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ABSTRACT

The aim of this work was to design an analytical natural
gaé forecasting model. A gas supplier is confronted with
opposing penalty“costs for excessive and deficient gas supplies.
Natural gas consumption is primarily related to variations in
the weather. - The objective was to develop a model to forecast
demand with an error not to exceed 5 percent of the actual
demand for 95 percent of all forecasts.

The basis of the model is a modified multiple stepwise
regression program. The procedure consists of gathering
25 independent and 1 dependent variable. A combination of
variable and,observafion weighting, as well as the use of dummy
variables is applied. These variabies are subjected to the
'multiple stepwise regression procedure, which retains only the
significant variakles based on partial regression using the
F test. The resulting coefficients are applied to tomorrow's.
weather forecast in order to arrive at the predicted natural
gas sendout for tomorrow.

A four phase model was developed with the multiple stepwise
regressioﬂ performing the third phase. In excess of 97% of the
vériation occuring in the data was accounted for by the 25
variables. The model was allowed to generate a sample nine
day period. The mean erfor of this sample run was -.7% with the

highest variation being -3.3%.
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I INTRODUCTION

Generalization

A search for the optimization of a function whose behavior
is more or less unknown to the observer necessarily involves
much experimentation. It was through the direct measurement
of each experiment that this model was derived. The purpose
of this study is to develop and test a natural gas forecasting
model. The usefulness of the model is its value in helping
derive a future nomination* value and its worth to the daily
gas dispatch operations. The design of the model includes
continual updating and reformulation of the various variables
on a daily basis so as to avoid obsolescence.

The results have revealed some interesting relationships
between various weather factors and natural gas sendout.
Although this program has not been put into production at the
Inland Natural Gas Company, it is intended that this will occur

when the present computer conversion is completed.

Background

Inland Natural Gas Co. Ltd. is a public utility operating
its distribution system in the interior of British Columbia (see

system map, Exhibit 1, Pg. 45). The customers being served can

*See "Glossary of Terms" Page 36, for definitions of techgical‘

terms.
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pe classified as to resideﬁtial, commercial, small and large
indusfrial. Peak sales of 148,223;000 cubic feét occurred on
February 9, 1975, with total recorded sales for the year 1975
being 35,640,714,000 cubic feet. The natural gas required

to meet these demands has been purchased solely from Westcoast
Transmission Company Limited. Beginning in 1976, peak demands
can be met by using an alternate supply from Alberta & Southern
Gas Co. Ltd., although this must be returned to them the
following summer. a

The customer base has been growing at a compound rate in
excess of 10 percent for the last three years (see Exhibit 4,
Page 46 for load profile. A major portion of the natural gas
sold is used for heating purposes. As a result, gas sales
vary greatly with the weather, and it is difficult to forecast
accurately in advance what the actual gas requirements will be.
Weather causes annual variations in gas usage between "cold",
"normal" and "warm" years, as indicated in Exhibit 2, Page 46.
In addition, there‘is_a large seasbnal variation in gas usage
between different months of the year as Exhibit 3 shows.

The requirement of all regﬁlar or so called "firm" customers
must be supplied even on the coldest winter day, without
curtailmént or interruptibns. Plant facilities must, therefore,
bellarge enough for these peak day requirements. This means
that the facilities will not be fully utilized at other times.

The maximum day sendout has increased from 123,579,000 cubic
feet in 1973 to 136,485,000 cubic feet in 1974 and 148,223,000

cubic feet in 1975. Complex ramifications result from demand

penalties, minimum bill provisions and contractual commitments
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listed below, coupled with the fact that the escalating méximum
day sendout must be nominafed* one yea: in advance. An additional
pertinent item stems from the daily fluctuations in revenue due

fo varying weather patterns. This variation has created a need

to develop a more satisfactory method of daily forecasting,

which must comply with the following contractual commitments.

Contractual Commitments

- Nomination of gas (maximum duéntity that can be purchased
per day) must be submitted by November 1, to be effective
November 1 next year, for a one year term.

- The minimum monthlyvbilling demand is based on 22.5%
of the nomination.

- A billing demand penalty in excess of seven fold is
incurred for any gas taken in excess of the nomination.

- The yearly minimum that falls under a take or pay
categorX is based on 65% of the nomination (365 x
nominatiSh\x .65) .

— Should the minimum billing demand be exceeded, a new
minimum billing demand is then established up to the
maximum where the minimum billing demand equals the
nomination. Any gas exceeding the nomination is
penalty gas.

- If it is known today that the quantity of gas required
for tomorrow will exceed the nomination, sufficient
advance notice must be given to certain industrial
customers, whose gas supply can then be curtailed for

the following day.
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Gas Supply Mix

Inland has various alternatives available to it in oxrder

to meet the customer requirements.

- Basic gas supply from Westcoast Transmission Company
Limited.

- Peak shaving, which consists of taking gas in the summer
when consumption is low, and liquifying this gas. In
the winter this gas is returned to the line on peak
days, thus lowering the quantity of gas taken from
Westcoast.

- Using propane, which is stored in rail cars. On severely
cold days, propane is mixed with air and fed into the
system.

- Albe;ta gas (any gas bought in.the peak winter period
must Be\returned the following summer).

- Using liﬁé\pack, which consists of forcing more gas into
the miles of pipeline by increasing the pressure through
the use of compressors. Then on severe days more gas
is taken from the system than is fed into it from
Westcoast, thus reducing the pressure. This has limited

use since working pressures must be maintained.
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Model Overview

sl

The model is based on a modified multiple stepwise
regression program developed by Statistics Canada. Various
methods of variable and observation weighting, use of dummy
variables, as well as auto regressive variables are included.
The stepwise algorithm performs an evaluation on the variables
based on a partial regression using the F test. The procedure
consists of gathering the initial data of 6 independent,

11 dummy, and 1 dependent variable. Phase 1 evaluates the
dependent variable, and generates 1 additional independent
variable, the day of the week factor. The effective temperature
formula producing the lowest error is selected by phase 2, which
calculates 3 additional independent variables, (variables 13,

16 & 18 in Table 5, Page 38). Phase 3 is entered with 11

dummy variables, 13 independent and 1 dependent variable, which
performs the mﬁltiple stepwise reg;ession procedure, thus
retaining only the significant variables. The final phase
consists of applying the coefficients to tomorrow's weather
forecast in order to arrive at the predicted natural gas sendout.

A four phase model was developed with the multiple
stepwise regression performing the third phase. The combination
of variables accounted for in excess of 97% of the variation

occurring in the data. The model was allowed to generate a
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sample nine day period. The mean erréf of this sample run was
-.7% with the highest variation being -3.3%. To date, the
model has been run in a test mode only. However, the model's.
performance has received acceptance from the engineers, who
plan to implement it. The model will then become a productive

tool to assist the natural gas dispatcher.

Significance of Literature in the Field

The literature review consisted of a search by the author
and by the Pacific Coast Gas Association. This combined search
covered extensive information on gas technology from 1960
through 1973. Several articles containing analytical approaches
in identifying some of the principal factors affecting gas load
were dichvered. Published litefature was not available which

addressed itself specifiéally to the nomination of natural gas.

_ In addition, all of the studies were conducted in comparatively

warm regions in a relatively confined area.
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pPrevious Research Findings

One of the earlier models deveioped in 1962 T 1 1%*%*
describes an analytical model that applies the first order
linear form. It can be expresséd as:

y = B0+B1X1+B2X2 ----- BNXN
Where y is the dependent variable to be forecast, the B's are
the regression coefficients determined by the least squares
criterion, the X's are the exogenous variables. This study
considered the linear weather effects from temperature, wind
velocity and daily illumination. This was refined by fitting
a parabolic curve to the temperature data. A negligible day of
the week correction factor was also included. The equation
maintained better than 5% accuracy for 80% of the time,ibut
errors in the magnitude of 10% were introduced from time to time.

In 1964 Van.Note [ 11 1 used multiple linear correlation
with variables including weighted temperature and a 24 hour
lag effect. These were fitted to a second degree polynomial
equatioﬁ{\~Errors in excess of 6% were frequently experienced.

In 1967 Ruskin [ 9 1 developed a generalized simulation
hodel. New factors such as rate of temperature change, and
customer characteristics which include number and growth of

customers, class of service and type of service were included.

'This study introduces the idea of scaling a variable such as

wind so it can be included as a dichotomous variable. A major

**The numbers in parentheses refer to the references in the
Bibliography, Page 37.
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finding of this study is that the felationship of environmental
changes to gas sendout is nonlinear. This includes the

growth of the gas load with respect to time, since the customer
growth is more likely to occur during the summer construction
season than during the winter. Since the gas load accumulated
from residential construction is different from that of
commercial, the growth will be seasonaily different. Economic
changes affecting production schedﬁies and the day to day mix
of commercial and residential customers add more complexity to
the daily sendout.

In 1968 Hingorani and Marcynski [ 5 1 developed a model
using a non stationery time series and a cross product variable
of wind velocity multiplied by temperature. The use of the
time series model was intended to introduce economic and
environmental effects in addition to weather. A forecast
error as high as 10 percent of the gas load was experienced.

ingl973 Haenel [ 4 ] developed a model using the multiple
stepwise fegression technique as the baée. A geometric weighting
factor was applied to the data to introduce an autoregressive
time series effect. 1In addition, an optimal weighting factor
was introduced, which minimized the sum of the squared error.

The model yielded 95 percent of all forecasts within + 5.36
percent of actual, which is a considerable improvement over

previous models.
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In all of the studies, only a portion of the year's data

was selected for modelling. Many used data from the previous

year and all excluded holidays and non typical gas days. All

partitioned the data, and within these partitions assumed the
effects of the variables to have a near linear relationship
with gas load.

The most difficult and important period for forecasting
is that of the winter heating seaséh. It is here that the
peak day is encountered, and it is this sendout that has the
greatest effect on yearly costs. If the dispatcher selects
too low a nomination value, revenues will be reduced. If he
chooses too high a value, considerable penalties could be
realized.

The use of mathematical models in forecasting daily gas
load is limited throughout the industry. Past model response
to short term trends in the economy or from changes in
custoher habits have been unsatisfactory. Thus, obsolescence
of the fo?ecasting equation frequently results. The
availability of information and the cost of acquiring this
information must be considered. It is evident that continuous
daily forecasting over a period of time will be necessary to

demonstrate the usefulness of this tool.
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objective of the Study

The main framework of course, is to design a model that
will forecast the demand of natural gas that will be needed
tomorrow. The need has been created due to the increasing
complexity of the gas system operations. As can be seen from
the system map (Exhibit 1, Page 45), the operating region
covers in excess of 700 miles, which crosses two mountain
ranges. Consequently, very distincf weather patterns as well
as geographical peculiarities exist. A cold front moving across
such a vast area introduces diversity between the peak days in
various towns. The ramifications encountered with multiple
gas supplies, demand penalties and minimum bill provisions and
advance notification of customers to be curtailed have created
the need to devélop a more satisfactory method of forecasting

sendout. The following objectives are stated:

(1) Design a model with a forecast error not to exceed
5% of the actual demand for 95 percent of all forecasts.
The benefit here will be in substantiating a dispatcher's
calculation plus assisting in notifying customers in

_time to affect curtailment for the following day.

(2) Sources of data must be readily attainable and must be
timely so that these can be acted upon for the
following day. The nature of the current contract

situation requires 8 hours notice to the interruptible¥*
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(4)
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customers, and improvement in predictions could

increase the security of the system. Since the

contract day begins at 8 a.m., this means that

customers must be notified by midnight if curtailment
is to be effective for the following day.
Considerations will be given in the model design to
provide for possible future obsolescence of variables
which are no longer significant.

An additional problem associated with gas dispatch is
that of selecting a nomination value which will become
effective one year hence. This requires forecasting
future weather as well as future demand. A probabilistic
approach to the uncertainty of weather can be achieved
by using the Monte-Carlo simulation method. The
simulated temperatures must have the same statistical
properties as actual temperatures. By utilizing

past historical data consisting of the extremes and

the daily mean temperatures in conjunction with a

random number generator, a sample set of simulated

temperatures can be derived. Using this data as a

. base, it is possible to forecast for the subsequent

year in order to arrive at a nomination value.

However, although this is a stated objective, this will
not be realized in this study. It is intended that

the daily forecasting model will be in production  and

accepted before this phase will.be'attempted.
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II RESEARCH DESIGN

pata Sources

Currently, the dispatch function is performed on a manual
pasis. Until recently, all weather information that the
dispatcher required was received via telex. In December 1974,

a P.D.P. 11/40 process control computer was installed. The
first pase of its development was the monitoring of the telex
line to capture any weather data pertaining to regions served

by the distribution system. The unique code of the weather data
is translated and printed in a readable format. It is from this
source that the independent variables for this model originate.

- The objective of the model is to forecast tomorrow's
sendout. Weather data is received hourly, with forecasts
received at 5 a.m., 10 a.m., 2:30 p.m., 7:30 p.m. and 10:30 p.m.
These forecasts consist of general public information, with an
outline of general area expectations.A In addition, a 2:30 p.m.
special forecast is received from the weather office indicating
\\\tonight's low, tomorrow's high, and the low tomorrow night.

'Should there be a drastic change in the weather, revised forecasﬁs
will be issued at any time.

The different variables included for each day are listed

in ‘Table 5.
Variable 1 - A Constant factor.
Variables 2-12 - These variables are dummy variables and

are used to signify different weather regions. This
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is necessary in order to account for the separate
effects on the gas sendout which are peculiar to
each region.

Variables 13-15 - These variables form the autoregressive

series.‘ The temperature is measured in degrees Celsius,
while the operational variable is measured in millions
of cubic feet of gas. The variables are interval

scaled over a continuous rénge.

Variables 16-18 - These variables are calculated weighting

variables.

Variables 19-24 -~ These variables are the original
independent variables received from the P.D.P. 11/40.
When operational, these will be the forecasts for the
following day.

Variable 25 -~ Is the dependent variable consisting of the

actual gas sendout.

\ Additional variables such as cloud cover, illumination and
precipitation were considered. vThe author did not have an
opportunity to determine the effect on sendout from these
weather variables, so no conclusion can be reached as to the

_benéfit that could be derived from the inclusion of these
variables. The reason for excluding this data was that it was
either subject to human interpretation to translate it to a

numerical value, or was unavailable for all of the regions

.under consideration, or both.
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It is known from historical daﬁa within the Company that
a spring and fall transition point océhrs, i.e., the slope of
the demand versus weather is different for winter than for
summer. However, as mentioned earlier, the critical requirement
for exact sendout is not present during these transition periods,
so although it is recognized, this problem will not be pursued
in this study.

Some of the earlier models wer; designed by considering
one variable at a time and finding the optimum solution, fixing
the relationship with demand and then considering the next
variable. Although the multiple regression model allows cross
correlations, these can be removed by placing different levels
of tests on each independent variable. The fact that natural
gas demand is dyhamic would tend to indicate that models with
- fixed variables are slated for obsolescence.
If all the variables are continually made available to
\\\yhe Multiple Stepwise Regression Program, only those variables
thch best aid in explaining the variation in actual gas sendout
will be chosen for any one forecast.

The best set of variables is continuously chosen by
re—examining the interrelationships between the variables. The
" model will thus include different combinations of variables

depending upon various economic or seasonal cycles.
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The following is a description of the final variables

included in the model:

One constant factor.

Eleven'dummy variables allowing a separate description
of each weather region.

Yesterday's effective temperature, which is derived from
a formula based on the weighted aVerage temperatures of
the past 4 weeks (see Page 17 Item iii, for the effective
temperature formula used).

Yesterday's average temperature which is computed from
the 24 hourly temperatures.

Yesterday's éendout consisting of the natural gas load

in millions of cubic feet.

Wind times corrected average temperature consisting of
the wind speed in knots times tomorrow's forecasted
average temperature.

Day of the week factor consisting of a constant percentage
determined by theAactual day of the week being forecasted
(see Exhibit 6, Page 47 for sample).

Change in effective temperature consisting of the
difference between the previous day's and yesterday's
effective temperature.

High temperature consisting of the high forécast for
tomorrow.

Low temperature consisting of the low forecast for

tomorrow.
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- Average temperature consisting of the forecasted
averége for tomorrow. o

- Wet bulb average determined by the dispatchérs for
tomorrow.

- Daylight hours consisting of the hours between sunrise
and sunset for tomorrow.

- Wind speed consisting of forecasted wind for tomorrow.

The Analytical Model

A Multiple Regression Program with modified variables was
used in the formulation of the model. The program used was
developed by Statistics Canada [ 10 1. A very useful text
relating to multiple regression was one written by Draper and
Smith [ 2 J.

T The steps employed by the foret¢asting model are as follows:
N Step 1 - Segregate historical data by region, and analyze
each region for day of the week variétions.

Step 2 - Discount the day of the week variation, and
analyze which formula of effective temperature
produces the least error. The effective temperature
is intended to show a warming or cooling trend.
In addition, it also accounts for temperature
latency* of buildings as well as human psychological

factors.
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The three different effective temperature formulas were

taken from a study conducted by F. G. Van Note [ 11 1.

i) TE

ii) T

iii) T

=

aTD+bTE, D-1

Where a + b = 1

TD = Today's average temperature
TD__l = Yesterday's average temperature
TE = Effective temperature
TE D-1 = Yesterday's effective temperature
7

. + . . .

7TD 22 TE, D-1 + .06 TE, D=2 + .02 TE, D-3
L] L] + . L]

5 7TD 22 TE, D-1 + .06 TE, D2
+ .02 TE' D—3) + .5(.7WK + .22 WK—l + .06 WK—2
+ .02 WK—B)

Where W, = Average temperature in the week.

The optimal formula is then used to calculate other effective

temperature related variables.

Step 3 - An increasing wind at the same temperature has a

greater chilling effect. This effect is only
noticed below 15° Celsius. The formula as supplied

by the Inland Natural Gas Dispatcher is:

CHILLF = [(TD - 15) X Wl

Where Ty = Average temperature Celsius

W

Wind speed in knots



Step 4 -

" Step 5 -

" Step 6 -
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Establish the twenty-five variables for each
region for this day, taking into account the

values established in the previous three steps.

Subject all of these variables to multiple
regression, which finds the variable not yet in

the regression with the highest F value, and if

this is above the necéssary level, adds the variable
to the equation. Then the regression equation is
tested for the variable with the lowest F value,
this variable being removed if it is below the
significant level. If still significant, the
equation is tested without this lowest variable

to find a lower error variance. If so, the variable

is deleted, (see Appendix B, Page 40 for flow chart).

Using the coefficients established, include
current forecasts for tomorrow for each of the
regions, and derive a gas sendout by region.
(Exhibit 12, Page 72 is an example of the final
report. Figure 1 presents a pictorial overview
of where the variables are derived from, and how

they come together in the model).
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pig. 1 - Pictorial Presentation of Model variables
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The variables in regression equations usually take values
over some continuous range. However, this model must account
for the separate deterministic effects on the response due
.to the effect of different weather regions. Variables which
help distinguish différent levels of response are called dummy
variables. In order to deal with r regions, (r-1) dummy
variables are included in the regressioﬁ analysis. For example,
if 3 regions were included, then dummy variables would be

included as follows:

1 2
1 0 = region 1
0 1 = region 2
0 0 = region 3

The general form of the model is as follows:

y(t) = B_ + —==—= b.x.(t)+-——-- +bkxk(t)
+ me——— b.y; (£)+=---—- bkyk(t)
+ ————— b,z (t-t,)+—-—=—-

Where § is the dependent variable to be forecasted, the
Ab'srare the least square coefficients determined by the model
for each forecast, the % variables are the dummy variables
required to identify each region, the y variables are the
exogenous series, and the z(t—ti) variables are autoregressive

.values of the forecasted series itself.
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A sample calculation for region'4 for February 22 is:

variable # Variable Description Coefficient Variable Data
2 Region 1 .131959 - 0
4 Region 3 1.51517 0
5 Region 4 .229602 1
6 Region 5 ‘ .li887 0
7 Region 6 ¢ .111314 - 0
10 Region 9 .121379 -~ 0
11 Region 10 .0928959 0
12 Region 11 | .120182 - 0
13 Yesterday's Effective
temperature .00308867 - 6.3-
14 Yesterday's Avg. Temp. .0212799 . 6
15 Yesﬁerday's sendout .860937 2.999
16 Wind x Temp. - .00010965 217.1
17 Day of the Week Factor .751174 . 969
18 Change in Effective Temp. .0571149 l.6-
19 Effective Temp. .0102688 4.7~
20 Forecasted High Temp. .0181356 - 5.0
21 Forecasted Low Temp. .0192658 - . 6—
22 Forecasted Avg. Temp. .0192827 3.3
23 Forecasted Wet Bulb .0147737 2.2~
24 Forecasted Daylight Hrs. .369423 10.1
25 Forecasted Wind - .00668735 - 13.
Constant .90258 - 1
(#'s 3, 8 & 9 were dropped due to partial F being insignificant)




February 22 ¥ = 2.765
The actual sendout for region 4 for February 22 was
2.735, thus the forecast resulted in a residual error of

.030 or 1.1%.

Page 22
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TABLE 1

ERROR ANALYSIS OF REGION 4

Actual Forecasted Residual %
02/22/15 2.735 2.765 .030- 1.1-
02/23/75 2.928 2.998 .070~ 2.4~
02/24/75 3.230 3.244 . .0l4- .4-
02/25/75 3.399 3.321 ..078 2.3
02/26/75 3.043 3.235 .192- 6.3~
02/27/75 2.852 2.799 .053 1.9
02/28/75 2.838 2.784 .054 1.9
03/01/75  2.872 2.808 .064 2.2
03/02/75 2.652 2.669 .017 .6~

Average % error -.28%

Average Residual —.004.

Standard Deviation .085

However, it should be noted that the key element of success
of this model does not rely on forecasting each region
individually, but rather on predicting the requirement for the
ent%re sYstem. Although certain individual region forecasts
were beyond the acceptable criteria, the combining of the
11 regions in the systém forms a normal distribution whose mean
was well within the stated objective (see Exhibit 11, Page 69).

An indication of the model's ability to predict turning
poihts, and a comparison of Forecasted Vefsus Actual Natural

Gas Sendout is shown in Figure 2.
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Fig. 2 =~ Comparative Graph of Forecasted Versus Actual Sendout
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Alternatives Tested

Although many alternatives were tested, only a few of
the significant variables and their associated effect on the
final formula will be discussed.

As indicated earlier and as evidenced by the system map,

~an extensive area is being served by the distribution system.
The solution to treating the'diverse weather patterns was to
divide the system into 11 distinct regions.

Another distinct pattern identified was the consistent
variation in consumption based on the day of the week. An
example of these variations can be seen in Exhibit 6, Page 47.
Discoﬁnting a major upheaval such as a strike, indications
were that consumption by reéion, for the same day of the week,
tended to be quite stable.

Earlier mention was made of the different formulas used
in arriving at the effective temperature. Exhibit 7, Page 48
shows three sample runs made from the same basic data, with

only the effective temperature formula changed.

TABLE 2

EFFECTIVE TEMPERATURE COMPARISONS

Effective Effective Effective
Temperature Temperature Temperature
Formula 1 Formula 2 Formula 3
Multiple
"Correlation
Coefficient 97.371% 97.294% 97.476%
Error of
Standard

Deviation .622033 .626323 .609495

‘Regression F 305.57 344.18 318.61
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The method used in all of the testing was to vary the data
on one variable bnly, thus'determiﬁiné whether the effect of
this one va;éable was positive or negéfive.

Finally, the dummy variables were introduced to account
for the 11 distinct weather regions. Exhibit 9, Page 52 indiéates
the slight improvement in explaining variations in the dependent
variable by the inclusion of the deterministic effects of the
dummy variables. This is a by-product of the weather data, which
had to be submitted regionally. A region by region forecast is

also provided.

Without Dummy Variables With Dummy Variables
R? .98253 .98424
R? | .98237 .98370
Error of Std. Deviation .523918 .504052
Error Mean | .001191 .00000716

Computer Facilities

The same equipment Qas used throughout the development and
- design of the model. Many different programs and methods of
manipulating the data were attempted before settling with the
program developed by Statistics Canada.

All access to the Simon Fraser 370/155 computer was through
a remote terminal. Data was submitted in the form of cards
through a 2501 card reader. The reports were produced on a
Telex 5403 printer. These terminals are located in the academic

building at Simon Fraser University.
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The original test daté and sample runs consisting of
3 months of data required a 120K region of memory. However,
és the time span of the data base was increased to the longest
period of December 17th to June 22nd, it was found that the
memory size had to be increased to a 240K region. This was
due to the fact that all the data was kept in memory in a
matrix, rather than using auxilliary storage devices.
Consequently, the runs were very fast, requiring about one
minute to execute.

The location of the terminals made it necessary to keypunch
the weather data and associated dependent variables. This
data was then transported to the terminals, where the computer
runs could be performed. Although this was accomplished in
order to design the model, it is certainly not practical for
daily forecasting from a dispatcher's.viewpoint. Mention as
to the implementation of this model will be made in a later
section.

Comparison of Exhibit 11, Page 69 and Exhibit 12, Page 72
also indicates that the longer historical data base did not
produce results with the same accuracy as the shorter time span.
Thus it is interesting to note that the longer time span is
.more expensive to maintain, by requiring more memory and computer

time, while producing poorer results.
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IIT THE MODEL DESIGN

Model Analysis

T¥pical data weighting and arrival at the forecast take.
the foilowing form. The last day's actual weather‘variables
and gas sendout are added to the data base for each region.
The earliest observations (consisting of 1 day of data) are
deleted, so that a constant time frame is maintained. This
new data base is analyzed to determipe the day of the week
factor for each region. The effective temperature which
produced the lowest error is theh chosen. Now the other
independent variables are generated, which become input to the
multiple régression. The resulting coefficients are combined
with the forecasted weather for tomorrow, from which the new
forecast for tomorrow's sendout for all regions results in the
total sendout fbr the next 24 hours.

Many of the past models use a cprrection factor from last
year, or a weighting to reflect previous weather patterns.

The author contends that this is irrelevant, and possibly
misleading. As an example, peak days in the past 3 years
occurred on February 8, 1973, January 10, 1974 and February 9,
1975. 1If the corresponding day from the previous year had been
allowed fo influence the current forecast, it is evident that
an error would have been introduced into the model.

In analyzing E#hibit 11, Page 69 it can be seen that the
percentage errors for each individual region are quite high,
and vary quite considerably. However, the variation between
regions is random, with the fluctuations.netting out to an

acceptable forecast for the entire system for one day.
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The multiplé correlation coefficient has been used as
the mgaSure of the success of the regféssion equation in
explaining the variation of the data. The observed mean
square ratio 1is statistically significant, indicating that
the variation in the data, which has been accounted for by
the equation, is greater than would be expected by chance.
Examining the residuals from Exhibit 10, Page 55 gives
no indication of time dependent nonrandomness or unusual
behavior. Occasional sporadic points ranging to several standard
errors are\observed for certain observations. No specific
explanation has been uncovered to account for these departures.
Further research will be necessary to determine the caﬁse,
and derive a variable which will account for these sporadic
points. However,}it should be noted that contrary to several
past studies, no data points such as holidays or weekends
were removed. With the trend towards flexible hours, a ;
shorter work week, and options regarding holidays, it was
felt that possible maximum exposure that a dispatcher could
be subjected to should be shown. However, in the case of
national holidays, although this day‘was forecasted, in
practice such a holiday should be suppressed in the data base,

to prevent future forecasts from being biased.
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pata Weighting Validation

Two different time periods were fested to determine the
influence of historical events on tomorrow's sendout. Both
sets included the same variables and began at the same time.
The actual error values were calculated as actual gas sendout
minus the forecasted sendout. This difference was taken as
a percent of actual gas sendout.

| The shorter time span was foundﬁto improve the model
significantly by reducing the forecést error. This is due to
the fact that conditions during the past several weeks are much
- more relevant than conditions say, four months ago. The longer
~time span allowed too much weighting to be placed on older

historical data. Exhibit 11, Page 69 and Exhibit 12, Page 72

contain a sample of the different time periods.

TABLE 3

Time Period Model Comparisons

Dec. 17 - Feb. 22 Dec. 17 - June 28

Mean Percent Error -.7 3.0
Standard Deviation .456 .704
Multiple Coefficient

of Determination 98.406% _ 97.905%

Selection of Variables

The final set of variables are shown in Table 5. As can
be seen from Exhibit 10, Page 55 these variables accounted for
in excess of 98% of the variation in the dependent variable.

Additional variables such as cloud cover, precipitation and
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wind direction were also considered. These variables were
discarded_due to the fact that they were either not available
in all of the areas, were subject to human interpretatiOn,.
and also were most prone to forecasting error from the
weather bureau.

A human psychological factor is evidenced by the fact
that the thermostat is not set as high on the first day of
a cold spell, as it is on the 3rd or 4th day of continuing
cold. The effective temperature was intended to account
for this fact. 1In all of the variations of testing performed,
the effective temperature, yesterday's effective temperature,
and the change in effective temperature remained significantly
high and were never excluded from the equation.

. One of the other significant effects that the model was
intended to allow for was the speed of temperature change.
This was accomplished by showing the high, low and average
temperatures, and the change of temperatures from the
previous day. Although hoﬁrly readings are received, it
can bekseen how massive the data base would become if all of
these variables were accumuléted by the hour for each region.

According to J. M. Wetz [ 2 1, the range of values of
the observed F ratio shoﬁld be considerably greater than the
selected percentage point of the F distribution. The
inaccuracy of a regression equation derives from the regression
lack of fit and pure error. The F ratio consists of the

(regressionmeansquarei/(residual mean square). The test of
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lack of fit and the satisfactory results for F (21, 715, .05)

= 1.56 are shown in the following table:

TABLE 4

Analysis of Variance

Source of Degrees of Sum of Mean Square F
Variation Freedom Squares

Regression 21 ' 505f34717 505.34717
Rcsidual 715 8.18577 .24044

Total 736 513.53288

2101.76
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IV CONCLUSION

Present Model Design

As evidenced by Exhibit 11, Page 69 the forecasting model
has met the original objectives. The work in the study has
been designed around the dispatching philosophy of the Company.
The variables selected have been chosen on the basis of
availability and timeliness to the dispatching personnel.

The basic philosophy of the model has beén to leave it
open ended. 1In this manner, it is intended that as economic
and personal habits change, the model will dynamically adjust

the coefficients. In addition, should any of the variables

become insignifiéant due to changes such as consumer habits
or economic conditions, the variables will simply drop from
the regression equation.

The dispatcher will have to operate the system under
appropriate guidance and controls, in order to gain confidence
in the forecasting system. The forecasting design must work
in the environment which actually exists in order to prove
the application.

The model is modular in design, and provides progressive
information of the data that is selected. Although a number
of variables must be entered by the‘dispatcher, they are all

.basedbon information available to him. The one disadvantage
is the considerable computer capacity required to derive the

forecasting coefficients. -
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Future Considerations

Earlier mention was made of the use of the computer
facilities existing at Simon Fraser University. It is intended
that the model will be implemented in the following manner.

The weather data originating from Toronto will be captured
by a PDP 11/40. The PDP is also controlling the telemetry
lines indicating actual gas sendout. The PDP will be linked
to a Univac 90/30 consisting of IéiK of memory and 120 million
bytes of online disc storage. The 90/30 will poll the PDP
and receive from it both the telemetry and weather data.

The dispatcher is linked with the 90/30 via a Uniscope 200
cathode ray tube. Through the terminal, the dispatcher can
request the forecast program, which will prompt him for

the necessary forecasted weather data for each region. When
the final variable is received, these are linked with the
actual data received from the PDP 11/40 and a forecast will be
generated. This will be displayed back to the dispatcher

on his terminal. The data base will be automatically

updated as actual data is received from the PDP.

It is evident that further research will be necessary
to improve the model to account for unknown variations, and
for drastic changes that could occur. Since the computing
facilities will be available, this will probably be accomplished
by maintaining a parallel set of variables which will

periodically be tested for significance.
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-SUMMARY

The primary intent of the study was to design a model
which would assist dispatching personnel in forecasting daily
natural gas sendout. The first problem was forhulating an
analytical model which would simulate the natural gas
}environment. Statistical measures had to be applied to
determine the significance of thé‘ﬁodel results.

The first phase consisted of removing non-weathcr effects,
such as day of the week, after the system had been segregated
into distinct weather regions. Then data weighting had to
be applied to help determine which factors produced the most
relevant forecast. These factors were finally subjected to
Multiple Regression Analysis. The final resulting model
consisting of the Qariables liéted in Table 5 included the
use of the dummy variables which helped to account for the
unique influence from each geographical region.

Although considerable work has gone info the formulation
of the model, much remains to be proven, as the model is
actually implemented and proves itself in a real time working
environment. Only a bit of a byte has been taken out of the

entire spectrum of accurate natural gas forecasting.
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GLOSSARY - OF TERMS

Base Load E - The portion of the sendout that is
relatively constant, with some variations
from day to day due to work schedule

and customer habits.

interruptible
Customers - An industrial customer whose gas supply

may be curtailed, following a specified

number of hours of advance notice.

Nomination -~ The maximum daily volume of gas that
the supplier is obligated to provide
to the Company, and the basis for
contractual minimums and "take or pay"

clauses.

Sendout - A term used to represent the amount of
gas delivered from a system. It is the

dependent variable in the equation.

Transition Zone - A term used to describe a section of
the equation where the correlation

becomes poor.

Temperature Latency - A physical attribute of a building
whereby it will require from 24 to 48
hours to readjust to a rapid external

environmental change in temperature.
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TABLE 5

Variables for Regression Model

No. : Variable
1 Exogenous
2 Region 1
3 ‘ Region 2
4 . Region 3
5 S Region 4
6 Region 5
7 Region 6

’8 ' Region 7
9 Region 8

10 Region 9

11 , , Region 10

12 ‘ : Region 11

13 Yesterday's effective temperature

14 Yesterday's average temperature

15 Yestérday's sendout

16 Wind x corrected average temperature

17 Day of the week factor

18 Change in effective temperature

19 High Temperature in Celsius

20 Low temperature in Celsius

21 | | Average temperature in Celsius

22 Wet bulb average

23 - baylight hours

24 Wind speed in knots

25 Actual gas load in MMCF
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