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PRODUCT DESCRIPTION 

 
Load forecasting is an important part of power system planning and operation. In the past, 
forecasting was achieved by extrapolating existing load data combined with other influencing 
factors. This method is no longer accurate enough. The Artificial Neural Network Short Term 
Load Forecaster (ANNSTLF) is a tool for the quick and accurate prediction of hourly loads that 
provides the level of accuracy required by today’s complex and competitive power markets. This 
report describes all the deliverables for the continued support and enhancement of the EPRI-
ANNSTLF as implemented at the California Independent System Operator (CA-ISO). 

Results & Findings 
EPRI-ANNSTLF—as implemented at the CA-ISO—is a viable forecaster capable of meeting all 
of the requirements of short-term load forecasting. The overall accuracy of 1.5% or less (Mean 
Absolute Percent Error (MAPE)) is below the CA-ISO goal of 2% and acceptable for daily 
system and market operations. The delivered CA-ISO ANNSTLF forecaster is easy to use and 
will update the hour and half-hour forecasts with minimal manual intervention. ANNSTLF has 
many user options for making the forecaster more adaptive, detecting input data problems, 
making manual adjustments for special days, and incorporating additional weather variables. 

Challenges & Objectives 
Accurate hourly forecasts are crucial to CA-ISO decision-making. EPRI improved the 
capabilities of ANNSTLF and optimized it for CA-ISO. The key objectives of CA-ISO 
customization included the following: 
• Retraining of all CA-ISO regions to improve performance, including one final retraining with 

the modified PG&E region (with the SMUD area removed from the PG&E control area) 
• Optimization of weather station weighting factors 
• Implementation of half-hour forecaster 

Applications, Values & Use 
ANNSTLF has already shown considerable improvement in accuracy and ease of use over other 
short-term forecasting tools. The delivered CA-ISO ANNSTLF forecaster is easy to use and will 
update the hour and half-hour forecasts with minimal manual intervention.  

EPRI Perspective 
EPRI is continually enhancing the capability and functionality of ANNSTLF to address the 
emerging issues of the energy market, such as forward price forecasting, sensitivity of price to 
loads, and influence of real-time pricing on load demand. ANNSTLF is in use at more than 40 
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utilities worldwide. ANNSTLF is more accurate and less time-consuming than previous methods 
of load forecasting. The program is also user-friendly and has low maintenance requirements. 

Approach 
The California ISO consists of three individual regions: PG&E, SCE, and SDG&E. The total 
ISO load at any time instant is the sum of the loads of these regions. For each region, there are 
several weather stations and for each such weather station, the weather service company 
(Weatherbank) provides hourly updates on all weather variables, which also includes a 7-day 
forecast for all such variables. The requirements of CA-ISO can be stated as follows: 

• Provision of 7 days of hourly forecasts of each region, together with the overall forecast of 
the entire ISO 

• Provision of capabilities to calculate optimal weighting factors for the weather stations in 
each region to optimize the use of weather data in predicting the load 

• Provision of capabilities to predict the load every half hour, instead of every hour 
• Training of the CA-ISO staff to effectively use EPRI-ANNSTLF and all of its user options 
In order to meet these requirements, the approach used by DSI consisted of the following: 

• Development of a pre-filer software package (called, “CONVERTER”) which would 
perform the following tasks: 

– Check the historical load and weather data provided by the customer for data 
problems and provide the user with means to fix such problems.  

– Create the corrected data files for the ANNSTLF training step 
– Integrate the three regions into a single CA-ISO region 
– Provide the data needed for the daily and hourly updating of the forecasts 

• Actual “training” of ANNSTLF for a three-year period and the updating it daily. 
• Development of a program that would optimize the weighting factors for the weather 

stations. Two methods were carefully tested, both using the Evolutionary Programming (or 
Genetic Algorithm) optimization method. Method 1 was based on maximizing the correlation 
between the historical load and the weighted temperatures. Method 2 attempted to maximize 
the “mutual information” performance index. 

• Adapting the EPRI-ANNSTLF to perform half-hour forecasts. In this case, the same neural 
network was used for the mid-hour and top-of-the-hour data. 

• Intensive training of the CA-ISO staff on the use of ANNSTLF. At least three separate 
training sessions were carried out at the CA-ISO with substantial daily and on-line support. 

Keywords 
Load forecasting 
California ISO 
Artificial neural networks 
Load weather correlation 
Energy management 
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1  
INTRODUCTION 

This Final Report describes all the deliverables for the continued support and enhancement of the 
EPRI-ANNSTLF as implemented at the California ISO. The key developments that took place 
consisted of the following: 

• Retraining of all CA-ISO regions to improve performance, including one final retraining with 
the modified PG&E region (with the SMUD area removed from the PG&E control area) 

• Optimization of weather station weighting factors 
• Implementation of half-hour forecaster 
• Final training of CA-ISO staff on the use of the ANNSTLF on a regular basis 

The report is organized as follows: 
• Section 2 provides an overall summary of the delivered ANNSTLF 
• Section 3 provides the details of weather station optimization 
• Section 4 provides a set of recommendations for future actions 
• Section 5 provides a summary of project deliverables 
• Appendix A provides a technical paper describing the weather station optimization 

procedure. 
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2  
THE DELIVERED ANNSTLF 

2.1 General 

The delivered ANNSTLF consists of two sets of regions as follows: 

Set 1: For the middle of the hour forecasts 
• Region 1: SDGE1 
• Region 2: SCE1 
• Region 3: PGE1 
• Region 4: CAISO1 

Set 2: For the top of the hour forecasts 
• Region 6: SDGE2 
• Region 7: SCE2 
• Region 8: PGE2 
• Region 9: CAISO2 

The “System Settings” display below provides the actual specification of these regions. Note that 
the CAISO “regions” are not true ANNSTLF regions, but they have been created to provide the 
sum of the loads and forecasts for the three corresponding composite regions. 
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Figure 2-1 
Designation of CA-ISO Regions in the System Settings Display 

The two sets of regions for the half-hour and hourly forecasts can be updated simultaneously 
using the following 4 modes: 

Hourly updates during the current day: This can be achieved by running the “CurrentDay.bat” 
program every time the load changes (i.e. every half hour) in the IO-Data folder. This requires 
first the updating of two text files during the day (Load1.txt and Load2.txt). The CurrentDay.bat 
program will download the latest actual weather and temperature data from WeatherBank and 
then move all the needed data to ANNSTLF. The user will have to “run” the individual regions 
(1-3 and 6-8) first and then run the ConvertOut.bat program to update the two CAISO regions. 

Daily update at the end of a full day: The daily update is done in a similar manner, but requires 
the Load1.txt and Load2.txt files to be updated for the day before ending at midnight in the 
“Weather” for “today.” The updating of the weather data is done by running the 
“ConvertInput.bat” program. Once done the ANNSTLF will have to be run for each region (1-3 
and 6-8) and then following by running the ConvertOut.bat program.  

Initial Catch-up (ICU): Should the user miss several days of updating, then he/she can run the 
ICU from the Data Analysis display. The load.hst and atemp.hst files will have to be populated 
manually prior to this action. CAISO staff have been trained on running the relevant “Converter” 
software to achieve this result. 
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Catch-up (CU): Should the user discover data errors in the last ten weeks, then he/she can correct 
the situation by correcting the errors in the load.hst and atemp.hst data files and then run CU 
from the Data Analysis display. 

In all of the above cases, one may run the “Create_Caiso1_Forecast.bat” and  
“Create_Caiso2_Forecast.bat” to update the CAISO1 and CAISO2 region folders.  

2.2 Performance Information 

Using the copy-to-spreadsheet feature of ANNSTLF the half-hour forecasts were merged into 
one spreadsheet. The performance data for the months of July and August and September are 
given in the table below.  

Table 2-1 
Summary of CAISO Performance in the Last 3 Months 

 Period  
 Considered 

Standard  
Deviation 
(MW) 

MAPE 
(% Error) 

 July ‘02 706 1.76 

 Aug ‘02 387 0.99 

 Sept ‘02 718 1.67 

 3 Months Average 616 1.45 

The actual comparison charts for these three months for one-day-ahead forecasts are given 
below. 
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Figure 2-2 
Comparison of Load and 1-Day Ahead Forecast for Half-Hour Intervals for July 15, 2002. 

August 15 Actual vs Day-Ahead Forecast Load
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Figure 2-3 
Comparison of Load and 1-Day-Ahead Forecast for Half-Hour Intervals for Aug. 15, 2002. 

September 15, 2002 Comparisons
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Figure 2-4 
Comparison of Load and 1-Day-Ahead Forecast for Half-Hour Intervals for Sept. 15, 2002. 
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Figure 2-5 
Error Histogram for 3 Months for Top-of-the-Hour Forecast 

2.3 Holidays 

ANNSTLF performance during holidays is shown in the figure below. The results are consistent 
with other regions and tests reported in the ANNSTLF literature.  
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Figure 2-6 
MAPE for All Hours for Holidays. 
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2.4 Performance Using Forecasted Weather 

Data on weather forecasts in 2002 was made available in late September. Hence, there is limited 
information on system performance. In the figures below we provide data on forecaster 
performance using both actual (after-the-fact) and forecasted temperatures. The summary for this 
period is as follows: 

Table 2-2 
Error Comparisons Using Actual and Forecasted Weather Data 

 After-the Fact 1-Day Ahead 2-Days Ahead 

All Hours 1.04% 1.43% 2.32% 

Peak Load 1.13% 1.75% 2.87% 

Thus, the deterioration in performance due to weather forecast errors is as follows: 

• For All Hours: 38% 
• For Peak Hours: 55% 

Clearly, forecaster performance with forecasted weather should be monitored on a regular basis 
to identify the extent of deterioration due to weather forecast errors and to come up with 
remedies to improve performance. 

 
Figure 2-7 
Error Charts for the First Two Weeks of October, 2002 Using Forecasting Weather (Day-
Ahead Forecast) 
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Figure 2-8 
Error Histogram for Day Ahead Forecast Using Forecasted Weather 

 
Figure 2-9 
Error Charts Using Actual Weather (After-the-Fact) 
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Figure 2-10 
Error Histogram Using Actual Weather. 
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3  
OPTIMIZATION OF WEATHER STATION WEIGHTS 

Appendix A provides the technical details of optimizing the weather station weights for CAISO 
and other test regions also. It demonstrates the following improvements in overall accuracy of 
the forecasts as follows: 

• PGE: Improvement of  5% over original weights (obtained heuristically) 
• SCE: Improvement of 2% 
• SDG&E: Improvement of 1% 
• Overall CAISO: Improvement of 3% 

The table below provides a comparison of the original vs the optimal weather station weights. 

Considering the overall effort as reported in Appendix A, the following conclusions can be 
made: 

• The optimization algorithm has yielded improvements over the heuristic weights. The 
improvement is most noticeable when the number of weather stations and variability of 
weather zones is large, e.g. PG&E vs SDG&E as shown above. 

• The “optimal weights” themselves are quite different from the original heuristic ones. This 
demonstrates the fact that relying on heuristics may miss the point sometimes since the key 
issue is the relationship between various temperatures readings and the load itself. 

• In studying the correlation between temperature and load time series, there is a strong 
argument for fine-tuning the weighting factors on a seasonal or even monthly basis. Thus 
further refinements of the optimization algorithm may be required.  
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Table 3-1 
Comparison of Original and Optimal Weights for the Three CAISO Regions. 

PGE 
Region 

Original 

Weights 

Optimal 

Weights 

 SCE 
Region 

Original 

Weights 

Optimal 

Weights 

 SDG&E 
Region 

Original 

Weights 

Optimal 

Weights 

Bakersfield 
(BFL) 0.14 

 

0.26 

  San 
Diego 
(SAN) 

0.40 
 

0.0 

Fresno 
(FAT) 0.14 

 

0.0 

 

Los 
Angeles-
Airport 
(LAX) 0.20 

 

0.0 

 El Cajon 
(ECJ) Not 

Used 
Not 

Used 

Santa Rosa 
(STS) 0.11 

0.0  Riverside 
(RAL) 0.20 

1.0  Santee 
(SEE) 0.60 

1.0 

 

Stockton 
(SCK) 0.11 0.19  Ontario 

(ONT) 0.20 0.0     

Redding 
(RDD) 0.11 

0.11  Santa 
Ana 
(SNA) 

0.20 
 

0.0 

    

Sacramento 
(SAC) 0.11 0.0      

Concord 
(CCR) 0.08 0.21  

Los 
Angeles-
Civic 
Center 
(CVC) 

0.10 

 

0.0 
    

San 
Francisco 
(SFO) 

0.08 
0.03  Long 

Beach 
(LGB) 

0.10 
 

0.0 

    

San Jose 
(SJC) 0.08 0.03         

Arcata 
(ACV) 0.04 0.17         
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4  
CONCLUSIONS AND RECOMMENDATIONS 

Conclusions: 
• EPRI-ANNSTLF as implemented at the CA-ISO is a viable forecaster capable of meeting 

ALL of the requirements of short-term load forecasting. 
• The overall accuracy of 1.5% or less (MAPE Error) is acceptable for daily system and market 

operations,1 
• Half-hour forecasting is achievable using the standard ANNSTLF. The delivered  CAISO 

ANNSTLF forecaster is easy to use and will update the hour and half-hour forecasts with 
minimal manual intervention. 

• Optimization of weather station weights will improve overall performance by a few 
percentage points. However, improvements can be attained by adjusting the weights monthly 
and/or seasonally. 

• Staff training is crucial in improving forecaster accuracy. ANNSTLF has many user options 
for: 

– Detecting input data problems, 
– Manual adjustments for special days, controllable load variations, blackouts, etc, 
– Making the forecaster more, or less, adaptive  
– Incorporation of additional weather variables, if needed. 
– The main areas of further accuracy improvement are: 
– Holiday forecasting, 
– Sub-regional forecasting to yield a finer grain forecasts that more correlated to sub-

regional weather data. 

                                                             
1 CA-ISO staff have indicated that their goal was a forecast which  is accurate at 2%. 
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Recommendations 
• Full automation of ANNSTLF is recommended, by this we mean the automatic loading of 

weather and load data every half hour, the automatic running of ANNSTLF, and the display 
of the updated forecast, 

• Data pre-filtering for the initial training effort should include an option for optimising the 
weather station weights. In this regard, these weights should be adjusted monthly and/or 
seasonally. 

• In conjunction with the automation effort, all safeguards associated with manual user options 
(item (1-e) above) should either be partially automated to the extent of generating user 
messages and other information for quick user action. 

• The 32-bit conversion effort should be carried out as soon as possible, as it is a key pre-
requisite to any automation effort, 

• ANNSTLF should be interfaced with the CIM database, and or, other databases used at the 
ISO. 

• A procedure should be developed for the easy training of new regions, and their consequent 
integration with other regions in a hierarchical manner. 
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5  
LIST OF DELIVERABLES 

ANNSTLF system comprised of the following: 
• ANNSTLF executable program and associated files 
• Six (6) trained “regions,”  3 for the half hour and 3 for the top of the hour, plus two 

corresponding CAISO regions. 
• Converter program for pre-filtering the initial data files for any region and placing the data in 

appropriate ANNSTLF text files. These text files can then be used for initial training or 
initial catch-up, once the training is completed, 

• Converter program for integrating forecasted results into the corresponding CAISO folders 
• A third converter program group for the daily and hourly downloading of weather data into 

appropriate text files and the movement of those files plus the user-entered load data updates 
into ANNSTLF.  

• Procedure and results for the optimization of the weather station weights. The genetic 
algorithm used for this purpose was not delivered as it is a proprietary commercial package. 

• At least two intensive CAISO staff training sessions to insure that they fully understand all of 
the ANNSTLF user options for improved forecaster performance. 

• User and procedure manuals for all of the above. 
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A  
INFLUENCE OF TEMPERATURE ON SHORT-TERM LOAD 
FORECASTING USING THE EPRI-ANNSTLF 

The following technical paper details the theory and application of the optimization of weather station 
weights as developed for this project. The paper was accepted and presented at the Balkan Power 
Conference, Belgrade, Yugoslavia (June 2002). 
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