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Policy motivation

Energy is subsidized in many countries around the world
(roughly 7% of worldwide GDP, Coady et al., 2019).

Consumption subsidies used to reduce inequality, lift
households out of fuel poverty, and gain political support.

Source: Levinson & Silva (2019)
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Theory

Price theory - incentives matter:

- Subsidies distort market prices, leading to excessive energy
consumption and environmental degradation.
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Previous research

Environmental costs of energy subsidies could be significant
(Aldy, 2013; Clements et al., 2013 Coady et al., 2015, 2019; Davis, 2014; International Energy Agency, 2014; Parry and

Small, 2005; United Nations Environment Program, 2008)

Efficient pricing would have reduced global CO2 emissions by
28%, reduced air pollution deaths by 46%, and raised net
benefits by 1.6% of global GDP (Coady et al. 2019)

IPCC (2018): Global GHG emissions in 2030 need to be 25%
lower than in 2017 to put the world on a least-cost pathway to
limiting global warming to 2 degrees Celsius.

What is the correct counterfactual for a price subsidy?
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Contribution of our paper

1. An empirical test of the causal impact of energy price
subsidies on consumption using a natural field experiment

Aside: We do not have good causal estimates of energy
elasticities from field experiments, and these may be crucial
for understanding the impact of various policy interventions.

2. Estimate welfare change and policymakers’ trade-off
between equity and efficiency
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Our price subsidy

The California Alternate Rates for Energy (CARE) program:

20% reduction in the marginal price of natural gas

30-35% reduction in the marginal price of electricity

5.4 million eligible low-income HHs in CA (largest subsidy
program in the U.S.)
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Preview of results

1. We successfully encourage random households onto the
CARE program for natural gas in Southern California

2. We estimate a price elasticity of gas demand between
-0.29 and -0.35 over 18 months

3. We develop a two-sector model that includes the
interaction between environment and regulation.
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Sneak peak at policy findings

1. Efficiency generally declines with the introduction of the
CARE subsidy (not obvious).

2.The impact on welfare of various interventions depends
crucially on whether prices that customers face are closer to
the marginal social cost.

3. The implicit efficiency-equity trade-off is about twice as
high when greenhouse gas costs are included.

4. Removing the subsidy is much more cost-effective than
some energy efficiency investments.
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The CARE subsidy and sample



The CARE subsidy

• CARE originated in late 1990s

• CARE funded by mainly a tax per therm on non-CARE

Eligibility:
• At or below 2x the poverty line ($31,860 in 2015 CA)
• OR on any federal low-income programs
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The SoCalGas experiment

• SoCalGas has around 1.9 million HHs eligible for CARE.

• Once signed up, the customer is on the price subsidy for
two years (worth around $100/year)

Our sample:
• 70,000 customers in 2014 and 2015 who fell off CARE and
didn’t come back on

• We do not know that they are definitely eligible.

9



The SoCalGas experiment

• SoCalGas has around 1.9 million HHs eligible for CARE.

• Once signed up, the customer is on the price subsidy for
two years (worth around $100/year)

Our sample:
• 70,000 customers in 2014 and 2015 who fell off CARE and
didn’t come back on

• We do not know that they are definitely eligible.

9



The SoCalGas experiment

• SoCalGas has around 1.9 million HHs eligible for CARE.

• Once signed up, the customer is on the price subsidy for
two years (worth around $100/year)

Our sample:
• 70,000 customers in 2014 and 2015 who fell off CARE and
didn’t come back on

• We do not know that they are definitely eligible.

9



The SoCalGas experiment
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EXPERIMENTAL DESIGN



Identification 1

We randomize whether customers get a letter encouraging
them onto CARE

If successful, we can estimate the local average treatment
effect (LATE) of the CARE price subsidy on natural gas use.

Is this encouragement and sample representative?

• Monotonic treatment assumption (“no defiers”; instrument
affects the treatment decision in the same direction for
every individual).
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Identification 2

We use a different approach than the existing literature:
GAS:
* Cross-sectional or panel data (Borenstein et al., 2012; Davis & Muehlegger,
2010; Davis, 2014; Hausman & Kellogg, 2015)
* Panel data with IV (Auffhammer & Rubin; 2018)

ELECTRICITY:
* Discrete choice models (Reiss & White, 2005)
* Framed field experiments in peak time pricing (Jessoe & Rapson, 2014)

Both elasticities are important to estimate optimal first-best carbon pricing
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Experimental setting

Table 1: Experimental Waves and Detail

Group Detail
Exp 1 (2014)
T0 (Control) No letter
T1 BAU letter asking to enrol in CARE
T2 T1 + Personalized information on benefits
T3 T2 + Loss framing on benefits
T4 T3 + Social norms
Exp 2 (2015)
T0 (Control) No letter
T1 Rebranded letter (T2 from wave 1)
T2 T1 + Thank you for being a customer
T3 T1 + More information on gas efficiency

Balance tables
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An example - front
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An example - back
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RESULTS



Take up of CARE - Exp 1
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Take up of CARE - Exp 2
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ITT and LATE - first 6 months

(1) (2) (3)
(First-stage) (ITT) (LATE)
Take-up CARE Gas consumption Gas consumption

Receive encouragement 0.0772***
(0.0014)

0.1513**
(0.0729)

CARE 1.9090**
(0.9198)

Control usage (Therms) 21 21 21
F-stat in first-stage 2018
2015 data for wave 1
R2 0.063 0.53 0.529
N 499,274 499,274 499,274

% effects are slightly larger in summer than winter
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ITT and LATE - up to 18 months

(1) (2) (3)
(First stage) (ITT) (LATE)
Take-up CARE Gas consumption Gas consumption

Receive encouragement 0.0924***
(0.0020)

0.1615**
(0.0711)

CARE 1.6624**
(0.7322)

Control usage (Therms) 23 23 23
F-stat in first-stage 2040
2015 data for wave 1 x x x
R2 0.046 0.591 0.591
N 860,644 860,644 860,644

Across all of our specifications, the elasticities range between
-0.29 and -0.35.
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Heterogeniety

Elasticities

Yes No
(1) Very low-income household -0.52 -0.24
34%
(2) High gas user -0.41 -0.13
50%
(3) Opower treatment group -0.35 -0.34
12%
(4) Paperless billing -0.25 -0.31
38%
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External Validity

Two approaches:
(1) Selection into who enrolls onto CARE?
(2) Selection into the experiment?
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1. External Validity

Untreated outcome test (Einav et al., 2010; Brinch et al., 2012;
Bertanha and Imbens, 2014; Kowlaski, 2016; Mogstad et al., 2017)

Difference in average untreated outcomes between compliers
and never takers is equal to zero→ homogenous selection

Subtleties in always takers, compliers, and never takers.

22



2. External Validity

Exp Sample Rest of CARE Non-CARE
Overall monthly gas use pre-exp 27.8 26.4 41
Summer months gas use pre-exp 19.2 18.2 25
Winter months gas use pre-exp 36.7 34.6 56
Very low income 0.25 0.49 0.10
Paperless 0.29 0.25 0.35
Opower 0.09 0.09 0.09
LA area 0.17 0.17 0.24
Total number of households 70,784 1,198,191* 3,843,707

Notes: The gas use variables (first three rows) are average therms per month. The very low income, paperless,
Opower, and LA variables are in fractions. *The sample size is those who were on CARE for twelve months before
the experiment started and so is lower than the 1.5 million customers who are on CARE on any given month.
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Re-weighting the LATE

We use the following variables:
- above/below median gas use for 12 months prior to
experiment
- very low income dummy
- paperless customer dummy
- Opower dummy
- LA region dummy

Elasticities increase to between -0.31 to -0.39
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WELFARE



Welfare analysis for SoCalGas

We observe:

1. Current prices and quantities for C and NC
2. NC pays for C and admin costs

Back out P0 and use estimated elasticities to get Q0n and Q0c
Then estimate:

1. welfare when CARE is introduced
2. welfare from introducing cap-and-trade, vouchers, or 1st
best pricing

3. implicit welfare trade-off
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Welfare analysis from introducting CARE subsidy

1. ϵc and ϵn are -0.35 and -0.175

2. 50% price markup (Davis and Muehlegger, 2012)

3. $40 SCC (3% discount rate from Greenstone et al., 2013)

We vary all of these to understand their effects on welfare.
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Varying ϵc

Consumer surplus (N)

Consumer surplus (C)

Profits (U)

Environment (S)

Total welfare

Base case

−100

−50

0

50

100

−0.50 −0.40 −0.30 −0.20
Elasticity of C

Millions of 2015 dollars
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Varying MPC

Consumer surplus (N)

Consumer surplus (C)

Profits (U)

Environment (S)

Total welfare

Base case

A

−100

−50

0

50

100

0.00 0.20 0.40 0.60 0.80 1.00
MPC

Millions of 2015 dollars
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Impact of introducing AB32 in CA

Current CARE and non-CARE prices already include SCC of
about $19/$57, so raising these prices by including allowance
price of @$13/ton doesn’t necessarily improve welfare
(depends on the SCC).

X

Y

Z
High SCC

Mid SCC

Low SCC

−20

−10

0

10

0 5 10 15 20
Allowance price

Millions of 2015 dollars
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Vouchers

High SCC

Mid SCC

Low SCC

−5
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Generalizing for CA

Overall, efficiency-equity tradeoff for SoCalGas is around 1.17.

This means that for social benefits need to be increased by 17% to
justify the social costs

What does CA currently do to abate CO2?

- Spends $1.4bn and to save 1.8m tons of CO2 (roughly 1
5 is gas) =

average abatement cost of $800 per ton

- Under CARE, CO2 emissions increase by 200-350,000 tons.

- Private costs savings from reducing natural gas purchases (MPC)
and the administrative costs of the CARE program = $37.8 million.

- Removing the subsidy would have an average abatement cost of
-$190 per ton

31
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Implications for the Ramsey (1927) inverse elasticity rule

AKA how we raise the money is important.

As the demand by non-CARE customers becomes more
inelastic, the impact of introducing CARE on overall welfare is
more negative (due to env costs).

The direct consumer surplus losses from taxing a more elastic
commodity may be more than offset by the indirect benefits,
say, associated with a reduction in pollution.

CARE would be worse for efficiency if it were a lump sum
transfer from NC for the price subsidy.

32



Implications for the Ramsey (1927) inverse elasticity rule

AKA how we raise the money is important.

As the demand by non-CARE customers becomes more
inelastic, the impact of introducing CARE on overall welfare is
more negative (due to env costs).

The direct consumer surplus losses from taxing a more elastic
commodity may be more than offset by the indirect benefits,
say, associated with a reduction in pollution.

CARE would be worse for efficiency if it were a lump sum
transfer from NC for the price subsidy.

32



Implications for the Ramsey (1927) inverse elasticity rule

AKA how we raise the money is important.

As the demand by non-CARE customers becomes more
inelastic, the impact of introducing CARE on overall welfare is
more negative (due to env costs).

The direct consumer surplus losses from taxing a more elastic
commodity may be more than offset by the indirect benefits,
say, associated with a reduction in pollution.

CARE would be worse for efficiency if it were a lump sum
transfer from NC for the price subsidy.

32



Implications for the Ramsey (1927) inverse elasticity rule

AKA how we raise the money is important.

As the demand by non-CARE customers becomes more
inelastic, the impact of introducing CARE on overall welfare is
more negative (due to env costs).

The direct consumer surplus losses from taxing a more elastic
commodity may be more than offset by the indirect benefits,
say, associated with a reduction in pollution.

CARE would be worse for efficiency if it were a lump sum
transfer from NC for the price subsidy.

32



CONCLUSION



Conclusion

1. We develop a novel method to estimate the consumption
and welfare effects of energy price subsidies

2. CA policymakers are placing an implicit 6-17% premium
on CARE customers for net social benefits to be zero

3. Price subsidies cause a non-trivial negative externality,
extent depends on both ϵc and ϵn

4. Lump sum (income transfer) payment to CARE desirable.
Vouchers better than subsidy the lower the behavioral
bias people have.

5. A lot depends on what you believe the SCC to be.

33



Conclusion

1. We develop a novel method to estimate the consumption
and welfare effects of energy price subsidies

2. CA policymakers are placing an implicit 6-17% premium
on CARE customers for net social benefits to be zero

3. Price subsidies cause a non-trivial negative externality,
extent depends on both ϵc and ϵn

4. Lump sum (income transfer) payment to CARE desirable.
Vouchers better than subsidy the lower the behavioral
bias people have.

5. A lot depends on what you believe the SCC to be.

33



Conclusion

1. We develop a novel method to estimate the consumption
and welfare effects of energy price subsidies

2. CA policymakers are placing an implicit 6-17% premium
on CARE customers for net social benefits to be zero

3. Price subsidies cause a non-trivial negative externality,
extent depends on both ϵc and ϵn

4. Lump sum (income transfer) payment to CARE desirable.
Vouchers better than subsidy the lower the behavioral
bias people have.

5. A lot depends on what you believe the SCC to be.

33



Conclusion

1. We develop a novel method to estimate the consumption
and welfare effects of energy price subsidies

2. CA policymakers are placing an implicit 6-17% premium
on CARE customers for net social benefits to be zero

3. Price subsidies cause a non-trivial negative externality,
extent depends on both ϵc and ϵn

4. Lump sum (income transfer) payment to CARE desirable.
Vouchers better than subsidy the lower the behavioral
bias people have.

5. A lot depends on what you believe the SCC to be.

33



Conclusion

1. We develop a novel method to estimate the consumption
and welfare effects of energy price subsidies

2. CA policymakers are placing an implicit 6-17% premium
on CARE customers for net social benefits to be zero

3. Price subsidies cause a non-trivial negative externality,
extent depends on both ϵc and ϵn

4. Lump sum (income transfer) payment to CARE desirable.
Vouchers better than subsidy the lower the behavioral
bias people have.

5. A lot depends on what you believe the SCC to be.
33



Thank you!



Who is taking up CARE?

Very low income (Striving Singles, Sustaining Families,
Sustaining Seniors) - 1pp more likely to (no impact with letters)

High gas users - not more likely to (letters encourage high
users by 1.5pp)

Opower group - not more likely (letters decrease Opower by
2.2pp)

Paperless - 0.6pp less likely (letters further decrease by 1.1pp)
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Balance

Table 2: Balance for Pre-experimental Gas Use in Wave 1

t-tests [p-value]
Treatment Average Use 0 1 2 3

0 29.04 -
1 29.03 0.97 -
2 28.95 0.75 0.79 -
3 28.92 0.67 0.71 0.92 -
4 29.14 0.72 0.70 0.52 0.44

Table 3: Balance for Pre-experimental Gas Use in Wave 2

t-tests [p-value]
Treatment Average Use 0 1 2

0 26.30 -
1 26.44 0.59 -
2 26.31 0.97 0.61 -
3 26.20 0.67 0.34 0.65
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1. External Validity - gas use of always takers, compliers, and
never takers
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1. External Validity - Untreated outcome test does not reject
selection homogeneity
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