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Electricity consumption produces private goods, such as heat for homes, but fossil fuel consumption impacts the
public goods of clean air andwater.While self interests can increase usage, social interests, such as global climate
change, can impact an individual's attitude toward energy consumption. This paper examines the tragedy of the
commons using household data, and compares the impact of self and social interests in predicting electricity
consumption. Using both stated and observed behavioral data, the results show that self interests have a greater
impact on energy saving behaviors and electricity use. We extend the analysis to control for an individual's
environmental concern and perceived behavioral impact, finding similar results, and supporting the notion
that the tragedy of the commons occurs regardless of a person's perception or environmental concern.
These findings may explain why pro-environmental attitudes do not necessarily lead to pro-environmental be-
haviors, and it contributes to our understanding of the motivating factors for energy savings and electricity use
by examining both stated and observed behaviors. Policies aimed at electricity reduction may have a greater im-
pact if they focus on private interests, such as pricing, rebates, subsidies, and taxes, rather than social interests
alone.
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1. Introduction

A large body of environmental literature has emerged examining the
factors that impact an individual's energy saving behaviors and electric-
ity use. Several studies find that environmental concernmotivates ener-
gy saving behaviors (Ek and Söderholm, 2010; Sardianou, 2007; Lindén
et al., 2006; Viklund, 2004; Brandon and Lewis, 1999). Gadenne et al.
(2011) find that environmental beliefs and attitudes influence energy
saving behavior, and Kotchen and Moore (2007) reports that environ-
mental concern and altruism shape an individual's behavior regarding
the provision of public goods, such as green electricity.

On the other hand, several studies have found evidence that pro-
environmental attitudes do not necessarily lead to pro-environmental
behaviors in regards to energy conservation. For example, Wang et al.
(2011) find no evidence that environmental awareness induces energy
saving behaviors, but perceived inconvenience does from households in
Beijing. Holden and Linnerud (2010) demonstrate that despite having
positive environmental attitudes, households in Norway do not always
use less energy. Finally, Gaspar and Antunes (2011) find that environ-
mental attitude is negatively correlated with consumers choosing an
appliance based on energy consumption or that the appliance is energy
efficient, contrary to intuition.1

In this paper, we contribute to the literature on energy savingbehav-
iors and energy use by examining stated and observed behaviors in the
context of self and social interests. Self-interests are motivated by the
production and consumption of private goods, such as concern over
comfort or electricity costs. Social interests are motivated by common
and public goods, such as clean air and climate change mitigation.

The distinction between self and social interests explains why
individuals with pro-environmental attitudes may not exhibit pro-
environmental behaviors. The consumer's interest of energy consump-
tion can be motivated by both self and social interests: decreasing
energy use to reducemonthly bills and/or decreasing energy use to pro-
tect the planet, reduce pollution, or lessen other negative externalities.
Due to the tragedy of the commons, individuals will fail to reduce elec-
tricity use to the socially efficient level because the costs are paid by the
individual but the social benefits of energy reduction accrue to every-
one. By focusing on the self and social interests in electricity use, we
can examine the hypothesis that providing a public good, such as im-
proved environmental quality, does not significantly motivate people
to reduce electricity or exhibit energy saving behaviors.
1 Gaspar and Antunes (2011) use an index for environmental attitude based on several
statements that are public good oriented such as reducing energy andwater consumption
but covers several public goods.
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3 Gadenne et al. (2011) terms the awareness of environmental problems as intrinsic
and extrinsic environmental drivers.

4 One thousand one hundred twenty-two surveys were completed online and four
were collected from the paper version. We note the small response rate is likely due to a
lack of follow-up postcards. AmerenUE's target was to collect 1000 completed surveys,
and thus did not follow-up with additional requests. Thus, survey respondents are likely
somewhat biased toward a sample of individuals that are more concerned about energy

Table 1
Comparison of survey respondents to residential customers.

Usage Percent of customers Percent of survey respondents

Up to 7,000 kWh 21.4% 14.29%
7001–10,000 kWh 18.1% 12.70%
10,001–14,000 kWh 21.5% 29.58%
14,001–20,000 kWh 19.1% 14.00%
Above 20,000 kWh 19.9% 29.29%
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Self and social interests have been studied in the environmental lit-
erature through behaviors surrounding farming practices, electricity
use, and long distance travel, among others. Most applicable to our re-
search, Chouinard et al. (2008) examine the potential for self and social
interests to impact stewardly farming practices. Mzoughi (2011) also
finds that social and moral concerns impact the likelihood a farmer
adopts organic farming practices. In regards to energy use, Wang et al.
(2011) find that self-interest and economic factors can alter the impact
that environmental attitudes have on behavior. Ek and Söderholm
(2010) report that most Swiss electricity customers find it difficult to
develop behaviors in everyday life that reduce electricity use. Holden
and Linnerud (2010) show that self-interest prevents people from re-
ducing energy use in longdistance leisure travel, despite having positive
environmental attitudes. Martinsson et al. (2011) show that socio-
economic characteristics have a greater impact on energy saving behav-
iors than environmental attitude. Finally, Sauer and Fischer (2010)
highlight the notion that there is a trade-off between values. Individuals
can make a decision in their self-interest, social-interest, or some
combination.

Using survey data from amajor midwest electric utility, we formally
test for the impact of self and social interests on observed energy use.
Two econometric models are presented. A probit model is used to pre-
dict stated energy saving behaviors, such as turning down the heat
and unplugging charged batteries.2 A log–logmodel of annual electricity
usage is used to examine observed household electricity use.
Both models control for socio-demographic items (gender, ethnicity,
education, employment status, age, income) and household characteris-
tics (homeownership, number of individuals in the household, years
in the house, housing geography). The electricity usage model also
controls for dwelling characteristics (size of house, primary heating
fuel, use of central AC and/or furnace). The survey respondents
answer several questions regarding typical energy saving behaviors
and attitudes toward energy use and the environment. We categorize
these attitudes into private and social interests. The results fail to find
evidence to suggest that social interests significantly impact stated
energy saving behaviors or observed electricity use. Self interests
have a much greater impact on the likelihood an individual uses a
power-strip, unplugs charged appliances, and lowers the water heater
temperature.

We contribute to the environmental literature by extending the
analysis in two important ways. First, we consider the effect of an
individual's perceived behavioral impact (PBI) and environmental con-
cern on their self and social interests. PBI captures whether they believe
their behaviors significantly change the environment or their energy
bills. Holden and Linnerud (2010) demonstrate that if individuals do
not perceive their behavior as having any impact, then they do not use
less energy, even with positive environmental attitudes. Other studies
support the notion that PBI can alter an individual's energy saving
behavior (Abrahamse and Steg, 2009; Gadenne et al., 2011). Our results
show that individuals with a strong PBI are not motivated differently
than individuals with a weak PBI. Furthermore, when examining
respondents with a strong PBI, we find some evidence that a strong
social interest to limit electricity use leads to a greater use of electricity.
This suggests that participants in this survey may be experiencing
moral self-licensing or the rebound effect. This result supports
Holden and Linnerud (2010), who show that individuals who are con-
cerned about the appearance of projecting an environmentally friendly
image do not use less energy in the home than their less friendly
counterparts.

In considering the impact of environmental concern, Abrahamse and
Steg (2009) note that awarenesss of environmental consequence and
ascription of responsibility contributes to energy saving behaviors.
2 Ek and Söderholm (2010) also use a probit model to examine the impact of environ-
mental concern on behaviors such as using energy efficient light bulbs, lowering the in-
door temperature 1 °C, and reducing the maximum temperature of hot water heaters.
Gadenne et al. (2011) show that awareness of environmental problems
together with social norms and community influence is associated with
pro-environmental behaviors.3 Our results report that despite a concern
for global climate change, individuals are not significantly motivated by
social-interest factors to reduce electricity use.

These findings suggest that energy policies will have a greater im-
pact if theymotivate self interests rather than social interests. Self inter-
est policies, such as increasing retail electricity rates or offering
appliance rebates, may encourage more energy conservation than poli-
cies aimed to increase social responsibility and environmental concern.
For example, a policy that demonstrates to individuals ways to reduce
their electricity bill would focus on the customer's self interests, where-
as a policy that educates individuals on the social costs of climate
change focuses on social interests.

A second contribution of the paper pertains to the estimation of elec-
tricity usage and income elasticities. We provide an estimation of in-
come elasticities when only categorical incomes are provided by
survey respondents. Following Hsiao and Mountain (1985), we esti-
mate income as a function of the individual's characteristics. These esti-
mates are then used in the demand estimation to calculate income
elasticities over varying income levels. The results suggest that as in-
come increases, income elasticities grow in magnitude.

The paper proceeds with a discussion of the data and econometric
models for energy saving behaviors and for electricity use in Section 2.
Wedescribe the survey, socio-demographic characteristics of thepartic-
ipants, and the questions that elicit self and social interests. Section 3
presents results for the probit and OLS models. Section 4 concludes.
2. Data and Econometric Models

In 2009, AmerenUE, a large midwest electric utility in Missouri, im-
plemented a study on the interest in residential energy efficiency re-
bates. The survey collected household data on general attitudes about
energy use, energy efficiency, environmental concerns, saving money,
and comfort, as well as customer demographics, household and home
characteristics, heating, cooling, and water heating equipment. The sur-
vey respondents were then matched with their household electricity
use.

Thirty-three thousand customers were surveyed with a response
rate of 3.4%.4 In order to qualify for the survey, respondents must have
primary or shared responsibility for making energy-related decisions,
be at least 18 years old, andmust not have worked for an electric utility
company. Customers were sent a postcard using the address from the
AmerenUE billing database. The postcard with a unique code invited
efficiency issues. This strengthens our results that environmental concern has little impact
on the tragedy of the commons. On the other hand, the monetary incentive may bias the
sample in the opposite direction, inviting participants that aremore concernedwith pecu-
niary or self interests. The low response rate suggests that readers should proceed with
caution in drawing general conclusions from the sample.



Table 2
Descriptive statistics for self and social interest questions.a

Interest statement Mean Median St. Dev. Min. Max. n

S1. Comfort is very important to your household even if it means spending more each month for energy 6.687 7 2.271 1 10 693
S2. It is very important for you to find ways to control your energy costs 8.359 9 1.951 1 10 693
S3. You believe it is socially responsible to reduce or limit your use of electricity 7.400 8 2.482 1 10 693

a Using a 10-point scale where “1”means you strongly disagree, and “10” means you strongly agree, please indicate how much you agree or disagree with each of the following
statements.
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them to go online to complete the survey, and also offered a $10 Visa
cash card for completion. Respondents were sent to a secure website
and asked to enter their unique code. This code was then tied to their
AmerenUE account number and usage data.

Table 1 shows the usage distributions for the respondents compared
to AmerenUE's customers.We exclude from our sample individuals that
inconsistently report their income, respondents not in their primary
residence, and individuals who are not the primary decision-maker.5

Our final sample is 693 individuals. Low users are under-reported
while high users are over-reported. This may be due to the survey's
objective to examine the impact of energy efficiency programs. High
energy users may be more inclined to respond to the survey because
they have greater potential benefits from such programs. We note the
possibility of selection bias in energy use, and potential selection bias
in a respondent's concern over energy costs and energy saving
behaviors.

2.1. Self and Social Interests

Included in the survey are several statements concerningmotives to
use electricity, followed by a Likert type scale of 1–10. A respondent
scores the statement as 1 if they strongly disagree, and a score of 10 im-
plies they strongly agree. Statement 1 states “comfort is very important
to your household, even if it means spending more each month.”
Statement 2 read “it is very important for you to find ways to control
your energy costs.” Finally, statement 3 states “you believe it is socially
responsible to reduce or limit your use of electricity.”

Self interests affect only the respondent and other household mem-
bers, and social interests affect the public at large. Table 2 provides the de-
scriptive statistics for the three statements. Statements 1 and 2 capture
self interests that motivate energy consumption or reduction, such as
comfort and household electricity bills. Statement 3 captures the
respondent's views on the social aspect of electricity use and reduction.
Note that the statement concerns only the social nature of reducing elec-
tricity use, and does not discuss why electricity reduction is a social re-
sponsibility. Over half of the respondents agree that limiting electricity
use is a social responsibility, and/or are looking forways to control energy
costs. At oddswith these findings, over half of the respondents agree that
comfort is very important even if it means spending more on energy.

2.2. Energy Saving Behaviors

Within the survey, participants are asked several questions regard-
ing their behaviors to reduce electricity use. Behaviors include
a) using a power-strip to turn off electronic equipment, b) unplugging
battery rechargers when they are not being used, c) performing annual
maintenance on heating, ventilation, or air conditioning equipment,
d) using a lower water heater temperature, and e) turning down
heating and/or cooling equipment when away from home and/or at
night.6 Table 3 provides the descriptive statistics for each of the energy
5 The survey includes two categorical questions regarding income. The first allows a
wide range of greater or less than $60,000. The second states more narrow category
choices, which we utilize in our analysis. If respondents provide inconsistent responses
for these two questions, they are dropped from the study.

6 The survey specifically states that “consistently”means the respondent performs the
action every time, or almost every time.
saving behaviors with 30% reporting they consistently use a power-
strip, 51.7% unplug battery rechargers, 49.1% perform HVAC mainte-
nance, 38.8% lower water heater temperatures, and 85.7% turn the
heat down when away from home.

The p-values for a two sample t-test are reported in Table 3, compar-
ing the mean electricity use of those who consistently engage in energy
saving behaviors to those who do not. Those who responded “yes” to
the following behaviors consistently used less electricity, on average:
a) using a power-strip, b) lowering the water heater temperature,
and c) turning down the heat when away from home.7 Conversely,
those who responded “yes” to consistently performing HVAC mainte-
nance used more electricity, on average. We note the inherent
endogeneity between electricity use and actions that may reduce
electricity. Endogeneity exists because high use customers may be
more likely to have large benefits from annual or semi-annual HVAC
maintenance.

Wemodel the probability an individual engages in each behavior by
using a probit model, written as

E Bj

���x; y
h i

¼ Pr Bj ¼ 1
���x; y

� �
¼ Φ α1x þ α2yð Þ ð1Þ

where Bj is the response for behavior j, and x is an n length vector of con-
trol variables for household characteristics and socio-economic charac-
teristics.8 The vector y includes self and social interests that shape
energy saving behaviors. The cumulative distribution function, Φ, is
distributed standard normal.

Marginal effects for the variables of interest are calculated as

∂E Bj

���x; y
h i

∂y ¼ ϕ α1x þ α2yð Þα2 ð2Þ

where ϕ is the standard normal density, and y represents a continuous
variable capturing either self or social interests.

We note that the difference between themodels for electricity usage
and energy saving behaviors is two-fold. First, energy saving behaviors
are modeled with a probit model. Second, our model for usage includes
controls for dwelling characteristics. We include both models to exam-
ine both stated and observed behaviors.

2.3. Electricity Usage

The top panel of Table 4 reports the statistics for annual usage by in-
come category. Average usage appears to exhibit a bi-modal relation-
ship with income, with a peak around $20,000 followed by the
commonly found U-shape. Interestingly, the respondent using the
most electricity falls into income category 3.9

The bottom panel of Table 4 presents the descriptive statistics of an-
nual electricity usage by the respondent's concern over energy costs.
7 Statistically significant at the 10% level.
8 A linear probability model was also examined with similar results in terms of statisti-

cal significance.
9 The results are similar when the outlier in income category 3 is removed from the

analysis.



Table 3
Descriptive statistics for energy saving behaviors.

Which of the following actions are you consistently taking in your home today?a Response N Electricity use descriptive statistics

Mean Median St. Dev. Min Max

Using a power strip to turn off electronic equipment when it is not in use No 485 16,029 13,247 9,599 708 74,404
Yes 208 14,980 12,548 8,702 2,692 51,277

Ha: No N Yes t-test p-value = 0.0797
Unplugging battery rechargers when they are not being used No 335 16,034 13,423 9,591 708 74,404

Yes 358 15,415 12,550 9,111 1,273 55,916
Ha: No N Yes t-test p-value = 0.1922

Performing annual maintenance on your heating, ventilation, or air conditioning equipment No 353 14,489 12,200 8,901 708 74,404
Yes 340 16,986 13,685 9,633 2,051 55,916

Ha: No b Yes t-test p-value = 0.0002
Using a lower water heater temperature No 424 16,562 13,903 9,2103 708 55,916

Yes 269 14,379 11,655 9,417 2,051 74,404
Ha: No N Yes t-test p-value = 0.0014

Turning down heating and/or cooling equipment when away from home and/or at night No 99 17,172 13,664 11,569 1,052 74,404
Yes 594 15,472 12,792 8,909 708 51,277

Ha: No N Yes t-test p-value = 0.0828

a By “consistently,” we mean that you do this every time, or almost every time.
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Respondents ranked the statement “It is very important for you to find
ways to control your energy costs” on a scale from 1 (strongly disagree)
to 10 (strongly agree).Most respondents agreewith the statement. Fur-
thermore, an inverse relationship between energy concern and electric-
ity usage exists. Comparing mean usage across ranks, we see that users
with a greater concern appear to use less electricity.

Following Brounen et al. (2012), we model electricity use as a func-
tion of dwelling characteristics (size, primary heating fuel, primary
water heating fuel, primary cooking fuel, central AC and/or furnace),
household characteristics (homeownership, individuals in household,
years in house), and socio-economic characteristics (income, income
squared, gender, race, education, age, employment status, urban vs.
rural). Typically in a usage model, price would be included, but our
Table 4
Descriptive statistics for annual electricity usage.

Annual electricity usage by income

Income range Mean Median St. Dev. Min Max N

Less than $10,000 11,171.87 8,316 8,824.539 3,616 38,845 15
$10,000–$14,999 14,995.24 15,419 7,430.17 2,794 27,772 17
$15,000–$19,999 16,147.71 10,670 15,744.43 1,273 74,404 24
$20,000–$29,999 15,578.95 13,983 8,817.441 2,739 34,397 59
$30,000–$39,999 11,720.14 10,902.5 6,393.603 2,344 28,273 76
$40,000–$49,999 14,008.99 11,773.5 8,342.231 3,269 43,079 68
$50,000–$59,999 14,359.92 11,721 7,732.198 708 33,362 63
$60,000–$74,999 15,481.52 13,198.5 7,863.847 2,972 44,496 94
$75,000–$99,999 16,476.9 13,048 9,669.247 1,052 55,916 136
$100,000–$124,999 16,621.67 13,914 8,230.519 2,051 36,471 80
$125,000–$149,999 0
$150,000 or more 22,739.3 21,482 11,601.06 4,348 49,360 61
Total 15,714.53 13,035 9,344.811 708 74,404 693

Annual electricity usage by energy cost concern

Energy cost concern Mean Median St. Dev. Min Max N

1 (strongly disagree) 13,937.29 11,550 7,722.671 2,739 23,919 7
2 17,869.33 20,106 4,040.56 13,205 20,297 3
3 16,957.13 12,752.5 12,226.32 4,912 44,496 8
4 19,716 20,717 8,347.77 10,682 32,047 9
5 17,263.18 14,037.5 9,549.234 2,972 51,277 44
6 17,208.84 13,520 10,159.04 2,897 49,360 43
7 17,023.06 16,126.5 9,035.568 708 48,105 78
8 16,686.36 14,261 9,785.951 1,897 48,352 110
9 14,450.85 12,139.5 8,993.433 3,007 55,916 94
10 (strongly agree) 14,830.51 12,542 9,175.223 1,052 74,404 297
Total 15,714.53 13,035 9,344.811 708 74,404 693
data exclude price information. Furthermore, it is highly likely that all
respondents faced the same flat-rate price structure.10

Our estimated model can be expressed as

log Qið Þ ¼ β0 þ
Xn

j¼1

β jXi; j þ
Xm

k¼1

βnþkYi;k þ εi ð3Þ

where Qi is electricity usage for respondent i. Xi is an n length vector of
control variables for dwelling, household, and socio-economic charac-
teristics. Yi is a vector of self and social interests that shape electricity
use, and εi accounts for unobservable or unmeasurable differences in re-
spondents. Given the nature of the data,most of the variables in Xi and Yi
are binary, ordinal, or categorical. Thus, only income is logged and all
other explanatory variables included are untransformed.

We note that individuals may exhibit other pro-environmental
behaviors that have a greater long-run effect, such as buying smaller
houses, energy efficient appliances, or an HVAC systemwith easymain-
tenance. These long-term behaviors are not represented in the behavior
models, but their effects may be captured by some control variables in
the electricity usage model.

2.4. Control Variables

Table 5 reports the demographic and household statistics of the sur-
vey respondents. We include several variables commonly used as con-
trols in the literature on household electricity use. Ninety percent of
the respondents own their home. The average respondent has 2.7 indi-
viduals in the household, has lived in the dwelling for 13.5 years, and
falls in age-bracket 4 (i.e. 35–44). The size of the house is a categorical
variable ranging from 1 to 9, with a median of 4 indicating (i.e. 1500–
1999 sq. ft.). Half of the respondents are female. We also control for
type of community (urban, suburban, rural), education (high school or
less, bachelor's degree, technical degrees, graduate/professional
degree), employment status (employed, retired, not employed), and
whether the respondent is Caucasian or not. Median income falls in
the range $60,000–$74,999.

To follow the literature on household electricity demand, we control
for appliances in the home by including the type of fuel used for
cooking, heating, and heating water. Most respondents use electricity
for cooking at a rate of 65%. Natural gas use is more common for heating
and water heating, so the rate of electricity use is 31% and 33%,
10 At the time of the survey, only 36 residential customers in the entire service territory
were billed using time-of-use pricing rather than the traditional flat rate tariff faced by
other customers.



Table 5
Descriptive statistics of demographic variables.

Variable Mean Median St. Dev Min. Max.

Household characteristics Homeowner 0.902 1 0.298 0 1
Individuals in the household 2.694 2 1.387 1 10
Years in house 13.488 10 11.370 0 60
Urban 0.185 0 0.388 0 1
Suburban 0.655 1 0.476 0 1
Rural 0.160 0 0.367 0 1

Dwelling characteristics Sq. ft. of house 4.198 4 1.669 1 9
Electricity is primary heating fuel 0.310 0 0.463 0 1
Electricity is primary water heater fuel 0.329 0 0.470 0 1
Electricity is primary cooking fuel 0.652 1 0.477 0 1
Central AC is the most used appliance for cooling 0.875 1 0.332 0 1
Central warm air furnace is the most used appliance for heating 0.880 1 0.325 0 1

Socio-demographic characteristics Female 0.501 1 0.500 0 1
Not Caucasian 0.127 0 0.333 0 1
High school or less 0.201 0 0.401 0 1
Bachelor's degree 0.264 0 0.441 0 1
Technical degree and associates 0.316 0 0.465 0 1
Graduate/professional degree 0.219 0 0.414 0 1
Employed 0.658 1 0.475 0 1
Retired 0.211 0 0.408 0 1
Not employed 0.049 0 0.216 0 1
Age 4.007 4 1.366 1 6
Income category 7.351 8 2.701 1 12

Table 6
Marginal effects from probit models for energy saving behaviors.

Variables (1) (2) (3) (4) (5)

Power-strip Unplug battery Maint HVAC Lower water temp Turn down heat

S1. Will spend more for comfort −0.020⁎⁎⁎ −0.031⁎⁎⁎ −0.001 −0.023⁎⁎⁎ −0.004
(0.008) (0.009) (0.009) (0.008) (0.006)

S2. Important to control energy costs 0.009 0.022⁎⁎ 0.016 0.025⁎⁎ 0.011
(0.010) (0.011) (0.011) (0.011) (0.007)

S3. Socially responsible to limit elec. use 0.012 0.012 −0.000 0.014 0.011⁎⁎

(0.008) (0.009) (0.009) (0.009) (0.006)
Obs. 693 693 693 693 693
Pseudo-R2 0.033 0.046 0.108 0.059 0.038

Standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.
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respectively. About 88% of respondents primarily use central air for
cooling and heating purposes.
12 Luechinger and Raschky (2009) and Ham and Rea (1987) have also implemented this
method to instrument for income when only categorical data and ranges are available.
Luechinger and Raschky (2009) apply the method to estimating value of life models.
Ham and Rea (1987) apply the method to worker's wages to examine the impact on un-
2.5. Estimating Income

Survey respondents report income by choosing from a range of
values.11 Rather than utilize the ordinal variable, we instrument for in-
come using the conditional mean method proposed by Hsiao and
Mountain (1985), which utilizes the categorical nature of income re-
sponses and the range of possible incomes. An ordered probit model is
used to estimate the probability a respondent falls into each income cat-
egory, and based on the model, we generate an expected income. The
estimated income is then used in themodels of energy saving behaviors
and electricity usage.

Let individual i have the income response of ziϵZ, where Z is the set of
income categories. The conditional mean income estimate for an indi-
vidual who falls in category 1 can be notated as Î ¼ E Iijzi ¼ 1;X ið Þ. I is
the income of respondent i and Xi is the vector of other explanatory
variables, such as dwelling, household, and other socio-economic
11 Several authors also note the importance of income on electricity use and pro-
environmental behaviors (Ek and Söderholm, 2010; Kotchen and Moore, 2007;
Martinsson et al., 2011).Martinsson et al. (2011)find that the impact of environmental at-
titudes on energy saving behaviors is greater for high incomehouseholds than low income
households.
characteristics. For consistency acrossmodels, the energy saving behav-
iors models exclude dwelling characteristics from the income estima-
tion.12 13 This procedure allows us to examine income elasticities over
a range of incomes.

In the next section, we present the results for energy saving and
electricity use.

3. Results

3.1. Energy Saving Behaviors

Marginal effects from the probit models of energy saving behaviors
are presented in Table 6. For brevity, we report only the self and social
interest variables as S1, S2, and S3, with S1 and S2 examining the impact
employment duration.
13 We also considered utilizing the intreg command in STATA. Similar to the ordered
probit model, intreg takes into consideration the range of intervals, but assumes y is nor-
mally distributedwhereas the ordered probitmodel assumes normality of the error terms.
The ordered probit model provides better fit than intreg, particularly for non-normal
distributions.



Table 7
Descriptive statistics for perceived behavior impact.a

Interest statement Mean Median St. Dev. Min. Max. n

S4. Realistically, conserving energy at your home will make no difference to the quality of the environment overall 3.659 3 2.594 1 10 693
S5. There is very little you can do to save money on your energy bills 3.797 3 2.568 1 10 693

a Using a 10-point scale where “1”means you strongly disagree, and “10” means you strongly agree, please indicate how much you agree or disagree with each of the following
statements.
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of self interests, and S3 examining social interests.14 Self interest vari-
ables are statistically significant for several energy saving behaviors. A
greater concern for comfort (S1) decreases the likelihood the respon-
dent consistently uses a power-strip, unplugs battery rechargers, and
lowers the water heater temperature. A greater concern over energy
cost (S2) implies the individual is more likely to unplug battery re-
chargers, and lower their water heater temperature.15

Onebehavior has a statistically significantmarginal effect for the social
interest variable: turning down the heat when away from home. This re-
sult suggests that individuals who strongly agree it is socially responsible
to limit electricity usage are more likely to turn down their heat.16

The overall results suggest that the average respondent is more
motivated by self rather than social interests.17 We note the lack of
statistical significance for the social interest variable (S3), and fail to find
evidence that several energy saving behaviors are impacted by an
individual's belief that electricity reduction is a social responsibility,
with the exception of turning down the heat. Additionally, the marginal
effects for S3 are smaller than themarginal effects for S1 and S2 for behav-
iors (2), (3), and (4). These results support the idea that global climate
change and clean air suffer from the tragedy of the commons.
3.1.1. Perceived Behavioral Impact
Several studies note the importance that attitudes and perception

have on pro-environmental behaviors (Abrahamse and Steg, 2009; Ek
and Söderholm, 2010; Gadenne et al., 2011; Holden and Linnerud,
2010). To control for the individual's attitude, we consider statements
4 and 5, which capture the respondent's perceived behavioral impact
(PBI). Statement 4 reads “realistically, conserving energy at your home
will make no difference to the quality of the environment overall,”
and statement 5 states “there is very little you can do to save money
on your energy bills.”

Table 7 presents the descriptive statistics of the Likert scale ranking
for S4 and S5. Over half of the respondents disagree with the statement
that conserving energy at home will not improve the quality of the
14 We omit the marginal effects of the control variables, but the statistically significant
results are as follows. Non-Whites are less likely to consistently use a power-strip. Females
are more likely to unplug battery rechargers. Homeownership, a larger income, larger
houses, or increases in age increase the probability a respondent performs annual HVAC
maintenance; but thenumber of individuals in the house, having a graduate or profession-
al degree, being non-White, and being retired, employed, or not employed, all decrease
the likelihood the respondent performs annual HVAC maintenance. Finally,
homeownership, an increase in age, or having a graduate degree, all increase the probabil-
ity the respondent consistently lowers the water heater temperature, but being female,
and being retired, employed, or not employed, all decrease the likelihood the respondent
lowers the water heater temperature. These marginal effects are available from the au-
thors upon request.
15 We note that four of the behaviors require the individual or individuals to engage in
some activity to perform the energy saving behavior. These include using a power-strip,
unpluggingbattery rechargers, using a lowerwater heater temperature, and turningdown
heating and/or cooling equipment when away from home and/or at night. However, for
annual HVAC maintenance activities may vary between household. Some HVAC systems
require the individual to physically performancemaintenance, such as replacing airfilters,
whereas more expensive HVAC systems simply require the individual to press a button.
16 In additional analysis, we treat the statement questions as binary choice variable
(agree vs. disagree) at different cutoff points. The results remained the same in terms of
statistical significance from zero and the sign of the marginal effects. Most notably for
the social interest variables, the results remained statistically insignificant.
17 We are unable to control for perceived behavioral impact of each specific action, but
Section 1 controls for the PBI generally.
environment. Also, over half of the respondents disagree that there is
little you can do to save money on energy bills.

For the strongest comparison of PBI, we record respondents
reporting a value of 5 or more as agreeing with the statement and per-
ceiving no environmental impact. Respondents with a value of 1 or 2
disagree with the statement and do perceive their behaviors to have
an environmental impact. This disparity allows us to test for a difference
in marginal effects between individuals with the largest PBI to individ-
uals with the smallest PBI.18

Perception appears to impact how respondents rank the self and so-
cial interest variables. Table 8 presents the average score for the interest
variables (S1–S3) by the respondents' PBI (S4–S5). Respondents with a
high PBI disagree with S4, “conserving energy at homemakes no differ-
ence,” and they state lower values for comfort than agreeing respon-
dents. Disagreeing respondents also state higher values for energy cost
concern and social responsibility than agreeing respondents. For S5.
“there is little you can do to savemoney,” results are similar. Individuals
who disagree (thus have a high PBI) state statistically higher values for
S2 and S3.19

We include PBI in the probit model as a factor variable interacted
with the variables of interest and compare the marginal effects.20 The
probit model becomes

E Bj

���x; y
h i

¼ Pr Bj ¼ 1
���x; y

� �
¼ Φ α1x þ α2y þ α3y � PBIð Þ ð4Þ

where Bj is the response for behavior j. The vector y includes self and so-
cial interests that shape energy saving behaviors and that vector is
interacted with the PBI variable, which takes on the value 1 for low
PBI individuals, and 0 for high PBI respondents.

High and low PBI individuals show no statistical differences in their
energy saving behaviors, with only four exceptions.21 For statement S4,
low PBI individuals are more likely to unplug battery rechargers and
perform HVAC maintenance, with a marginal effect (p-value) of 0.106
(0.024) for unplugging battery rechargers and 0.107 (0.030) for HVAC
maintenance. For statement S5, we find that low PBI individuals are
more likely to perform HVAC maintenance and turn down the heat
than high PBI individuals, with marginal effects (p-values) of 0.1002
(0.048) for perform HVAC maintenance and 0.061 (0.031) for turning
down the heat. All other behaviors show no statistical difference be-
tween high and low PBI individuals. These results suggest that low PBI
individuals are more likely to engage in energy saving behaviors than
individuals with a high perceived impact.

Themarginal effects for the variables of interest are estimated as be-
fore and depend upon the PBI

∂E Bj

���x; y
h i

∂y ¼ ϕ α1x þ α2y þ α3y � PBIð Þ α2 þ α3 � PBIð Þ: ð5Þ
18 This cutoff allows for the greatest difference in individuals' attitudes while maintain-
ing balanced samples. Alternative cutoff pointswere examined for agree vs. disagree, with
similar results.
19 Differences significant at the 1% level.
20 In additional analysis, we allowmore flexibility by interacting PBIwith all explanatory
variables, and find the results are similar in terms of statistical significance.
21 Themarginal effects for S4–S5 have been omitted for simplicity, but are available from
the author upon request.



Table 10
Marginal effects from probit models for energy saving behaviors interacting perceived be-
havioral impact S5.

(1) (2) (3) (4) (5)

Variables Power-
strip

Unplug
battery

Maint
HVAC

Lower
water
temp

Turn
down
heat

Agree – There is very little you can do to save money on your energy bills
S1. Will spend more for
comfort

−0.026** −0.038*** 0.010 −0.027** −0.011

(0.012) (0.012) (0.012) (0.012) (0.010)
S2. Important to control
energy costs

0.008 0.018 0.006 −0.001 0.013

(0.015) (0.016) (0.015) (0.015) (0.011)
S3. Socially responsible to
limit elec. use

0.013 0.010 −0.012 0.023 0.010

(0.014) (0.015) (0.014) (0.014) (0.010)

Disagree – There is very little you can do to save money on your energy bills
S1. Will spend more for
comfort

−0.020* −0.028** −0.002 −0.016 0.004

(0.011) (0.012) (0.011) (0.011) (0.007)
S2. Important to control
energy costs

0.008 0.020 0.022 0.011 −0.002

(0.016) (0.017) (0.016) (0.017) (0.010)
S3. Socially responsible to
limit elec. use

0.007 0.007 −0.006 0.007 0.016**

(0.012) (0.012) (0.012) (0.012) (0.007)
Obs. 505 505 505 505 505
Pseudo-R2 0.043 0.057 0.131 0.086 0.086

Standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.

Table 8
Mean score for comfort (S1), energy cost concern (S2), and social responsibility (S3) by
perceived behavior impact.a

Obs. S1. Comfort S2. Energy cost
concern

S3. Social
responsibility

S4. Realistically, conserving energy at your home will make no difference to the quality
of the environment overall
Agree (≥5) 244 6.898 7.844 6.488

(2.215) (2.219) (2.666)
Disagree (1–2) 298 6.372 9.013 8.342

(2.441) (1.531) (2.192)

S5. There is very little you can do to save money on your energy bills
Agree (≥5) 246 6.736 7.919 7.037

(2.268) (2.257) (2.516)
Disagree (1–2) 259 6.560 8.985 7.919

(2.449) (1.530) (2.454)

This table presents the average score for the private and common interest variables.
Standard deviations are presented in parentheses.
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Tables 9 and 10 present themarginal effects of the self and social in-
terest variables. For individuals that agree with S4 and S5 (low PBI), the
marginal effects for the interest variables are presented in the top
panels. For those that disagree (high PBI), self and socialmarginal effects
are presented in the bottom panels.

The results suggest that despite perception of impact, individuals
rarely respond to social interests as a factor to engage in energy saving
behaviors. For those who do not perceive an impact on the environment
(top panel of Table 9), themarginal effects of the social interest variable
(S3) are statistically significant for using a power-strip and turning
down the heat. For those that do perceive an impact (bottom panel),
none of the behaviors exhibit a statistically significant impact for the so-
cial interest variable.

The self interest variables (S1–S2) have similar results for those that
agree (top panel) and disagree (bottom panel) with the statement S4.
For individuals who agree and have a low PBI, 2 of the 10 self interest
marginal effects are statistically significant. For individuals that disagree
and have a high PBI, 5 of the 10 marginal effects are statistically signifi-
cant. We want to highlight the fact that themarginal effects are not sta-
tistically different between the two types of individuals, with the
exception of energy costs concern (S2) in estimating the probability of
performing HVAC maintenance. Those who perceive an impact are
more likely to perform HVAC maintenance as energy cost concerns in-
crease, but these effects are statistically insignificant.

Additionally, Table 10 examines the statement “there is little you can
do to save money on energy bills,” and shows little difference between
respondents. Individuals who agree exhibit a statistically significant
Table 9
Marginal effects from probit models for energy saving behaviors interacting perceived behavio

Variables (1) (2)

Power-strip Unplug batter

Agree – Realistically, conserving energy at your home will make no difference to the quality o
S1. Will spend more for comfort −0.020 −0.037***

(0.012) (0.013)
S2. Important to control energy costs 0.006 0.025*

(0.015) (0.015)
S3. Socially responsible to limit elec. use 0.022* −0.003

(0.013) (0.013)

Disagree – Realistically, conserving energy at your home will make no difference to the qualit
S1. Will spend more for comfort −0.022** −0.031***

(0.010) (0.011)
S2. Important to control energy costs 0.026* 0.023

(0.015) (0.016)
S3. Socially responsible to limit elec. use 0.002 0.008

(0.012) (0.013)
Obs. 542 542
Pseudo-R2 0.044 0.074

Standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.
marginal effect for comfort in three of the behaviors. Individuals who
disagree with the statement exhibit only one statistically significant
marginal effect for comfort. When we examine the social interest vari-
able, only one behavior exhibits a statistically significant impact; social
interests increase the likelihood a person turns down the heat when
the person has a high PBI. But again, the difference between the agree-
ing and disagreeing individuals is not statistically significant at the
10% level for any of themarginal effects. These results fail to provide ev-
idence to the theory that PBI increases the likelihood an individual en-
gages in pro-environmental behaviors.

Thus, we find little evidence that PBI has a statistically significant ef-
fect on predicting a respondent's energy saving behavior and on chang-
ing the factors that influence a person's behavior. Most notably, we find
little evidence that the social aspect of reducing electricity motivates in-
dividuals to engage in energy saving behaviors, supporting the idea of
the tragedy of the commons.
ral impact S4.

(3) (4) (5)

y Maint HVAC Lower water temp Turn down heat

f the environment overall
0.008 −0.012 0.000
(0.012) (0.013) (0.009)
−0.017 0.016 0.002
(0.014) (0.015) (0.010)
0.000 0.017 0.015*
(0.012) (0.013) (0.009)

y of the environment overall
−0.003 −0.021** 0.004
(0.010) (0.010) (0.008)
0.018 0.026* 0.010
(0.015) (0.015) (0.011)
−0.018 0.011 0.004
(0.012) (0.012) (0.009)
542 542 542
0.139 0.071 0.051



Table 11
Descriptive statistics for environmental concern.a

Interest statement Mean Median St. Dev. Min. Max. n

S6. You are very concerned about the environmental effects of electric power plants 6.514 7 2.650 1 10 693
S7. The long-term threat from global warming and climate change is real, and potentially devastating 6.742 8 3.047 1 10 693

a Using a 10-point scale where “1”means you strongly disagree, and “10” means you strongly agree, please indicate how much you agree or disagree with each of the following
statements.

Table 12
Mean score for comfort (S1), energy cost concern (S2), and social responsibility (S3) by
environmental concern.a

Obs. S1. Comfort S2. Energy cost
concern

S3. Social
responsibility

S6. You are very concerned about the environmental effects of electric power plants
Agree (9–10) 189 6.804 9.508 9.153

(2.518) (1.040) (1.705)
Disagree (1–5) 269 6.587 7.576 5.937

(2.282) (2.244) (2.566)

S7. The long-term threat from global warming and climate change is real, and potentially
devastating
Agree (9–10) 271 6.664 9.048 8.613
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3.1.2. Environmental Concern
Several studies find that environmental concern also impacts pro-

environmental behaviors (Brandon and Lewis, 1999; Ek and
Söderholm, 2010; Gaspar and Antunes, 2011; Lindén et al., 2006;
Sardianou, 2007; Viklund, 2004;Wicker and Becken, 2013). We account
for environmental concern by examining statements 6 and 7 in
Table 11, which capture the respondent's knowledge of the environ-
mental effects of power plants and global climate change. Statement
6 states “you are very concerned about the environmental effects of
electric power plants,” and statement 7 reads “the long-term threat
from global warming and climate change is real, and potentially
devastating.”

Slightly more than half of the respondents are concerned about en-
vironmental effects from power plants and/or agree that global
warming and climate change are real and potentially devastating. For
a strong comparison of environmental concern, we record respondents
as environmentally concerned if they report a value of 9 or 10 with ei-
ther statement. Respondents with a value of 5 or less disagree with
the statement and are environmentally unconcerned.22

Environmental concern appears to impact how respondents rank
the self and social interest variables. Table 12 presents the average
score for the interest variables (S1–S3) by the respondent's environ-
mental concern (S6–S7). Respondents who are environmentally con-
cerned agree with S6, “you are concerned about environmental effects
from power plants,” and they rank energy cost concern (S2) and social
responsibility (S3) statistically higher than disagreeing respondents.23

There is no statistical difference between how environmentally con-
cerned and unconcerned respondents rank comfort (S1). The t-test re-
sults are the same for the statement S7, “global warming is real and
potentially devastating,” with agreeing respondents ranking energy
concern (S2) and social responsibility (S3) higher than disagreeing
respondents.

Similar to the PBImodels, we include environmental concern (EC) in
the model as a factor variable interacted with the variables of interest.
The probit model becomes

E Bj

���x; y
h i

¼ Pr Bj ¼ 1
���x; y

� �
¼ Φ α1x þ α2y þ α3y � ECð Þ: ð6Þ

The vector y includes self and social interests that shape energy
saving behaviors and that vector is interacted with the EC variable,
which takes on the value 1 for high EC individuals, and 0 for low EC
respondents.

Environmental concern does not impact the probability an individu-
al engages in energy saving behaviors.24 Respondents that believe in
global warming are just as likely to lower the water heater temperature
or use a power-strip as those individuals that are not environmentally
concerned. The only exception is the behavior of performing HVAC
maintenance for S6. The marginal effect (p-value) for S6, comparing
concerned to unconcerned respondents, is 0.139 (0.029). This result
22 Alternative cutoff points were examined for agree vs. disagree, with similar results.
23 Significant at the 1% level.
24 Themarginal effects for S6–S7 have been omitted for simplicity, but are available from
the author upon request.
reports that individuals that are environmentally concerned are more
likely to perform HVAC maintenance.

Themarginal effects for the variables of interest are estimated as be-
fore and depend upon EC

∂E Bj

���x; y
h i

∂y ¼ ϕ α1x þ α2y þ α3y � ECð Þ α2 þ α3 � ECð Þ: ð7Þ

Tables 13–14 present the marginal effects for the self and social in-
terest variables. The top panels report the results for respondents that
agree (environmentally concerned), and the bottom panels are of
those that disagree (environmentally unconcerned).

The results for the marginal effects imply that environmental
concern has little impact on the influence of social interest variables.
Social responsibility (S3) is statistically significant for only three
instances. First, in the bottom panel of Table 13, the marginal effects
of the social interest variable are statistically positive for lowering
water heater temperature for environmentally unconcerned individ-
uals. Next, in the top panel of Table 14, the social interest variable is sta-
tistically positive for unplugging battery rechargers and turning down
the heat for environmentally concerned individuals. For all other behav-
iors in Tables 13 and 14, environmentally concerned and unconcerned
individuals exhibit a statistically insignificant social interest marginal
effect.

The self interest variables (S1–S2) are statistically significant with
the correct sign for several of the behaviors. However, the difference be-
tween respondent concern is statistically insignificant for all marginal
effects. These results fail to provide evidence environmental concern in-
fluences a person's behavior.

Again, we note that individuals may engage in other energy saving
behaviors that capture more long-term savings, such as buying energy
efficient appliances. In the next section, we examine the results from
our model of annual electricity use.
(2.398) (1.425) (2.080)
Disagree (≤5) 255 6.631 7.557 6.027

(2.318) (2.293) (2.542)

This table presents the average score for the private and common interest variables.
Standard deviations are presented in parentheses.



Table 13
Marginal effects from probit model for energy saving behaviors interacting environmental concern S6.

(1) (2) (3) (4) (5)

Variables Power-strip Unplug battery Maint HVAC Lower water temp Turn down heat

Agree – You are very concerned about the environmental effects of electric power plants
S1. Will spend more for comfort −0.028** −0.031** −0.001 −0.017 −0.005

(0.012) (0.013) (0.012) (0.012) (0.011)
S2. Important to control energy costs 0.011 0.042* 0.040* 0.021 0.008

(0.022) (0.023) (0.021) (0.021) (0.017)
S3. Socially responsible to limit elec. use 0.018 −0.000 −0.028 0.014 0.013

(0.019) (0.020) (0.018) (0.018) (0.015)

Disagree – You are very concerned about the environmental effects of electric power plants
S1. Will spend more for comfort −0.026** −0.028** 0.001 −0.027** −0.002

(0.011) (0.013) (0.012) (0.012) (0.009)
S2. Important to control energy costs 0.010 0.028** 0.013 0.027** 0.010

(0.013) (0.014) (0.013) (0.014) (0.009)
S3. Socially responsible to limit elec. use 0.012 0.017 −0.015 0.026** 0.010

(0.012) (0.012) (0.011) (0.012) (0.008)
Obs. 458 458 458 458 458
R2 0.062 0.053 0.169 0.084 0.089

Standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.

Table 14
Marginal effects from probit model for energy saving behaviors interacting environmental concern S7.

(1) (2) (3) (4) (5)

Variables Power-strip Unplug battery Maint HVAC Lower water temp Turn down heat

Agree – The long-term threat from global warming and climate change is real, and potentially devastating
S1. Will spend more for comfort −0.019* −0.032*** −0.010 −0.029*** −0.008

(0.011) (0.012) (0.011) (0.010) (0.010)
S2. Important to control energy costs 0.010 0.012 0.024 0.030* 0.009

(0.016) (0.017) (0.016) (0.016) (0.013)
S3. Socially responsible to limit elec. use 0.006 0.025* −0.005 0.015 0.019*

(0.013) (0.013) (0.013) (0.013) (0.010)

Disagree – The long-term threat from global warming and climate change is real, and potentially devastating
S1. Will spend more for comfort −0.027** −0.032*** 0.015 −0.017 0.001

(0.011) (0.012) (0.012) (0.012) (0.009)
S2. Important to control energy costs 0.011 0.032** 0.005 0.031** 0.014

(0.013) (0.014) (0.013) (0.014) (0.009)
S3. Socially responsible to limit elec. use 0.008 0.003 −0.006 0.012 0.006

(0.012) (0.013) (0.012) (0.013) (0.009)
Obs. 526 526 526 526 526
R2 0.051 0.073 0.116 0.080 0.056

Standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.
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3.2. Electricity Usage

Table 15 presents the marginal effects for the electricity usage
models.25 Again, control variables include household, dwelling, and
socio-demographic characteristics. For brevity, we present only the var-
iables of interest.26 Self interest variables have a statistically significant
impact on electricity use. The result suggests that on average, as an
individual's concern for comfort increases so does her electricity use,
and that individuals with a greater concern to control energy costs use
less electricity. Finally, the social interest variable is not statistically dif-
ferent from zero. The lack of significance suggests that the belief that re-
ducing electricity use is a social responsibility has no impact on
electricity usage, on average.
25 We performed a backward elimination procedure to examine the effects on the vari-
ables of interest. The procedure dropped the social interest variables. The self-interest var-
iables remained with no significant change to the estimated coefficient.
26 Other statistically significant variables include homeownership (0.187***), individuals
in the household (0.155***), years in home (0.006***), size of home (0.070***), being fe-
male (0.073**), having a graduate degree (−0.151**), using electricity as the primary
heating (0.254***), water heating (0.312***), and cooking (0.087**). Estimated coefficients
are in parenthesis.
We further examine the impact of PBI by interacting S4 and S5 with
the self and social interest variables, as well as income to control for dif-
ferences in income elasticities. The linear regression model becomes

log Qið Þ ¼ β0 þ
Xn

j¼1

β jXi; j þ
Xm

k¼1

βnþkYi;k þ
Xm

l¼1

βnþkþlYi;l � PBI þ εi: ð8Þ

Yi is a vector of self and social interests that shape electricity use and in-
come. The vector is then interacted with each PBI variable in a manner
similar to the probit models. Low PBI individuals are recorded as 1 and
high PBI individuals take on the value 0.

Table 16 presents the results from the regression model.27 For the
self interest variables, the sign and statistical significance remain
about the same between high and low PBI individuals. For the social in-
terest variable, we find that individuals with a low PBI (column 1) are
not influenced by the variable. On the other hand, individuals with a
high PBI (column 2) are influenced by social interests, but with a posi-
tive effect. The estimated marginal effect for the two different individ-
uals of S4 (columns 1 and 2) are statistically different at the 10% level
27 PBI does not have a significant impact on annual electricity usage. Themarginal effects
(p-values) for PBI statements S4 and S5 are−0.0185 (0.707) and 0.0414 (0.373).



Table 17
Marginal effects for annual electricity usage based on environmental concern.

S6. Concerned about
environmental effects

S7. Global warming
is real

Agree Disagree Agree Disagree

Will spend more for comfort 0.020⁎ 0.022 0.024⁎ 0.022⁎

(0.011) (0.015) (0.014) (0.012)
Important to control energy costs −0.010 −0.030 −0.009 −0.029⁎

(0.015) (0.033) (0.021) (0.016)
Socially responsible to limit
electricity use

−0.007 −0.025 −0.016 0.010

(0.012) (0.021) (0.012) (0.014)
Estimated income 0.099⁎⁎ 0.149⁎⁎ 0.193⁎⁎⁎ 0.176⁎⁎⁎

(0.049) (0.062) (0.061) (0.051)
Obs. 458 526
R2 0.510 0.472

Table 16
Marginal effects for annual electricity usage based on perceived behavior impact.

S4. Conservation
makes no difference

S5. There is little you
can do to save

Agree Disagree Agree Disagree

Will spend more for comfort 0.019 0.030⁎⁎⁎ 0.034⁎⁎ 0.026⁎⁎

(0.015) (0.011) (0.016) (0.012)
Important to control energy costs −0.036⁎⁎ −0.021 −0.055⁎⁎ −0.010

(0.018) (0.021) (0.022) (0.022)
Socially responsible to limit
electricity use

−0.010 0.023⁎ 0.007 0.002

(0.014) (0.013) (0.019) (0.012)
Estimated income 0.205⁎⁎⁎ 0.110⁎⁎ 0.051 0.165⁎⁎⁎

(0.056) (0.050) (0.057) (0.053)
Obs. 542 505
R2 0.478 0.485

Robust standard errors are in parentheses.
⁎ p b 0.05
⁎⁎ p b 0.01
⁎⁎⁎ p b 0.001.

Table 15
Marginal effects from OLS model for annual electricity usage.

Variables Marginal effect

Will spend more for comfort 0.029⁎⁎⁎

(0.008)
Important to control energy costs −0.025⁎⁎

(0.012)
Socially responsible to limit elec. use −0.001

(0.008)
Estimated income 0.147⁎⁎⁎

(0.037)
Obs. 693
R2 0.476

Robust standard errors are in parentheses. ***p b 0.01, **p b 0.05, *p b 0.1.
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with anF-statistic of 3.14. Thus, a personmaybelieve that reducing elec-
tricity use is a social responsibility and perceive their actions to have an
impact, but on average, these socially responsible respondents usemore
electricity. This result highlights the potential for moral self-licensing; a
behavior also noted by Tiefenbeck et al. (2013), where individuals feel
that past good deeds allow them to partake in unethical or immoral be-
haviors. For example, participating inwater conservation programsmay
liberate the individuals from energy conservation, or simply stating that
energy conservation is important may liberate the individual from ac-
tions of energy reduction.

Table 17 presents the marginal effects for a similar interaction with
the environmental concern statements (S6 or S7).28 The results again
suggest that individuals that believe in climate change (column 3) are
no more likely to be influenced by social interests than individuals
who do not believe in climate change (column 4). Furthermore, both
types of individuals are significantly impacted by the self interest vari-
ables. As the desire for comfort increases, individuals increase electricity
use. However, none of the estimated coefficients are statistically differ-
ent for the two types of individuals.

Thus, stated environmental concernhas little impact on the effects of
self and social interests, or annual electricity use. These findings support
the work of Reeson and Tisdell (2010), who find that people are willing
to state that theywill contribute to a public good, butwhen they enter a
market institution they become more self-interested. Overall, these
findings are consistent with the tragedy of the commons.

3.3. Income

Themodel of electricity usage in Table 15 provides a statistically sig-
nificant income elasticity of 0.147, and tests comparing themarginal ef-
fect to 1 demonstrate that electricity is an income inelastic good. Our
estimates for all models of usage fall within a reasonable range compa-
rable to Brounen et al. (2012), Herriges and King (1994), Hsiao and
Mountain (1985), and Munley et al. (1990). All of these studies utilize
the log–log form, and report elasticities between 0.106 and 0.28. Hsiao
and Mountain (1985) provide estimates for elasticities of 0.1614,
when the categorical income is used to predict income using the condi-
tional meanmethod. On the low end of estimates includes Alberini et al.
(2011), 0.00677–0.0225, and Reiss andWhite (2005), 0.00, which typi-
cally find insignificant results. Carter et al. (2012) reports an elasticity of
0.015 but treats the categorical variable of income as an interval of 1–5.
On the high end includes estimates from Filippini (1995), 0.91–1.33,
and Matsukawa (2001), 0.962–1.070. Both studies utilize an AIDS
model using share of expenditures rather than income.

For further analysis, we interact our estimates of logged incomewith
each of the interest variables. Fig. 1 illustrates the conditional effects of
each interest variable over the relevant range of incomes. In panel 1, we
28 Environmental concern does not have a significant impact on annual electricity usage.
The marginal effects (p-values) for environmental concern statements S6 and S7 are
0.0466 (0.502) and −0.0479 (0.360).
observe that as income increases the significance of comfort decreases.
Panel 2 implies the influence of energy costs increases with income.
Panel 3 implies that for all levels of income the social interest variable
is not statistically significant.

Panel 4 illustrates that as income increases the income elasticity be-
comesmore elastic.We note that ourmodel of electricity usage includes
logged income as a quadratic term with estimated coefficients of
−1.393** for logged income and 0.070 for logged income squared.
This result follows a U-shaped curve where increasing income exhibits
a negative impact on usage but at a decreasing rate. The estimated turn-
ing point is $20,952,which is close to the turning point in the categorical
data between $30,000 and $39,999.
4. Conclusions

This study compares the impact of self and social interests as moti-
vating factors for stated energy saving behaviors and observed electric-
ity use for public utility customers inMissouri.We use a probit model to
examine five energy saving behaviors: using a power-strip, unplugging
rechargeable batteries when not in use, performing heating, ventilation,
and air-conditioningmaintenance, turning down thewater heater tem-
perature, and turning down the thermostat at night or when away from
home. Using a log–logmodel to determine electricity usage, we also ex-
amine the impact of self and social interests on annual electricity use,
Robust standard errors are in parentheses.
⁎ p b 0.05.
⁎⁎ p b 0.01.
⁎⁎⁎ p b 0.001.



a) Comfort Concern b) Energy Cost Concern

d) Incomec) Social Responsibility

Fig. 1. Conditional effects of interest variables by income. (a) Comfort concern. (b) Energy cost concern. (c) Social responsibility. (d) Income.
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controlling for household characteristics, socio-economic characteris-
tics, and dwelling characteristics.29

We fail to find evidence that stated social interests have a significant
impact on energy saving behaviors or reducing electricity use. The belief
that “limiting electricity use to be a social responsibility” appears to
have little to no effect on energy saving behaviors. Additionally, in-
creases in the social responsibility variable appear to increase electricity
use, in some model specifications. These insignificant results remain
even when controlling for a respondent's perceived behavioral impact
and environmental concern. Our results support the notion that global
climate change and clean air suffer from the tragedy of the commons,
because respondents on average fail to reduce electricity use, even
when they understand that doing so is socially important.

Furthermore, the results show that self interests have a significant
impact on energy saving behaviors. For example, as concern over com-
fort increases, individuals are less likely to report engaging in energy
saving behaviors, such as using a power-strip, unplugging rechargeable
batteries, and lowering the water heater temperature. Additionally, as
concern over energy costs increase, individuals aremore likely to report
unplugging rechargeable batteries, and lower their water heat. Results
are similar for electricity usage. Individuals with a greater concern for
comfort usemore electricity, on average. Respondents that have a great-
er concern about energy costs utilize less electricity.
29 We note that long-term energy saving behaviors, such as buying a smaller house or
energy efficient appliances, may impact the results of the paper as we control for size of
house and appliance types. We leave this consideration for future research.
One extension of this work is to examine the impact of non-price in-
terventions that display social norms. Gadenne et al. (2011) show that
environmental concern together with social norms and community in-
fluence can positively contribute to environmental behaviors. Ek and
Söderholm (2008) also find some evidence that moral and social
norms significantly affect the purchase of green electricity, and Allcott
(2011) reports that electricity consumption decreases when customers
have knowledge of their neighbor's electricity in comparison to their
own. Social norms reflect a person's self-interest to be accepted within
a group, and also the importance of the social-interest. Thus, social in-
terests may become a greater factor in behavior when social norms
aremore explicit, accountability is public, and information is symmetric
(Cox et al., 2013). This notion is supported by the findings of Chouinard
et al. (2008) and Mzoughi (2011) who find that social interests can
impact farming practices. We note that one difference between the be-
haviors of electricity use and farming practices is that of public visibility.
A farmer's production process is more publicly visible relative to a
household's energy use, and thus a farmer may be more swayed by so-
cial interests. Supporting this idea, Handgraaf et al. (2013) reports that
reward for energy conservation has a significant impact on behavior
when done publicly. This example also reinforces the idea that social
norms impact behavior. Future research may consider the impact
of public visibility on the value–action gap, from turning pro-
environmental values into pro-environmental actions.

Martinsson et al. (2011) suggest that policies to improve energy sav-
ings should focus on different socio-economic sectors differently. Our
results suggest that policies that impact a person's self interests have
a greater impact than social interests. For example, a policy that
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demonstrates to individuals ways to reduce their electricity bill will
have a greater impact on electricity use than a policy that educates indi-
viduals on the social costs of climate change. However, we note that
changes in self-interest can impact the social norm, highlighting the
need for more research on the complex nature between social interest,
social norms, and self interests.

Additionally, this study examines the income elasticities of electric-
ity use. We estimate an income elasticity of 0.147, which is consistent
with other household studies of electricity demand. Using estimation
procedures by Hsiao and Mountain (1985), Luechinger and Raschky
(2009), andHamandRea (1987), we estimate incomes for each respon-
dent. The results show that income exhibits a U-shaped relationship
with electricity use. As income increases above approximately
$20,952, respondents' electricity consumption becomes more income
elastic, suggesting that higher income users may also be more respon-
sive to changes in price, assuming the substitution effect remains con-
stant. Thus, policies designed to reduce usage, such as time-of-use
pricing and energy efficient rebates, are more likely to attract high in-
come consumers.
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