.0 , 50.0 ► 50.0 	► 55.0 , 	70.0 , 90.0 80.0 , 75,0 , 	ca5.() , 55,0 , 40,0 

35.0 , 	35,0 , 40.0 , 40.0 , 50,0 50.0 , 60.0 , SC,0 
30.0 , 	45.0 , 60.0 , 60.0 , 55.7 , 	55.() , 'in , ( , 50.0 
55.0 , 	75.0 , 90.0 , 85.0 , 75, 00 , 	60.0 , 50.0 , `z5.0 



50.0 , 40 .0 , 36.0 , 30.0 , 4(0. 0  , 40.0 , 5( .0  , >r.. ,  
50.0 , 55.0 , 55,0 , 50.0 , 50.0 , '00 , 25„n , 5 ( ,! 
50.0 , 75.0 , 55.0 , 9n.0 7 0 .() , b5.0 , )0,0 50,' 

40.0 , 40.0 , 36.0  , 30.0 , 30,() , 50.0 , n,fl 55,( 	► 
50.0 , 50.0 , 52,0 

90.0 
, 55.0 50.0 , 50.0 , X5,0 , 5(1.( 

70.0 , 75.0 , 85.0 , 75.0 , rb5.0 , OG.0 , 50.' 
50.0 , 50.0 45,0 , 45.0 , '*5.0 , 50.0 , 5 0 ,0 , 55.(' 
50,0 , 50,0 / 45.0 , 45.0 , 45.0 , 40.0 , 12.0 , 40.0 
50.0 , 60.0 , 00.0 , 75.0 , 75.0 , 00.0 , 60,1) , 50,1 
50,1) , 50.0 40,0 , 40,0 , 40.0 40.0 , 5 0 .0 , 
50.0 , 50.0 ► 45, 0  , 45.0 , 40.0 , 30.0 , 25,() 25.0 
50.0 , 65.0 I  '75.0 , 75.0 , 75.0 , 55.0 , 35.0 , 3 (1 .0  
28.0 , 30.0 , 30.0 , 30.0 , 35,0 , 35.0 , '5.0 , 
45.0 , 45.0 , 45.0 , 45.0 , 45.0 , 40.0 , 30,0 , 35.0 
50.0 , 70.0 I 70,0 , 70.0 , 60.0 , 50.0 , It5.0 , 
40.0 / 40.0 , 40.0 , 40.0 , 45.0 , 45.) , '+5.0 , 5n.0  
45.0 , 45.0 / 48.0 , 50.0 , '5.0 , 45.0 50.0 , 50,1 	, 
50.0 , 65.0 , 70.0 , 70.0 , 60.0 , 45.0 , 35.0 , 20.0 
25.0 , 25.0 , 20,0 , 20.0 , 30.0 , 35.0 , 50,0 , 50.0 	, 
50.0 , 50.0 , 55.0 , 80.0 , 50.0 , 50.0 , 50,0  
50.0 , 80.0 , 90.0 , 60.0 , 70.0 , 50.0 , 40,0 , 25.r 
35,0 , 35.0 , 33.0 , 38.0 , 38.0 , 45.0 , 50,0 , 50.x' 55.0 , 50,0 , 50.0 , 50.0 , 50.0 , 50.() , 50 ,0 , 50.1' 
60.0 , 80.0 , 85.0 , 70.0 , 65.0 , 50.0 , 38.0 , 30.( 
35.0 / 35.0 I  38.0 , 38.0 , 40.0 , 45.0 , br%.0 l  35,0 
60.0 , 50.0 , 50.0 , 50.0 , 50.0 '0.0 , 50.0 50.n 
55.0 , 70.0 / 70.0 , 70.0 , 70.0 , 50.0 , n5.0 35,0 
30.0 , 30.0 I  35.0 , 35.0 / 35.0 , 50.0 , 70.0 , 00.1 	► 50.0 , 00,0 , 50.0 , 60.0 , 60.0 , 50.0 , 50.0 , 50.' 
50.0 , 75.0 75.0 , 75.0 , 70.0 60.0 , 50,0 , 
40.0 , 40.0 , 35.0 , 35.0 , 40.0 , 50.0 , 60,0 , 60.',  
60.0 , 50.0 , 50.0  , 55,0 , 50.0 , 50.0 , 5 0 ,0  '.,(r.t' 55.0 80.0 , 100.0 , 90.0 , 60.0 , 60.0 , y),0  , 35.1` 
40.0 40.0 , 35.0 , 35.0 , 40.0 , 50.0 , 50.0 , 00.0 
55.0 , 60.0 . 50.0 . 55.0 , 50.0 , 55.0 p 50.0 b0.' 
50.0 , 95.0 , 90.0 , 00.0 8[?.Q , t0.0 50.0  
40.0 , 30.0 , 30.0 , 28.0 30.0 , 35.0 , 50.0 , 5( .0 	► 50.0 , 50.0 , 55.0 , 55,0 , 50.0  , 50.0 , ii5.n , 50.0 	, 50.0 , 80,0 80.0 75,0 70.0 60,0 50,0 Iran 
40.0 40,1) , 40.0 / 40.0 , a0.1) , 50.0 , 63.0 , )0.0 50.0 50,0 I 60.0 , 60.0  , 55 .f )  50 ,1) 50,0 Jaws 
55.0 , 115.0 90.0 , 80.0 , 75.0 , 0. n , 50.0  , Ik f  . 	) 
40.0 , 40.0 , 40.0 , 40.0 '0.) , 'ko.r) , 60,0  , (,0, 	l 
50.0 ► 52.0 , 550.0 , 52.0 50,t , 50.0 , 5n,0 ► 55,0 
60.0 , 80.0 , 00.0 , 85.0 75.0 , 50.0 , 40.0 , 31),0 
35.0 / 30.0 , 32.0 , 35.0  35.0 , 55.() ► 55,1) , 55,c) 
56.0 , 52.0 , 52.0 , 50,0 , 50.0 / 50.0 , 50.0 , X0.1) 
60.0 , 90.0 , 90.0 / 90.0 j0.0 / 50.0 40,0 , 40,0 



40.0 , 35.0 , 	35.0 , 40.0 , *0.Ij , 	50, 1) , 	50.0 , 	as. 
52.0 , 50.0 , 	50.0 , 50.0 , 50.0 , 	x,5.0 , 	'a.r , 
55.0 ► 7590 ► l30. 0 ► 80.0 , 75,0 , 	f,0.0 ► 50.0 , 
38.0 , 30.0 , 	30.0 , 35.0 , '0.0 . 	50.0 , 	55.0  
60.0 , 60,0 ► 50,0 , 50.( ► 50.0 , 	55.0 , 	50.8 , 
50.0 , ri0.0 , 	85.0 , 80.0 75.0 60,0 , 	«5,O , 	35.' 

35.0 , 35.0 38,0 , 38.0 , A0,0 , 	~ 	) , 	55.0 , 	oO. 
55.0 , b0.0 , 	55.0 , 50.0 , 50 • 0 , 	50.0 , 	5 0).0 , 
50.0 , 85.0 95.0 , Fa5.0 , 75.0 , 	55.0 48.0 , 	35. f' 	, 
35.0 , 35.0 , 	38.0 , 38.0 , 40.0 50.() , 	52.0 , 
59.0 , 50.0 , 	50.0 , 50.0 , 50.0 , 	50.0 , 	50.0 , 	50. ,) 
55.0 , 90.0 , 	135.0 , 75,0 , 70,0 , 	55.0 , 	45.0 35,lj 
30.0 , 30.8 35.0 , 35.0 , 38,0 , 	50.1) , 	50.0 , 	5,r 
55.0 , 50.0 , 	50.0 , 50.0 , 50.0 ► 50.0 , 	50 .0 , 60.0 , 80.0 , 	95.0 , 95.0 , d5.0 , 	55.0 , 	5fl.0 , 	50.x' 

40.0 , 35.0 , 	30.0 , 30.0 , 35.0 , 	50.0 , 	f)0.8 , 	65,0 
50.0 , 50.0 , 	50.0 , 60.0 , 50.0 , 	50.() '~~ 50. ! 
50.0 , 80.0 , 	90,0 , 05.0 , 75.0 , 	50.0 , 	?•:).0 , 

DAILY AVERAGE TE~SPER,kTd3RE RF Cfl iC;D AT 
HYDROLOGY DFPARTUE,1T,1JEaTV3~RSIT'Y OF Rt ni3K''"F 

FRO 1 1AUGU512, 87, TO10NOVE't,W(ii, 87. 

33.25 , 33.00 , 32.10 31.00 , 30.00 , 30.60 ► 31.00 , 32.00 
33.35 , 33.25 , 32,50 , 33.10 , 27.10 , 33.00 , 29.35 , 31.15 
30.10 , 33.10 , 26.00 , 32.25 , 30.10 , 31.25 , 23.75 28.25 
31 .50 , 32.00 , 28.85 , 27.80 , 2 6.2 5 , 30.60 , 28.65 , 29.35 
31.00 , 31.60 , 30.50 , 28,85 , 29.25 , 30.50 , 28.20 , 29.10 
29.75 , 27.70 , 29.50 , 29.75 , 29.80 , 30.25 , 29.95 , 30.50 
31.75 , 31.00 , 30.35 , 30.75 , 30.25 , 29.90 r 29.95 29.rs5 	, 
29.00 , 29.00 , 28.93(0 , 29.10 , ?..50 , 27.90 , 28.40 , 2t~,S0 
27.50 , 27,25 , 27.35 , 27.30 , 28.10 , 28.35 , 27.70 , 2 ,,.•O 
28.40 , 28.20 , 27.40 26,55 , 26.75 , 26.70 , 27."d0 , 25.5" 
20.50 , 21.115 , 22.30 ► 22.55 , 23.35 , 23.95 , 24.05 , 23.75 
27.35 , 24.50 , 2.00 , 25.20 , 23.50 , 21.25 21.88 , 12U1 
21.75 , 20.85 , 20.10 , 21.50 , 22.25 , 22.55 

DAILY RELATIVE HW Ig1'TY<<ECC )t-) A'x 
HYDROLOGY 17EPARTi4iFI ,,,T,►)i,IVFk ITY I,F Pi.,f1RVr;E 

FROM 1AUGu T,87. Ti 1u1JuVI.t'oFkt,r~7. 

65.00 , 67.00 , 64.00 , 74.00 , 70.00 , 611.00 , 67.00 , 73.ut' 	r 
72.00 , 65.00 , 67.00 , 64.00 , 74.00 , 70.00 , 64.00 , 677.00 
73.00 , 72.00 , 69.00 , 75.00 , 65.00 , 87.00 , 85.00 72.? 55.00 , 91.00 82.00 , 95.00 , 82,00 , 82.00 , 77.00 , 82,00 
85.00 , 79.00 , 86.00 , 83.00 , 81.UU , 93.00 , 91.00 , 81,00O- 
85.00 , 76.00 , 79.00 , 81.00 , 75.00 , 71.10 , 78.00 73.00 85.00 , 76.00 , 75.00 , 71.00 , 73.0() , 62.00 70.00 , 5w.0 	, 76.00 , 73.00 , 66,00 , 51.00 , 63.00 65.0;0 , 73,08 , 72.t,(. 
52.00 , 53.00 , 64.00 , 64.00 , 5b.00 , 63.00 . 66.00 ► 70,u( 
63.00 , 67.00 , 56.00 62.00 , 52.00 , 75.00 , 67.00 , 61.'( 
77.00 , 71.00 , 49.u0 , 64.00 r Fr.G0 ► 67.00 , 71.00 , 7,( •̀ 72.00 , 75.00 r 60.00 ► 62.00 , 71.x;0 , 60,00 , 6'.V , 
53.00 , 67.00 , 70.00 62.00 , 6'.0() , 6~'.00 



APPENDIX-3 

LOAD FORECAST FOR NOV.2,1987, 

INCORPORATING EFFECT OF TEMERATURE 

LEAD TIME = 24 HOURS 

STOCHASTIC MODELS VARIANCE  COMPOSITE 110A0 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 9,23400 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 1455344 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 25.51331 

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 0 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 

PEAK LOAD FORECAST BASED ON WEATHER LOAD MODEL 85,74341 



APPENDIX-3 

LlAD FORECAST FOR NOV.2,1987, 
INCORPORATING EFFECT OF TEMERATURE 

LEAD TIME = 24 HOURS 

STOCHASTIC 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 9.23400 38.30494 9.09021 
41.11955 9,42730 40.72059 9.31087 
50.28537 9.23137 49.52908 8,81296 
$6.80984 9,90273 56.51877 9,84076 
5618791 7,60052 55,95837 7,5618 
52 64802 1 4. 55344 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 25.51331 
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 14,75499 
35.18908 16,10780 35,17769 16.10771 

PEAK LOAD FORECAST BASED ON WEATHER LOAD MODEL 85.74341 



APPENDIX -3 

LOAD FORECAST FOR NOV.8,1987. 
INCORPORATING EFFECT OF TEflRAT(JRE 

LEAD TIME = 1 WEEK 

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 4 00662 32.03035 9.00590 
30,04130 8.58199 29.93548 8.48792 
32.70704 8,86735 32.58941 8.75110 
40.01230 8.64343 40,00938 8.64336 
52.56910 9,36676 52.52585 9.35104 
53. 89843 7,21517 53.87573 7.21084  
51,961 53 13,50227  52,15696 13.18140  
48.47491 13.87326 48.77850 13.0995 
49.13355 21.12627 49,64807 18.90230 
51.24337 23.90858 51.80264 21.28089 
45.30100 14.55949 45.47681 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 9 11817 48,35538 16.63868 
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 

PEAK LOAD FORECAST BASED ON WEATHER 	LOAD MODEL = 81.14063 



APPENDIX-3 

LOAD FORECAST FOR NOV.2,1987. 

INCORPORATING EFFECT OF TEMPERATURE AND  HUMIDITY 

LEAD TIME = 24 HOURS 

STOCHASTIC MODEL VARIANCE  COMPOSITE LOAD VARIANCE 
FORECAST FORECAST 

35.74101 11.78330 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 56.23106 9,95890 

56,03846 7.63240 55.81541 7.59424 

53,21648 14.31842 52.87455 14.22873 

57.05699 15,5411.7 56.58376 15,36939 

58,72188 21.91650 58,11707 21,63590 

59.66159 24.57889 58.69172 23.95733 

53.55248 14.74889 53.30298 14.70114 

55.00433 25.98280 54,40592 25,70811 

55.04967 19,62041 54.23768 19.11465 

56.32,219 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 

75.89475 31,08994 74.57248 29,74877 

54.01022 22,00983 53.81783 21,98143 

43.81393 14.77034 43,65878 14,75187 

35.45101 16,19595 35.45215 16.19595 

PEAK LOAD FORECAST BASED ON WEATHER LOAD MODEL = 85.29960 



APPENDIX-3 

LOAD FORECAST FOR NOV.8,1987, 

INCORPORATING EFFECT OF TEMPERATURE AND  HUMIDITY 

LEAD TIME = 1 WEEK 

STOCHASTIC MODEL VARIANCE COMPOSITE LOAD 
FORECAST FORECAST 

38.01353 10.45090 39.21633 

32,04951 10,45509 32.42370 

32.01506 9.00604 32.03271 

30,02983 8.58396 29.79247 

32.73195 8,87145 32.46776 

40.04193 6,64390 40,03825 

52.58879 9.36115 52.50318 

53,93337 7.21502 53.88295 

51.84630 13,49025 52.27328 

48,22092 13,87738 48.8956-0 

48,91,124 21.1.2627 50.05393 

51,15303 23.93290 52.39973 

45.21427 14.56994 45.61038 

46,61071 24.91834 46,85888 

43,24993 19,04254 43,95498 

44,83516 21,35678 45,49908 

47.53774 20,12046 48.92589 

78.91781 26,  82.-6-7-042 

76.75441 31,41256 78,16785 

70,08097 29,74227 71.26952 

67,46298 30.73400 67.84517 

56,04992 21.37103 56.30500 

45,98029 14,09792 46,00586 

34.46171 15.33175 34,51378 

VARIANCE 

10, 37756 

10,20540 

9,00549 

8,46349 

8.74699 

8,64387 

9.34808 

7.21049 

13. 16514 

13. 06569 

18.79787 

21,16129 

14.2,9016 

24.80852 

18.15612 

20,57077 

16,68428 

1,09439 

27, 85005 

27,22319 

30 ,47353 

21,25501 

14.09676 

15.32691 

PEAK LOAD FORECAST BASED ON WEATHER  LOAD MODEL = 82,83396 
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