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This document contains supplementary information to Auffhammer, Baylis, and Hausman (2016).
Section [1|shows additional figures. Figure [S1|shows the geographic extent of our sample, with different
zones shown in different colors. Coverage gaps are described in the main text. Figure shows the
projected change in the intensity of peak load under RCP4.5, for comparison with Figure 3 (RCP8.5)
in the main text. Figures and display the average and peak temperature response functions
for each individual zone, for comparison with Figure 1 in the main text. In general, peak responses
(red) are larger than average load responses (blue). Moreover, a U-shape, with heating demands for
low temperatures and cooling demands for high temperatures, can be seen in all zones. Finally, the
appropriateness of imposing a linear response function for high temperatures (described in the text)
can be seen in these zone-level figures. Section [2] examines the sensitivity of the results to recession
effects. Section [3| describes the compilation of the energy consumption data sources, with zone-level
maps for each data source shown in Figures [S5HS§]



1 Supplemental figures

Figure S1: Map of sample

Notes: This map shows the geographic extent of our sample, with zones shown in different colors. Coverage gaps are
described in the main text.



Figure S2: Projected change in intensity of peak load (RCP4.5)

Notes: Map depicts the projected change in intensity of peak load under RCP4.5, for comparison with the RCP8.5
map provided in the main text (Figure 3). As in Figure 3, the largest increases are in the South and West.
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Notes: Estimated response functions for each load zone in the FERC data, for comparison with the aggregated results
shown in Figure 1. As in Figure 1, the average (total hourly load / 24) and peak (max hourly load) electricity load
response to temperature are shown in blue and red, respectively. Regressions control for precipitation, day of week fixed
effects, month of year fixed effects, and a 6th-order Chebychev polynomial in time.

Figure S3: FERC zonal temperature responses
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Figure S4: ISO zonal temperature responses

Notes: Estimated response functions for each load zone in the ISO data, for comparison with the aggregated results
shown in Figure 1. Within each ISO, a separate figure is shown for each zone. As in Figure 1, the average (total hourly
load / 24) and peak (max hourly load) electricity load response to temperature are shown in blue and red, respectively.
Regressions control for precipitation, day of week fixed effects, month of year fixed effects, and a 6th-order Chebychev
polynomial in time.



2 Sensitivity of results to recession effects

The following tables document the sensitivity of our predictions of future peak and average demand
(Table 1 in main text) to response functions estimated from different time periods within the data. In
order to properly compare these estimates, we drop the time polynomial and estimate our statistical
models using data from 1) the entire sample, 2) only the recession (December 2007 to June 2009), and
3) not during the recession. Tables document predictions under RCP 4.5 (RCP 8.5).

2.1 RCP 4.5

RCP 4.5 %A Average %A Peak %A 95t %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 2.8 3.5 6.9 168 409

ERCOT 3.7 4.3 6.5 178 o971

ISONE 1.5 1.9 7.2 107 263

NYISO 3 3.3 8.6 124 332

PIJM 2.3 3.1 8.1 131 331

Total 2.8 3.5 7.1 161 402

Table 1: Response of electricity demand to temperature estimated using all data

RCP 4.5 %A Average %A Peak %A 95t %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 2.8 3.5 7.2 172 392

ERCOT 3.7 4.1 6.1 186 558

ISONE 1.6 1.9 6.8 96 270

NYISO 2.8 3.2 8.4 123 333

PIM 2.4 3.2 8.8 130 355

Total 2.8 3.5 7.3 165 392

Table 2: Response of electricity demand to temperature estimated using only recession time period

RCP 4.5 %A Average %A Peak %A 95t %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 2.8 3.5 6.8 167 408

ERCOT 3.7 4.3 6.4 176 563

ISONE 1.6 1.9 7.2 104 260

NYISO 3 3.3 8.7 125 332

PIJM 2.3 3.1 8.1 132 333

Total 2.8 3.5 7 161 401

Table 3: Response of electricity demand to temperature estimated using only non-recession time period



2.2 RCP 8.5

RCP 8.5 %A Average %A Peak %A 95th %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 8 9.8 17.4 420 1,617

ERCOT 10.1 11.5 15.7 471 2,001

ISONE 4.9 5.8 17.7 282 1,029

NYISO 8.5 9.2 21.2 334 1,247

PIJM 7 8.9 20.4 355 1,347

Total 7.9 9.6 17.8 409 1,578

Table 4: Response of electricity demand to temperature estimated using all data

RCP 8.5 %A Average %A Peak %A 95t %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 8 9.7 18 411 1,515

ERCOT 9.9 10.8 14.8 452 1,997

ISONE 5.1 5.8 17.1 259 980

NYISO 8.2 9.1 20.6 330 1,214

PIM 7.3 9.3 22.5 351 1,375

Total 7.9 9.6 18.4 400 1,502

Table 5: Response of electricity demand to temperature estimated using only recession time period

RCP 8.5 %A Average %A Peak %A 95t %A Frequency %A Frequency
Hourly Daily Percentile Daily  Days w. Peak Load Days w. Peak Load
Load Load Peak Load > current 95" Pctile. > current 99" Pctile.

FERC 7.9 9.7 17.2 422 1,631

ERCOT 10.1 11.6 15.7 471 1,986

ISONE ) 5.9 17.9 281 1,005

NYISO 8.5 9.3 21.4 335 1,244

PIM 7.1 9 20.5 356 1,349

Total 7.9 9.6 17.7 410 1,587

Table 6: Response of electricity demand to temperature estimated using only non-recession time period



3 Compilation of energy consumption data

The Federal Energy Regulatory Commisssion Form 714 (FERC-714) data provide the most geographi-
cally disaggregated view into hourly-level U.S. energy demand over the last decade currently available[].

The FERC 714 dataset contains hourly reports of energy demand from 186 respondents. These
respondents are either:

e An electric utility or group of utilities who operate a balancing authority
e An electric utility or group of utilities who operate a planning area with peak load >200 MW

Note that only utilities operating a planning area are required to file load data. In practice,
respondents frequently represent both balancing authorities and planning areas.

To our knowledge, these data are the only source of information on hourly electricity usage that
cover the entire United States and are sufficiently disaggregated to provide regional detail. For this
reason, they are the best source of knowledge on electricity consumption in the United States.

However, because planning authorities typically do not conform to well-established geographies
such as cities, counties, or states, linking these data to meteorological covariates is challenging.

For this project and for the benefit of future research in this area, we undertook the considerable
task of linking each respondent to the geographic area served. Our general strategy is to link the FERC
respondents with publicly available data on utilities from the Energy Information Administration Form
861 (EIA-861), which does indicate counties served by each utility. The primary challenge is in linking
the respondents named in FERC-714 to utilities listed in ETA-861.

First, we limited the original set of 186 respondents by removing the following respondents:

e Respondents whose reporting was completely subsumed by any of the following major ISOs: Elec-
tricity Reliability Council of Texas (ERCOT)), ISO New England (ISO-NE), PJM, and NYISO.
We obtained sub-regional load data from each of the ISOs separately

e Respondents outside of the contiguous United States
e Respondents with <0 kWh total reported load
e Respondents whose entries were internal tests

e Respondents whose data duplicated other FERC-714 respondents

This left 123 respondents for which we required geographic service territory information.

More recent versions of FERC-714 provide a crosswalk from FERC-714 respondent identification
numbers to EIA-861 utility identification numbers. For 81 of the respondents, the linked ID corre-
sponded directly to a utility with service territory data in EIA-861. Figure shows the counties
covered by these 81 respondents.

'EIA-930| collects this information for the 67 balancing authorities, but the data date back only to 2015. This
presentation has more information on EIA-930.


http://www.ferc.gov/docs-filing/forms/form-714/overview.asp
https://www.eia.gov/electricity/data/eia861/
http://ercot.com/
http://www.iso-ne.com/
http://pjm.com/
http://www.nyiso.com/public/index.jsp
https://www.eia.gov/survey/form/eia_930/instructions.pdf
https://www.eia.gov/conference/2015/pdf/presentations/kaplan.pdf

Figure S5: Directly matched territories



The remaining 42 respondents did not have an EIA utility ID that corresponded directly to a service
territory. Of these, 29 respondents did have IDs that indicated they served as balancing authorities.
Using filel in ETA-861, we linked these balancing authorities to their constituent utility identification
numbers, and obtained the total service territory for each balancing authority. The following map
shows the counties covered by these 29 respondents. Because planning authorities (not balancing
authorities) were required to report, it is likely that there is some error in the service territory covered.
However, manual checks on the service territory of the 29 respondents mapped in this way suggested
that the service territories we obtain in this manner correspond closely to their actual territories.
Figure [S6is the map for these areas.

Note the overlap between Figures and [S6] This is reflective of the reality that many counties
are served by more than one balancing authority.

vy

Figure S6: Territories matched to a balancing authority
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For the 13 respondents whose service territories we were unable to obtain using their EIA-861 1D
directly or as a balancing authorities we loaded the listed utilities from FERC-714 for each respondent
and string-matched them to utilities in EIA—861E|. This produced an extensive set of string-matches
and allowed us to obtain service territories for the remaining respondents, mapped below in Figure [S7
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Figure S7: Territories matched manually

2Prior versions of FERC-714 did not include the FERC-EIA ID crosswalk. As a result, early versions of the project
used this string-matching technique for all respondents. This has been deprecated in favor of the more precise procedure
described herein.
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Table [7|lists all of the respondents in the FERC-714 dataset, if (and why not) they are used in our
data, and how they were mapped to a geographic area.

Respondent ID Respondent Name In data? Match type
101 PowerSouth Energy Cooperative TRUE Balancing authority
102 Alabama Power Company TRUE Direct match
103 Alcoa Power Generating Inc. - Yadkin FALSE NA

104 Allete TRUE Direct match
105 Alliant Energy-East TRUE Direct match
106 Alliant Energy-West TRUE Manual

107 Ameren TRUE Direct match
108 Ameren Corporation Control Area TRUE Direct match
109 Ameren CILCO TRUE Direct match
110 American Electric Power Company, Inc. TRUE Balancing authority
111 American Municipal Power-Ohio, Inc. TRUE Manual

112 Anchorage Municipal Light & Power FALSE NA

113 KCP&L Greater Missouri Operations Company FALSE NA

114 Aquila Networks FALSE NA

115 Arizona Electric Power Cooperative, Inc. FALSE NA

116 Arizona Public Service Company TRUE Direct match
118 Associated Electric Cooperative, Inc. TRUE Balancing authority
119 Avista Corporation TRUE Direct match
120 Big Rivers Electric Corporation TRUE Balancing authority
121 Black Hills Corporation TRUE Direct match
122 Bonneville Power Administration, USDOE FALSE NA

123 Boston Edison Company FALSE NA

124 Buckeye Power, Inc. TRUE Manual

125 California Independent System Operator FALSE NA

126 Cambridge Electric Light Company FALSE NA

128 Central Electric Power Cooperative, Inc. TRUE Manual

133 Chugach Electric Association, Inc. FALSE NA

134 Duke Energy Corp. TRUE Manual

135 City of Burbank TRUE Direct match
136 City of Homestead FALSE NA

137 City of Independence, MO FALSE NA

138 City of Lafayette Utilities System TRUE Direct match
139 City of Tacoma, Dept. of Public Utilities TRUE Direct match
140 City of Tallahassee TRUE Direct match
141 City Utilities of Springfield, MO FALSE NA

142 Cleco Corporation TRUE Direct match
143 Colorado Springs Utilities TRUE Direct match
144 Columbia Water & Light TRUE Direct match
145 Commonwealth Electric Company FALSE NA

146 Consolidated Edison Co. of NY Inc. FALSE NA

147 Consumers Energy Company TRUE Direct match
148 Corn Belt Power Cooperative FALSE NA

149 Dairyland Power Cooperative TRUE Balancing authority
150 Dayton Power & Light Company, The TRUE Direct match
151 Decatur Utilities TRUE Direct match
152 Detroit Edison Company TRUE Direct match
153 Duke Energy Control Area Services, LLC FALSE NA

154 Duke Energy Control Area Services, LLC FALSE NA

155 Duke Energy Control Area Services, LLC FALSE NA

156 City of North Little Rock FALSE NA

157 Duke Energy Carolinas, LLC TRUE Direct match
159 East Kentucky Power Cooperative TRUE Direct match
160 El Paso Electric Company FALSE NA

161 Electric Energy, Inc. FALSE NA

162 Electric Power Board of Chattanooga TRUE Direct match
163 Empire District Electric Company TRUE Direct match
164 Entergy Corporation/Services TRUE Balancing authority
165 ERCOT FALSE NA

166 Eugene Water & Electric Board TRUE Direct match
167 FirstEnergy Corporation FALSE NA

169 Florida Municipal Power Agency TRUE Manual

170 Florida Municipal Power Pool FALSE NA

Table 7: FERC respondents
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Southern Illinois Power Coop

Southern Indiana Gas & Electric Company
Southern Minnesota Municipal Power Agency
Southwest Power Pool
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In total, the FERC 714 data resulted in 123 load zones corresponding to 2,377 counties. As stated
above, we additionally obtained sub-regional load data from ERCOT, ISO-NE, PJM, and NYISO.
Because these ISOs report to FERC as single entities, we instead use the disaggregated load data
available on their website. This resulted in 43 load zones corresponding to 869 counties, mapped in

Figure [S8
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Figure S8: ISO territories

Finally, we compiled the geographies obtained from FERC and from the ISOs into a single dataset.
This resulted in 166 load zones covering 2,888 counties. The final coverage map for this dataset is

Figure [S1]
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