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Could Fixing Leaky Pipes Help Solve California’s
Water Problems?
Amanda Rupiper, Joakim Weill, Ellen Bruno, Katrina Jessoe, and Frank Loge

Water utilities in the United States
lose approximately 17% of their
delivered water to leaks each year.
California’s Senate Bill 555 aims to
reduce these water leaks through
the imposition of utility-specific
water standards. For the average
utility, we find it is cost-effective
to reduce water losses by 34.7%.
While this reduction only translates
to about 100 acre-feet per year for
the average utility, it is low-hanging fruit.

For the average utility, leak management
is the most cost-effective water
management strategy.
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Drought and population growth are
increasing water scarcity worldwide.
In the United States, almost half of
the watersheds may soon lack sufficient water supplies to meet monthly
demand. Urban water suppliers are
faced with the difficult task of satisfying water demand under growing
supply uncertainty.
Historically, water utilities have met
projected deficits in supplies with
new water sources, such as drawing
from previously unused surface water
or groundwater aquifers. However,
supply augmentation is not always
feasible. Therefore, utilities have also
turned to demand-side strategies,
with the implementation of conservation tools to achieve end-user
water savings (for instance through
information campaigns, mandates,
and rebate programs). Absent from
this water-management portfolio,
however, are water savings that could
occur through improved management
of the water distribution system. The
concept of “leak management” has
only recently entered the water management discussion.

How Leaky Are the Pipes?
More than 90% of California residents are served by an urban water
retailer, which is defined as a utility
that reaches at least 3,000 homes or
businesses. These urban water retailers
source water, treat it, and then deliver
it to households through a local distribution network of underground pipes.
Between the treatment plant and the
household faucet, about 8% of the
water is lost due to leaks in the system
in California. Nationally, this number
is even higher: 17% of water is lost
each year due to leaks in the distribution system.
While large pipe failures are the most
visible examples, water lost in the
distribution system is usually imperceptible from the surface, occurring
as background or unreported leakage.
This makes it challenging to identify
and repair leaks.
So far, leak reduction as a water-saving strategy has been largely ignored.
Water losses in distribution systems
in the United States are not systematically tracked or regulated. Only seven
states require standardized water loss
audits, and no state regulates the level

Figure 1. Determining Utility-Specific Optimal Leak Reduction Targets
Utility-specific data
(e.g., water losses, variable production costs, pressure zones)
Model parameters
(e.g., discount rate)

Cost of leak detection & repair
Survey costs, survey accuracy,
repair costs, leak flow rates

Benefits of water saved
Avoided production cost

Utility-specific optimal
survey frequency

Costs of pressure management
Pressure at critical nodes, minimum
operating requirements

Utility-specific optimal
pressure reductions

Economic (optimal)
leak reduction
standard
Note: The figure diagrams the model for optimal water loss. The model combines utility-specific
data with other parameters to maximize the net benefits of leak reduction by considering both
pressure management and leak detection and repair activities.

of water losses. However, the regulations governing water losses are rapidly evolving, and are currently under
debate and design in several states,
including California.

Is Every Drop Worth Saving?
It may seem counterintuitive, but the
optimal amount of water loss is not
zero. At some point, the cost of conserving an additional drop of water
exceeds the benefits of saving that
drop. But the optimal amount to save
is not obvious. The question becomes,
how much should utilities invest in
leak management?
To answer this question, we first need
to understand what is in a utility’s
toolkit for reducing leaks. There are
two primary management options
available to utilities: 1) pressure reduction and 2) leak detection and repair.
Pressure reduction in a distribution
system can lower leak flow rates and
reduce the frequency of pipe failures.
Leak detection surveys help utilities
locate small leaks that have yet to
come to the surface.
Small, undetected leaks in the water
distribution system may occur from
2

corrosion, poor installation practices,
soil movement, and high pressure.
While leaks can be small, they often
go unnoticed for long periods, leaving
total water losses to accumulate. As
more leaks form, and existing leaks
endure, water losses grow. These
small leaks collectively account for
the majority of a utility’s water losses.
Once subsurface leaks are detected
and located, a utility can develop a
repair or replacement strategy to eliminate the leaks and reduce water losses.
In our study, we assessed utility-level
urban water losses using the most
comprehensive collection of water loss
audit data available from almost 900
water utilities in California, Georgia,
Tennessee, and Texas. We built an
economic model that quantifies all the
costs and benefits accrued by a utility
when undertaking a water-loss-reduction activity. We then used this model
to find the amount of loss reduction
that maximizes the net benefits of
repairs.
As diagrammed in Figure 1, this model
solves for both the optimal leak reduction due to pressure management
and the optimal leak reduction due to
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periodic leak detection and repair. This
latter part embeds a calculation of the
optimal frequency with which a utility
should survey for leaks, a decision
characterized by fixed search costs and
benefits and repair costs that accrue
over time as leaks grow. The economic
benefits of leak reduction derive primarily from the value of water saved,
which we approximate using variable
production costs ($341 per acre-foot for
the median California retailer).
Our model departs from typical past
approaches to this problem in two
key ways. First, previous engineering
approaches tend to simply calculate
a break-even point, that is, the point
where the total benefits of water loss
control equal the total costs. Our
model improves upon this by maximizing the net benefits of water loss
control, as we explain in detail later. A
second departure stems from explicitly
calculating the optimal frequency with
which a utility should survey for leaks.
Previous approaches typically assume
a fixed survey frequency, e.g., every
two years. These simplifying assumptions may lead to estimates of water
loss recovery that are suboptimal.

Optimal Water Loss
Given that water utilities vary in
a number of characteristics that
influence distributional losses, leak
management strategies are not a onesize-fits-all tool. Distribution systems
differ in the pipe age, pipe materials,
system size, and elevation, all of which
influence the costs of leak management. The benefits of saving water
are also location specific. For instance,
drought-prone regions place a higher
value on incremental water compared
to relatively water-rich areas. These
differences imply that the optimal
amount of leak reduction will vary
between utilities.
Applying our economic model to
utility-specific data, we find that it is
almost always economically efficient to
reduce water losses in distribution systems, but that there is large variation

We see that the utilities with initial
leak rates exceeding 60 GPCD have a
median optimal target for reduction
that represents 8% of their distributional volume, whereas those with
leak rates of less than 20 GPCD have
an optimal target that is just 0.7% of
their distributional volume.

Comparing Leak Reduction to
Other Strategies
For the majority of utilities in our
sample, leak reduction is the leastcost option to obtain additional water
supplies. Figure 3 illustrates the
normalized median cost per recovered
acre-foot of water for leak detection
and pressure reduction compared to

The median cost of water savings from
leak management (which includes
leak detection and pressure reduction)
is $277 per acre-foot, which falls well
below the cost of other typical water
management tools. The most expensive source for the median utility is
desalination. This is followed by recycling, either at a centralized facility or
at the user level. Where feasible, pressure reduction is the least-cost strategy,
irrespective of baseline leakage levels,
utility size, or location.

Policy Implications
The few countries or states that have
set goals for water loss reductions
currently do so through a uniform
approach, whereby all utilities are
required to bring their annual water
losses below some percentage level of
their total supply. However, utilities

Figure 2. Optimal Leak Reductions by
Initial Water Loss Levels (in GPCD)
Optimal Leak Reduction as a
Percentage of Distributional Volume

As shown in Figure 2, higher levels
of initial water losses, measured in gallons per connection per day (GPCD),
are systematically associated with
higher optimal reductions. Figure 2
graphs optimal leak reduction for each
utility as a percentage of their total distributional volume in box-and-whisker plots. We separately plot optimal
reductions for three different levels
of initial water losses: greater than 60
GPCD in losses, between 20–60 GPCD,
and less than 20 GPCD. Box-and-whisker plots split the data into quartiles
to illustrate the spread. The length of
the box shows the interquartile range
of the data, ranging from the 25th percentile to the 75th percentile, with the
median shown as the horizontal line
through the box. In other words, half
of the utilities in each subsample fit in
the 25–75% range shown by the box.
The first and fourth quarters of the
data are displayed as lines extending
off the box.

four commonly used water supply
management tools: desalination, recycling, traditional source, and conservation. Traditional source refers to the
costs of developing additional groundwater or surface water sources, and
conservation includes a range of water
activities that reduce consumption,
such as the installation of water-efficient devices, changes to water rates,
and water-reduction mandates.

30%

20%

10%

0%
Gallons Per Connection Per Day
>60

20–60

<20

Note: The figure graphs the optimal leak
reduction as a percentage of a utility’s total
water distributional volume displayed by gallons per connection per day (GPCD) leakage
levels. The plotted boxes capture the 25–75
percentile interquartile range. The figure
combines optimal reductions from pressure
management with optimal reductions from
leak detection and repair.

face different costs to achieve the same
reduction in water losses. Because of
the substantial variation in the optimal amount of leak reductions at the
utility level, a uniform standard is not
a desirable policy for achieving these
savings: it will likely be too stringent,
and therefore too costly, in some cases,
while too lenient in others.

Figure 3. Comparison of Per-Unit Costs of Water Management Methods
Unit Cost (Dollars Per Acre-Foot)

among utilities in the efficient levels
of distributional losses. We find that
the average optimal leak reduction by
state ranges between 30.1% and 39.6%
of current water losses. For the median
utility, this amounts to a reduction in
real losses of 34.7% and an increase
in the available water supply of 105.3
acre-feet (AF) annually.

2,500
2,000
1,500
1,000
500
0

Desalination Recycling

Traditional Conservation Leak
Detection
Source
Water Management Method

Pressure
Reduction

Note: The figure shows normalized cost per acre-foot (AF) of additional water supply via traditional (i.e., surface or groundwater) and alternative water supply management methods. Leak
detection and pressure reduction costs per acre-foot were calculated under the economic model for
the 882 utility dataset.
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Figure 4. Economic Loss from a Break-Even Point (BCR=1)

TC
Price (Dollar Per Acre-Foot)

TB

Suggested Citation:
Quantity (AF)
MC
Loss relative to BCR=1
MB

AF*

AF’

Quantity (AF)

Note: The figure illustrates the welfare loss of a water loss standard determined by a break-even
point (where total costs, TC, equal total benefits, TB, or a benefit-cost ratio equal to 1 (BCR=1))
relative to a standard determined by the maximization of net benefits.

Alternative regulatory proposals tend
to adhere to the engineering standards-of-practice, which consist of a
break-even point and a fixed survey
frequency for leak detection. Under a
break-even point, water loss standards
will be set such that the economic
benefits from the standard are equal
to the costs of the standard, which is
equivalent to a benefit-to-cost ratio
(BCR) equal to 1. This approach has
the desirable property of allowing for
heterogeneity across utilities, but it is
not optimal since, by definition, such
standards do not seek to maximize the
net benefits of loss reduction.
Figure 4 demonstrates the efficiency
loss associated with using a breakeven point rather than the maximization of net benefits for calculating the
optimal water loss standard. Given
total cost (TC) and total benefit (TB)
curves like those shown in the top half
of Figure 4, maximizing net benefits
would yield an optimal standard
denoted by AF* where the marginal
benefit (MB) and marginal cost (MC)
curves intersect. The shaded triangle
shows the welfare loss relative to the
standard that would be set if using the
break-even point (AF’).
4

closely monitored by utility managers
and decision makers alike. Setting the
“correct” water loss standard for each
utility is crucial to achieving and maximizing net benefits.

If we were to instead assume a BCR
of 1 and a fixed survey frequency, the
model would estimate that the median
utility should reduce water losses by
51.3% at a cost of $374 per acre-foot.
This implies greater reductions at a
higher cost relative to what would be
economically efficient according to our
preferred model.
In California, Senate Bill 555 aims
to reduce water leaks through the
imposition of utility-specific water
standards. Informing these standards
with a model that optimizes survey
frequency and requires an amount of
leak reduction such that net benefits
are maximized, could yield cost-effective water savings for Californians.
Failing to do so would impose an
undue burden on utilities.

Concluding Remarks
Reducing distributional leaks could
generate water savings at low cost.
The amount of savings is not huge
and won’t solve California’s water
problems, but these water savings are
cheap in comparison to alternative
options and, in most cases, should be
undertaken. California’s policy is the
first attempt at regulating water losses
in the United States and it is being
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Are You Eating More Fruit? U.S. Dietary Recommendations
and Fruit Consumption Trends
Hoy Carman

The Data
USDA Economic Research Service
(ERS) publishes per capita consumption data in the Fruit Yearbook for 5

categories of citrus and 16 categories
of non-citrus fruit, which are further
enumerated by fresh, frozen, canned,
dried, and juice products. The fresh
and processed data are not strictly
comparable; frozen, canned, and
dried product categories are based on
product weight (pounds per capita)
rather than fresh equivalent and
the juice products are in gallons per
capita for each fruit juice. Citrus data
however, do have an estimate of the
fresh-weight equivalent for all processed citrus fruit by marketing year,
and selected non-citrus fruits (apples,
grapes, peaches, pears, pineapples,
and strawberries) include an estimate
of the total fresh weight equivalent.

Fruit Consumption Trends
Selected trends in per capita fruit
consumption during the past 40 years
are evident in Figure 1. Overall, per
capita fruit consumption has increased
as a result of increased fresh fruit

Figure 1. U.S. Fresh and Processed Fruit Consumption in Pounds Per Capita, 1980–2020
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The weight of fruit may vary, but onethird pound per cup is typically used
for dietary calculations. In terms of
dietary recommendations, one cup of
fresh fruit, canned fruit, frozen fruit,
or fruit juice are each equivalent to
one-half cup of dried fruit. Overall,

While both per capita and total fruit
consumption have been increasing
over time, changes in per capita fruit
consumption have varied significantly by product and product form
since the initial issuance of federal
dietary guidelines. This article examines changes and trends in per capita
consumption of fresh and processed
citrus and non-citrus fruit products
since the advent of the federal dietary
guidelines in 1980. Consumption of
individual products and the role of
imports are noted, as are some of the
important underlying factors associated with aggregate consumption of
fruit products.

1980

Obesity and diet-related diseases are
national problems that have government and non-governmental organizations working on solutions. Programs
and policies to improve diets are a
major thrust. Increased fruit consumption has been a goal of U.S. food and
nutrition policy since federal dietary
guidelines were first issued in 1980.
Recent guidelines, updated every five
years, recommend that an adult consuming 2,000 calories per day include
approximately two cups of fruit per
day in their diet. The discussion of
dietary guidelines as recently as 2015
indicated that the typical American
adult’s diet consisted of about one cup
of fruit, or only one-half of the recommended total.

indications were that only about 12%
of Americans eat as much fruit daily
as recommended.

Pounds Per Capita

U.S. consumers have responded to
calls for improved diets by increasing per capita fresh fruit consumption from 88 pounds in 1980 to
116 pounds in 2020. Even with
some decreases in processed fruit
consumption, a typical consumer
has increased the daily servings of
fruit consumed from about 63% to
about 68% of the recommended
level. Fruit consumption adjustments for an average consumer
over the last four decades include
less fruit juices and canned fruit, a
changing mix of citrus fruits, more
berries, and significant increases
in imported fruits such as avocados, bananas, limes, mangos,
papayas, and pineapples.
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consumption, more than offsetting
decreased per capita processed fruit
consumption. Average 1980 fresh fruit
consumption of 88.4 pounds increased
to an average of 115.9 pounds per
capita for 2020.
During the same time period, processed fruit (dried, frozen, and
canned) decreased from 26.2 pounds
to 16.5 pounds per capita and fresh
fruit’s share of total fruit consumption
increased from 77% to 88%. Overall
fruit consumption increased by 16%
over the 41 years (from 114.6 to 132.5
pounds per capita).
Fruit juice consumption, reported
as gallons rather than pounds per
capita, is not shown in Figure 1. Total
U.S. fruit juice consumption was 7.4
gallons per capita in 1980, peaked
at 9.1 gallons per capita in 1997, and
has steadily trended downward to
4.7 gallons per capita in 2020. During
the 41-year period from 1980 through
2020, the citrus share of per capita
fruit juice consumption decreased
from over 75% to about 55%. Apple
juice, the major non-citrus fruit juice
accounted for 29% of total per capita
fruit juice use in 2020.
To estimate the change in daily servings consumed over time, I convert
reported per capita consumption data
to annual servings using these conversion factors: three servings (cups) per
pound of fresh, canned, or frozen fruit,
six servings (1/2 cups) per pound of
dried fruit, and 16 servings (cups) per
gallon for fruit juice. U.S. fresh fruit
consumption averaged 87.6 pounds
per capita annually from 1980–1984.
During this time, canned fruit averaged 18.7 pounds, frozen fruit averaged 2.8 pounds, and dried fruit
averaged about 2.6 pounds per capita.
The 5-year average for fruit juice consumption was 7.5 gallons per capita.
Converting these amounts to one cup
servings, the average U.S. consumer
consumed 327 servings of fresh,
canned, and frozen fruit, 16 servings
6

of dried fruit, and 120 servings of fruit
juice, for a total of 463 cup-equivalent
servings annually. This was 63% of the
recommended 730 servings of fruit per
year for an adult.
U.S. fresh fruit consumption averaged
116.0 pounds per capita annually from
2016–2020. During this time, canned
fruit averaged 10.4 pounds, frozen
fruit averaged 6.0 pounds, and dried
fruit averaged about 2.3 pounds per
capita. The recent 5-year average for
fruit juices was 5.2 gallons per capita.
Converting these amounts to one cup
servings, the average U.S. consumer
consumed 397 servings of fresh,
canned, and frozen fruit, 14 servings
of dried fruit, and 83 servings of fruit
juice, for a total of 494 cup-equivalent
servings annually. This was almost
68% of the recommended 730 servings
of fruit per year for an adult.

Composition of Fresh Fruit
Consumption
Almost three-quarters of total U.S.
fruit consumption is in the fresh form.
In 1980, U.S. fresh fruit consumption
was dominated by five commodities
that each had more than 5 pounds
of per capita consumption: bananas
(20.77 lb), apples (19.20 lb), oranges
(14.28 lb), grapefruit (7.30 lb), and
peaches and nectarines (7.08 lb). In
2020 eight fruit crops had more than
5 pounds of fresh per capita consumption: bananas (27.22 lb), apples
(16.18 lb), oranges (9.37 lb), avocados
(8.92 lb), grapes (8.20 lb), pineapples
(7.30 lb), tangerines (6.63 lb), and
strawberries (6.26 lb). Other fruits
with increased consumption between
1980 and 2020 that did not meet the
5-pound-per-capita consumption
cutoff in 2020 include lemons (4.95
lb), limes (4.27 lb), mangos (3.63 lb),
blueberries (2.34 lb), papayas (1.25 lb),
and kiwifruit (0.71 lb).
Several noteworthy developments
in the growth of per capita fresh
fruit consumption over the last four
decades are shown in Table 1. First,
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most of the growth occurred for
non-citrus fruits; total citrus per capita
use increased less than a pound from
1980 to 2020. For the citrus category,
the decrease in orange consumption
was largely offset by increased use
of tangerines and the sharp decrease
in fresh grapefruit consumption was
exceeded by increased lemon and lime
consumption, for an overall increase
of 0.92 pounds for fresh citrus.
Second, in the non-citrus category,
apples, bananas, and peaches and
nectarines accounted for over 75%
of the fresh fruit consumption in
1980; their share decreased to 51% in
2020, as their combined consumption
decreased 1.65 pounds per capita
(from 47.05 lb to 45.4 lb). Year-round
availability of fresh fruit, enabled by
integrated distribution networks, handling and packaging innovations, new
varieties and production regions, and
increased imports, helped increase the
popularity and consumption of avocados, blueberries, grapes, kiwifruit,
mangos, pineapples, papayas, and
strawberries.
Finally, the increase in U.S. fresh fruit
consumption would not have been
possible without increased imports.
The dramatic increase in imports’
share of consumption for individual
fruits increased the import share of
all U.S. fresh fruit consumption from
26.7% in 1980 to 57.0% in 2020 (Table
1).

Processed Fruit Consumption
Per capita processed fruit consumption decreased both absolutely and
as a share of total fruit consumption during the four decades from
1980–2020. The changes in per capita
processed fruit consumption differed
significantly by category and product,
with frozen fruit increasing, dried fruit
consumption remaining rather stable,
and both per capita canned fruit and
fruit juice consumption decreasing.
The 1980 processed fruit consumption
by category (cup equivalents) was

fruit juice (118.72), canned fruit (63.21),
frozen fruit (8.55), and dried fruit
(13.86), for a total of 204.34 cup-equivalent servings. The most recently
recorded (2020) values for the consumption of processed fruit in terms of
annual per capita servings (cup equivalents) was fruit juice (74.88), canned
fruit (27.72), frozen fruit (18.72), and
dried fruit (14.04) for a total of 135.36
cup-equivalent servings, a 33.8%
decrease between 1980 and 2020.

Fruit Juice
Citrus accounts for the majority of all
fruit juice consumption, but its share
has decreased over time as orange and
grapefruit juice consumption declined.
Total per capita fruit juice consumption of 7.42 gallons in 1980 decreased
to 4.68 gallons in 2020. In 2020, orange
juice accounted for 48.7% (2.28 gallons), apple juice 29.5% (1.38 gallons),
other citrus 6.2% (0.29 gallons), and
other non-citrus 15.6% (0.73 gallons) of
U.S. fruit juice consumption.

Canned Fruit
Over the past four decades per capita
canned fruit consumption has persistently decreased, with 1980 consumption of 21.07 pounds per capita
declining to 9.24 pounds per capita in
2020. Canned peaches (6.82 lb), pears
(4.58 lb), apples (4.22 lb), and pineapples (3.48 lb) accounted for 90.7%
of 1980 canned fruit consumption.
Canned peach per capita consumption
dropped 67.0% to 2.25 pounds in 2020,
with drops for pears of 75.8 % to 1.11
pounds, apples declining 22.3% to
3.28 pounds, and pineapples dropping
51.7% to 1.68 pounds.

Frozen Fruit
Per capita consumption of frozen
fruits increased rather steadily from
2.85 pounds in 1980 to 4.57 pounds
in 2020. Out of the 1.72 pounds per
capita increase in frozen fruits, berries
accounted for 1.54 pounds, or 90%,
of the increase. Per capita shares in
2020 by frozen fruit were: strawberries

(40.5%), blueberries (19.0%), cherries
(13.1%), raspberries (9.4%), peaches
(8.5%), and other fruit (9.5%).

Dried Fruit
Per capita use of dried fruits remained
steady over the period from 1980
(2.31 lb) through 2017 (2.34 lb). Per
capita shares of dried fruit on a product-weight basis for 2017 were: raisins
(53.0%), dates (18.4%), prunes (10.7%),
and other fruits (17.9%). Note that the
USDA stopped reporting raisin use
beginning in 2018 because of a lack of
shipment data.

U.S. Population
Total U.S. fruit consumption has
responded to an increase in population as well as an increase in per
capita consumption. The U.S. Census
Bureau reported a total U.S. population of 227.726 million on July 1,
1980, growing to 330.114 million on
July 1, 2020. The compounding effect
of the two factors is easily illustrated
using fresh fruit consumption. Per
capita fresh fruit consumption was
estimated at 88.34 pounds per capita
in 1980, which, combined with population, yields total 1980 fresh fruit

Table 1. U.S. Per Capita Fresh Fruit Use and Import Shares, 1980 and 2020
1980 Use

2020 Use

Pounds Per
Capita

Pounds Per
Capita

1980

2020

14.28

9.37

0.7

14.3

Tangerines

2.10

6.63

9.0

39.5

Lemons

1.94

4.95

0.0

18.4

Limes

0.36

4.27

42.8

99.9

Grapefruit

7.30

1.68

0.4

6.1

19.20

16.18

4.0

4.5

Apricots

0.10

0.09

0.4

3.2

Avocados

2.08

8.92

0.4

90.8

Bananas

20.77

27.22

100.0

99.9

Blueberries

0.18

2.34

NA

62.4

Cherries

0.69

1.23

1.0

5.5

Cranberries

0.14

0.10

0.0

0.0

Grapes

3.97

8.20

13.6

54.6

Kiwifruit

0.07

0.71

NA

75.3

Mangos

0.25

3.63

75.8

99.9

Peaches and Nectarines

7.08

2.04

0.6

10.2

Pears

2.61

2.92

3.2

17.5

Pineapples

1.50

7.30

44.3

99.9

Papayas

0.21

1.25

3.4

99.1

Plums and Prunes

1.54

0.63

0.5

20.1

Strawberries

1.97

6.26

2.8

21.1

Total Citrus

25.98

26.90

1.8

34.3

Total Non-Citrus

62.36

89.02

37.1

63.9

All Fresh Fruit

88.34

115.92

26.7

57.0

Fresh Fruit
Oranges

Apples

Import Percent

Source: USDA, ERS. Fruit and Tree Nuts Yearbook Tables G-36 and H-1, Oct. 29, 2021.
Available at: https://www.ers.usda.gov/data-products/fruit-and-tree-nuts-data/.
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consumption of 20.117 billion pounds.
With population growth and fresh
fruit consumption of 115.92 pounds
per capita in 2020, estimated fresh fruit
consumption totaled 38.267 billion
pounds. Thus, total U.S. fresh fruit
consumption increased 90.2% from
1980 to 2020.

Concluding Comments
A number of factors have contributed
to the rise in U.S. per capita and total
fruit consumption, consistent with
national dietary recommendations
issued in 1980. Even prior to the issuance of federal dietary guidelines, fruit
industry and government programs
focused on improving product characteristics, storage, processing, packaging, transportation, and marketing
technology. Fruit quality improvements stemming from the adoption
of technology such as controlled
atmosphere storage and transportation; new fruit varieties selected for
improved taste, ripening, maturity,
shelf life, and seasonal availability;
improved shipping containers; fruit
processing innovations; and new
packaging materials together with
increased nutritional research and
information have contributed to
improved supply and increased fruit
demand.
It is difficult to ascertain the role of
dietary recommendations in several of
the trends observed. For example, fruit
juice consumption first increased to a
high of 9.1 gallons per capita in 1997
and then decreased to 4.7 pounds in
2020. The competitive landscape for
beverages, with the introduction of
many new alternatives, has undoubtedly been a factor in decreased fruit
juice consumption. Increased concerns
about the role of both natural and
added sugars in problems of obesity
for some consumers may have also
been a factor.
There has also been a rather steady
decrease in the per capita use of fresh
8

grapefruit, peaches, nectarines, plums,
and prunes. The underlying causes
for the decreases have not been clearly
identified, but there is evidence of
shifts in both supply and demand. On
the supply side, California acreage
of non-citrus fruit crops, including
stone fruits, has been trending down
as acreage has been replaced by the
expansion of almonds, pistachios, walnuts, and grapes. On the demand side,
government-mandated promotion
and research programs for peaches
and nectarines were terminated, while
existing programs for substitute products, such as blueberries, grapes, and
strawberries, have been conducting
health and nutrition research combined with very effective promotion
and public relations programs.
Fruit imports have been critical for
increased consumption in terms of
both timing and amount. They enable
year-round availability of fresh fruit
and provide needed supply of some
fruit that is not available domestically.
Producer-funded health and nutrition research combined with effective
promotion and public relations programs have also helped to increase the
diversity of fresh fruit consumption.
Examples are well-funded government-mandated marketing programs
for avocados, blueberries, grapes, and
strawberries.
Consumer preferences vary significantly between individuals and
groups such that few consumers
actually use the average per capita
amounts of fruit reported. Research on
patterns of product use has found that
varying proportions of consumers do
not use a product, and among those
that do, a relatively small proportion
will account for the majority of use.
For example, the Hass Avocado Board
(HAB) recently used fresh avocado
shopper segments to describe avocado
purchases. They reported that “Super”
avocado shoppers represented only
25% of U.S. households but accounted
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for 66% of all U.S. avocado purchases.
HAB reported that the top 50%
of buying households, sometimes
referred to in the marketing literature
as the “Heavy Half,” accounted for
87% of total avocado sales. While the
concentration of purchases will vary
by product, one can expect the Heavy
Half to account for 65–90% of sales for
most products.
U.S. consumers have responded to
dietary recommendations to eat more
fruit, with fresh fruit consumption
increasing from 88.3 to 115.9 pounds
per capita between 1980 and 2020.
In the process, fresh fruit consumption has become much more diverse
and imports now make up almost
60% of the fresh fruit supply. Much
of the increased diversity is based
on increased imports of avocados,
bananas, kiwifruit, limes, mangos,
papayas, and pineapples.
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What Price is Right?
Cigarette Demand Has Become More Responsive to Prices
Bulat Gafarov, Tengda Gong, and Jens Hilscher

We provide evidence that demand
for cigarettes has become relatively more sensitive to price
changes, while other products’
demand has become slightly less
responsive. This change happened
during a time of high cigarette
taxes, increased regulation of
smoking, and is particularly pronounced in California.

Consumers became more responsive to
cigarette price changes from 2001 to
2012, especially during recessions.
Photo Credit: lilartsy on Unsplash.

Cigarettes are often given as a prime
example of a product whose demand
is not affected much by changing
prices (i.e., it is not price sensitive). For
these types of inelastic goods, based
on an economic perspective, a tax is a
good idea. If smokers do not change
their demand in response to higher
prices, the tax base will not decrease
with higher tax rates. Underscoring
the case for such a tax, even if cigarette
demand were to fall, this would be
considered beneficial too, since smoking is bad for smokers’ health and
has negative consequences for society
ranging from secondhand smoke to
the cost of medical bills when smokers’ health deteriorates.

In 1998 four of the largest U.S. tobacco
companies and the attorneys general of 16 U.S. states entered into the
Tobacco Master Settlement Agreement, the terms of which specified that
states were to receive over $206 billion
over 25 years. In the following years,
many anti-smoking rules and regulations were enacted. Taxes increased
from less than 30% of cigarette prices
to about 40%. Additionally, thirty-five
states banned smoking in restaurants
and bars. DeCicca, Kenkel, and Lovenheim report that over the 20 years
since the Settlement Agreement, adult
smoking rates declined from 24% to
below 15%, and average cigarettes
smoked per day, for those aged 18 and
over, halved from about four to two.
Smoking is highly addictive, so it is
likely that the combination of higher
prices and smoking bans led to these
reduced smoking rates.

How to Set Prices?
Little research exists on how stores
have been setting prices in this new
era of both higher taxes, reduced
opportunity to smoke, and generally
lower overall consumption. When
considering increasing prices, stores
trade off higher margins for each item
sold with a reduction in the overall
quantity sold and a potential loss of
local market share. Stores bank on the
fact that consumers generally have a
limited set of options if they do not
want to drive far or spend a lot of time
shopping around for the cheapest
product. But what if that is not the
case? What if consumers are willing
to shop around so that a higher price
leads to a large drop in quantity sold?
In effect, even when two stores are
selling the same pack of Marlboro cigarettes, the fact that one store is closer

and the other is a bit farther away, and
the fact that one is a Walmart and the
other a Safeway, mean that the product is not quite the same. As a result,
even if Walmart sells its cigarettes at
a slightly lower price, the customer
may choose to go to Safeway instead,
either because it is closer or because
the consumer prefers shopping there.
Stores therefore have local market
power, meaning that Walmart will
neither lose all its customers to Safeway when Walmart increases the price
of a pack of Marlboro cigarettes, nor
will Walmart be able to pull in all the
Safeway customers when it reduces
the price it charges. Instead, the specific change in the quantity of cigarette
packs sold will determine how both
stores set their prices.

Responsiveness or Elasticity:
A Big Data Approach
Economists call the sensitivity of the
quantity sold of a given good to its
price the elasticity (or price elasticity
of demand). When the item’s price
goes up by one percent, if the quantity sold goes down by less than one
percent the good is said to be inelastic
(not very responsive to price changes).
If the quantity sold decreases by more
than one percent, the good is said to
be elastic (or quite responsive to price
changes).
It is not that straightforward to
estimate elasticities. The classic and
well-known difficulty in estimating
price elasticities is that one can only
observe the market price of a good
and the quantity sold. One cannot
observe the reason for the change
in quantity. When the quantity of
cigarettes sold increases, there are two
main reasons why this can happen. It
is possible that demand for cigarettes
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Figure 1. Estimates of Store-Residual-Demand Elasticities for Groceries:
Cigarettes and Other Products (Noncigarettes)
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Notes: We plot point estimates and 95% confidence interval bands. Elasticities above one are
referred to as elastic (more responsive to price changes); elasticities below one are referred to as
inelastic (less responsive to price changes). Each store’s residual demand elasticity is weighted by
the reciprocal of its estimated standard error.

has increased because people have
decided that they would like to smoke
more (demand has increased). But it is
also possible that the cost of producing cigarettes has decreased, so stores
can sell them at a lower price (supply
has increased). In short, there may be
shocks either to demand or to supply,
and thus to costs.
Famously, Jerry Hausman came up
with an ingenious trick to effectively
deal with this issue when estimating
price responsiveness. His idea was
to pair two markets, for example
Sacramento and San Francisco, and
exploit the fact that supply shocks
will affect both markets. Demand for
cigarettes may vary week to week, and
we can capture that in our empirical
estimation strategy. At the same time,
demand may depend on the specific
type of store—e.g., Walmart or Safeway—that is selling cigarettes; we can
capture that, too. Also, we can capture
that smokers in a given region like
some brands more than others. All
that is left is to find some way to identify changes in cost to specific types
of cigarettes. For that, we can use the
price in the other market. That is, we
10

can use Marlboro and Camel cigarette
prices in Sacramento to measure (what
economists call “instrument for”) cost
shocks that have hit the entire market
and therefore will also affect San Francisco. Using this technique, we can
estimate elasticities for cigarettes and
for all other goods. And using those
estimated elasticities, we can spot
trends as well as cyclical variation.
Importantly, what we estimate here
is how responsive the demand is to
price changes at a particular store.
This elasticity is called the “residual
demand elasticity” to emphasize that
it captures whether or not a consumer
will purchase the pack of Marlboro
cigarettes at Safeway, not whether or
not the customer will buy cigarettes
at all. But it is this elasticity that is
relevant when Safeway is setting its
prices. After all, for Safeway, losing a
customer to Walmart is the same as the
customer not buying any cigarettes.

Elasticities Have Increased for
Cigarettes and Decreased for
Other Goods
For many years now, price responsiveness has generally decreased, though
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it started as highly responsive. Based
on stores’ weekly sales data from
2000–2012, for 31 goods in 26 markets
(including New York, Atlanta, Chicago, and Los Angeles), price elasticities have declined. The noncigarette
goods include a variety of standard
items, such as paper towels, shampoo, toothpaste, hot dogs, soup, milk,
coffee, beer, and yogurt. The relative
weights are determined by how precisely we can estimate price sensitivity. We confirmed that the pattern
in elasticity over time is not driven
by changes in which goods receive
more or less weight. In fact, weights
across goods are quite similar; they
range from 1.8–5.1%, and one half of
the noncigarette goods have average
weights between 2.7% and 3.8%. There
is also quite little variation in the
weights of each good over time (the
average standard deviation over the
sample period is 0.3%). Figure 1 plots
noncigarette elasticities (the top line),
which shows a small but pronounced
decline over time.
What might be causing this declining
residual elasticity? One possibility
is that consumers have less ability
to shop around for the best price,
perhaps because they have less time
or because there are fewer stores to
choose from. In effect, stores appear
to have increased their local market
power and per-unit raw profit (what is
generally referred to as the markup).
However, this same trend is not
present for cigarettes, which are also
shown in Figure 1. Instead, cigarettes
have become relatively more price
sensitive, though they started from
a much lower base level. Even more
noticeable than the overall increase
in price sensitivity of cigarettes is the
very large increase in 2009 and 2010,
during and after what many refer to as
the Great Recession. In the aftermath
of the 2008 housing market mortgage
and financial crisis, consumers of cigarettes became much more price sensitive. There was also a strong increase,

One interpretation of our findings is
that consumers, when purchasing cigarettes, stick to their local store during
normal times, when unemployment
is low and there is little uncertainty.
During those times (2003–2008) we
find that demand for cigarettes is
quite inelastic (the average is close to
0.5), consistent with the general view
of little price sensitivity and perhaps
measuring overall demand elasticity. However, when a shock hits the
economy, unemployment is elevated,
and there is increased uncertainty and
a resulting desire to save, consumers
start shopping around more and may
switch where they buy cigarettes.
Demand then becomes temporarily much more sensitive to price.
Indeed, we notice a small increase in
the non-cigarette (all other product)
elasticity during the 2001–2002 and
2008–2009 recessions, though the effect
for cigarettes is much stronger.
Unfortunately, these results are based
on a data set that ends in 2012, though
it is one that includes two recessions.
It is likely that our results extend to
the recent pandemic experience and
the associated 2020 recession. Consumers most likely became much
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It is striking how much more volatile
the elasticity is for cigarettes compared
to other goods. One reason is that the
elasticity for all other goods is an average across the remaining 30 categories.
But it is also the case that out of all 31
goods, cigarette elasticities vary the
most over time. The standard deviation is 0.45, which is much higher than
the mean standard deviation across
goods of 0.24.

Figure 2. Estimates of Store-Residual-Demand Elasticity of Cigarettes:
California Versus Non-California Markets

Residual Demand Elasticity

though smaller, in 2001–2002 when
there was also a recession after the
burst of the dot-com bubble. Elasticity
increased from 0.5 in 2001 to 0.8 in
2002 and flipped from being inelastic
at 0.5 in 2008 to elastic at 1.7 in 2010.
After the end of the 2008/09 recession
the estimate then declined, nearly
reaching its pre-recession level.

Non-California Markets

Notes: We plot point estimates and 95% confidence interval bands. Methodology is the same as for
Figure 1.

more price sensitive when unemployment, uncertainty, and desired savings
increased in 2020.
In California, the increase in elasticity
is even more pronounced and follows a slightly different path. Figure
2 shows the cigarette price sensitivity for California and the rest of the
country. From 2010–2011 there was an
increase in price sensitivity in California, while the sensitivity decreased in
the rest of the country.

Implications
Estimates of residual demand elasticities are relevant for store managers,
state officials, and regulators. More
responsiveness to prices means that
stores need to think carefully about
their price-setting strategy: small
changes in price may result in large
changes in demand. We show that,
while other products became slightly
less sensitive to prices, cigarettes
became much more sensitive and that
sensitivity increased during recessions. When setting prices, stores
should therefore pay close attention
both to the specific good, as well as
to overall market conditions, keeping
in mind that if a lot of consumers are
eager to save, demand may become
more responsive to price.
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