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Appendix F:  Long-Term Load Forecast 

Purpose 
 

The purpose of the Long-Term Forecast is to provide an accurate estimate of total energy for 

each MRES member community until the year 2040.  This data will be used for long-term 

capacity needs and long-term rate planning.  This appendix presents the methodology used for all 

MRES S-1 Member Long-Term load forecasts, and presents the results for the Minnesota S-1 

Member communities. 

Methodology 
 

Annual data for variables believed to be useful in predicting total energy were input into a 

software package called MetrixND and regression models were constructed for each city.  The 

city total energy was the dependent variable for each model.  Possible independent variables 

included county census data for the county in which the city is located, weather data from the 

nearest weather station, national economic statistics, and alternate fuel prices for the state the city 

is located in.  A number of possible models were tested for each city, and certain criteria were 

scrutinized in order to find a model that was statistically sound and provided a reasonable 

expected growth rate.  Models were selected primarily based on adjusted R-square, Mean 

Absolute Percentage Error (MAPE), T-statistics, and Durbin-Watson statistics.   The following 

pages contain more information on each of the potential variables and how each statistic was 

evaluated.  In some cases where the data for the city was not available until after 1970, the 

regression was run using the available annual energy data. 

 

Correlation between independent variables used in the models was checked with the correlation 

matrix feature found in MetrixND.  An 85 percent level was used to identify variables that could 

be strongly correlated.  Models with multicollinearity were revised until the only variables 

surpassing the 85% level were believed to be coincidentally related. 

Implementation 
 

After the models were selected, the resulting forecasted annual load for each city was exported 

into Excel, where the annual growth rate percents were calculated.  These percentages will be 

applied to the results of future short-term monthly demand and energy forecasts.  

Variables 

Total Energy (tot_eng and ln_tot_eng) 

 

Historic annual total energy or the logarithm of annual total energy for each city between 1970 

and 2008 was used for the dependent variable in each regression model.  Several cities became 

members at later dates, and thus historic data in these instances was available starting in years 

ater than 1970.  Such cities include: Breckenridge, Minnesota, with historic data becoming 

available in 1974; Sauk Centre, Minnesota, with historic data becoming available in 1972; 

Pickstown, South Dakota, with historic data becoming available in 1986; Riverdale, North 

Dakota, with historic data becoming available in 1990; Marshall, Minnesota, with historic data 
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becoming available in 1981; and Melrose, Minnesota, with historic data becoming available in 

1989.   

County Census Data (pop, emp, wage, thh, grp, inc, ipc, avg_inc, avg_ipc, ln_pop, 

ln_emp, ln_wage, ln_thh, ln_grp, ln_inc, ln_ipc, ln_avg_inc, ln_avg_ipc)  

 

County census data was obtained from the 2008 Woods & Poole State Profile, which included 

data starting in 1969 and continuing through 2040.  Variables obtained from the census include 

population, employment, wage, total households, gross regional product, income, and income per 

capita.  Income and income per capita had extensive annual fluctuations for some counties, so a 

3-year moving average transformation was added for these variables.  Logarithmic functions of 

all variables mentioned above were also considered.  2004 was the base year for all monetary 

variables above that are indexed. 

Weather Data (cdd, hdd, tdd, ln_cdd, ln_hdd, ln_tdd) 

 

Annual cooling degree-days, heating degree-days, and total degree-days for the years between 

1970 and 2008 were collected from NOAA for the seven weather stations that most accurately 

represent our citiesô weather conditions.  The weather station site assigned to each MRES city is 

shown in the following table.   

 

Table F-1 
Weather Station Used for Each Cityôs Forecast Model 

 

City Name State Station Name 
 

Alton IA Sioux City  

Denison IA Sioux City  

Hartley IA Sioux City  

Hawarden IA Sioux City  

Kimballton IA Omaha  

Lake Park IA Sioux Falls  

Manilla IA Omaha  

Orange City IA Sioux City  

Paullina IA Sioux City  

Primghar IA Sioux City  

Remsen IA Sioux City  

Rock Rapids IA Sioux Falls  

Sanborn IA Sioux Falls  

Shelby IA Omaha  

Sioux Center IA Sioux Falls  

Woodbine IA Omaha  

Adrian MN Sioux Falls  

Alexandria MN St. Cloud  

Barnesville MN Fargo  

Benson MN St. Cloud  

Breckenridge MN Fargo  
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Detroit Lakes MN Fargo  

Elbow Lake MN Fargo  

Henning MN Fargo  

Jackson MN Sioux Falls  

Lake Park MN Fargo  

Lakefield MN Sioux Falls  

Luverne MN Sioux Falls  

Madison MN St. Cloud  

Marshall MN Sioux Falls  

Melrose MN St. Cloud  

Moorhead MN Fargo  

Ortonville MN Aberdeen  

Sauk Centre MN St. Cloud  

St. James MN Sioux Falls  

Staples MN St. Cloud  

Wadena MN St. Cloud  

Westbrook MN Sioux Falls  

Worthington MN Sioux Falls  

Cavalier ND Fargo  

Hillsboro ND Fargo  

Lakota ND Fargo  

Northwood ND Fargo  

Riverdale ND Fargo  

Valley City ND Fargo  

Beresford SD Sioux Falls  

Big Stone City SD Aberdeen  

Brookings SD Sioux Falls  

Burke SD Huron  

Faith SD Aberdeen  

Flandreau SD Sioux Falls  

Fort Pierre SD Huron  

Pickstown SD Huron  

Pierre SD Huron  

Vermillion SD Sioux City  

Watertown SD Huron  

Winner SD Huron  

 

For the years between 2009 and 2029, it was assumed that all degree-day variables would be 

equal to the 30-year (1960-1990) normals published by NOAA.  Logarithmic functions of all 

variables mentioned above were also considered.  State and national gross regional product were 

included to help estimate the citiesô long-term growth due to state or national economic growth.  

Gross regional product data was obtained from Woods & Poole.  The base year used for this data 

was 2004.  Logarithmic functions of all variables mentioned above were also considered. 
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Alternate Fuel Prices (res_natgas, com_natgas, res_prop, res_oil, com_oil, 

ln_res_natgas, ln_com_natgas, ln_res_prop, ln_res_oil, ln_com_oil) 

 

Prices of alternate fuels were assumed to be possible significant variables in estimating the citiesô 

long-term electricity consumption.  Some of the cities have access to natural gas while others do 

not, necessitating the inclusion of prices for natural gas, propane, and heating oil.  In cities where 

natural gas is supplied, propane and heating oil were not chosen for inclusion in the model since 

propane and heating oil would be unlikely choices for most loads in the city.  Cities not having 

access to natural gas could use either propane or heating oil variables in the models; however, to 

avoid multicollinearity problems, propane and heating oil variables could not be used 

simultaneously.  In addition, alternate fuel prices were further divided into residential and 

commercial components.  Logarithmic functions of all variables mentioned above were also 

considered. 

 

Alternate fuel prices for 1970 through 2008 for natural gas, and 1970 through 2006 for heating 

oil and propane, were obtained from the Energy Information Administration (EIA).  All alternate 

fuel price data was converted to 2004 dollars.  Historical data by state was used for the forecast.  

Data for 2009 through 2030 for natural gas, and 2007 through 2030 for heating oil and propane, 

was obtained from the EIA Annual Energy Outlook Table 3 ï Energy Prices by Sector and 

Source for the West North Central region.  This data was in 2007 dollars.   

 

Alternate Fuel Prices  

 res_natgas: price of natural gas, residential consumers 

 com_natgas: price of natural gas, commercial consumers 

 res_prop: price of propane, residential consumers 

 res_oil: price of fuel oil, residential consumers 

 com_oil: price of fuel oil, commercial consumers 

 ln_res_natgas, ln_com_natgas, ln_res_prop, ln_res_oil, ln_com_oil: logarithms of above 

variables 

 

Prices of alternate fuels were assumed to be possible significant variables in estimating the citiesô 

long-term electricity consumption.  Some of the cities have access to natural gas, while others do 

not, necessitating the inclusion of prices for natural gas, propane, and heating oil.  In cities where 

natural gas is supplied, propane and heating oil were not chosen for inclusion in the model since 

propane and heating oil would be unlikely choices for most loads in the city.  Cities not having 

access to natural gas could use either propane or heating oil variables in the models; however, to 

avoid multicollinearity problems, propane and heating oil variables could not be used 

simultaneously.  In addition, alternate fuel prices were further divided into residential and 

commercial components.  Logarithmic functions of all variables mentioned above were also 

considered. 

Key Statistics 

 

Adjusted R-square:  The adjusted R-square represents the percent variation in total annual energy 

that is explained by the variables used in the model.  Unlike standard R-square, adjusted           

R-square is corrected to remove bias towards models with a greater number of variables.  Every 
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effort was made to maximize this statistic while keeping other variables at an acceptable level.  

The graph below displays the occurrences of Adjusted R-Square statistics for all the models.   

 
Mean Absolute Percent Error (MAPE):  MAPE is the average of the absolute values of the 

percentage residuals.  Therefore, models with lower MAPE account more accurately for past 

fluctuations in total electricity.  When selecting models, models with a lower MAPE were chosen 

over those with a higher MAPE.  The graph below displays the occurrences of MAPE statistics 

for all the models.   

 
Durbin-Watson:  The Durbin-Watson statistic tests for the presence of residual correlation.  The 

range for Durbin-Watson is between 0 and 4.  Values of 2 signify residuals are uncorrelated, 

meaning successive residuals in the time series are random rather than related.  If the residuals 

are positively correlated, the value will be less than 2, and stronger correlation is implied as the 

number approaches 0.  If the residuals are negatively correlated, the value of the Durbin-Watson 

statistic will be greater than 2 and stronger negative correlation is implied as the value 

approaches 4.  The Durbin-Watson statistic was monitored during model selection, to avoid 
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using two variables with strong correlation when possible.  The graph below displays the 

occurrences of Durbin-Watson statistics for all the models.   

 
T-Statistics:  The T-Statistic tests the statistical significance of each corresponding variable in 

predicting the variation in the dependent variable.  Based upon the number of historical 

observations used in the regression, if the T-Statistic is greater than 2, it is at least 95 percent 

certain that the independent variable contributes to the explanation of the dependent variable.  If 

the T-Statistic is equal to 1, it is 66 percent likely that the independent variable contributes to the 

explanation of the dependent variable.  As much as possible, models with T-Statistics above 1.3 

were selected so that all variables would positively impact the model results.  The graphs below 

show the occurrences of T-Statistics for all categories of variables.   
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State Economic Data T-Statistics

0

1

2

3

0

2.
5 5

7.
5

10

12
.5 15

17
.5 20

22
.5 25

27
.5 30

32
.5 35

37
.5 40

42
.5 45

47
.5 50

value

nu
m

be
r o

f i
ns

ta
nc

es

National Economic Data T-Statistics

0

1

2

0

2
.5 5

7
.5 1
0

1
2

.5 1
5

1
7

.5 2
0

2
2

.5 2
5

2
7

.5 3
0

3
2

.5 3
5

3
7

.5 4
0

4
2

.5 4
5

4
7

.5 5
0

value

n
u

m
b

e
r 

o
f i

n
st

a
n

ce
s



Page F-8  Long-Term Load Forecast 

 

Spot Loads 
 

Hartley, Iowa, Big Stone City, South Dakota, Marshall, Minnesota, and Northwood, North 

Dakota required separate analysis of an individual load within the city. 

 

PM Holdings in Hartley shut down on April 17, 2003.  The regression was run with demand and 

energy amounts representing PM Holdings load added in for 2003 through 2008.  The PM 

Holdings demand and energy amounts were then subtracted from the regression results.  It is 

assumed the plant will remain closed. 

 

In Big Stone City, the cheese plant presently accounts for roughly half of the total electrical load 

of the city.  Between 1970 and 2008, the cheese plant experienced large increases and decreases 

in load that are unrelated to weather, local population, local economic conditions, state or 

national economic conditions, or prices of alternate energy sources.  Certainly, this is the case 

with other industries in other cities, but since the cheese plant is such a large portion of the total 

load, and has experienced such large fluctuations in energy consumption, it had to be considered 
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separately.  The historic cheese plant load data was used as a variable for predicting total load 

within Big Stone City. 

 

In Marshall, ADM accounts for roughly half of the cityôs load.  ADMôs load is not expected to 

grow in the future.  ADM was subtracted from the history and the forecast was done without 

ADM.  ADM load was added to the forecasted load after the regression. 

 

In Northwood, Northwood Mills came online in 2007 and accounts for roughly a fourth of the 

cityôs load.  Northwood Mills temporarily shut down in February 2009, but is expected to resume 

operations at production levels similar to those in 2008.  Northwood Mills was subtracted from 

the history and the forecast was done without Northwood Mills.  Northwood Mills load was 

added to the forecast load after the regression. 

Statistical Output 
 

The following pages show the statistical models selected for each of the Minnesota S-1 Member 

communities and the graphs associated with those models.   

 

The statistical page for each model begins with a section in bold print giving an overview of the 

model.  The number for each model corresponds to the City ID column for each community 

shown in the table on the page entitled Communities Included in the Forecast.  .  The Dependent 

Variable is either total energy or the logarithm of total energy.  Estimation Begin Date is the 

beginning date for the historical data used in the forecast.  Estimation End Date is the last year of 

historical data used in the forecast.  Forecast Period End Date is the last year of forecasted data.  

All data used represents a complete year. 

 

The next section contains data about the variables that were chosen for each model.   

 

 The standard error is an estimate of how much the coefficient could vary.  Coefficients that 

are much larger than their standard error terms are more ñsignificant,ò meaning there is a 

better probability that it is a good estimate of the actual relationship between the independent 

variable and the dependent variable, energy sales.  Conversely, if the standard error is large 

compared to the coefficient, there may be a high probability that the true coefficient is zero 

and this variable is not significant. 

 

 The T-statistic is the coefficient divided by the standard error.  It is used to test the statistical 

significance of the variable in explaining the variation of the dependent variable.  The 

independent variables used were chosen primarily based on the T-stat.  The higher the T-stat, 

the more likely that particular variable is useful as a predictor of the dependent variable. 

 

 P-Value is another determinant of a variableôs usefulness in predicting the dependent 

variable.  The lower the P-Value the more likely that particular variable is useful as a 

predictor of the dependent variable. 

 

The next section entitled Regression Statistics contains information on the statistics used to 

evaluate each model.  Following are the statistics that were primarily evaluated for each model. 
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 The R-squared measures how much of the variation in the dependent variable can be 

ñexplainedò in the model.  R-squared values lie between 0 and 1, with 1 indicating a 

perfect fit. 

 

 The Adjusted R-squared corrects the R-squared value for the number of degrees of 

freedom (the number of observations used to calculate a particular statistic less the 

number of variables included in the equation).  R-squared increases with each additional 

independent variable in the equation, whereas Adjusted R-squared may increase or 

decrease depending on the overall contribution of the additional variable. 

 

 The Durbin-Watson is a test for the randomness of the errors of the equation.  In a good 

model, the errors are randomly distributed and are approximately the same magnitude.  

Generally, a Durbin-Watson in the range of 1.5 to 2.5 indicates the residuals are random.  

The ñcritical valueò in determining whether the residuals are non-random depends on the 

number of variables and observations in the model. 

 

 The F-statistic is a statistical test of the overall fit of the estimated equation.  The overall 

fit of the equation is determined to be statistically acceptable when the F-statistic is larger 

than another ñcritical valueò, which again depends on the number of variables and 

observations in the model. 

 

MAPE is the average of the absolute values of the percentage residuals.  Therefore, models with 

lower MAPE more accurately account for past fluctuations in total electricity. 
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Graphs of Annual Energy and Annual Growth Rates 
 

A graph showing total energy usage in kWh for the years 1970 through 2040 was prepared for 

each community.  The amounts shown in the graph for 1970 through 2008 are historical loads 

and the amounts shown from 2009 through 2040 are forecasted loads for the community.  A 

graph showing percentage growth rates for energy usage for the same time duration was also 

prepared for each community.  The growth rates shown on it include both the annual growth rate, 

as well as the five-year moving average growth rate.  These graphs are located on a page 

immediately after the statistical output page for each community. 

 

 

Table F-2 
Communities Included in This Appendix 

 

City State City ID  City State City ID 

Adrian MN 20  Madison MN 34 

Alexandria MN 21  Marshall MN 63 

Barnesville MN 22  Melrose MN 83 

Benson MN 23  Moorhead MN 35 

Breckenridge MN 25  Ortonville MN 37 

Detroit Lakes MN 26  Sauk Centre MN 38 

Elbow Lake MN 27  St. James MN 39 

Henning MN 29  Staples MN 40 

Jackson MN 30  Wadena MN 42 

Lake Park MN 31  Westbrook MN 43 

Lakefield MN 32  Worthington MN 44 

Luverne MN 33     
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Adrian , MN - Total Energy
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Alexandria , MN - Total Energy
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Barnesville , MN - Total Energy
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Benson , MN - Total Energy
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Breckenridge , MN - Total Energy
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Detroit Lakes , MN - Total Energy
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Elbow Lake , MN - Total Energy
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Henning , MN - Total Energy
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