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Executive Summary 

Setting the right price for electricity is both a political and economic issue as it has 

widespread implications for both consumers and the electricity market (Reiss & White, 

2005). One of California’s priorities when designing electricity rate payment structures 

(RPS) is to conserve energy while ensuring that the tariff is not regressive (Reiss & 

White, 2005). There have been many pricing strategies in California that attempt to 

encourage conservation while remaining equitable. Since 1980, utilities in California 

have used an Increasing-Block Pricing (IBP) or tiered rate structure for electricity (Picker, 

2012). An IBP rate structure has different “tiers” of electricity consumption where each 

tier is charged more per Kilowatt hour (kWh) than the previous tier. Customers who use 

less electricity are charged less per kWh; customers who use more electricity fall within 

the next tier and are charged more per kWh.  The Los Angeles Department of Water and 

Power (LADWP) use a three-tiered rate structure in the high season months, June 

through September.  

 

In this paper, I use customer-level data from LADWP to answer two questions: 

1. The first question to be answered is how pricing differences, represented by the 

zone boundary, effect electricity consumption. 

2. The next question is if customers change their electricity use based on the 

average price of electricity or the marginal (tiered) cost of electricity, and what 

are the resulting price elasticities. 

Furthermore, this paper will address how LADWP’s current rate structure affects 

disadvantaged populations.1  

                                                        
1 Disadvantaged populations are here defined as any population in which LADWP has established an 
electricity “lifeline” program. These populations include customers that are low-income, elderly, 
disabled, on life-support or have a life-threatening disease. 
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LADWP created two “Zones” of pricing based on temperature, where Zone 2 is a 

warmer zone and Zone 1 is the cooler zone. In efforts to equitably price all of their 

customers, LADWP gave a larger allocation of kWhs in each tier to Zone 2 customers to 

compensate for the warmer weather in the high season. Zone 1 has increments of 350 

kWh per tier and Zone 2 has increments of 500 kWh per tier. Thus, consumption should 

be similar on average, across zones. This price difference only occurs during the high 

season; in all other months pricing is flat.  

 

This study uses the households within a one-mile buffer of the two LADWP Zones of 

pricing. Selecting customers on the boundary of Zone 1 and Zone 2 controls for changes 

in weather, building characteristics, and demographics. Therefore, the affect price has 

on electricity consumption can be isolated.  A random sample of customers within the 

Zone boundary was taken from December 2011 to June 2012.   

 

To answer how the different price schedules affect consumption, I ran five regressions, 

each model getting progressively more stringent with each iteration. The model 

estimates electricity use in the high and low season for customers in each Zone and for 

non-lifeline and lifeline customers within each Zone, controlling for household 

demographics, weather, and time variation.  

 

Two key findings result: there are two unintended consequences of the pricing strategy. 

The lower average price per kWh in Zone 2 during the high season results in Zone 2 

customers consuming significantly more electricity per customer, about 15% more than 

Zone 1 customers. The pricing strategy in Zone 1 curtails consumption for both non-

lifeline and lifeline customers in the high season. In Zone 1, non-lifeline customers 

increase their consumption only 0.01% from the low season to the high season. On the 

other hand, Zone 2 non-lifeline customers increase consumption 15%. Thus, the pricing 
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strategy is not improving the welfare of Zone 1 customers and not achieving its goal of 

reducing consumption in the high season.  

 

Secondly, the pricing strategy has an unintended consequence within a Zone. Lifeline 

customers, who are by definition the lowest users of electricity, disproportionately 

reflect observed curtailment in high season consumption. The models estimate that 

lifeline customers in Zone 1 are actually decreasing consumption from the low to high 

season, whereas in Zone 2 it remains the same. The pricing instrument is therefore 

having an unintended effect in Zone 1, in that those customers who consume the 

least—lifeline customers—are absorbing a disproportionate amount of the curtailment 

of electricity use.  

 

Seven important findings from this work are listed below: 

  Description 

Central Finding There are heterogeneous effects by zone and lifeline status. 

Finding 1 
Zone 2 customers consume 6.5% (64 kWhs) more electricity in 
the high season compared to Zone 1 customers.  

Finding 2 
Zone 2 customers increased consumption 15% in the high 
season. 

Finding 3 
Zone 1 customers decreased consumption by 0.01% in the high 
season. 

Finding 4 
Across both seasons and Zones, lifeline customers consume 77 
kWhs less than non-lifeline customers. 

Finding 5 
Zone 1 lifeline customers decrease consumption in the high 
season.  

Finding 6 
The majority of curtailment from the pricing mechanism is 
deriving from lifeline customers. 
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The next question I endeavored to answer is if customers change their electricity use 

based on the average price of electricity or the marginal (tiered) cost of electricity. The 

average cost of electricity meaning the average cost per kWh each customer pays and 

the marginal cost meaning the cost per kWh in each of the three tiers. Three regression 

models were run estimating the price elasticities of electricity demand based on the 

average cost and marginal cost, and also providing elasticities by lifeline status. The 

price elasticity using average cost is estimated at -0.519. The estimated price elasticity 

using marginal cost is more inelastic at  -0.242. This indicates that customers change 

their consumption behavior based more on the average price per kWh than the 

marginal cost per kWh, though both average and marginal cost cause significant 

consumption changes.  

 

However, we see that lifeline customers are more inelastic. The change in the electricity 

use is less than for non-lifeline customers, as their price elasticity is -0.137.  Lifeline 

populations also do not change their electricity use based on the average cost of 

electricity, but the marginal cost. The interaction between lifeline customers and 

marginal cost is significant with a price elasticity of  -0.122. This indicates that lifeline 

customers display different behavior than non-lifeline customers, they are more 

inelastic to price changes and they also react more to marginal rather than average cost.  

 

The elasticities estimated by average and marginal cost fit well within the normal range 

of elasticities found in California. The major findings are listed below: 
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Summary of Findings 

Price Elasticities   

Finding 7 The price elasticity using average cost is -0.560.  
Finding 8 The price elasticity using marginal cost is -0.229.  

Finding 9 
Thus, customers react more to the average cost of electricity 
than the marginal cost, though both significantly change 
consumption. 

Finding 10 
Lifeline customers react to the marginal cost of electricity, not 
to the average cost. 

Finding 11  

Lifeline customers’ price elasticity of demand is -0.122. This 
indicates that lifeline customers display different behavior 
than non-lifeline customers, they are more inelastic to price 
changes and they also react more to marginal rather than 
average cost. 

Finding 12 
The elasticities estimated by average and marginal cost fit well 
within the normal range of elasticities found in California. 

 

 

There are many policy implications for energy planning, utility companies, electricity 

pricing, and equity as a result of the findings highlighted in this work.  

 

Recommendation 1: There are barriers to understanding the marginal price schedule 

which prevents customers from behaving rationally to the increased charge in every 

tier. Understanding the tiered schedule would require customers to invest time into 

researching the complex structure of utility pricing schedules. Utilities could work to 

educate their customer base about pricing schedules, and also make efforts to make it 

easy and simple to understand. Additionally, users could be provided with real-time 

information on how much they are consuming every day in order to make rational 

choices about when to conserve. 
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Recommendation 2: The main finding of this study is that there are unintended 

consequences within Zones and unintended consequences between Zones of the pricing 

strategy. As we saw, the price of electricity has a significant effect on consumption, even 

when controlling for variation in weather patterns across the city. The policy 

implications that arise out of this analysis depend on the goals of electricity providers 

and energy planners in the state.  On the one hand, the goal of having tiered pricing 

during the high season is to manage consumption so that the electricity grid is not 

overly strained. On the other hand, it is expected that electricity consumption will 

increase in the high season since temperatures are higher and more energy is required 

to keep buildings cool. The two different pricing schemes in the two Zones achieve one 

or the other of these goals. If the goal is to keep electricity use consistent in both low 

and high seasons, then the price is set right in Zone 1. However, if the goal is to allow for 

a reasonable increase in consumption during the high season, then the allocation of 

kWhs in Zone 2 is correct. 

 

Recommendation 3: The pricing scheme’s objective is to induce conservation in the 

high season. The unintended consequence of this is that the majority of this 

conservation is from lifeline customers, who are the lowest users of electricity. Greater 

conservation could be achieved if this curtailment was focused on those customers 

consuming the most electricity, rather than the least. The objective is to get a larger 

fraction of non-lifeline customers to conserve during the high season.   

 

There are different methods to achieve this. The most straightforward method is to 

increase the price. As prices increase, higher-end users will become more elastic to 

price. This too has unintended consequences as it creates greater disparity between 

lifeline and non-lifeline customers. Secondly, there could a uniform increase for all tiers.  

The caveat being that the very lowest users does not have to participate in the pricing 

structure. In theory, the most vulnerable populations at the lower-end of consumption 
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will not have to curtail consumption as much, while at the same time the increase in 

price will get more curtailment from the high-end users. However, this could put a 

squeeze on the middle-income class. 

 

A limitation of the study is that the elasticities and differences in consumption applies to 

customers within the one mile boundary into each Zone; in as far as the overall sample 

is representative of the overall customer class, these results apply. 
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Chapter I Introduction  

California has a long and tumultuous history with setting electricity prices. One 

of California’s priorities when designing electricity rate payment structures (RPS) is to 

conserve energy while ensuring that the tariff is not regressive (Reiss & White, 2005). 

Setting the right price for electricity is a political and economic issue as it has 

widespread implications for both consumers and the electricity market (Reiss & White, 

2005). Over the years, there have been many pricing strategies in California that 

attempt to encourage conservation while remaining equitable. Since 1980, the 

regulated utilities in California use an Increasing-Block Pricing (IBP), or tiered rate 

structure for electricity (Picker, 2012). An IBP rate structure has different “tiers” of 

electricity consumption where each tier is charged more per Kilowatt hour (kWh) than 

the previous tier. Customers who use less electricity are charged less per kWh: 

customers who use more electricity fall within the next tier and are charged more per 

kWh. Tiered rate structures are “seen as one way to ensure that nearly every household 

can afford a basic quantity of electricity while raising additional revenue from wealthier 

electricity consumers” (Picker, 2012).  Decision makers must consider how to best price 

electricity to ensure that prices accurately reflect the costs of electricity consumption. It 

is therefore critical to understand the extent to which price can reduce electricity 

consumption and if raising the price of electricity will disproportionately affect 

disadvantaged populations.  
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In Los Angeles, electricity is delivered by the municipally owned Los Angeles 

Department of Water and Power (LADWP) utility. LADWP established tiered pricing in 

2008 and it is unclear what the price elasticity of electricity demand is, or in other 

words—how sensitive electricity consumption is to changes in price (LADWP Board of 

Commissioners, 2008). This uncertainty has led to disputes over the correct way to 

regulate electricity markets and implement energy policy and programs (Reiss & White, 

2005). In this paper, I will use customer-level data from the Los Angeles Department of 

Water and Power (LADWP) to analyze the price elasticity of electricity demand. 

Furthermore, this paper will address how LADWP’s current rate structure affects 

disadvantaged populations.2 

Electricity Pricing and its Importance to the State 
In addition to the electricity crisis of 2000, the State has had to deal with rolling 

black outs, bankruptcy of a major utility, and financial instability of other utilities in the 

State. Before the crisis, California had some of the highest retail electricity prices in the 

nation (Sweeney, 2002). The high cost of electricity in California was caused by the high 

cost of generating electricity. The high price of electricity was aggravated by Congress’ 

Public Utility Regulatory Policies Act (PURPA) of 1978, which required monopolistic 

utilities to purchase power from other generators if the cost of doing so was less than 

the cost of producing electricity themselves (Public Utility Regulatory Policies Act, 1978). 

                                                        
2 Disadvantaged populations are here defined as any population in which LADWP has established an 
electricity “lifeline” program. These populations include customers that are low-income, elderly, 
disabled, on life-support or have a life-threatening disease. 
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Though retail prices were high, the cost of generating electricity was becoming 

increasingly expensive and therefore utilities did not have enough supply to meet the 

increasing demand. 

 Spearheaded by the California Public Utilities Commission (CPUC)—an agency 

that regulates privately owned, public utilities in California—was a movement towards 

deregulation of electricity in California in order to create a more competitive and 

cheaper electricity market (Sweeney, 2002). To achieve this goal, California passed 

Assembly Bill 1890 (AB 1890) in 1996 known as the Electric Utility Industry Restructuring 

Act (Electric Utility Industry Restructuring Act, 1996). AB 1890 created competition by 

separating out the vertical integration of generation, transmission, and distribution in 

utility companies (Sweeney, 2002). Essentially, the generation branch of an Investor-

Owned Utility (IOU) would now act separately from the distribution branch. AB 1890 

dramatically changed the landscape of electricity generation and distribution in the 

State, transforming it from one in which the CPUC regulated each aspect to one where 

the market would determine supply and distribution  (Sweeney, 2002). Much of the 

controversy around the IOUs is that they were seen as monopolies taking advantage of 

their consumers (Sweeney, 2002). 

 At the time, AB 1890 was praised for its potential to decrease electricity prices 

for consumers (Weare, 2003). After the crisis, many pointed to the deregulation spurred 

by AB 1890 as the cause. However, this is much too simplistic an answer for this 

complex phenomenon and leaves out a multitude of factors that acted in conjunction to 
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bring on the crisis. There is still debate surrounding what led to the rolling blackouts of 

2001, but some commonly held reasons include: increased demand caused by a growing 

population; drought in the Northwest meant California received less of their electricity; 

freezing the rates charged to customers; surging prices of wholesale electricity; a lack of 

financial incentives for suppliers to meet demand; and no construction of new power 

plants (Sweeney, 2002; Weare, 2003). However, it should be noted that municipally 

owned utilities (MOUs) such as LADWP continued to operate in the same manner as 

before deregulation because they were not for-profit entities. The governing boards of 

the MOUs therefore retained the right to increase electricity rates as needed. Thus, the 

MOUs had less financial risk because their rates were not frozen under AB 1890 and 

they were able to survive the crisis successfully  (Weare, 2003). 

After the crisis, California’s IOUs were financially unstable and needed to 

restructure electricity rates in order to raise revenues. The State adopted a five-tiered 

Increasing Block Pricing Structure (IBP) to achieve financial stability while managing 

increasing demand. Tiered pricing allows utilities to charge more per kWh as the total 

energy use increases. Tier 1 is the baseline tier that charges the lowest amount per kWh 

and covers the electricity use needed for basic services such as lighting and heating 

(Southern California Edison Billing  & Payment, 2012). The California Public Utilities 

Commission (PUC) establishes baseline rates in California for IOUs every three to five 

years (Southern California Edison Billing  & Payment, 2012). Where “Baseline allowances 

account for 50% to 70% of the average residential consumption within a baseline zone” 
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(Electric and Gas Baselines, 2009). Each residential customer is allotted a baseline 

amount of energy to consume per month, if the customer consumes above that 

allotment, they are moved into Tier 2 and charged a higher price per kWh.  

Increasing Block Pricing 

IBP—also known as lifeline rates, increasing tier pricing, or inverted block 

pricing— was originally implemented in California’s utilities during the 1980’s (Picker, 

2012). The aims of the new five-tiered structure were to conserve electricity, provide 

additional revenue for financially instable utilities, and protect low-income households 

from price increases (Picker, 2012). To protect low-income households from rate 

increases, the bottom two tiers were frozen and the rates were increased on Tiers 3,4, 

and 5 to raise revenue for utilities (Borenstein, 2010). This caused great disparity 

between customers in the lower and upper tiers so that in 2008, the top 6-9% of 

residential customers were paying 80-300% more than residential customers on Tier 1 

(Borenstein, 2010). Clearly IBP structures can misrepresent the marginal cost of each 

kilowatt hour customers consume depending on the Tier they fall within (Borenstein, 

2010). Borenstein asserts that: 

Thus, the use of increasing-block pricing presents a classic tradeoff between 
efficiency and distributional effects in regulated tariff design. There is, however, 
very little firm evidence on the magnitude of this tradeoff, and none that is 
based on a large-scale systematic empirical study (Borenstein, p. 3, 2010). 
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Chapter III Literature Review  

Price Elasticity of Electricity Demand 
Reiss and White discuss how non-linear pricing affects electricity consumption in 

California. They find that there are large differences in sensitivity to price amongst 

households, where a small number absorb much of the change in demand. Traditional 

studies of price elasticity and electricity consumption indicate “the effect of an 

alternative tariff design [IBP rate structures] on a diverse population will depend on the 

heterogeneity in consumers’ price elasticities as well as their consumption level” (Reiss 

& White, p. 854, 2005).  Their model attempts to display that each household will 

respond differently to changes in electricity prices.  

 

Reiss and White expand Hanemann’s (1984) and Hausman’s (1985) methodology in 

handling non-linear pricing. Because electricity-pricing schedules are tiered, customers’ 

decisions to consume electricity are based on this price schedule (Reiss & White, 2005).  

Most studies on electricity consumption have ignored the fact that the data used was 

aggregated over time and thus did not reflect changes in billing periods, and thus pricing 

structures (Reiss &White, 2005).  

 

Reiss and White (2005) calculated price elasticities based on 1,307 California households 

in 1993 and 1997 from the Residential Energy Consumption Survey (RECS) that the 

Department of Energy collects.  The authors state that:  
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These elasticity estimates correspond to the percentage change in a household's 
annual electricity consumption resulting from a 1% increase in the marginal price 
(or household income) in each month of the year, holding the appliance stock 
fixed (Reiss & White, p. 868, 2005). 

 

Reiss and White (2005) estimate price elasticities of electricity demand both on a short-

term 60-day basis and long-term basis. Distinguishing between short and long-term 

elasticities is critical because short-term elasticities take into account a change in price 

over a season, typically summer, and the change in demand will be less because there is 

a lag time between price change and change in demand (Ito, 2010). Yet over time as 

population increases, appliances change, and people become accustomed to the new 

price, demand can rebound and the effect of the price increase will be greater over 

time. Price increases will therefore decrease electricity consumption more in the long-

term than in the short-term.  

 

Figure 1 

California Short and Long Term Elasticities 

Short-Term Elasticity -.10 — -.18 

Long Term Elasticity  -0.39 
 Source: Reiss and White, 2005 
 

Obviously, this difference between short-term and long-term elasticities has a powerful 

effect on policies and programs for electricity rate structures and conservation. Short 

and long-term objectives must be considered for each rate structure and policies should 

be geared towards electricity conservation with the knowledge that demand will 

decrease more in the long-term than in the short-term.  
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Figure 2 below shows that most households in California will not change their energy 

consumption much with a change in price. In fact, Reiss and White’s (2005) study finds 

that only 1 in 8 households in California would drastically change their electricity 

demand.  

 

Figure 2 

 
 
Source: Reiss and White, 2005 

 
This presents concerns over the equity implications as it suggests that a small 

percentage of disadvantaged households are absorbing the majority of the decrease in 

consumption (Reiss & White, 2005). Figure 3 shows the variation in price elasticities, 

where low-income households alter their demand for electricity more than in middle to 
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upper income households. It also highlights the correlation between household 

consumption and elasticity, where the households with lower consumption decrease 

their demand for electricity more with increasing prices.  

 

Figure 3 

 
Source: Reiss and White, 2005 
 
Reiss and White’s study corrected for many of the previous study limitations with their 

data; however their elasticities were based on only a small, though representative 

sample of California. The RECS data is also limited because the data is not actual 

electricity consumption for each billing period, but only estimated based on the average 

electricity price for the year. This leads to misleading results for the demand of 

electricity because it masks the changes in marginal price throughout the year. Using 

LADWP’s monthly customer level data, this analysis will be able to provide a much more 
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accurate picture of consumers responses to price changes.    

Demand Based on Electricity’s Marginal or Average Price 

While Reiss & White (2005), and conventional economic principles, asserts that 

consumers change their electricity consumption in response to the marginal price of 

electricity, other studies suggest that consumers respond to the average price of 

electricity (Ito, 2010). The multi-tiered approach to electricity pricing makes it confusing 

for customers make rational economic decisions. Most customers do not know how 

much each additional Kilowatt hour costs them (Ito, 2010). Thus, consumers will base 

their demand on the average price of electricity (Ito, 2010).  Over a period of ten years, 

Ito (2010) discovered that even when marginal price goes down but average price goes 

up, customers respond to the average price. If customers respond to average rather 

than marginal price, this results in different price elasticities (Ito, 2010). Figure 4 shows 

the short and long term elasticities using average price as the driver of changes in 

consumption.  

 
 
Figure 4 

Ito’s Average Price Elasticities 

Short Term  -0.112 

Long Term -0.201 
Source: Ito, 2010 

 
This has significant consequences in how the State and utilities estimate the effects of 

pricing schedules on energy conservation. California implemented tiered pricing in the 
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hope that it would encourage conservation. However, because customers may respond 

to the average rather than the marginal price of electricity, tiered pricing schedules may 

not achieve great reductions in energy conservation. The choice between determining 

demand based on marginal prices or average prices has dichotomous policy 

applications. Ito (2010) finds that California’s five-tiered structure used by the IOU’s can 

actually result in a 0.54% increase in consumption if they react to average price, or 

conversely, can result in a 5.31% reduction of electricity use (Ito, 2010). Because, if you 

assume that consumers change their demand based on the marginal price of electricity, 

then the tiered rates effectively increase the marginal price of electricity. However, if 

consumers change their demand based on the average price of electricity, then the 

tiered structure decreases the average price of electricity for most customers by 

lowering the price of electricity on the bottom Tiers.   

Household Characteristics that Drive Demand 

Income is correlated with electricity demand, we saw in Reiss and White (2005) 

that low-income households were those most sensitive to price changes. Appliances in 

the household, while correlated with income, are a driver of demand as well (Reiss & 

White, 2005). Figure 5 shows how: 

Households with electric space heating or air conditioning exhibit a much higher 
electricity price elasticity than households without such systems. Households 
that do not use electricity for either of these purposes have an estimated mean 
price elasticity very close to zero (Reiss & White, p. 869, 2005). 
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Therefore, Figure 5 shows that households with electric space heating have an elastic 

demand for electricity. Meaning that there are large changes in consumption when 

there is a change in price.  

Figure 5 

 
Source: Reiss and White, 2005 
 

 

Figure 6 provides a holistic picture into how Californian households are using electricity. 

As you can see, refrigerators and lighting are the largest end-use consumers of 

electricity and are the two end-uses that are in 100 percent of households in California 

(CEC, 2004). 
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Figure 6 

 
Source: California Energy Commission, California Statewide Residential Appliance Saturation Study, 2004. 

 
Additionally, newer buildings consume more electricity than older buildings; this is due 

to rising income, larger homes, and increasing occupants in households. All of these 

factors— income, building square footage, and household size play an important role in 

electricity consumption (Costa & Kahn, 2010). Furthermore, the price of electricity 

during the time of household construction is negatively correlated with consumption in 

California (Costa & Kahn, 2010).  

Equity and Increasing-Block Pricing 
 

When it comes to increasing the price of electricity, one of the primary concerns 

of policy and decision makers is how it may disproportionately affect vulnerable 

populations (Borenstein, 2012). California’s original motivation for adopting an IBP rate 

structure in the 1980’s was to increase marginal prices for electricity, thereby keeping 
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rates low for low-income users that generally use less electricity and charging more for 

high-consumption users (Borenstein, 2012). However, the five-tiered rate structure 

adopted by utilities after the electricity crises created large disparities between the tiers 

because the bottom two tiers had been frozen to protect small users and vulnerable 

populations. This meant that the top three tiers absorbed all of the necessary price 

increases that utilities had to impose on their customers in order to regain financial 

stability after the crises. Thus, customers in the top tier were paying 80 to 300 percent 

more than those customers in the bottom tier (Borenstein, 2012).  This distortion of 

marginal pricing signifies a compromise between efficiency in electricity markets and 

equity (Borenstein, 2012).  

LADWP and Price Elasticities 

 LADWP created two temperature “Zones” of pricing based on zip codes, where 

Zone 2 is a warmer zone and Zone 1 is the cooler zone. These zones were constructed 

based on a University of California-Los Angeles Department of Atmospheric Sciences 

study that established Zone 1 where the average temperature was less than 80 degrees, 

and Zone 2’s temperature was greater than 80 degrees (LADWP Proposed Rates 

Restructuring, 2009).  The zoned structure therefore allows for people living in a warmer 

zone to have a larger electricity allowance since warmer temperatures cause appliances 

and HVAC systems use more electricity (LADWP Electric Rates, 2012).   
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Figure 7 

LADWP Tiered Rate Structure 

  Zone 1 Zone 2 

Tier 1 First 350 kWh First 500 kWh 

Tier 2 Next 700 kWh Next 1,000 kWh 

Tier 3 Above 1,050 kWh Above 1,500 kWh 
Source: http://www.ladwp.com 
 

LADWP has different pricing for the high season (June-September) and the low season 

(October –May) and different schedules based on customer class (Electric Rate 

Schedules, 2012).  As shown in Figure 8, tiered pricing only applies during the high 

season (June-September) and a flat rate is used for the low season (October-May).  

 

 
Figure 8 

LADWP Residential Tier Pricing 

  June-Sept Oct-May 

Tier 1  $0.0702 $0.0702 

Tier 2  $0.0852 $0.0702 

Tier 3  $0.12 $0.0702 
Source: http://www.ladwp.com 
 

There are additional charges passed on to LADWP customers other than the energy 

charge per kWh. Charges include an Energy Cost Adjustment factor (ECA), and Energy 

Subsidy Adjustment factor (ESA), a Reliability Cost Adjustment factor (RCA), and a 

Renewable Energy Adjustment factor (REA) if the customer purchases renewable energy 

from DWP (General Provisions, 2012). Depending on the customer class, additional 

charges may also include a Service Charge, a Facilities Charge, and a Demand Charge 

(Electric Rate Schedules, 2012). 

http://www.ladwp.com/
http://www.ladwp.com/


23 

 

 ECA charges are allocated based on consumption for each month and recaptures costs 

incurred by LADWP from fuel, purchasing renewable power, demand management 

(ECAF, 2012). ESA charges are used to recover the cost of subsidies for the lifeline, low-

income, enterprise zone, and disaster recovery programs (ESAF, 2012). The RCA covers 

costs incurred from the operation and maintenance of the Power System Reliability 

Program (RCAF, 2012).  Thus, there are more charges per kWh than the energy charge, 

figure 9 below outlines the total cost per kWh including the ECA, RCA, and ESA: 

 
Figure 9 

LADWP per kWh Charges as of 2009 

Per kWh Charges Tier 1 Tier 2 Tier 3 

Energy Charge $ 0 .0702   $0 .0852   $0 .1200 

ECA  $ 0 .05513   $0 .05513  $ 0 .05513 

RCA  $ 0 .0030   $0 .0030  $ 0 .0030 

ESA  $0.0015  $0.0015  $0.0015  

TOTAL per kWh 
Charges $0.12  $0.14  $0.17  

Source: http://www.ladwp.com  

 
 

Time-of-Use and Rebate Programs 

Residential customers now have the ability to opt in to a Time-of-Use (TOU) rate, where 

customers are charged a lower rate for using electricity on the off-peak hours which run 

Monday through Friday 10:00 AM-1:00 PM and 5:00 PM to 8:00 PM (General Provisions, 

2012). 

http://www.ladwp.com/
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However, residential customers that use more than 3,000 kWh and commercial and 

industrial buildings using 30 kWh are automatically enrolled in TOU (Electric Rates, 

2012). 

 
Figure 10 

Residential TOU Pricing 

  June-Sept Oct-May 

Peak Hour $0.16061 $0.06515 

Off Peak  $0.08144 $0.06515 

Base 
Period 

$0.04655 $0.05045 

Source: http://www.ladwp.com 

 
There are also several rebate programs for users to encourage energy conservation and 

protect vulnerable populations. Users can qualify for an Electric Vehicle (EV) Discount of 

$0.025 per kWh to offset the cost of charging EV’s. Recently, DWP released their Solar 

Incentive program where customers can receive a one-time payment from DWP if they 

choose to buy or lease solar photovoltaic systems.  Their lifeline programs include 

assistance for low-income, elderly, disabled, life-support, and physician certified 

households (Discount Rates, 2012).  

Chapter III Methodology 

The first question to be answered in this analysis is how pricing differences, 

represented by the Zone boundary, affect electricity consumption. In this research I 

largely drew from the methods outlined in Ito (2010). A regression discontinuity design 

(RDD) is used; households within one mile on either side of the two Zones of pricing 
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were randomly sampled. Zone 2 customers are in a hotter area and face a different tier 

structure than customers in Zone 1.   

 

The spatial variability identifies the change in price. The boundary in this study is a one-

mile buffer between the two LADWP Zones. This will minimizes exogenous variation in 

electricity consumption because the housing stock, household characteristics, and 

weather are similar. Therefore, this identification strategy uses a spatial boundary to 

identify changes in the consumption (  ). Selecting customers on the boundary of 

Zone1 and Zone 2 therefore allows me to consider the zones as “twins”. Thus, the effect 

price has an electricity consumption can be isolated.  

 

It is important to note that LADWP’s price structure in Zones 1 and Zones 2 change at 

the same time (during the high season from June to September), whereas the price 

schedule of the two utilities in Ito (2010) changed at different points in time.  The 

assumption would then be that when price increases, consumers change their 

consumption equally in both zones.  

 

Zone Electricity Use Structural Model 
To analyze how price affects consumer electricity demand, I use the customers 

within one mile of the two LADWP temperature zones and use the zone as an 

embedded price variable.  
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Zone Pricing Equation1. 
        [              ]                   

 

This structural model regresses electricity consumption (q) for customer i in zone j at 

time t as a function of the boundary dummy (the difference between Zone 1 and Zone 

2), including controls for household characteristics (    ) and weather (  .  Again, the 

boundary dummy variable acts as an embedded price variable, which effectively 

identifies the change in price.  

 

The price schedule for Zone 1 and Zone 2 during the high season, June through 

September, is as follows: 

 

Figure 11 

LADWP Tiered Rate Structure 

  Zone 1 Zone 2 

Tier 1 First 350 kWh First 500 kWh 

Tier 2 Next 700 kWh Next 1,000 kWh 

Tier 3 Above 1,050 kWh Above 1,500 kWh 
Source: http://www.ladwp.com 

 

Zone 1 demand is defined as: 

   ̅    ̅ {
      
      
    

                         
                   

                           
             

 
 
 
 

http://www.ladwp.com/
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Zone 2 demand is defined as: 
 

  ̅    ̅ {
      
      
    

                         
                   

                           
             

 
 

Where   ̅ represents the counterfactual,    ̅ indicates the pricing schedule for Zone 1 

and   ̅ indicates the pricing schedule for Zone 2.  During the low season, October-May, 

LADWP switches to a flat rate, where all residential customers are charged $0.0702 per 

kWh.  

 

Not all households will be equally affected by the price change in the high season. Low-

income and other disadvantaged populations, such as the elderly and disabled, will have 

to adjust their household budget and will be the customers absorbing the majority of 

this decrease in demand. To assess how much more of the decrease in demand 

vulnerable populations are absorbing, I separate out two groups of LADWP customers: 

lifeline and non-lifeline. I then calculate the percent change in electricity consumption 

for lifeline customers and non-lifeline customers. 

 

Estimating Price Elasticities of Electricity Demand: Marginal and Average Price 

The next question to be answered in this analysis is if customers change their 

electricity use based on the average price per kWh or the marginal price per kWh, and 

what are the resulting price elasticities. The average cost of electricity meaning the 
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average cost per kWh each customer pays and the marginal cost meaning the cost per 

kWh in each of the three tiers. To find the effects of marginal and average price 

elasticities, I followed the empirical strategy outline in Ito 2010. I ran three multilevel 

mixed effects regressions, each getting progressively more stringent with each iteration. 

The reduced form equation is:  

Price Elasticity Equation 2 
 

                                                                  

 

This structural model regresses the log of electricity consumption (q) for customer i at 

time t as a function of the marginal and average cost of that customer’s monthly 

electricity bill, including embedded controls for household characteristics (    ) and an 

error term.  

Short and Long-Term Elasticities 
Customers do not respond to price change immediately, there is delay between 

a change in price and a change in consumption (Ito, 2010). For policy considerations, it is 

important to understand the long-term affects of price changes on demand. Consumers’ 

demand for electricity consumption is more inelastic in the long-term; meaning that 

demand for electricity will increase over time. 
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Chapter IV Data Analysis and Findings 
LADWP provided all customer data, both commercial and residential, from fiscal 

year 2005 through June of 2012. Taking the most recent years of residential customer 

data, 2011 through June 2012, there are a total of 1,048,576 residential customers in 

LADWP territory, and 1,048,539 residential customers in that data set contained latitude 

and longitudinal data.  LADWP provided customer data that included 24 variables.  

Figure 12 

 Variables Included in LADWP Electricity Data 

Variable  Measurement 

Customer Account  Nominal 
Address  Nominal 
City  Nominal 
State   Nominal 
Zip Code  Nominal 
Zip + Four  Nominal 
Latitude  Nominal 
Longitude  Nominal 
Zone  Binary 
Rate Code  Nominal 
Lifeline Status  Nominal 
SIC Code  Nominal 
Electricity Use for January  Continuous 
Electricity Use for February  Continuous 
Electricity Use for March  Continuous 
Electricity Use for April  Continuous 
Electricity Use for May  Continuous 
Electricity Use for June  Continuous 
Electricity Use for July  Continuous 
Electricity Use for August  Continuous 
Electricity Use for September  Continuous 
Electricity Use for October  Continuous 
Electricity Use for November  Continuous 
Electricity Use for December  Continuous 
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Each customer was plotted using their coordinates in ArcGIS in order to select 

customers within one mile of the zone boundary on either side. After spatially selecting 

those customers that fall within the one-mile buffer, there were 138,174 customers 

within the Zone 1 sample frame and 173, 926 customers within the Zone 2 sample 

frame.  

Sampling 
A random sample of customers was selected from each Zone that would ensure 

a 95% confidence level. Thus, about 10% of customers within the sample frame in each 

Zone were selected: 9,881 customers in Zone 1 and 9,970 customers in Zone 2. After 

sampling customers, all months where electricity consumption was non-existent, 

meaning the customer either moved in or out of the area during the test period, was 

marked as missing from the dataset so it would not affect results. The dataset was then 

transformed into panel data, so that each customer had eighteen observations of kWh 

use, one for each month in the sample period (December 2011 through June of 2012). 

Thus, there are 357,318 observations in the entire sample dataset, 177,858 in Zone 1 

and 179,460 in Zone 2. 

Descriptive statistics 
The first question to be answered with this new sample is how pricing 

differences, represented by the Zone boundary, affect electricity consumption. This 

price difference only occurs during the high season, June-September. In all other 

months, pricing is flat. As a reminder, Zone 1 customers face cooler temperatures on 
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average than Zone 2 customers. Therefore, Zone 1 customers receive a smaller 

allocation of kWhs for each tier than Zone 2 customers, meaning Zone 1 customers face 

a higher average price per kWh than Zone 2 customers.  

Figure 13 

 
 

Figures 14 and 16 provide an overview of how consumption varies over time and across 

boundaries for each month. A perfunctory glance at the means indicate that in the low 

season, Zone 1 customers consume more in the low-season when there is no price 

difference than Zone 2 customers. Yet, when the price difference is introduced in the 
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high season Zone 1 (where electricity is more expensive) customers consume 

significantly less than Zone 2 customers.  

 

Figure 14 

Zone 1 Monthly Electricity Consumption (kWh) Descriptive Statistics 

  Obs Mean  Std Dev Max 

January 2011 Electricity Use  9,881 354 427 12,324 
February 2011Electricity Use  9,881 205 366 11,431 

March 2011 Electricity Use  9,881 329 398 12,528 
April 2011 Electricity Use  9,881 295 377 11,700 

May 2011 Electricity Use  9,881 302 399 11,732 
June 2011 Electricity Use  9,881 308 431 10,920 
July 2011 Electricity Use  9,881 327 492 13,295 
August 2011 Electricity Use  9,881 338 514 12,219 
September 2011 Electricity Use  9,881 321 478 11,418 
October 2011 Electricity Use 9,881 323 443 12,134 
November 2011 Electricity Use  9,881 326 436 11,651 
December 2011 Electricity Use  9,881 355 471 11,464 
January 2012 Electricity Use  9,881 352 469 11,320 

February 2012 Electricity Use  9,881 314 420 10,640 
March 2012 Electricity Use  9,881 324 440 11,390 
April 2012 Electricity Use  9,881 296 414 11,262 
May 2012 Electricity Use  9,881 299 428 12,147 
June 2012 Electricity Use  9,881 300 447 12,090 
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Figure 15 

 Zone 2 Monthly Electricity Consumption (kWh) Descriptive Statistics 

  Obs Mean  Std Dev Max 

January 2011 Electricity Use  9,970 234 297 5,886 
February 2011Electricity Use  9,970 203 254 4,653 
March 2011 Electricity Use  9,970 214 277 7,721 
April 2011 Electricity Use  9,970 195 253 7,472 
May 2011 Electricity Use  9,970 195 258 7,721 
June 2011 Electricity Use  9,970 194 258 7,472 
July 2011 Electricity Use  9,970 366 524 18,915 

August 2011 Electricity Use  9,970 381 555 19,520 
September 2011 Electricity Use  9,970 360 526 19,003 
October 2011 Electricity Use 9,970 354 504 21,755 
November 2011 Electricity Use  9,970 354 487 21,447 
December 2011 Electricity Use  9,970 381 514 22,314 
January 2012 Electricity Use  9,970 374 512 22,314 
February 2012 Electricity Use  9,970 333 457 20,297 
March 2012 Electricity Use  9,970 342 478 21,593 
April 2012 Electricity Use  9,970 320 468 22,812 
May 2012 Electricity Use  9,970 327 516 24,068 
June 2012 Electricity Use  9,970 338 601 35,782 

 
This observation is seen more clearly in Figure 16 where electricity use is broken down 

by Zone and season. In the low season, Zone 1 costumers consume 9.2% more 

electricity than Zone 2 customers. Yet, in the high season where electricity demands are 

supposed to increase and thus the tiered pricing is introduced, Zone 1 customers 

consume 2.7% less than Zone 2 customers. This suggests that the higher cost of 

electricity in Zone 1 significantly decreases consumption. 
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Figure 16 

Seasonal Electricity Consumption (kWh) by Zone Descriptive Statistics 

  Obs Mean  Std Dev Max 

Zone 1         

   Low Season kWh Use (January-May,   
October-December) 128,453 321 424 12,528 
   High Season kWh Use (June-September) 49,405 319 474 13,295 

Zone 2         

   Low Season kWh Use (January-May, 
October-December) 129,610 294 426 24,068 
   High Season kWh Use (June-September) 49,850 328 512 25,782 

 
 

Next, lifeline and non-lifeline populations are added to the summary statistics to 

determine how lifeline populations are affected by the price change across zones.  

Lifeline customers are theoretically those customers most sensitive to price changes 

since they consist of the financially vulnerable populations such as the low-income, 

elderly, and disabled.  

 

In Figure 17 we see an interesting occurrence, where Zone 1 lifeline customers use more 

energy on average than Zone 2 lifeline customers in both the low and high seasons, 

despite the higher average price per kWh in Zone 1.  In the low season, lifeline 

customers in Zone 1 consume 46.8% more than Zone 2 customers. However, when the 

price change occurs in the high season, Zone 1 customers only consume 4% more than 

Zone 2 customers.  This suggests that the price in Zone 1 reduces electricity 

consumption more for lifeline customers in Zone 1 than lifeline customers in Zone 2. 
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Figure 17 

Lifeline Customer Electricity Consumption by Zone and Season Descriptive Statistics 

  Observations Mean  Std Dev Max 

Zone 1         

   Non-Lifeline, Low Season kWh Use 97,838 338 464 12,528 
   Lifeline, Low Season kWh Use 30,615 367 247 5,085 
   Non-Lifeline, High Season kWh Use 37,630 337 525 13,295 
   Lifeline, High Season kWh Use 11,775 259 234 7,824 

Zone 2         

   Non-Lifeline, Low Season kWh Use 92,898 312 481 24,068 

   Lifeline, Low Season kWh Use 36,712 250 235 6,614 
   Non-Lifeline, High Season kWh Use 35,730 359 587 35,782 
   Lifeline, High Season kWh Use 14,120 249 215 3,168 

 

Multilevel Mixed-Effects Linear Regression 
 

The first regression models I ran attempt to estimate the difference in electricity 

consumption between zones. The regression type used in this study is known as a 

multilevel mixed-effects linear regression, which allows for co-linearity of electricity use 

between groups (customers). So, it assumes that a customers previous months’ 

electricity use is correlated with the next months’ electricity use.  

The variables in the regression are broken down into a seasonal, price, lifeline, distance 

and time control variables. Figure 18 provides a description of each variable used in the 

regression. 
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Figure 18  

 Variables Included in Zone Difference Regression Models 

Variable Description 

Dependent Variable 
 Electricity Use kWh use per customer  

Seasonal Variable 
 High season Indicates if consumption is in the high season or low season 

Price Variable 
 Zone Indicates if in zone 1 or 2 

Lifeline Variable 
 Lifeline Indicates if in Lifeline program 

Distance Variable 
 Distance Indicates if within half mile of zone boundary 

Time Controls 
 June Time control to control for high season variation 

July Time control to control for high season variation 
August Time control to control for high season variation 

September Time control (used as the reference category) 

 
 
I ran five regressions, each model getting progressively more stringent with each 

iteration. Model I regressed electricity use on the effect of the high season and price 

variable (zone).  In the basic specification model, all dependent variables are significant, 

although the difference between the high season and low season is only significant at 

the 0.1 level. It appears that in the high season, customers are estimated to consume 

two kWhs less than in the low season, which is difficult to imagine since people 

generally consume more electricity in the hotter months. In this first model, the 

interaction between high season consumption and price indicates that Zone 2 

customers consume 36 kWhs more than in Zone 1, which makes sense given that Zone 2 

has cheaper electricity in the high season than Zone 1. 
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Figure 19 

 Panel Regression Results 

(Dependent Variable: Electricity Consumption (kWh) 

  Model I 

  Price and High Season 

Seasonal Variable 
    Effect of the High Season -2.373* 

 
(1.360) 

Price Variable 
    Zone  -26.92*** 

 
(5.267) 

   Season and Price Interaction 35.92*** 

 
(1.919) 

Constant 321.6*** 

 
(3.732) 

  Observations 357,318 
Number of groups 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Estimation by Multi-Level Mixed Effects Linear Regression 
 

 
In model II, I tested for the robustness of the estimates by adding time controls to the 

regression in order to account for time-based variation that might be experienced by all 

of the customers. This takes into account seasonal consumption differences for the 

entire sample population. By adding the common time trend, we see that the estimate 

for consumption during the high season increases from the basic specification model 

and is more consistent across subsequent models, giving us confidence in the models’ 

estimates.   
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Figure 20 

Panel Regression Results 

(Dependent Variable: Electricity Consumption (kWh) 

 

  Model II 

  

Price and High 
season with Time 

Controls 

Seasonal Variable 
    Effect of the High Season 15.30*** 

 
(2.119) 

Price Variable 
    Zone  -26.92*** 

 
(5.266) 

   Season and Price Interaction 35.92*** 

 
(1.915) 

Time Controls 
    June -56.36*** 

 
(2.228) 

   July 5.711** 

 
(2.573) 

   August 18.65*** 

 
(2.573) 

Constant 321.6*** 

 
(3.732) 

  Observations 357,318 
Number of groups 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Estimation by Multi-Level Mixed Effects Linear Regression 

 
 

In Model III I tested again for the robustness of Model II by adding a variable that 

indicates if a customer is enrolled in the lifeline program.  This takes into account 

differences in consumption across zones and season for lifeline customers to indicate 
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how the price difference affects vulnerable populations. Across both seasons and zones, 

lifeline customers consume 72 kWhs less than non-lifeline customers. By adding the 

lifeline variable, we see that the estimates for high season and zone changed only 

slightly.  

 

In the interaction between season and price, electricity consumption increases. 

Indicating that when controlling for lifeline populations, the price difference between 

Zone 2 and Zone 1 has an even greater effect on consumption in the high season.  The 

interaction between season, price and lifeline customers is significant in that it indicates 

that during the high season in Zone 2 lifeline customers consume 42 kWhs less than 

Zone 1 customers. This aligns with what we observed in figure 17, where despite the 

higher price of electricity in Zone 1, lifeline customers in the more expensive zone 

consume more than lifeline customers in the cheaper zone. Later on in this analysis I will 

delve more into why lifeline populations do not react as expected to variations in price.  
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Figure 21 

Panel Regression Results 

(Dependent Variable: Electricity Consumption (kWh) 

  Model III 

  

With Lifeline 
Populations 

Seasonal Variable 
    Effect of the High Season 16.89*** 

 
(2.250) 

Price Variable 
    Zone  -26.60*** 

 
(6.104) 

   Season and Price Interaction 48.19*** 

 
(2.227) 

Lifeline Variable 
    Effect of Lifeline Populations -71.63*** 

 
(8.726) 

   Season and Lifeline Interaction -6.698** 

 
(3.184) 

   Price and Lifeline Interaction 10.23 

 
(11.98) 

   Season, Price, and Lifeline Interaction -42.25*** 

 
(4.382) 

Time Controls 
    June -56.36*** 

 
(2.227) 

   July 5.711** 

 
(2.572) 

   August 18.65*** 

 
(2.572) 

Constant 338.7*** 

 
(4.260) 

  Observations 357,318 
Number of groups 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Estimation by Multi-Level Mixed Effects Linear Regression 
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In Model IV I add the last remaining variable to test the robustness of the Model III by 

adding a variable that indicates if a customers is within a half mile of the Zone boundary 

as opposed to a mile. Theoretically, having a shorter distance between the Zones more 

tightly controls for housing characteristics, population demographics and weather 

changes between Zones.  Again, Model IV does not change the coefficients of the 

season, Zone, or lifeline variables significantly, indicating that the model is robust.  

 

There are two significant interactions between the half-mile indicator and the other 

variables.  Interestingly, people within the half-mile border during the high season in 

Zone 2 consume an estimated 28 kWhs less than in Zone 1. This is the opposite trend we 

see when considering the entire sample. However, lifeline customers in Zone 2 during 

the high season and within a half-mile of the boundary consume an estimated 32 kWhs 

more than in Zone 1.  When considering the entire sample, lifeline customers in the high 

season in Zone 2 consume less than Zone 1 lifeline people, despite it being cheaper in 

Zone 2. However, when only looking at lifeline consumers within a half-mile of the 

boundary, Zone 2 lifeline customers consume significantly more than lifeline consumers 

in Zone 1.  
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Figure 22 

 

Panel Regression Results 

(Dependent Variable: Electricity Consumption (kWh) 

  Model IV 

  

With 
Distance 
Variables 

Seasonal Variable 
    Effect of the High Season 16.87*** 

 
(2.815) 

Price Variable 
    Zone  -37.24*** 

 
(9.060) 

   Season and Price Interaction 63.68*** 

 
(3.305) 

Lifeline Variable 
    Effect of Lifeline Populations -77.21*** 

 
(14.26) 

   Season and Lifeline Interaction -6.405 

 
(5.201) 

   Price and Lifeline Interaction 24.03 

 
(18.35) 

   Season, Zone, and Lifeline Interaction -59.52*** 

 
(6.696) 

Distance Variable 
    Customers with one Half Mile of Zone Boundary 2.241 

 
(8.550) 

   Season and Distance Interaction 0.0490 

 
(3.119) 

   Zone and Distance Interaction 19.34 

 
(12.26) 

   Season, Zone, and Distance Interaction -28.19*** 

 
(4.473) 

   Lifeline and Distance Interaction 8.289 

 
(18.07) 

   Season, Lifeline, and Distance Interaction -0.461 

 
(6.592) 



43 

   Zone, Lifeline, and Distance Interaction -22.14 

 
(24.45) 

   Season, Zone, Lifeline, and Distance Interaction 31.83*** 

 
(8.920) 

Time Controls 
    June -56.36*** 

 
(2.227) 

   July 5.711** 

 
(2.571) 

   August 18.65*** 

 
(2.571) 

Constant 337.5*** 

 
(6.299) 

  Observations 357,318 
Number of groups 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Estimation by Multi-Level Mixed Effects Linear Regression 

 

I estimate the empirical specifications using standard Ordinary-Least Squares (OLS) with 

robust standard errors clustered at the household level. Because there is variance 

between groups (customers in this case), robust errors allow for this change in variance. 

The coefficients do not change in Model V, but the error terms provide a better model 

fit. 
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Figure 23 

Panel Regression Results 

(Dependent Variable: Electricity Consumption (kWh) 

  Model V 

  

Robust 
Errors 

Seasonal Variable 
 

   Effect of the High Season 
16.87**

* 

 
(2.81) 

Price Variable 
 

   Zone  

-
37.24**

* 

 
(8.928) 

   Season and Price Interaction 
63.68**

* 

 
(4.813) 

Lifeline Variable 
 

   Effect of Lifeline Populations 

-
77.21**

* 

 
(10.24) 

   Season and Lifeline Interaction -6.405 

 
(4.065) 

   Price and Lifeline Interaction 24.03* 

 
(12.66) 

   Season, Price, and Lifeline Interaction 

-
59.52**

* 

 
(6.235) 

Distance Variable 
    Customers with one Half Mile of Zone Boundary 2.241 

 
(9.553) 

   Season and Distance Interaction 0.049 

 
(3.812) 

   Price and Distance Interaction 19.34 

 
(12.74) 
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   Season, Price, and Distance Interaction 

-
28.19**

* 

 
(6.327) 

   Lifeline and Distance Interaction 8.289 

 
(13.24) 

   Season, Lifeline, and Distance Interaction -0.461 

 
(5.45) 

   Price, Lifeline, and Distance Interaction -22.14 

 
(17.36) 

   Season, Price, Lifeline, and Distance Interaction 
31.83**

* 

 
(8.214) 

Time Controls 
 

   June 

-
56.36**

* 

 
(2.166) 

   July 
5.711**

* 

 
(0.929) 

   August 
18.65**

* 

 
(0.702) 

Constant 
337.5**

* 

 
(7.17) 

  Observations 357,318 
Number of groups 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
Estimation by Multi-Level Mixed Effects Linear Regression 
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Figure 24 demonstrates a side-by-side comparison of each model. 

Figure 24 

 

Panel Regression Results 
(Dependent Variable: Electricity Consumption (kWh) 

  Model I Model II Model III Model IV Model V 

  

Price and 
High 

Season 

Price & 
High 

Season 
with 
Time 

Controls 

With 
Lifeline 

Pop 

With 
Distance 

Var. 

Robust 
Errors 

Seasonal Variable 
        Effect of the High Season -2.373* 15.30*** 16.89*** 16.87*** 16.87*** 

 
(1.360) (2.119) (2.250) (2.815) (2.81) 

Price Variable 
     

   Zone  
-

26.92*** 
-

26.92*** 
-

26.60*** 
-

37.24*** 
-

37.24*** 

 
(5.267) (5.266) (6.104) (9.060) (8.928) 

   Season and Zone Interaction 35.92*** 35.92*** 48.19*** 63.68*** 63.68*** 

 
(1.919) (1.915) (2.227) (3.305) (4.813) 

Lifeline Variable 
     

   Effect of Lifeline Populations 
  

-
71.63*** 

-
77.21*** 

-
77.21*** 

   
(8.726) (14.26) (10.24) 

   Season and Lifeline Interaction 
  

-6.698** -6.405 -6.405 

   
(3.184) (5.201) (4.065) 

   Price and Lifeline Interaction 
  

10.23 24.03 24.03* 

   
(11.98) (18.35) (12.66) 

   Season, Price, and Lifeline Interaction 
  

-
42.25*** 

-
59.52*** 

-
59.52*** 

   
(4.382) (6.696) (6.235) 

Distance Variable 
        Customers with one Half Mile of Zone 

Boundary 
   

2.241 2.241 

    
(8.550) (9.553) 

   Season and Distance Interaction 
   

0.0490 0.049 

    
(3.119) (3.812) 
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   Price and Distance Interaction 
   

19.34 19.34 

    
(12.26) (12.74) 

   Season, Price, and Distance Interaction 
   

-
28.19*** 

-
28.19*** 

    
(4.473) (6.327) 

   Lifeline and Distance Interaction 
   

8.289 8.289 

    
(18.07) (13.24) 

   Season, Lifeline, and Distance Interaction 
   

-0.461 -0.461 

    
(6.592) (5.45) 

   Price, Lifeline, and Distance Interaction 
   

-22.14 -22.14 

    
(24.45) (17.36) 

   Season, Price, Lifeline, and Distance 
Interaction 

   
31.83*** 31.83*** 

    
(8.920) (8.214) 

Time Controls 
     

   June 
 

-
56.36*** 

-
56.36*** 

-
56.36*** 

-
56.36*** 

  
(2.228) (2.227) (2.227) (2.166) 

   July 
 

5.711** 5.711** 5.711** 5.711*** 

  
(2.573) (2.572) (2.571) (0.929) 

   August 
 

18.65*** 18.65*** 18.65*** 18.65*** 

  
(2.573) (2.572) (2.571) (0.702) 

Constant 321.6*** 321.6*** 338.7*** 337.5*** 337.5*** 

 
(3.732) (3.732) (4.260) (6.299) (7.17) 

      Observations 357,318 357,318 357,318 357,318 357,318 

Number of groups 19,851 19,851 19,851 19,851 19,851 

Standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 

 Estimation by Multi-Level Mixed Effects Linear Regression 

 

Figure 25 displays the correlation matrix for each variable entered into the Models. As 

expected, all variables are correlated with electricity use. There are no unexpected 

correlations between any variables.  
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Figure 25 

Correlation Table 

  (1) (2) (3) (4) (5) (6) (7) (8) (9) 

(1) Electricity 
Consumption (kWh) 1.0                 
(2) Effect of the high 
season (June-Sept) 0.0157* 1.0 

       (3) Zone Effect -0.019* 0.0 1.0 
      (4) Effect of the Lifeline 

Population -0.074* 0.0 0.511* 1.0 
     

(5) Effect of June 
-

0.0217* 0.5701* 0.0 0.0 1.0 
    

(6) Effect of July 0.0189* 0.3911* 0.0 0.0 
-

0.0857* 1.0 
   

(7) Effect of August 0.0259* 0.3911* 0.0 0.0 
-

0.0857* 
-

0.0588* 1.0 
  

(8) Effect of September 0.0158* 0.3911* 0.0 0.0 
-

0.0857* 
-

0.0588* 
-

0.0588 1.0 
 (9) Customers within a 

Half Mile of the  Zone 
Boundary 0.0096* 0 -0.403 0.0035* 0.0 0.0 0 0.0 1.0 

n=357,318 observations (19,851 
customers) 

        *p<0.05 
          

The Lifeline Question 
 

One way to better interpret these regression results and their implications for 

the affect price has on consumption over zones and lifeline status is to calculate the 

margins statistic. Margins provide a post-estimation of the discrete difference in the 

means as estimated by the regression. Figure 26 shows the difference in kWh use by 

lifeline status in each Zone, and in each season. Lifeline customers in Zone 2 always 

consume less, but they consume the same amount in the high season as in the low 

season, so price has no effect on their consumption.  Zone 1 lifeline customers actually 

consume less in the high season, when there is a greater need for electricity due to 

higher temperatures.  
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Figure 26 

Margins of Electricity Use by High Season, Zone and Lifeline Status  
 

  Margin Std Err z 
95% Conf 
Interval 

Zone 1           

   Low Season, Non-Lifeline kWh Use 338 4.2 79.5 330 347 
   Low Season, Lifeline kWh Use 267 7.6 35 252 282 
   High Season, Non-Lifeline kWh Use 337 4.4 77 329 346 
   High Season, Lifeline kWh Use 259 7.8 33 244 274 

Zone 2           

   Low Season, Non-Lifeline kWh Use 312 4.4 71 303 320 
   Low Season, Lifeline kWh Use 250 6.9 36 237 264 
   High Season, Non-Lifeline kWh Use 359 4.5 79.9 350 368 
   High Season, Lifeline kWh Use 249 7.2 34.8 235 263 

n=357,318 
 

       

Plotting the margins, we get a clearer picture of the difference in consumption over the 

Zones by season and lifeline classification. Figure 27 shows how consumption changes in 

the high and low season in each zone by lifeline status. As discussed, for non-lifeline 

customers in Zone 1, the price in the high season is such that electricity use is 

suppressed and is almost the same as in the low-season, whereas in the cheaper zone, 

consumption increases significantly in the high season. In the lifeline category, we see 

the reverse trend for Zone 1:  lifeline customers—electricity use decreases in the high 

season and Zone 2 lifeline customers’ consumption remains static.  
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Figure 27 

 

 

Figure 28 provides another viewpoint for this three-way interaction, separating 

consumption out by Zone instead of lifeline classification. Here it is easy to see that in 

Zone 1 consumption stays static for non-lifeline customers and decreases for lifeline 

customers, and in Zone 2 non-lifeline customers significantly increase consumption in 

the high season.  
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  Figure 28

 

 

From here, we can find the difference between seasons, lifeline status and Zone (dy/dx), 

which allows us to examine the impact the variables have on electricity use in 

comparison to each other. Figure 29 and 30 shows us the difference graphically and 

quantitatively in consumption by lifeline status and season for each zone.  
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Figure 29 

 

 

The difference between consumption for lifeline customers in Zone 1 is significant. They 

consume significantly less electricity in the high season than in the low season. Meaning 

the increase in the cost of electricity during the high season significantly decreases 

lifeline customers’ electricity use in Zone 1. Conversely, the difference in consumption 

for lifeline customers in Zone 2 between seasons is not significant. Meaning that the 

price increase in Zone 2 is not large enough to decrease electricity use for lifeline 

customers. 
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Figure 30 

Difference in Electricity Consumption (kWh) between Low and High Season  

  dy/dx Std Err z P>|z| 95% Conf Interval 

Zone 1             

Non-Lifeline  -0.78 1.56 -0.5 0.618 -3.83 2.28 
Lifeline -7.47 2.78 -2.68 0.007 -12.93 -2.02 

Zone 2             

Non-Lifeline  47.4 1.6 29.66 0 44.28 50.55 
Lifeline -1.53 2.54 -0.6 0.547 -6.52 3.45 

n=357,318 
       

Calculating Price Elasticities of Electricity Demand: Average or Marginal Cost? 
The next question I endeavored to answer is if customers change their electricity 

use based on the average price of electricity or the marginal (tiered) cost of electricity. 

As discussed in the previous chapters, there is a debate in the literature on this very 

question. New research suggests that the tiered price schedule is difficult to understand, 

and customers do not have the ability to check their real-time consumption data unless 

they know how to read their meter (Ito, 2010). Therefore, customers do not react to the 

marginal price of electricity, but rather the average cost per kWh. The subsequent 

models attempt to ascertain if LADWP customers react to marginal or average price 

based on our sample of customers taken within one mile of the Zone boundary. 

Secondarily, I estimate price elasticities for the general population for LADWP during the 

high season, by lifeline status and for both marginal and average cost. 
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To find the effects of marginal and average price elasticities, I followed the empirical 

strategy outline in Ito 2010. I ran three multilevel mixed effects regressions, each getting 

progressively more stringent with each iteration. The reduced form equation is:  

Marginal and Average Price Elasticity Equation. 
 

                                                                  

 

This structural model regresses the log of electricity consumption (q) for customer i at 

time t as a function of the marginal and average cost of that customer’s monthly 

electricity bill, including embedded controls for household characteristics (    ) and an 

error term.  

 

Figure 31 displays the correlation table for each variable within the elasticity regression. 

There are no unexpected correlations between variables. 
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Figure 31 

Elasticity Correlation Table 
 

 

Log of 
Electricit

y 

Delta Log 
of Avg 
Cost 

Delta 
Log of 
Margi

nal 
Cost 

Season Lifeline June July Aug Sep 

Log of 
Electricity 1 

        Delta Log 
of the 
Average 
Cost -0.0338* 1 

       Delta Log 
of the 
Marginal 
Cost 0.0931* 0.3802* 1 

      
Season 0.0023* 0.5082* 

0.210
0* 1 

     

Lifeline -0.0904* -0.0020* 

-
0.014

1* 0 1 
    

June -0.0345* 0.7931* 
0.272

7* 0.5701* 0 1 
   

July 0.0165* -0.0339* 
0.070

8* 0.3911* 0 

-
0.0857

* 1 
  

August 0.0228* -0.0339* 

-
0.001

0 0.3911* 0 

-
0.0857

* 
-

0.0588* 1 
 

September 0.0116* -0.0339* 

-
0.036

5* 0.3911* 0 

-
0.0857

* 
-

0.0588* 

-
0.058

8 1 

 

 

In this basic specification model shown in Figure 32 the variables included are the 

change in the log of the average cost, and the change in the log of the marginal cost and 

the seasonal effect; the coefficients in the regression can be interpreted directly as 

elasticities.  All dependent variables in Model I are significant at the 0.01 level; meaning 

that both marginal cost and average cost significantly effect electricity use. The price 

elasticity using average cost is estimated at -0.519. The estimated price elasticity using 

marginal cost is more inelastic at  -0.242. 
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Figure 32 

Panel Regression Results-Elasticities 

(Dependent Variable: Log of Electricity Consumption (kWh)) 

  

Model I 

Change in the Log of Average Cost 
    Effect of the Average Cost -0.519*** 

 
(0.104) 

Lifeline Variable 
    Effect of Lifeline Populations 
 

     Average Price and Lifeline Interaction 
 

  Seasonal Variable 
 Effect of the High Season 0.0200*** 

 
(0.00163) 

   Average Cost and High Season Interaction -3.322*** 

 
(0.133) 

   Lifeline and High Season Interaction 
 

     Average Cost, Lifeline and High Season Interaction 
 

  Change in the Log of Marginal Cost 
    Effect of the Marginal Cost -0.242*** 

 
(0.0206) 

  Marginal Cost and Lifeline Interaction 
 

     Marginal Cost and High Season Interaction  0.851*** 

 
(0.0255) 

   Marginal Cost, Lifeline and High Season Interaction  

  Time Controls 
 June 
 

  July 
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August 
 

  Constant 5.604*** 

 
(0.00439) 

  Observations 270,711 

Number of ID 19,536 

Standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
  

In model II shown in Figure 33, I tested for the robustness of the estimates by adding 

time controls to the regression in order to account for time-based variation that might 

be experienced by all of the customers. This takes into account seasonal consumption 

differences for the entire sample population. By adding the common time trend, we see 

that the average cost elasticity becomes more elastic, while the marginal cost elasticity 

remains consistent. 

 

Figure 33 

Panel Regression Results-Elasticities 

(Dependent Variable: Log of Electricity Consumption (kWh)) 

  

Model II   
with Time 
Controls 

Change in the Log of Average Cost 
    Effect of the Average Cost -0.541*** 

 
(0.104) 

Lifeline Variable 
    Effect of Lifeline Populations 
 

     Average Price and Lifeline Interaction 
 

  



58 

Seasonal Variable 
 Effect of the High Season 0.0153*** 

 
(0.00264) 

   Average Cost and High Season Interaction -0.703*** 

 
(0.263) 

   Lifeline and High Season Interaction 
 

     Average Cost, Lifeline and High Season 
Interaction 

 

  Change in the Log of Marginal Cost 
    Effect of the Marginal Cost -0.242*** 

 
(0.0206) 

  Marginal Cost and Lifeline Interaction 
 

     Marginal Cost and High Season Interaction  0.853*** 

 
(0.0256) 

 

  Time Controls 
 

June 
-
0.0751*** 

 
(0.00744) 

July 
-
0.00710** 

 
(0.00359) 

August 0.0317*** 

 
(0.00356) 

Constant 5.604*** 

 
(0.00439) 

  Observations 270,711 

Number of ID 19,536 

Standard errors in parentheses 
  *** p<0.01, ** p<0.05, * p<0.1 
   

In Model III, shown in figure 34, I tested again for the robustness of Model II by adding 

the lifeline indicator variable, which designates a customer as enrolled in the lifeline 
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program or not. Because those customers enrolled in the lifeline program represent the 

most financially vulnerable populations in LADWP territory, these customers would be 

expected to be more elastic, or sensitive, to price changes. However, we see that the 

estimated price elasticity is more inelastic than non-lifeline customers at -0.137.  Lifeline 

populations also do not change their electricity use based on the average cost of 

electricity, but the marginal cost. The interaction between lifeline customers and the 

average cost is not significant, yet the interaction between lifeline customers and 

marginal cost is significant with a price elasticity of  -0.122. 

 

Figure 34 

Panel Regression Results-Elasticities 

(Dependent Variable: Log of Electricity Consumption (kWh)) 

  

Model III 
with 

Lifeline 
Pop. 

Change in the Log of Average Cost 
    Effect of the Average Cost -0.560*** 

 
(0.123) 

Lifeline Variable 
    Effect of Lifeline Populations -0.137*** 

 
(0.00995) 

   Average Price and Lifeline Interaction 0.119 

 
(0.231) 

Seasonal Variable 
 Effect of the High Season 0.0188*** 

 
(0.00283) 

   Average Cost and High Season Interaction -0.914*** 

 
(0.274) 

   Lifeline and High Season Interaction 
-
0.0122*** 

 
(0.00363) 
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   Average Cost, Lifeline and High Season Interaction 0.929*** 

 
(0.297) 

Change in the Log of Marginal Cost 
    Effect of the Marginal Cost -0.229*** 

 
(0.0222) 

  Marginal Cost and Lifeline Interaction -0.122* 

 
(0.0637) 

   Marginal Cost and High Season Interaction  0.849*** 

 
(0.0276) 

   Marginal Cost, Lifeline and High Season Interaction  0.0775 

 
(0.0775) 

Time Controls 
 

June 
-
0.0768*** 

 
(0.00745) 

July 
-
0.00721** 

 
(0.00359) 

August 0.0317*** 

 
(0.00356) 

Constant 5.640*** 

 
(0.00509) 

  Observations 270,711 

Number of ID 19,536 

Standard errors in parentheses 
 *** p<0.01, ** p<0.05, * p<0.1 
 

   

Figure 35 provides a side-by-side comparison of all three elasticity Models. 
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Figure 35 

Panel Regression Results-Elasticities 

(Dependent Variable: Log of Electricity Consumption (kWh)) 

  

Model I 
Model II   

with Time 
Controls 

Model III 
with 

Lifeline 
Pop. 

Change in the Log of Average Cost 
      Effect of the Average Cost -0.519*** -0.541*** -0.560*** 

 
(0.104) (0.104) (0.123) 

Lifeline Variable 
      Effect of Lifeline Populations 
  

-0.137*** 

   
(0.00995) 

   Average Price and Lifeline Interaction 
  

0.119 

   
(0.231) 

Seasonal Variable 
   Effect of the High Season 0.0200*** 0.0153*** 0.0188*** 

 
(0.00163) (0.00264) (0.00283) 

   Average Cost and High Season Interaction -3.322*** -0.703*** -0.914*** 

 
(0.133) (0.263) (0.274) 

   Lifeline and High Season Interaction 
  

-0.0122*** 

   
(0.00363) 

   Average Cost, Lifeline and High Season Interaction 
  

0.929*** 

   
(0.297) 

Change in the Log of Marginal Cost 
      Effect of the Marginal Cost -0.242*** -0.242*** -0.229*** 

 
(0.0206) (0.0206) (0.0222) 

  Marginal Cost and Lifeline Interaction 
  

-0.122* 

   
(0.0637) 

   Marginal Cost and High Season Interaction  0.851*** 0.853*** 0.849*** 

 
(0.0255) (0.0256) (0.0276) 

   Marginal Cost, Lifeline and High Season Interaction  
  

0.0775 

   
(0.0775) 

Time Controls 
   June 
 

-0.0751*** -0.0768*** 

  
(0.00744) (0.00745) 

July 
 

-0.00710** -0.00721** 

  
(0.00359) (0.00359) 

August 
 

0.0317*** 0.0317*** 

  
(0.00356) (0.00356) 
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Constant 5.604*** 5.604*** 5.640*** 

 
(0.00439) (0.00439) (0.00509) 

    Observations 270,711 270,711 270,711 

Number of ID 19,536 19,536 19,536 

Standard errors in parentheses 
   *** p<0.01, ** p<0.05, * p<0.1 
    

The elasticities estimated by average and marginal cost fit well within the normal range 

of elasticities found in California. Figure 36 is taken from a meta-analysis of all studies 

done in California and provides the range of elasticities found in all studies done in 

California that estimated elasticities.  Although, the elasticity estimated for lifeline 

populations is on the more inelastic end of the range of elasticities found in California.  
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Figure 36 

 

Source: Reiss & White, 2005 

Figure 37 displays the correlation matrix for each variable entered into the elasticity 

Models. All variables are correlated with electricity use. The change in the logs of 

average cost and marginal cost are also correlated. There are no unexpected 

correlations between any variables.  
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Figure 37 

Elasticity Correlation Table 

 

Log of 
Electricity 

Delta Log 
of Avg 
Cost 

Delta 
Log of 
Margin
al Cost Season Lifeline June July Aug Sept 

Log of 
Electricity 1 

        Delta Log 
of the 
Average 
Cost -0.0338* 1 

       Delta Log 
of the 
Marginal 
Cost 0.0931* 0.3802* 1 

      
Season 0.0023* 0.5082* 

0.2100
* 1 

     

Lifeline -0.0904* -0.0020* 

-
0.0141

* 0 1 
    

June -0.0345* 0.7931* 
0.2727

* 0.5701* 0 1 
   

July 0.0165* -0.0339* 
0.0708

* 0.3911* 0 
-

0.0857* 1 
  

August 0.0228* -0.0339* 
-

0.0010 0.3911* 0 
-

0.0857* 
-

0.0588* 1 
 

Septembe
r 0.0116* -0.0339* 

-
0.0365

* 0.3911* 0 
-

0.0857* 
-

0.0588* 
-

0.0588 1 
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Figure 38 provides an overview of all of the major findings for this work. 
 
Figure 38 

Summary of Findings 

  Description 

Central Finding There are heterogeneous effects by zone and lifeline status. 

Finding 1 
Zone 2 customers consume 6.5% (64 kWhs) more electricity in 
the high season compared to zone 1 customers.  

Finding 2 
Zone 2 customers increased consumption 15% in the high 
season. 

Finding 3 
Zone 1 customers decreased consumption by 0.01% in the high 
season. 

Finding 4 
Across both seasons and zones, lifeline customers consume 77 
kWhs less than non-lifeline customers. 

Finding 5 
Zone 1 lifeline customers decrease consumption in the high 
season.  

Finding 6 
The majority of curtailment from the pricing mechanism is 
deriving from lifeline customers. 

Price Elasticities   

Finding 7 The price elasticity using average cost is -0.560.  
Finding 8 The price elasticity using marginal cost is -0.229.  

Finding 9 
Thus, customers react more to the average cost of electricity 
than the marginal cost, though both significantly change 
consumption. 

Finding 10 
Lifeline customers do not significantly change their electricity 
use based on the average cost, but react to the marginal cost. 

Finding 11  

Lifeline customers’ price elasticity of demand is -0.122. This 
indicates that lifeline customers display different behavior 
than non-lifeline customers, they are more inelastic to price 
changes and they also react more to marginal rather than 
average cost. 

Finding 12 
The elasticities estimated by average and marginal cost fit well 
within the normal range of elasticities found in California. 
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Limitations 
 
A limitation of the study is that the elasticities and differences in consumption apply to 

customers within the one-mile boundary into each Zone; in as far as the overall sample 

is representative of the overall customer class, these results apply.  Thus, the results are 

internally consistent within the Zone boundary.  How this applies to overall Los Angeles 

is subject to limitations of the sampling. To apply confidence in the internal validity of 

the results randomization, appealed to a stringent sampling protocol by controlling for 

weather effects, time effects, demographic, and building characteristics. These results 

are valid for a representative sample of LADWP territory.  

 

Also, many buildings have “bundled” electricity bills where there is one master meter 

for the whole building, thus the cost of electricity is combined with the rent. Presumably 

with bundled electricity meters, the customer does not ever see their monthly 

electricity bill and are typically charged a set amount determined by the building owner 

as to how much renters pay for utilities, so neither the average or marginal cost is 

relevant.  Thus, in a bundled metered household, price elasticity will by distorted. 
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Chapter V Recommendations and Policy Implications 
 

There are many policy implications for energy planning, utility companies and 

electricity pricing, and equity as a result of the findings highlighted in this work.  

Elasticities 
In this study we were able to estimate individual elasticities in respect to 

marginal price and average price. (Refer to figure 35 for the elasticity results). These 

results suggest that customers are more elastic with regard to average price than to 

marginal price. This means that customers react more strongly to the average price per 

kWh than the marginal price per kWh.  However, lifeline customers display the opposite 

behavior. Lifeline customers do not react significantly to average price, but instead 

change their behavior according to the marginal price of elasticity. Thus, it seems that 

lifeline customers better understand how much they are consuming each month in 

order to stay within the more affordable tier, while non-lifeline customers do not grasp 

the tiered rate structure. 

 

Recommendation: There are barriers to understanding the marginal price schedule 

which creates prevents customers from behaving rationally to the increased charge in 

every tier. Understanding the tiered schedule would require customers to invest time 

into researching the complex structure of utility pricing schedules. This raises a question 

whether if consumers could better understand the choices they face, would their 

electricity consumption decrease? Utilities could work to educate their customer base 
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about pricing schedules, and also make efforts to make it easy and simple to 

understand. Additionally, users could be provided with real-time information on how 

much they are consuming every day in order to make rational choices about when to 

conserve. 

Zone Pricing Effects-Unintended Consequences between Zones 
The main finding of this study is that there are unintended consequences within 

Zones and unintended consequences between Zones of the pricing strategy. As we saw, 

the price of electricity has a significant effect on consumption, even when controlling for 

variation in weather patterns across the city. Originally, the Zone boundary was 

designed because a portion of Los Angeles, designated as Zone 2, experiences 

significantly warmer weather than another portion (Zone 1). In efforts to equitably price 

all of their customers, LADWP gave a larger allocation of kWhs in each tier to Zone 2 

customers to compensate for the warmer weather in the high season. Thus, 

consumption should be similar on average, across Zones. However, this analysis shows 

that the lower average price per kWh in Zone 2 during the high season results in Zone 2 

customers consuming significantly more electricity per customer, about 15% more, than 

Zone 1 customers. 

 

Recommendation: This analysis attempted to isolate how consumers react to price 

change when weather, housing characteristics, and demographics are controlled for. It 

found that changes in price across the Zone boundary did indeed have a large effect on 
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how much electricity was used. The policy implications that arise out of this analysis 

depend on the goals of electricity providers and energy planners in the state.  On the 

one hand, the goal of having tiered pricing during the high season is to manage 

consumption so that the electricity grid is not overly strained. On the other hand, it is 

expected that electricity consumption will increase in the high season since 

temperatures are higher and it requires more energy to keep buildings cool. The two 

different pricing schemes in the two Zones achieve one or the other of these goals. If 

the goal is to keep electricity use consistent in both low and high seasons, then the price 

is set right in Zone 1. However, if the goal is to allow for a reasonable increase in 

consumption during the high season, then the allocation of kWhs in Zone 2 is correct.  

Unintended Consequences Within Zones 
By splitting into Zones, LADWP has created a non-uniform pricing strategy with 

spatial variation across the city. Consumer responses are heterogeneous within a given 

Zone. Consumption outcomes, however, are not shared equally among the customer 

base. Lower-income communities, which are consequently also the lowest users of 

electricity per square meter, disproportionately reflect observed curtailment in peak 

period consumption in this study area. The pricing scheme’s objective is to induce 

conservation in the high season. The unintended consequence of this is that the 

majority of this conservation is deriving from lifeline customers, which are the lowest 

users of electricity. Greater conservation could be achieved if this curtailment was 

focused on those customers consuming the most electricity, rather than the least. 
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The pricing strategy in Zone 1 curtails consumption for both non-lifeline and lifeline 

customers in the high season. Non-lifeline customers increase their consumption 

insignificantly from the low season to the high season, about 0.01%, whereas Zone 2 

customers increase 15%. Particularly, I find a strong affect on the lifeline populations. 

Lifeline customers in Zone 1 are actually decreasing consumption from the low to high 

season, whereas in Zone 2 it remains the same. The pricing instrument is therefore 

having an unintended effect in Zone 1, in that those customers who consume the 

least—lifeline customers—are absorbing a disproportionate amount of the curtailment 

of electricity use.  

 

The question now becomes— is it appropriate that the most significant conservation of 

electricity is done by the most price sensitive customers, vulnerable populations? The 

objective of the pricing instrument is to conserve electricity during the peak season. But, 

the greatest curtailment of electricity is occurring by those who consume the least—

low-income populations. In order to gain the greatest amount of conservation, it is not 

these low-end consumers that should be conserving electricity, as greater reductions 

could be made if higher end consumers curtailed more.   

  

Recommendation: Greater conservation could be achieved if this curtailment was 

focused on those customers consuming the most electricity, rather than the least. 
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The objective is to get a larger fraction of non-lifeline customers to conserve during the 

high season.  There are different methods to achieve this. The most straightforward 

method is to increase the price. As prices increase, higher-end users will become more 

elastic to price. This too has unintended consequences as it creates greater disparity 

between lifeline and non-lifeline customers. Secondly, there could be a uniform increase 

for all tiers.  The caveat being that the very lowest users does not have to participate in 

the pricing structure. In theory, the most vulnerable populations at the lower-end of 

consumption will not have to curtail consumption as much, while at the same time 

getting more curtailment from the high end users. However, this could put a squeeze on 

the middle-income class.  
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