


JuL 3 1 2007 
PUBLIC SERVICE 

COMMISSION 

LWC 20-Year Forecasts 
Prepared by 

Patricia B. Cerrito 
Statistical Consulting of Louisville, Inc. 
302 Chippendale Ct. 
Louisville, KY 4021 4 
502-417-2742 
pcerrito@,louisville.edu 

May 30,2005 



Data were recorded monthly from January, 1975 through December, 2004. The data 
included usage: residential, commercial, industrial, wholesale, other, total, and number of 
customers: residential, commercial, industrial, wholesale, other, total. The data were first 
forecast both monthly and yearly with a 20-year lead (240 months) without using any 
dynamic regressors. The monthly forecast indicates a very seasonal and slightly 
increasing pattern for residential, commercial, wholesale, other, and total. There was a 
seasonal, decreasing pattern for industrial. The yearly forecast, while not seasonal, 
indicated a similar increasing (decreasing for industrial) trend. 

Dynamic regressors were added sequentially to ensure that the resulting forecasts were 
robust and to ensure against over-fitting. The following regressors were used in the model 
from the Bureau of Economic Analysis 
(http://www.bea.gov/bea/regional/spi/#download): 

1. Pop~~lation census data for Jefferson County 
2. Population census data for Bullitt County 
3. Population census data for Oldham County 
4. Population census data for Kentucky 
5. Number of households for same 
6. Personal income for Kent~tcky residents 
7. Employment for Kentucky 
8. Number of businesses for Kentucky 

In addition, for usage ( b ~ ~ t  not for the number of customers), the PDSI index (Palmer 
Draught Severity Index, http://wwwagwx.ca.uky.edu/dro~1ght-cd2.txt) was included. 
Since usage is dependent upon the number of customers, the forecast for usage using only 
PDSI index and number of customers was compared to the forecast using PDSI and the 
economic indicators. The results were virtually identical (excepting for wholesale usage 
where the definition of customer changes from individual unit to unit serving many 
individuals). For each forecasted value, the following information is provided: 

1. Monthly forecast of usage without the use of dynamic regressors. 
2. Yearly forecast of outcomes without the use of dynamic regressors. 
3. Yearly forecast of outcomes with the addition of dynamic regressors. 
4. Forecast of the ratio of usage to customers to estimate individual usage by group 
5. Yearly forecast showing upper and lower confidence limits. 
6. Numeric table of forecasted values including upper and lower 95% confidence limits. 

For comparison purposes, the forecasts for the dynamic regressors are also provided. 

For the most part, the addition of economic regressors contributed little to the forecast far 
the next 20 years, indicating that most of the forecast comes directly from the trends in 
usage and in the number of customers for the previous 30 years. Therefore, the trends in 
both usage and number of customers are fairly robust, which suggests confidence in the 
forecasted results. 



Forecasts for Usage, 2005- 
2025 



Figure 1.1. Residential Monthly Forecast 
Without Dynamic Regressors 

2000000 1 1 Note the seasonality 
and the increasing 
pattern in the 
residential usage. 

1200000 -I 
JAN2005 JAN20 1 0 JAN20 1 5 JAN2020 JAN2025 

Date 

Figure 1.2. Residential Yearly Forecast 
Without Dynamic Regressors 
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curve indicates 
a steady 
increase in 
residential 
usage over the 
next 20 years. 



Figure 1.3. Residential Yearly Forecast 
With Economic Factors and PDSI 

Including the 
economic 
factors and the 
PDSI does not 
change the 
slope of the 
increase given 
in Figure 2, 
indicating the 
robustness of 
the forecast. 
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Figure 1.4. Residential Yearly Forecast 
With Confidence Limits 
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Figure 1.5. Commercial Monthly Forecast 
without Dynamic Regressors 
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Figure 1.6. Commercial Yearly Forecast 
Without Dynamic Regressors 

Note the seasonality 
and the increasing 
pattern in the 
commercial usage. 
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Figure 1.7. Commercial Yearly Forecast 
With Economic Factors and PDSI 

Adding the 
dynamic 
regressors 
results in a 
slightly lower 
rate of increase 
compared to 
that in Figure 
6. 
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Figure 1.8. Commercial Yearly Forecast 
With Confidence Limits 

The range of 
the confidence 
limits is 
approximately 
k 500,000. 
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Figure 1.9. Industrial Monthly Forecast 
Without Dynamic Regressors 
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Figure 1.10. Industrial Yearly Forecast 
Without Dynamic Regressors 
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has been declining 
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Figure 1.1 1. Industrial Yearly Forecast 
With Economic Factors and PDSI 
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Figure 1.12. Industrial Yearly Forecast 
With Confidence Limits 
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Table 1.3. Forecast Values for Industrial U 
,-,PI 
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Figure 1.13. Wholesale Monthly Forecast 
Without Dynamic Regressors 
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Figure 1.14. Wholesale Yearly 
Forecast Without Dynamic 

200000 

1 80000 

160000 

140000 

120000 

1 00000 

The wholesale 
usage is 
steadily 
increasing over 
the 20-year 
forecasting 
period. 

Date 

2200000 -j 
I 

1 2000000 , 
J 1800000 , 

I 
1600000 { 

i 
1400000 " I 

I 

200000 1 
1 oooooo -1 

I 

800000 
In- 

There was 
apparently a change 
in the wholesale 
customers or 
definition in 1992 as 
indicated by the drop 
that occurred in that 
year. There is a 
steady increase 
predicted over the 
next 20 years. 

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 



Figure 1.15. Wholesale YearIy Forecast 
With Economic Factors and PDSI 
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Figure 1.16. Wholesale Yearly 
Forecast With Confidence Limits 
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Table 1.4. Forecast Values for Wholesale U 
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Figure 1.17. Other Monthly 
Forecast Without Dynamic 
Regressors 
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Figure 1.18. Total Yearly 
Forecast Without Dynamic 
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Figure 1.19. Other Yearly Forecast 
with Economic Factors and PDSI 
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Table 1.5. Forecast Values for Other Usage 
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Figure 1.21. Total Monthly Forecast 
Without Dynamic Regressors 
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Figure 1.22. Total Yearly Forecast 
Without Dynamic Regressors 

There seems to be 
a considerable 
increase in total 
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Figure 1.23. Total Yearly Forecast 
With Economic Factors and PDSI 
41 UUUUUU Including the 

economic 
factors and the 
PDSI gives a 
similar 
increase 
prediction 
compared to 
the forecast 
without 
regressors. 
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Figure 1.24. Total Yearly Forecast 
With Confidence Limits 
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Forecasts for Customers, 
2005-2025 



Figure 2.1. Residential Customers Without 
Dynamic Regressors 
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Figure 2.2. Residential Customers With Dynamic Regressors -- 
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Figure 2.3. Residential Customers With 
Confidence Limits 
p. YY.V.YU 

The 
confidence 
interval is 
relatively 
small, 
indicating 
that 
variability is 
small. 
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Table 2.1. Forecast Values for Residential Customers 
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Figure 2.4. Commercial Customers Without 
Dynamic Regressors 
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increase over 
the next 20 
years, but the 
rate is expected 
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Figure 2.5. Commercial Customers With Dynamic Regressors 
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Figure 2.6. Commercial Customers With Confidence Limits 

The confidence 
interval is 
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when compared 
to Figure 2.3. for 
residential 
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is still relatively 
small, 
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h1000. 

predicted 

I --- predicted - lower - upper I 

30000 - 

25000 - 

20000 - 

15000 - 

10000 - 

5000 - 

- 

,.I-..-..TT-....-.-. 
I 

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 
Date 





Figure 2.7. Industrial Customers Without 
Dynamic Regressors 
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The decline in 
the number of 
industrial 
customers is 
linear, and this is 
expected to 
continue over the 
next 20 years. 

Figure 2.8. Industrial Customers With Dynamic Regressors 
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Figure 2.10. Wholesale Customers Without 
Dynamic Regressors 
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Figure 2.11. Wholesale Customers With Dynamic Regressors 

71 / The addition of 
dynamic 
regressors does 
change the 
forecast 
slightly, but the 
projection in 
2025 remains 
the same. 
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Figure 2.12. Wholesale Customers With Confidence Limits 
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Figure 2.13. Other Customers Without 
Dynamic Regressors 
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Figure 2.14. Other Customers With Dynamic Regressors 
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The number of 
other 
customers has 
increased 
linearly from 
1975-2000 
with an abrupt 
change in 
1980-8 1. The 
linear increase 
is expected to 
continue. 

Adding 
dynamic 
regressors does 
not change the 
linear increase 
projected for 
2005-2025. 



Figure 2.15. Other Customers With Confidence Limits 
The confidence 
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With the addition of low-flow devices, per capita usage is expected to decrease. The ratio 
of water usagelnumber of customers was computed for each category. 

Figure 3.1. Ratio of Residential Usage to Number of Residential Customers 
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Figure 3.2. Ratio with Confidence Limits 
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Table 3.1. Predicted Residential Ratio With Confidence Limits 
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Figure 2.16. Total Customers Without Dynamic 
Regressors 

". - -"--- - -- 
400000 

The increase in 
the total 
number of 
customers is 
projected to be 
linear from 
2005-2025. 

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 

Date 
Figure 2.17. Total Customers With Dynamic Regressors 
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Figure 2.18.Total Customers With Confidence Limits 
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Forecast of Per Capita 
Usage, 2005-2025 
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Figure 3.3. Ratio of Commercial Usage to Number of Commercial Customers 
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Figure 3.4. Ratio with Confidence Limits 
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Figure 3.5. Ratio of Industrial Usage to Number of Industrial Customers 
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Figure 3.6. Ratio with Confidence Limits 
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Table 3.3. Predicted Indu 
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Figure 3.7. Ratio of Wholesale Usage to Number of Wholesale Customers 

There is a dip in 
the per capita 
usage peaking in 
the year 1992, 
possibly 
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per capita usage 
is expected to 
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Figure 3.8. Ratio with Confidence Limits 
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Predicted 
Values 

Table 3.4. Predicted Wholesale Ratio With Confidence Limits 
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Figure 3.9. Ratio of Other Usage to Number of Other Customers 
There is a 
steady 
decrease in 
the per capita 
usage for the 
customers 
defined in the 
"other" 
category. 
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Table 3.5. Predicted Other Ratio With Confidence Limits ; " ' l l ~ ~ ~ r ~ - ~  Values Confidence Confidence 
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Figure 3.11. Ratio of Total Usage to Number of Total Customers 

The per capita 
ratio of total 
usage to the 
total number of 
customers has 
been 
decreasing 
steadily, and is 
predicted to 
continue its 
steady 
decrease. 
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Figure 3.12. Ratio with Confidence Limits 
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The overall per 
capita trend for 
total 
usageltotal 
customers is 
definitely 
downwards. 

Table 3.6. Predicted Total Ratio With Confidence Limits 
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Forecasts of Dynamic 
Regressors, 2005-2025 



Figure 4.1. PDSI Index 

Figure 4.2. Household Income 
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Overall, the 
forecast 
indicates a 
gradual drop 
in the 
moisture 
index. 
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4.3. Employment 

Employment, 
too, is expected 
to level off 
over the next 
20 years. 

Date 

4.4. Number of Kentucky Businesses 
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