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1 INTRODUCTION 

This document describes the TDMS-Plus Short-Term Load Forecasting package. 

Both 24-hour and 7-day forecasts are provided by this package.  The 24-hour forecast is 

useful for triggering load management strategies.  The 7-day forecast may be used in the 

derivation of unit commitment schedules. 

This package supports individual forecasts for 32 different load areas, with independent 

forecasting parameters for each load area. 

The forecasting procedure is based on matching of historical load and weather data. The 

forecasting algorithm incorporates corrections for weather deviations based on a seasonal 

temperature-dependent and time-dependent multiplicative model.  This model takes humidity 

and wind-chill effects into account. 

2 WEATHER/LOAD MATCHING 

The historical data consists of (typically) one or two years of hourly samples of the following: 

 load 

 dry bulb temperature 

 relative humidity 

 wind speed 

 cloud cover 

The matching routine of the forecasting program performs least squares matching of the 

recent weather-load trend plus the weather forecast against the historical data. 

The load shapes for the five best match dates are adjusted for weather deviations and 

combined to provide the forecast. 

2.1 MATCHING FOR 24-HOUR FORECAST 

For a 24-hour forecast, the matching routine looks for the five best least squares matches of 

the current 24-hour weather and load trend plus the 24-hour weather forecast as follows: 

 

h = time of best match in history, given by minimizing the following function: 
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Where… 

c = current time 

h = time in history 

A, B, C, D, E = user-defined weighting factors 

growth(h) = load growth factor, derived by prorating the estimated annual load growth 

NOTE 

That weather inertia (effects of the previous day) is accounted for to some degree by the fact 

that the previous 24-hour load-weather trend is included in the matching process in addition to 

the 24-hour weather forecast. 

2.2 MATCHING FOR 7-DAY FORECAST 

For a 7-day forecast, the matching routine looks for the five best least squares matches of the 

current 3-day weather and load trend plus the 7-day weather forecast as follows: 

 

h = date of best match in history, given by minimizing the following function: 
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Where… 

c = current date 

h = date in history 

A, B, C, D, E = user-defined weighting factors growth(h) = load growth factor, derived by 

prorating the estimated annual load growth 

maxtemp  = maximum temperature 

avgspeed = average wind speed 

avgcover = average cloud cover 

avghumid = average humidity 

maxload  = maximum (peak) load 

The historical daily maximum and average values are determined by the matching routine 

itself based on the historical hourly values. 

NOTE 

As before, that weather inertia (effects of the previous week) is accounted for to some degree 

by the fact that the previous 3-day load-weather trend is included in the matching process in 

addition to the 7-day weather forecast. 

For the matching process, days which are holidays either in the forecast period or in history 

are excluded.  
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3 WEATHER FORECAST EDITORS 

Two editors are provided to allow the user to enter weather forecasts. 

The hourly weather forecast editor, shown in Figure 3-1, allows the user to define an hourly 

forecast for up to 24 hours. 

The daily weather forecast editor, shown in Figure 3-2, allows the definition of a daily forecast 

for up to a month. 

If weather forecast data is not available for a particular hour of the hourly weather forecast, or 

a particular day of the daily weather forecast, the operator can simply leave the corresponding 

entry on the editor entirely blank.  In the matching process, the forecasting program will 

exclude hours or days for which there is no weather forecast data. 

 
Figure 3-1: Hourly Weather Forecast Editor 
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Figure 3-2:  Daily Weather Forecast Editor 

4 LOAD FORECAST EDITOR 

A Load Forecast editor is provided to allow the user to customize the forecasting process on 

his system.  This editor, called LOADF, is illustrated in Figure 4-1. 

Each page of the LOADF editor defines forecasting parameters for one load area.  There are 

32 pages in the LOADF editor, corresponding to 32 load areas. 

The editor provides targets that allow the user to request either a 24-hour or 7-day forecast.  

Either type of forecast is output as a report.  In the case of a 24-hour forecast, the forecast 

load values are also output into a set of 24 user-specified pseudo analog points (for possible 

use by applications). 

The 24-hour load forecast may be scheduled for automatic generation at a particular hour 

every day.  Weather forecast data is assumed to have been entered prior to the load forecast. 

For systems with modem access to weather bureau forecast data, software can be added to 

automate the weather forecast data input. 
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The user-defined weather/load matching weighting factors are used in the historical matching 

process described in WEATHER/LOAD MATCHING.  Note that the cloud cover variable is not 

generally useful unless the service area contains some degree of solar heating. 

The annual load growth factor is used in adjusting historical load data during the matching 

process to account for load growth. 

The equivalent temperature tables are used to derive equivalent (apparent) temperatures that 

take humidity and wind into account at high and low temperatures respectively.  The customer 

via the MATRIX editor defines these tables. 

The load forecast consists of the average of the best matches, adjusted by weather correction 

factors to account for weather differences.  The seasonal temperature-dependent and 

time-dependent weighting factors are used to adjust the forecast for season, temperature and 

time of day. 

The details of the forecasting process are described in SHORT-TERM FORECASTING 

ALGORITHM. 

 
Figure 4-1: Load Forecast Editor 
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5 SHORT-TERM FORECASTING ALGORITHM 

Once the five best historical weather/load matches have be found, the short-term forecasting 

program generates the forecast by taking the average of the corrected historical loads as 

follows: 

MW(i) = Average [ load(h) * growth(h) * f(h) ] 

Where… 

MW(i) = forecasted load at time I 

H = five best historical match times 

growth(h)= load growth factor at time h 

     (= prorated annual load growth) 

f(h)= weather correction factor for time h 

5.1 WEATHER CORRECTION FACTOR 

The weather correction factor is computed as follows: 

 

Where… 

W1  = seasonal temperature-dependent weighting factor (% change in MW per degree) 

W2  = seasonal time-dependent weighting factor 

dT(h)   = effective temperature difference 

= THI(h) - THI(i)     if T(i) > 75 degF 

= T(h) - T(i)     if 30 < T(i) < 75 degF 

= WCI(h) - WCI(i)     if T(i) < 30 degF 

T(i) = forecasted dry bulb temperature at time i (from weather forecast) 

T(h) = forecasted dry bulb temperature at time h (from historical data) 

THI  = temperature-humidity index (equivalent temperature from table) 

WCI  = wind-chill index (equivalent temperature from table) 

At temperatures above 75 degrees F, the weather correction factor is computed using the 

temperature-humidity index (THI) in place of just the temperature.  This takes into account the 

added discomfort of humidity at higher temperatures. 

At temperatures below 30 degrees F, the weather correction factor is computed using the 

wind-chill index (WCI) in place of just the temperature.  This takes into account the effects of 

wind on energy consumption at low temperatures. 
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5.2 TEMPERATURE-HUMIDITY INDEX 

The temperature-humidity index (THI) is generally taken to be a function of temperature and 

some measurement of atmospheric moisture. 

For generality, the TDMS-Plus load forecasting package does not rely on a fixed formula.  

Instead, it obtains the equivalent temperatures by interpolating from a customer-entered table. 

 The required table provides an apparent temperature based on dry-bulb temperature and 

relative humidity. 

The chart in Appendix A.1 provides data from which such a table can be defined.  An example 

of this table is given in Appendix B.1. 

Alternatively, the user may wish to define his own table.  Reference [1] gives a number of 

formulas for THI that the customer could use.  For example, a formula based on dry-bulb 

temperature and relative humidity is given as follows: 

THI = T - 0.55(1-rh)(T-58) 

Where… 

THI = equivalent temperature (degF) 

T   = dry bulb temperature (degF) 

rh  = RH / 100 

RH  = relative humidity (%) 

5.3 WIND CHILL INDEX 

The wind-chill index (WCI) is generally taken to be a function of temperature and wind speed. 

As in the case of the temperature-humidity index, the TDMS-Plus load forecasting package 

obtains the wind chill equivalent temperature from a customer-entered table, rather than 

relying on a fixed formula. 

The chart in Appendix A.2 provides data from which such a table can be defined.  An example 

of this table is given in Appendix B.2. 

Alternatively, the user may wish to define his/her own wind-chill table.  A formula for the wind 

chill equivalent temperature based on dry-bulb temperature and wind speed (again from [1]) is 

given as follows: 

WCI = 33 -(10.45 + 10V**.5 - V)(33-T)/22.04 

Where… 

WCI = equivalent temperature (degC) 

V   = wind speed (m/s) 

T   = dry bulb temperature (degC) 

NOTE 

That values should be converted from metric to U.S. units prior to entry.  Note also that this 

formula is not valid for wind speeds less than 1.79 m/s (which is the estimated average speed 

of a human being walking briskly). 
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5.4 SEASONAL TEMPERATURE/TIME DEPENDENT WEIGHTING 
FACTORS 

The weather correction factor is essentially based on a measure of the temperature 

differential between the historical weather and the forecasted weather. 

At relatively high or low temperatures (above 75 degrees F or below 30 degrees F), equivalent 

temperatures are obtained and used to calculate the differentials, so as to take additional 

effects of humidity and wind into account. 

This correction factor is further weighted by factors for season, temperature and time of day.  

These seasonal temperature-dependent and time-dependent weighting factors are defined by 

the user via the LOADF editor. 

5.4.1 Temperature-Dependent Weighting Factors 

For each 5-degree temperature band, the temperature-dependent weighting table on the 

LOADF editor gives summer and winter weighting factors that represent percent change in 

MW per degree.  These factors basically reflect different effects of temperature variations on 

load at different base temperatures. 

In the northern hemisphere, positive factors should be entered for summer, since during 

summer demand generally increases with increasing temperature.  Negative factors would be 

entered for winter, since during winter demand generally increases with decreasing 

temperature.  In the southern hemisphere, the signs for summer and winter would be 

reversed. 

For the spring and fall seasons, the seasonal temperature-dependent weighting factor is 

interpolated from the summer and winter table values as follows: 

 

Where… 

Ws = W1 value from summer table 

Ww = W1 value from winter table 

T  = dry bulb temperature (degF) 

5.4.2 Time-Dependent Weighting Factors 

For each 3-hour period of the day, the time-dependent correction table from the LOADF editor 

gives additional summer and winter multipliers to reflect different effects of the temperature 

variations at different times of the day. 

These multipliers, which should be defined to be in the range 0.0 to 1.0, can be considered to 

represent the fraction of the total load that is subject to weather variations.  The summer 

multipliers would indicate the fraction of total summer load represented by air conditioning, for 

example.  The winter multipliers would indicate the fraction of total load represented by 

heating appliances. 



TDMS-Plus Master Station                                    LF-2000                        
              Software                                      Short-Term Load Forecasting 
 

 

10    SHORT-TERM FORECASTING ALGORITHM Copyright © 2016 QEI. 

The seasonal time-dependent multipliers are interpolated for the spring and fall seasons in the 

same manner as the seasonal temperature-dependent weighting factors. 

5.5 HOLIDAYS 

As previously mentioned, for 7-day forecasts, holidays are excluded from the historical 

load-weather matching process.  For the forecast itself, however, the forecasting program 

uses the following algorithm to handle holidays: 

 If a day in the forecast period is a holiday that is not a Sunday, and the 

corresponding day in history is neither a holiday nor a Sunday, then use the 

values from the previous historical Sunday to contribute to the forecast for 

this day. 

For example, if this Tuesday will be a holiday, but a matching Tuesday in 

history was not a holiday, then use the values from the previous Sunday. 

 If a day in history is a holiday that is not a Sunday, and the corresponding day 

in the forecast period is neither a holiday nor a Sunday, then use the values 

from the previous weekday. 

For example, if this Tuesday will not be a holiday, but a matching Tuesday in 

history was a holiday, then use the values from the previous Monday.  If the 

day in question is a Monday, then use the values from the previous Friday. 

For each load area, the holidays for the forecast period are defined on the corresponding 

page of the Time-of-Day editor (LDMTOD). 

5.6 REPORT OUTPUT 

The format of the load forecast report is illustrated in Figure 5.6-1.  Note that the report 

includes a graphical representation of the forecasted load curve on the right hand side of the 

page. 

The first five pages of the report, which are not shown in Figure 5.6-1, contain the dates and 

load curves for the five best matches used to generate the forecast.  The format of these 

pages is the same as for the forecast itself (page 6). 
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Figure 5.6-1: Example Load Forecast Report 
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6 SHORT-TERM PROJECTIONS 

Since the 24-hour load forecast can be stored in 24 analog data points, it is possible to create 

command sequence programs to maintain short-term projections based on the 24-hour 

forecasts. 

For example, Figure 6-1 illustrates a very simple command sequence program that calculates 

a 15-minute projected load by fitting a quadratic through the three load values: 

 

Lx, Ly, Lz 

Where… 

Lx = forecasted load at last hour 

Ly = forecasted load at next hour 

Lz = forecasted load at next hour + 1 

The 24 points containing the load forecast are identified in array $I1.  At any time h:m, the load 

values Lx, Ly, Lz are generally given by the values of points $I1(h), $I1(h+1), $I1(h+2) 

respectively.  The load curve is modelled by passing a quadratic through these three values. 

Based on the computed quadratic function, the program updates the short-term projection 

every minute.  This projection is stored in the point named SYS$,PROJLD, and may be used 

to trigger load shedding strategies. 

Better projections can be obtained by using actual load data instead of forecast load data for 

Lx. 

 
Figure 6-1: Command Sequence for 15-Minute Projection 
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7 TUNING 

Tuning of the forecasting process is required because each site requires different forecasting 

parameters to reflect different climates and customer bases.  The parameters to be tuned are 

the seasonal temperature and time dependent weather correction factors.  For each season 

(winter and summer), there are twenty temperature dependent weighting factors, and eight 

time dependent multipliers.  This section describes how to obtain a least squares fit of these 

parameters from the historical weather and load data. 

As described in Section 5.1, the weather correction of a historical load value for use in a 

forecast (at temperature band i and time period j) consists of the following transformation: 

 

Lc = Lu (1 + W1[i] W2[j] dT)                Eqn 7.1 

Where… 

Lu = uncorrected load value 

Lc = weather corrected load value 

W1[i] = temperature dependent weighting factor for temperature band i (expressed as a 

fraction) 

W2[j] = time dependent multiplier for time period j 

dT = difference in equivalent temperature 

What is required are values of W1 and W2 for all i and j that will produce the best forecasts 

for this site. 

It can be shown that the mean square forecast error represented by: 

( La - Lc)” 

Where… 

La = actual load 

Lc = weather corrected load from best historical match using Eqn 7.1 is minimized by. 

 

for each i,j. 

This is a set of 160 equations in 28 unknowns.  For a complete solution, the historical data 

must have a sufficiently good sample set of La,Lu data for each i,j pair (ie. lots of load-weather 

data for each temperature-band/time-period combination). 

Letting the right hand side of Eqns 7.2 be represented by the symbols X(i,j), we can reduce 

Eqns 7.2 by summing over i and j separately to obtain. 
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Where… 

 

The fact that A and B cannot be determined uniquely means there are an infinite number of 

solutions.  This is consistent with the fact that the parameters W1[i] and W2[j] are used in 

pairs only. 

If we arbitrarily select… 
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9 APPENDICES 

9.1 EQUIVALENT TEMPERATURE CHARTS 

Figure A-1 is a reproduction of an apparent temperature chart based on relative humidity and 

wind speed.  This chart is taken from page 473 of [1]. 

 
FIGURE A-1:  Apparent Temperature Chart (for humidity and wind speed) 

Figure A-2 is a reproduction of a windchill equivalent temperature chart.  This chart is taken 

from page 476 of [1]. 
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FIGURE A-2: Wind Chill Equivalent Temperature Chart 

9.2 EXAMPLE EQUIVALENT TEMPERATURE TABLES 

Figure B-1 is an example of a temperature-humidity table based on the chart of Figure A-1. 

 
FIGURE B-1: Example Temperature-Humidity Table (Based on the chart of Figure A-1) 

Figure B-2 is an example of a windchill equivalent temperature table based on the chart of 

Figure A-2. 
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FIGURE B-2: Example Wind chill Equivalent Temperature Table 

(Based on the chart of Figure A-2) 
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QEI provides a wide variety of Automation Products and services to 
the Electric Utility Industry. QEI's customers are a mixture of major 
utilities, government and military agencies as well as global Electrical 
Transmission and Distribution OEM's. 
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