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Model for Residential High Winter Ratio (ResHiWR)

This section provides a summary of the estimated profile model for the Residential High Winter Ratio segment.  The profile type for this segment is ResHiWR.

Figure 4‑1 shows a scatter plot of daily energy versus average temperature for all observations in the database, representing over 3,000 days of data in different years and in different utility service areas.  In this plot, the data for each utility are scaled to adjust for differences in average customer size.  Days are color-coded, with solid blue circles for weekdays, orange diamonds for Saturdays, red triangles for Sundays, and green squares for holidays.

Figure 4‑3 provides a second version of this chart, with the observations for a specific utility highlighted.  The purpose of this chart is to illustrate that separate slopes are estimated by zone, and differences in these slopes will reflect the differences between weather relationships for the data points that represent each zone.  Weather slopes in the North Central zone are determined by the TXU East and TNMP North data.  Slopes in the South Central zone are determined by the Austin Energy and CPS data.  Slopes in the Coast zone are determined by Reliant Energy and TNMP South data.  Slopes in the West zone are determined by WTU data.

Figure 4‑5 and Figure 4‑7 show loads at hour 7 (the hour ending at 7 a.m.) and hour 16 (the hour ending 4 p.m.) plotted against average daily temperature.  These plots include data for all contributing utilities.  The hour 7 plot shows the strong relationship between temperature and heating loads on the cold side of the curve, with average loads as high as 5 kW on the coldest days.  The hour 16 plot shows strong and nearly symmetrical effects on both the heating and the cooling sides of the curve.  

Figure 4‑1:  Energy vs. Dry Bulb – All Utility Data -- ResHiWR

[image: image1.png]3 NDMe!

esHStackedGraphs.NDM - [Scatter: EnergyVsDyBulb] [-To[x]
File Edit Inset View Help =181 x|
REEIETYR R
Fr]

120

100 Lo

80

60

Energy.EnergyPerCust

40

20

20 Ell 40 50 60 0 80 a0 100
Drybuib.AveDB

) L]





Figure 4‑3:  Energy vs. Dry Bulb -- Individual Utility Data -- ResHiWR
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Figure 4‑5:  Hour 7 Load vs. Dry Bulb - ResHiWR
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Figure 4‑7: Hour 16 Load vs. Dry Bulb - ResHiWR
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The groups of variables that appear in the daily energy model are as follows:

--
Day of the week variables

--
Holiday variables

--
Season variables

--
Solar and Daylight Saving variables

--
Dry bulb temperature slopes by zone (Hot, Med, Cold)

--
Dry bulb slope extensions (XXHot, XHot, XCold, WkEnd interactions)

--
Temperature build up variables

--
Dew point variables

--
Wind speed variables

--
Cloud cover variables

The estimated coefficients from the daily energy equation are presented in Table 4‑1.  The fit statistics for the equation include an R Square value of 0.947 and a mean absolute percentage error (MAPE) of 6.4%.  Most of the coefficients are strongly significant.  Key observations include the following:

(
Calendar effects are as expected, with weekdays having lower loads by 2.41 kWh to 3.46 kWh relative to Sundays (the zone-specific constant terms apply to Sundays in each zone).  Holiday loads show weak positive effects (relative to Sundays) for the major holidays and weak negative effects for the minor holidays.

(
The hot-side slopes are similar across the regions, ranging from 0.82 kWh per degree to 1.05 kWh per degree.  These slopes are amplified above 80 degrees by an additive slope of 0.57 kWh per degree, but are muted beyond 85 degrees by an additive slope of -0.15 kWh per degree.

(
Cold-side slopes across regions are also strong, ranging from 0.66 kWh per degree below 60 degrees to 1.39 kWh per degree.  These slopes are amplified below 50 degrees by an additive slope of 1.09 kWh per degree.

(
Temperature buildup effects are strong and have the expected signs, with a slope of 0.39 kWh per degree on the hot side, and a slope of -0.32 kWh per degree on the cold side.

(
On the hot side, dew point is a strong and significant variable, with a slope of 0.20 kWh per degree.  

(
Wind speed has the expected effects, lowering loads on hot days, with a slope of 


-0.12 kWh per mph, and increasing loads on cold days, with a slope of 0.50 kWh per mph.

(
Cloud cover has the expected effects, lowering loads on hot days, with a slope of 


-0.16 kWh per index point, and increasing loads on cold days, with a slope of 0.20 kWh per index point.

Table 4‑1:  Daily Energy Equation – Estimated Coefficients – ResHiWR
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Coefficient

StdErr

T-Stat

Unit

Definition

NCent

22.005    

0.845 

26.038 

Bin

1 for Zone = NCent, North, or East, 0 otherwise

Coast

21.765    

0.888 

24.503 

Bin

1 for Zone = Coast or South, 0 otherwise

SCent

21.660    

0.862 

25.135 

Bin

1 for Zone = S

C

ent, 0 otherwise

West

24.140    

0.901 

26.782 

Bin

1 for Zone = West or F

W

est, 0 otherwise

Monday

-2.407    

0.228 

-10.534 

Bin

1 on Mondays, 0 otherwise

TWT

-3.153    

0.199 

-15.827 

Bin

1 on Tues, Weds, or Thurs, 0 otherwise

Friday

-3.462    

0.228 

-15.180 

Bin

1 on Fridays, 0 otherwise

Saturday

-1.535    

0.182 

-8.441 

Bin

1 on Saturdays, 0 otherwise

MartinLKing

-0.195    

1.000 

-0.195 

Bin

1 on Martin Luther King, 0 otherwise

PresidentDay

-1.695    

1.011 

-1.676 

Bin

1 on Presidents' Day, 0 otherwise

MemorialDay

1.409    

1.022 

1.379 

Bin

1 on Memorial Day Holiday, 0 otherwise

July4thHol

1.145    

0.918 

1.247 

Bin

1 on July 4th (Fri if Sat, Mon if Sun), 0 otherwise

LaborDay

3.562    

0.923 

3.861 

Bin

1 on Labor Day, 0 otherwise

Thanksgiving

0.300    

0.937 

0.321 

Bin

1 on Thanksgiving, 0 otherwise

FridayAfterThanks

-1.987    

0.940 

-2.114 

Bin

1 on Friday After Thanksgiving, 0 otherwise

ChristmasHoliday

1.187    

0.912 

1.301 

Bin

1 on Christmas (Fri if Sat, Mon if Sun), 0 otherwise

NewYearsHoliday

3.281    

0.821 

3.996 

Bin

1 on New Year's (Fri if Sat, Mon if Sun), 0 otherwise

XMASWkB4

3.164    

0.494 

6.402 

Bin

1 on days in the Week before Christmas, 0 otherwise

XMASAft

1.154    

0.456 

2.530 

Bin

1 on days in the Week after Christmas, 0 otherwise

Summer

1.476    

0.223 

6.630 

Bin

1 on days in June, July, August, or September, 0 otherwise

Winter

2.843    

0.182 

15.659 

Bin

1 on days in December, January, or February, 0 otherwise

DLSav

-1.088    

0.206 

-5.272 

Bin

1 

on d

ays with Daylight Saving, 0 otherwise

HLight

0.250    

0.071 

3.547 

Hours

Hours of Light (e.g. 12.75 = 12 and 3/4 hours)

HotSlopeNCent

0.818    

0.050 

16.330 

DegF

Hot Slope when Zone = NCent, North, or East

HotSlopeCoast

0.842    

0.055 

15.443 

DegF

Hot Slope when Zone = Coast or South

HotSlopeSCent

0.865    

0.052 

16.778 

DegF

Hot Slope when Zone = SCent

HotSlopeWest

1.048    

0.055 

19.213 

DegF

Hot Slope when Zone = West or FWest

HotSlopeWkEnd

0.015    

0.018 

0.847 

DegF

Hot Slope Release on Weekend Days and Major Holidays

XHotSlope

0.567    

0.070 

8.139 

DegF

Degrees above 80 for Average Temperature in the Zone

XXHotSlope

-0.150    

0.098 

-1.525 

DegF

Degrees above 85 for Average Temperature in the Zone

MidSlopeNCent

0.220    

0.038 

5.806 

DegF

Middle Slope when Zone = NCent, North, or East

MidSlopeCoast

0.033    

0.046 

0.717 

DegF

Middle Slope when Zone = Coast or South

MidSlopeSCent

0.227    

0.037 

6.149 

DegF

Middle Slope when Zone = SCent

MidSlopeWest

-0.167    

0.060 

-2.773 

DegF

Middle Slope when Zone = West or FWest

ColdSlopeNCent

1.056    

0.037 

28.698 

DegF

Cold Slope when Zone = NCent, North, or East

ColdSlopeCoast

1.389    

0.041 

33.921 

DegF

Cold Slope when Zone = Coast or South

ColdSlopeSCent

0.888    

0.036 

24.752 

DegF

Cold Slope when Zone = SCent

ColdSlopeWest

0.659    

0.041 

15.899 

DegF

Cold Slope when Zone = West or FWest

ColdSlopeWkEnd

0.015    

0.020 

0.736 

DegF

Cold Slope Release on Weekend Days and Major Holidays

XColdSlope

1.087    

0.045 

24.043 

DegF

Degrees below 50 for Average Temperature in the Zone

HotBuildUp

0.388    

0.025 

15.429 

DegF

Buildup on Hot Days (Adjusted for Mean Value)

HotDayDP

0.196    

0.023 

8.520 

DegF

Dew Point on Hot Days (Adjusted for Mean Value)

HotDayWS

-0.119    

0.027 

-4.451 

mph

Wind Speed on Hot Days (Adjusted for Mean Value)

HotDayCC

-0.162    

0.035 

-4.586 

0 to10

Cloud Cover on Hot Days (Adjusted for Mean Value)

HotTempGain

0.113    

0.024 

4.733 

DegF

Temperature Gain on Hot Days (Adjusted for Mean Value)

MildBuildup

-0.061    

0.018 

-3.400 

DegF

Buildup on Mild Days (Adjusted for Mean Value)

MildDayWS

0.041    

0.039 

1.061 

mph

Wind Speed on Mild Days (Adjusted for Mean Value)

MildDayCC

0.105    

0.050 

2.113 

0 to 10

Cloud Cover on Mild Days (Adjusted for Mean Value)

MildTempGain

0.087    

0.020 

4.345 

DegF

Temperature Gain on Mild Days (Adjusted for Mean Value)

ColdBuildUp

-0.319    

0.014 

-23.074 

DegF

Buildup on Cold Days (Adjusted for Mean Value)

ColdDayWS

0.499    

0.031 

16.080 

mph

Wind Speed on Cold Days (Adjusted for Mean Value)

ColdDayCC

0.201    

0.037 

5.433 

0 to10

Cloud Cover on Cold Days (Adjusted for Mean Value)

ColdTempGain

0.102    

0.014 

7.238 

DegF

Temperature Gain on Cold Days (Adjusted for Mean Value)


Figure 4‑9 provides a plot of the predicted values for the eight weather zones for the coldest week in January of 1999.


Figure 4‑11
 provides a comparable plot for the hottest week in August of 1999.  Differences in these plots result from differences in the timing and severity of weather in the eight zones, as well as differences in the zone-specific weather slopes.

Table 4‑3 provides a summary of mean absolute percentage error (MAPE) values for the estimated hourly models.  The first set of values, labeled Daily MAPE, show the average values computed from individual hourly errors.  These values average to 10.6% and range from 12.0% to 8.3%, depending on the hour.  These values are computed from the absolute value of the difference between the sample and modeled loads in each hour divided by the sample load in that hour.  These should not be considered to be measures of “accuracy,” since the true population loads are not known.  To report accuracy, it would be necessary to compute the true residual (Actual – Predicted) in each hour, but the actual population values are unknown.  Further, with the number of sample cases ranging between 40 and 150, there is significant daily variation in the sample data that is random noise (including both sampling error and daily variations in customer behavior).  

The second set of values is computed from the differences between the average sample value in each month and the average predicted value in each month.  In this comparison, the predicted values are calibrated to have the same total as the sample values for each month (as they would when used in settlements calculations).  These values, which average to 3.5% eliminate daily noise from the sample through the averaging process, and may provide a better indication of the types of errors that can be expected at the population level in the settlements process.

The two sets of MAPE values are plotted out by hour of the day in Figure 4‑13.  

The final graph, Figure 4‑15, shows a comparison of the average sample values across all data sets for the months of January and July, and the average predicted values across all data sets for these same months.  As expected, at this high level of aggregation, the model results provide an excellent approximation to the average value of the underlying sample data.

Figure 4‑9: Simulated Profiles – 1999 Cold Winter Week – ResHiWR
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Figure 4‑11: Simulated Profiles – 1999 Hot Summer Week – ResHiWR
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Table 4‑3:  Daily and Monthly MAPE Values for ResHiWR

[image: image8.wmf]Hour

Daily MAPE

Monthly MAPE

1

11.8%

3.8%

2

12.0%

4.2%

3

11.9%

4.2%

4

11.7%

4.3%

5

11.5%

4.3%

6

11.9%

5.7%

7

12.0%

5.9%

8

11.1%

3.2%

9

10.5%

3.5%

10

10.3%

3.6%

11

10.4%

3.3%

12

10.6%

3.4%

13

10.5%

3.1%

14

10.6%

3.1%

15

10.9%

3.0%

16

11.1%

2.9%

17

11.0%

3.5%

18

10.4%

3.8%

19

9.5%

2.9%

20

8.5%

1.8%

21

8.3%

1.7%

22

8.3%

1.9%

23

8.9%

2.6%

24

9.8%

3.4%

All

10.6%

3.5%


Figure 4‑13:  MAPE Values (Daily and Monthly Average) – ResHiWR
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Figure 4‑15:  ResHiWR Average Shapes – Actual and Predicted
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