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Introduction

I By 2015, global oil consumption: 90 million barrels per day

I Many countries provide subsidies for gasoline and diesel.

I World Bank data: road-sector subsidies for gasoline and diesel
totaled $110 billion in 2012

I Result: total annual deadweight loss $44 billion, because of
over consumption
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Fuel Prices

I Road-sector gasoline consumption per capita and gasoline
prices (circles size: population)

I Price from $0.09 in Venezuela to $9.0 in Turkey & Norway
I Gasoline taxes per gallon $0.49 in US, to $4.00 in Germany &

Netherlands
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Fuel Prices

I Countries with the largest fuel subsidies

I Subsidy per gallon × road consumption of each fuel
I 24 & 35 countries subsidize gasoline & diesel.
I Total subsidies $110 billion
I Top ten countries represent 90 % of total global subsidies
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Deadweight Loss

I The more longrun elastic are demand and supply, the larger
the deadweight loss from pricing below cost

I Supply is assumed to be perfectly elastic.
I For transportation demand elasticity -0.6
I Demand: a constant elasticity q = Apε

I p0 & p1 subsidized and market price,
I Givern p0, q0, ε = −0.6 easy to calculate A for each country
I As in next figure

DWL = (p1 − p0)q0 −
∫ p1

p0

Apεdp

DWL = (p1 − p0)q0 −
A

1 + ε
[p1+ε1 − p1+ε0 ]
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The Economic Cost of Fuel Subsidies
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Deadweight Loss

I Deadweight Loss from fuel subsidy

I Total global deadweight loss from fuel subsidies $44 billion.

I Deadweight loss increases with square of subsidy amount
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Incorporating External Costs

I Externality: emissions , traffic congestion, and accidents.

I IMF calculation: $1.11 per gallon.
I No subsidies decrease consumption by 29 billion gallons
I At $1.11, external costs worth $32 billion annually
I Total economic cost of fuel subsidies is $76 billion annually
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Question and Motivation

I Electricity subsidized to increase affordability for low-income
HH

I Subsidies would create sufficient demand in poor
neighborhoods to encourage private investment in their
infrastructure.

I Precarious distribution networks supplying users who never
pay (discourage investment)

I This paper empirical explanation: the subsidies discourage
investment in infrastructure and trap households and firms in
a nonpaying, low-quality equilibrium.
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Introduction

I Latin American: vast differences in quality of infrastructure
I Middle- and upper-income same as developed countries
I Informal settlements on outskirts of cities: dangerous and

unreliable infrastructure
I Electricity supply here, a bare wire strung up by residents to

the nearest power line.
I Why: quality is low, but free, so resistance to pay for

infrastructure upgrades
I Inadequate infrastructure major barrier to economic

advancement for affected households
I Utility firms tolerate nonpayment: receive government

financial support
I Government provides payments to retain the political support,

avoid civil unrest
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Introduction

I Firms receive transfers greater than cost of providing service.
I High profits from low-quality service
I A subsidy program for short-term consumption instead

displaces long-term investment.
I How an upgrade affects informal consumption

1. installation of a meter means that the household is billed
2. improve quality household’s utility
3. firm can disconnect nonpayment

I Model
I Estimate electricity demand of metered HH in Colombia
I Use model, predict the consumption of unmetered households
I Have data on outages
I Predict consumption after a hypothetical upgrade of the

distribution network
I reduces number, length of outages and increases household’s

marginal price to the regulated price schedule.
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Introduction

I Estimate the change in the firm’s profit as a result of the
upgrade

I Results: more profitable not to upgrade its network, maintain
low-quality service to informal settlement, even with 100%
increase in price

I Consumption is lower after the upgrade
I Firm subsidy, payment is wipe out
I Upgrade unprofitable for most counties
I Analyze alternative subsidy programs under political concerns.
I Optimally: all counties upgrade at a total cost to the

government 34 % less than the current program.
I If firms cannot be made worse off: upgraded at a total cost to

the government 23 % less than the existing program.
I Related to literature on infrastructure
I No welfare analyses but set goal of government for informal

settlements is the provision of a metered connection as a result
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Institutional Setting

I Colombia: 34 utility firms, natural monopoly.

I Energy and Gas Regulatory Commission (CREG) sets price
Pft .

I Regulated price for transmission, distribution, and retailing
charges, revised once every five years.

I Generation charge is calculated based on the average price of
wholesale electricity purchases—both spot and contract—over
the previous 12 months.

I Marginal cost of utilities cft: wholesale generation price,
transmission charges is fixed cost

I Regulator sets a target rate for line losses in Pft wholesale
costs are scaled up by this target amount
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Institutional Setting

I A targeted program of quantity-based subsidies that mean
most users do not pay Pft .

I Universal geographical classification of all neighborhoods into
six socioeconomic strata (estratos).

I Households classified in Strata 1, 2, 3 receive a subsidy of
approximately 50 %, 40 %, 15 % for the first Qsub units of
consumption, and then pay Pft for all additional units.

I Strata 5 and 6 (less than 5 % of all users) pay 120 % of Pft
for their entire consumption

I Strata 4 pay Pft for their entire consumption.
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Institutional Setting

I Figure shows Stratum 1 price schedule, in a low base price
region (Medelĺın) a high base price region (Arauca).

I Maximum amount of subsidy is more than twice as large in
Arauca as in Medelĺın ($12.98 versus $5.85) why?

1. Subsidy is calculated as a fraction (50 %) of Pft , Pft 6
cents/kWh higher in Arauca than in Medelĺın

2. Qsub is 173 kWh in Arauca compared to 130 kWh in Medelĺın
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Institutional Setting

I Variable costs are similar in both regions

I Subsidy covers 138 % of variable costs in Arauca but only 62
% of variable costs in Medelĺın

I Areas with a high base price, the Stratum 1 subsidy is
sufficient to cover variable costs and contribute to fixed costs
and profit, even if the household does not pay their bill.

I Ministry of Mines and Energy operates a redistribution fund
for subsidies and government fund the deficit (46%)

I Government policies for informal connections:

1. Informal settlements brought into Stratum 1
2. Social Energy Fund (FOES) provide additional subsidies
3. Government upgrade of local distribution networks
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Household Demand for Electricity

I Demand model based on Reiss and White (2005), with the
addition of supply outages

I Demand for electricity is derived from services of devices

I HH decides how many hours of television to watch

I appliance i, HH j, month t, with no supply interruptions

q∗ijt(pjt, yjt, .) = αi + γiyjt + βipjt + δ′izjt + ηijt

I yjt income, notice pjt = Pjt(qjt) (non-linearity in price)

I zjt vector of hh characteristics,
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Interruption

I Effect of supply interruption on appliance-level consumption

I q∗(p) appliance level demand without interruptions
I Fraction (1− ωjt) is uninterrupted
I S1(p)HH can consume up to the capacity of its connection
I Fraction ωjt, supply to interrupted S2(p)), consumption zero
I Random outage: consumption (1− ωjt)q∗(p)
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Interruption Reschedule

I Reschedule consumption during a supply interruption.

I Depend on appliance: TV vs.refrigerator

I Extent to reschedule usage of an appliance θi
I θi = 0 possibility of full rescheduled

I Consumption in a month:

qijt(pjt, yjt, .) = (1− θiωjt)q∗ijt(pjt, yjt, .)
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Consumption

I Total electricity consumption

qjt =


∑M
i=1 Aijtqijt(p

L
jt, yjt, .) + εjt if

∑M
i=1 Aijtqijt(p

L
jt, yjt, .) < Qsub∑M

i=1 Aijtqijt(p
H
jt, y

H
jt , .) + εjt if

∑M
i=1 Aijtqijt(p

H
jt, y

H
jt , .) > Qsub

Qsub + εjt otherwise

I Aijt if j owns appliance i

I M all types of appliance, including base-load

I No-linearity in price model by discrete-continuous choice

I If pay pLjt for first Qsub but consume more, transfer to income

yHjt = yjt +Qsub(p
H
jt − pLjt)

I εjt measurement error, optimization error, or perception error
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Data

I Monthly electricity billing data is matched at a household
level to cross-sectional census data on appliance holdings and
dwelling characteristics

I Combined with network information on monthly
transformer-level outages.

I Data of all transformers (last stage step down
voltage):location, capacity, number of users, number and
length of outages , five categories (planned, unplanned, minor,
force majeure, others)

I Identification: price variation across households (due to
different regulation)+(due to consumption quantity)
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Distribution of Marginal Prices and Outages in Estimation
Sample
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Empirical Strategy

I Five appliances : refrigerator, washing machine, television,
computer, fan

I Baseload: blender, oven, microwave, water heater, electric
shower, stereo, and air conditioner

I Six heterogeneous preference for each appliance:
Hjt = (η1jt, · · · , η6jt)′ ∼ multivariate normal with mean
(0, · · · , 0)′, variance Σ

I Assume covariance between the baseload consumption error
term and the individual appliance error terms is zero.

I Vector Ajt = [A1jt, · · · , A6jt]
′ zeros and ones (if j own i), so

ηjt ∼ N(0, σ2ηjt) where σ2ηjt ≡ A
′
jtΣAjt
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Likelihood Computation

I Every possible combination of the five appliances occurs at
least once in the data

I Possible to estimate variances for 32 groups
I εjt ∼ N(0, σ2ε), independent of Hjt
I Define νjt = ηjt + εjt, probability of qjt

Pr(qjt) = Pr(νjt = qjt − qjt(p
L
jt, yjt, .), ηjt < Qsub − qjt(p

L
jt, yjy, .))

+Pr(νjt = qjt − qjt(p
H
jt, y

H
jt, .), ηjt > Qsub − qjt(p

H
jt, y

H
jy, .))

+Pr(εjt = qjt −Qsub, Qsub − qjt(p
L
jt, yjt, .) < ηjt < Qsub − qjt(p

H
jt, y

H
jy, .))

I If νjt ∼ N(0, σ2νjt), ηjt|νjt ∼ N(
ρjtσηjt
σνjt

νjt, σ
2
ηjt(1− ρ

2
jt))

I Correlation ρjt ≡ corr(ν, η) =
σηjt
σνjt

I Notice φ is standard normal distribution
I h(νjt, ηjt) is joint distribution
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Likelihood Computation

Pr(νjt = qjt − qjt(pLjt, yjt, .), ηjt < Qsub − qjt(pLjt, yjy, .))

=

∫ Qsub−qjt(pLjt,yjt,.)

−∞
h(νjt = qjt − qjt(pLjt, yjt, .), ηjt)dηjt

=
1

σνjt
φ

(
qjt − qjt(pLjt, yjt, .)

σνjt

)

Φ

Qsub − qjt(pLjt, yjt, .)− ρσηjt
σνjt

(qjt − qjt(pLjt, yjt, .)

σηjt

√
1− ρ2jt


I Calculate two other likelihood in your homework.
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Empirical Strategy

I θi may differ across appliances (because of reschedul)
I However, estimating separate θi for each appliance is not

empirically tractable
I zjt: no. of household members, no. of rooms (both also

interacted with price and income), dummy apartment, daily
temperature, linear & quadratic number & length of outages

I Balanced panel of household billing data for the six months
before and six months after each household’s census interview

I Drop outliers.
I HH with a small business in their home
I HH: consumption > 1, 000kWh
I HH with estimated consumption rather than metered usage
I HH with a fine > $20
I 1% outliers residuals of reg. of consumption on all variables

I Sample size: 869,304 observations from 72,442 households
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Description of Variables Used in Analysis
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Maximum Likelihood Parameter Estimates
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Maximum Likelihood Parameter Estimates
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Results

I Previous table parameter from the maximum likelihood
estimation.

I Dependent variable is monthly electricity consumption

I Mean price elasticity: -0.32, closer to zero for lower strata

I Reiss, White (2005):-0.39

I Mean income elasticity: 0.06

I Outage effect: effect of one additional outage hour on the
monthly electricity consumption of households

I Reduce consumption by 0.165 kWh, higher for Strata 5 and 6
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Correlation Matrix for Appliance-Level ηi
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Price Elasticities, Income Elasticities, and Outage Effects
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Predicted Monthly Electricity Consumption by Appliance
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Firm Investment in Infrastructure Upgrades

I Firm’s decision to upgrade infrastructure in informal
settlements

I Consumption before upgrade: demand model with zero
marginal price & unreliable service

I Consumption after upgrade: marginal price, reliable service
I Model

I lower outage, higher consumption
I higher prices, lower consumption

I Next graph, D1(p) unreliable service,

I Unmetered, demand before upgrade q1 = D1(0)

I Firm observes total consumption, if loss in network is l1, bill
settlement q1/(1− l1))
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Firm Investment in Infrastructure Upgrades

I s is subsidy: so payment to firm:
A+B + C + E + F +G+H + I + J

I marginal cost: A+B + E + F

I Firm profit: G+H + I + J

I Upgrade, then demand to D2(p), b/c reliability

I Marginal price: pf − s, so consumption D2(Pf − s)
I Now, subsidy based on q2
I New government transfer to firm A+G
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Firm Profit in Upgrade
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Firm Investment in Infrastructure Upgrades

I Payment to firm is K

I Variable cost A+B

I Revenue G+K −B
I Revenue of upgrade K −B −H − I − J
I Sum over all household must cover upgrade capital cost

I Otherwise, low quality
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Results

I 100 counties, first two column assume 0% pay before and
100% pay after upgrade

I Column 3, 10% before and 90% pay bill respectively

I Column 4,5 lowest & highest profit before the upgrade

I Mean consumption before upgrade 125 kWh/month

I Mean consumption is lower after : 119 kWh/month

I Profit before $4.05 per household per month

I ⇒ subsidy transfers cover variable costs

I After the upgrade, subsidies falls to $6.05 per household per
month

I Household payment:$6.58 per household per month

I Profit after $6.67 per household per month
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Firm Profit in Upgrade
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Firm Profit in Upgrade-Continue
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Results

I Cost of capital 13%

I Upgrade capital cost equivalent to $5.65 per household per
month

I Therefore, upgrade will only take place in single county with
different profit more than this.

I Why no upgrades: high profits for firms before upgrade .

I Why high profits: high subsidies + consumption in
unmetered, exceeds their true consumption
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Policy Counterfactuals

I Four government strategies
I reduce transfers before upgrade
I additional transfers after upgrade
I increase consumption of households after the upgrade
I subsidize cost of upgrade.

I Six policies:

1. a reduction in Social Energy subsidy
2. a reduction in Stratum 1 subsidy for unmetered
3. limits on the distribution losses before upgrade
4. transfers to firms conditional on an improvement in service

quality
5. provision of free appliances to upgraded households
6. full or partial funding of the capital cost of the upgrade
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Policy Counterfactuals

I Compare over 47.8 million combinations of different levels of
these six policies

I Next table policies, given consumption:
I current subsidy program (P0)
I P1: optimal policy s.t. minimizes cost to government,

upgrades for 86 counties, cost 55% lower than current
program, permanent disconnection to 14 counties (profit
before upgrade negative), political concern

I P2: optimal policy s.t. maximizes number of upgraded
counties at minimum cost to government, every county
upgraded, average firm value falls by 30 %, political concern

I P3: maximizes number of upgraded counties at minimum cost
to government + firms cannot be worse off: problem some
counties shut-down until upgrade

I P4: P3+no counties can be unprofitable (and potentially
disconnected) before the upgrade
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Firm Profit in Upgrade-Continue
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