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Abstract
What explains apparent price rigidity over the business cycle? This paper shows
that price fluctuations may be hidden in prices of add ons. Using 10 years of extended warranty data from a nationwide Canadian retailer, we show that extended
warranty prices respond strongly to changes in local economic activity whereas prices
of underlying durable goods do not. The procyclicality is driven by a shift in price
setting behavior, where local stores use extended warranty discounts to make demand
for durable goods less price elastic. Discounts on extended warranties were especially
sharp during the Great Recession.

JEL: E30, L81

Keywords: Add-on pricing, business cycles
a
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Introduction

Add ons improve the quality of a basic good or service vertically and “their prices are
not advertised and would be costly or difficult to learn before one arrives at the point of
sale” [Ellison, 2005]. They are pervasive in retail. The hidden nature of their prices and
the inconvenience cost of learning them elsewhere enable firms to earn positive profits in
equilibrium.1 This capacity to use add-on prices to extract rents on the marginal transaction
provides retailers with a natural means of adjustment to business cycle fluctuations.
This paper argues that add ons are used by local stores to adjust prices to local business
cycles. To make this argument, we study extended warranties on durable goods, a classic
example of an add on. Our empirical analysis is guided by Ellison’s [2005] seminal model
of add-on pricing, which has a number of implicit predictions about the effects of recessions
on durable goods and add-on prices. First, the model predicts decreases in both durable
goods and add-on prices, during a recession. Second, it predicts that add-on prices can drop
by more than base good prices, and third, that stores can use their sales force to mitigate
increases in the price sensitivity of consumers. Our baseline cyclicality regressions show that
the business cycle fluctuations of warranty prices are more pronounced than those of the
durable goods prices. The procyclicality is driven by the responses of local stores to higher
price sensitivity of consumers during the Great Recession, and resulting depressed demand
for durable goods. Specifically, local stores use discounts on warranties to make consumers
less price sensitive and boost durable goods sales.
The paper proceeds as follows. We start with an analysis of Ellison’s model predictions
in the context of business cycles. In the model, the base good is consumed by both low type
(high marginal utility of income) and high type consumers, while only high types consume
the add on. As a result, equilibrium base good prices are determined by the average marginal
utility of income, whereas equilibrium add-on prices are determined only by the marginal
utility of high types. Since in recessions both marginal utilities likely increase, we expect
declines in both the prices of durable goods and add ons. The model predicts add-on prices
to drop by more than base good prices during downturns for a realistic set of parameter
1

The theoretical literature on add-on prices tries to explain why add ons and their hidden prices exist.
See [Ellison, 2005] and [Gabaix and Laibson, 2006] for two prominent examples.
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values. The model further predicts that the higher the average marginal utility of income,
the more price sensitive is base good demand, and that increases in price sensitivity can be
mitigated by higher sales agent effort.
We exploit these predictions to empirically investigate the cyclicality of add-on prices
and the role of discounts on warranties. We use 10 years of confidential transactions data
from a nationwide Canadian retailer of household durables. The data is particularly suited
to investigate add-on price cyclicality and the role of discounts for several reasons. First, it
includes detailed price information on a textbook example of an add on, an extended warranty, a service that can be added on to most of the 35000 durables the retailer sells. Second,
the data covers every one of the more than 6 million customer purchases, by more than 3
million customers, that took place all across Canada between December of 1999 and December 2009. This lets us exploit regional and time variation in economic activity to measure
base good and extended warranty price fluctuations over regional business cycles. Third, the
data includes rich cost information, and the extended warranty prices headquarters suggest
to stores. This information facilitates an examination into the microeconomic foundations
of price fluctuations.
We show that the model predictions are supported by the data. Base good and extended
warranty prices are lower when the unemployment rate is high or when consumers experience
a negative income shock. The decreases are especially pronounced for extended warranty
prices, suggesting that high unemployment or negative income shocks have adverse effect on
high types. A one percentage point increase in the regional unemployment rate is followed
by a $2.19 decrease in the extended warranty price in the next month. It is followed by a
cumulative decrease of $3.99, 4.5% of the mean extended warranty price, over the following
year. We find small to negligible effects on base good prices over similar time horizons. Sharp
warranty discounts and relative base good price rigidity indicate that extended warranty
prices are an important but hidden margin of adjustment to local business cycle fluctuations.
Our baseline estimates suggest that warranty discounts may be a vehicle for stores to
increase depressed consumer demand in recessions, when consumers are more price sensitive.
We exploit our cost data to estimate demand system for base goods and document that the
elasticity of base good demand during the Great Recession was -0.52, triple the elasticity
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before its onset. We show that warranty price discounts, our proxy for sales agent effort,
lowered this price elasticity substantially in general and especially during the Great Recession. The price elasticity without the discount was -0.78 and the price elasticity with a 100%
discount was -0.65, suggesting that sales agent effort decreased the elasticity by 16.7%.
We explore alternative interpretations of our data, including the possibility that we measure the differential effects on centralized (base good) prices versus decentralized (warranty)
prices [Gagnon and López-Salido, 2019], or that the price decreases reflect quality substitution by consumers [Bils and Klenow, 2001] rather than the additional price flexibility allowed
for by warranties. We do not find evidence favoring these alternatives.
Similar to Chevalier, Kashyap, and Rossi [2003], Bils and Klenow [2004], Nakamura and
Steinsson [2008], Hosken and Reiffen [2004], Kehoe and Midrigan [2015], Anderson et al.
[2017], we study the role of temporary sales for characterizing the degree of price flexibility.
Our case highlights the importance of unadvertised and transaction-to-transaction sales.
Our paper contributes to a broader literature that examines the speed with which prices
adjust to economic shocks. Similar to our paper, recent work exploits regional variation to
assess the speed of price adjustment. Stroebel and Vavra [2019] use detailed micro dataset to
document the causal response of local retail prices to changes in local house prices, finding
elasticities of 15-20% across housing booms and busts. Beraja, Hurst, and Ospina [2018]
combine household and retail scanner data to document a strong relationship between the
unemployment rate and real wage growth.
Mounting empirical evidence indicates that households change their shopping behavior
over the business cycle. Aguiar, Hurst, and Karabarbounis [2013] argue that time spent on
shopping increases during recessions, and Krueger and Mueller [2010] and Nevo and Wong
[2019] document a rise in several measures of shopping intensity during the Great Recession.
Coibon, Gorodnichenko, and Hong [2019] show that, during recessions, consumers switch to
low-cost stores.2 Our paper is complementary to these studies as it offers a new mechanism
of price adjustment by the retailer, implemented during the Great Recession.
The remainder of the paper is organized as follows. Section 2 summarizes the data and
details the context. Section 3 describes the predictions of add-on game for price behavior
2

See Gagnon, López-Salido, and Sockin [2017] for a direct counterargument to this hypothesis.
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over the business cycle. Section 4 presents our baseline estimates of the pricing response to
changes in local unemployment rates and shows that the results are robust to a demand shock
estimates. In Section 5, we estimate a demand system to identify the mechanism driving
the observed procyclicality of extended warranty prices. Section 6 explores the alternative
interpretations of our results. Section 7 summarizes the findings.

2

Data and Context

We start by describing our main dataset and reporting summary statistics of the key variables. We then provide evidence that extended warranties are add ons. We finish this section
by showing some descriptive evidence suggesting that warranty prices exhibit larger business
cycle fluctuations than do base good prices.
2.1. Data. Our analysis is based primarily on the data of a nationwide Canadian retail
chain which specializes in the sale of household durables, especially home appliances and
consumer electronics. The retail chain is among the top 4 in terms of market share in its
relative subsector [Industry Canada, 2013]. Almost all goods are offered with the option
to extend the lifetime of the warranty beyond what the manufacturer offers. We follow the
retailer, and other retailers, in calling this extension an extended warranty. To sharpen the
exposition, we will often use “warranty” in reference to “extended warranty”, “base price”
in reference to “durable good price” or “base good price”, and “suggested price” in reference
to the “suggested extended warranty price”.
The data covers transactions that took place between January 1 1999 and December 31
2009, involving more than 6.54 million transactions, more than 3 million consumers, nearly
35,000 products, and around 270 stores. The data includes transaction prices for durables
and extended warranties, whether an extended warranty was purchased, the suggested warranty price, as well as the cost of servicing claims made under the extended warranty. The
suggested warranty price is the benchmark price headquarters set for stores.
The chain has corporate and franchise stores. Franchises purchase the base good from the
chain at cost (the price of the manufacturer) plus an inventory cost for holding the base good
in the distribution centers. We observe these transfer prices for 9562 manufacturer-model
4

combinations and use them to construct base good costs for goods sold at both corporate and
franchise stores. Specifically, we construct base costs by summing the transfer/manufacturer
price, sales agent commissions for base good sales (4% of revenue), royalty costs to the chain
if the store is a franchise (4% of revenue), inventory and marketing and advertisement costs
(2.5% of revenue).
Extended warranty costs include sales commissions (15% of revenue), royalties to the
chain (4% of revenue) in the case of franchises, and the costs from servicing claims discounted
to the date of the transaction.3 Servicing covers 100% of the repair costs, including parts and
labour, services that require a home visit by a technician, and in some cases replacement.
Although warranty prices are almost never advertised, the retailer calculates marketing and
advertisement costs of 2.5% of total revenue, including revenue generated through warranty
sales. We do the same. We are able to construct warranty costs for approximately 26477
manufacturer-model combinations and approximately 2.58 million transactions.
2.2. Summary statistics. Basic summary statistics are found in Table 1. The top panel
documents an average base good price of 628.9 dollars against a base good cost of 549.7
dollars to the retailer.
The lower panels of Table 1 report statistics for extended warranties. The average claim
cost has the fewest observations because claim costs are observed only when a claim is made.
Price, average cost, and suggested price differ in the number of observations because data is
missing differentially for these variables.
The second panel shows the suggested price exceeds the warranty price by about 50%.
Customers extend the warranty 40% of the time and pay 89.4 dollars on average to do so. The
average warranty cost inclusive of claim costs, sales commissions, and royalties amount to
57.0 dollars on average. The markup over price is 36.2%, which is large relative to the 12.3%
markup over price for the base good. Note that the large markup for extended warranties is
driven by the low frequency of claims (12%). The average cost for the realized claims alone
is quite high, amounting to 406.9 dollars.
3
Our dataset includes claim costs for all claims made within our sample. We observe claims and thus
ex post extended warranty costs until about 2007. Later we use these claims to construct ex ante extended
warranty costs for each manufacturer and product.
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To learn the warranty price, consumers must speak directly with store representatives.
Moreover, once a consumer has visited one of the stores in the chain, it becomes costly for
them to visit a competing retailer. The stores are usually housed in stand-alone buildings
and located in regions with sprawl so that consumers must travel by car to learn warranty
prices at competing retailers. These sunk travel and time costs, together with the hidden
nature of the price, allow for markups over the warranty cost.
The commission structure reinforces the notion that the chain has market power over
warranty prices. The chain pays sales agents commissions on base good and warranty revenue. The commission on warranty revenue is 15%, whereas the commission on base good
revenue is 4%.4
The average warranty price is approximately 44 dollars below the suggested price. This
price wedge highlights the importance of transactions data for our purposes. Most other
data sets, like list-price data collected by representatives of a statistical agency or by webscraping, exclude add-on prices (c.f. Cavallo [2018]). The inherent unobservablity of add-on
prices therefore makes it generally impossible to draw reliable conclusions about their cyclical
properties.5
2.3. Are extended warranties add ons? The low claim rate in Table 1 raises questions
about whether an extended warranty can be interpreted as an add on, as it only improves
durable goods quality in a handful of cases. We test two assumptions that characterize add
ons in the game developed in [Ellison, 2005]. The first is that “high type” consumers are
more likely to purchase an add on. The second is that high types have less of a propensity
for switching stores to take advantage of small price differences.
We leverage our transaction-level data, the Canadian Census of 2006, and information
about the 58 predefined employment insurance (ei) regions. We compute the frequency of
warranty sales in each ei region over the entire sample period. The frequency is our proxy
for the warranty purchase probability. The median income is calculated as a median across
4
The commission was 15% until later part of our sample, April of 2009, when the commission was reduced
to 10%.
5
This argument was supported by our conversations with Statistics Canada and U.S. Bureau of Labour
Statistics, wherein both noted that their respective consumer price indices (CPIs) do not include most add
ons and extended warranty prices specifically.
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Figure 1: Are extended warranties add ons?

Notes:
1 Unit of analysis is Employment Insurance (ei) region.
2 Extended warranty purchase probability is frequency of transactions where an extended warranty was
purchased. Home to Store distance is log of the average distance between customer postal code and
purchase-store postal code.
3 Income statistic is median of the median incomes across all postal codes in ei region. Median income
is constructed this way because the 2006 Canadian Census only provides summary income statistics
at postal code level. CAD = Canadian Dollars.

Table 1: Summary statistics

Observations

Price

Base good
Average cost

628.91
(613.89)

549.71
(526.98)

6538033

4865375

Price

Observations

Extended warranty
Average cost Suggested price

Take up

89.41
(93.62)

56.96
(242.07)

133.94
(109.01)

0.40
(0.49)

2576246

2583077

2585128

6538033

Claims on extended warranties
Average cost Claim made

Observations
1
2
3

4

5

483.23
(526.10)

0.09
(0.32)

239215

2585128

Unit of observation is the transaction.
All prices and costs are in Canadian (CAD) dollars.
Extended warranty cost set to zero in cases where no claim was made. Average
cost of extended warranty includes commissions on extended warranty sales,
royalties and other fees that are paid to the chain, and the costs from servicing
claims on the extended warranty. Average cost for claims is calculated over
realized claims.
Claims made is the number of claims made relative to the total number of
purchased extended warranties in our sample.
Standard deviations are in parentheses.

consumer’s postal codes within the ei region. The median income is our proxy for consumer
types, with high types having higher incomes and lower marginal utility of income. Finally,
we exploit our transaction data to compute the log distance between the store and consumer’s
postal code. Home-store distance is our proxy for the propensity to switch stores.
Figure 1(left) summarizes the relationship between warranty purchase probability and
median household income. Figure 1(right) plots the relationship between home-store distance
and median income. The figure shows a positive correlation between the warranty purchase
probability and median household income. A 10000 dollar increase in median household
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income is associated with a 2 percentage point increase in the warranty purchase probability.
This estimate is statistically significant at the 5% level with robust standard errors.
Figure 1(right) depicts a negative correlation between the home-store distance and median household income. A 10000 dollar increase in median household income is associated
with a 0.51 log point decrease in the warranty purchase probability, which amounts to a
28% decrease in the median log distance to the purchase store. This estimate is statistically
significant at the 5.5% level with robust standard errors. These empirical patterns support
the notion that extended warranties are add ons.
2.4. Descriptive evidence. We present the stark differences in base good and warranty
price movements in the cross section and over time. We first document the relationship
between prices, costs, and headquarter suggested warranty prices. Figure 2(left) shows a 1
dollar increase in variable base cost is associated with a 1.05 dollar increase in base good
price. The R2 for the base good regression is 97%. In contrast, Figure 2(middle) shows a 1
dollar increase in the variable warranty cost is associated with a 1 cent increase in warranty
price. The R2 for the warranty regression is close to 0%. The estimates suggest that warranty
pricing is based on something other than warranty costs.
Finally, figure 2(right) shows a 1 dollar increase in the suggested warranty price is associated with a 57 cent increase in warranty price. The R2 for this regression is 46%. The figure
shows suggested prices are predictive of warranty prices, but that substantial variation is left
to be explained.
Second, we analyze price dynamics with a focus on the Great Recession. The top left panel
of Figure 3 depicts base good price dynamics for Frigidaire freezers in Kingston, Ontario.
The bottom left panel shows base good price dynamics for Whirlpool automatic washers
in Oshawa, Ontario. The panels on the right plot warranty price dynamics for these same
product categories. The dotted and solid lines show price dynamics for suggested and warranty prices, respectively. Because suggested prices are set by headquarters, the difference
between suggested and warranty prices reflects the extent to which stores exploit discretion
over prices.
The panels on the right show suggested prices are above warranty prices most of the
time. In fact, in our entire sample, the suggested price exceeds the warranty price 96.5 %
9
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Figure 2: Prices and costs by model

Notes:
1 Unit of analysis is the model. Model numbers are specific to each manufacturer.
2 Figure uses median prices and costs by model.
3 Base costs are the sum of the transfer/manufacturer price, sales agent commissions for base good sales
(4% of base revenue), royalties to the chain if the store is a franchise (4% of base revenue), inventory
and marketing and advertisement costs (2.5% of base revenue).
4 Warranty costs include sales commissions (15% of warranty revenue), royalties to the chain (4% of
warranty revenue) in the case of franchises, marketing and advertisement costs (2.5% of warranty
revenue), and servicing costs discounted to the date of the transaction.

Figure 3: Warranty and suggested price dynamics

Notes:
1 Left panels plot base good prices.
2 Right panels plot warranty and suggested warranty prices.
3 Base and warranty prices are solid blue. Suggested prices are dotted red.

of the time, in line with the mean differences for the entire sample (Table 1). There are
several sharp decreases in warranty prices, most notably during the Great Recession, when
warranty prices were often close or equal to zero. The declines in base good prices during the
recession are much less pronounced, although over the entire sample, they exhibit greater
month-to-month variation than warranty prices.

3

A framework for add-on pricing

Why would warranty prices decrease by more than base good prices during recessions? To
answer this question, we turn to the canonical add-on pricing framework of [Ellison, 2005].
We use his equilibrium pricing to show how base good and add-on prices are expected to
11

change over the business cycle. We further illustrate the expected effect of a recession on the
price elasticity of base good demand within this framework. The intuition developed here
will guide our empirical strategy.
3.1. Add-on pricing and business cycles in theory. In Ellison’s add-on pricing game,
there are two types of consumers (high h and low l), two horizontally differentiated firms
(left and right), and two vertically differentiated products (high H and low L). High and low
type consumers differ in their marginal utilities of income, αh and αl , where 0 < αh < αl .
Both firms sell a base good with quality v − w at a constant marginal cost of c and a base
good with an add on of joint quality v, at the same marginal cost. The perceived value of
the add on is therefore w. Each consumer purchases either base good or base good with
an add on or nothing at all. A type j consumer values a good of quality q from firm i at
vq − di − αj piq where vq ∈ {v − w, v} is the value of the stream of services generated by the
good, di is distance to firm i, piq is the price. Consumers correctly infer the add-on price in
equilibrium, but cannot correctly infer small deviations from the equilibrium add-on price,
and pay a sunk cost to visit the other firm. In equilibrium, firm i charges
piL = c +
for the base good with α =

αl +αh
.
2

2−w
2ᾱ

The firm charges piH = piL +

(1)
w
αh

for the base good with

an add on, such that the add-on price is
piH − piL =

w
αh

(2)

In equilibrium the firm may increase the base good price above marginal cost or decrease
the base good price below marginal cost, depending on whether w ≤ 2 or w > 2. The firm
may be willing therefore to take a loss on the base good in equilibrium. Note that we do
observe some losses in practice, see Figure 2(left).
Equations (1) and (2) can help us predict expected changes in base good prices and addon prices during recessions. We expect the marginal utility of income for low types αl to
increase during recessions because recessions tend to impose a heavy burden on low income
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households. This translates into a reduction of the equilibrium base good price in Equation
(1), as long as the firm is not taking a loss on the base good. If a recession also reduces the
income of high type consumers, their marginal utility of income αh will increase as well. By
Equations (1) and (2), this will reduce the add on price as well as the base good price. The
bigger the effect on high income consumers, the larger the increase in their marginal utility
of income, and the larger will be the decrease in the add-on price. The Great Recession
is a recession that reduced incomes all along the income distribution. Although relatively
mild in Canada, the Financial Crisis initially decreased all major capital income components,
which are predominantly concentrated in hands of the richest households (see [Arsenault and
Sharpe, 2009]). By this logic, and under some parameter restrictions (see Online Appendix
OA.1), we expect the add-on price to decline by more than the base good price alone.
It is important to note that the firm always wants to increase the add-on price but is
constrained to do so by the marginal utility of income of high type consumers, αh . As a
result, the firm will generate substantial profit during expansions when αh is low and the
firm can increase add-on prices by more. We therefore expect the variation of add-on price
over business cycle to be more pronounced than that of the base good. This hypothesis will
be at the core of our empirical analysis.
3.2. Elasticity of the base good demand in recession. We use [Ellison, 2005]’s model
to derive the price elasticity of base good demand and to show how this elasticity is expected
to change during recessions. The intuition developed here will be useful to (i) interpret the
elasticity estimates and (ii) to understand the role of retailer’s add-on price setting.
The consumer decides first which firm to visit (1 or 2). Because the add-on price is
unknown, this decision depends on the base good prices in both stores: p1L and p2L and on
the distance to firm 1, d1 = θ, which is uniformly distributed on [0,1]. 1 − θ is the distance
to firm 2. A type (θ, α) consumer will visit firm 1 if
v − w − θ − αp1L ≥ v − w − (1 − θ) − αp2L
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⇐⇒

θ≤

1 α
+ (p2L − p1L ).
2 2

The demand for the base good at firm 1 D(p1L ) is thus:
D(p1L ) = N P (q1L = 1 or q1H = 1) = N (1 + α(p2L − p1L ))
where q1L is an indicator which equals 1 if the consumer buys base good at firm 1 and q1H
is an indicator which equals 1 if the consumer buys a base good with and add on at firm 1.
N is the total mass of consumers. The price elasticity of demand at firm 1 is:
εD =

∂D(p1L ) p1L
−αp1L
=
p1L D(p1L )
(1 + α(p2L − p1L ))

As in [Ellison, 2005], assume that both firms are symmetric and thus charge the same base
good price in equilibrium: p2L = p1L = c +

2−w
.
α

The price elasticity of demand can be

written as:
εD = −αc + 2 − w

(3)

with c being marginal cost. Equation (3) shows that the elasticity is determined by the
average marginal utility of income α, the marginal cost of production c, and the quality
difference between the base good with and without the the add on, w. We know that α
increases in recessions and hence the price elasticity εD is also expected to rise. To test
this hypothesis empirically, we will design and estimate a demand system and retrieve the
empirical counterpart of εD .

4

Cyclicality of prices

Based on the predictions derived from [Ellison, 2005], we verify whether the business cycle
fluctuations of warranty prices are more pronounced than those of the base good prices. To
do so we first estimate a baseline cyclicality regression where local unemployment rate is
used as a proxy of economic activity. Second, we estimate the effect of a demand shift on
base and add-on prices, using a change in oil price as a demand shifter for some provinces
more than others.
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4.1. Baseline cyclicality regressions. Our baseline measure of local economic activity is
the unemployment rate from Statistics Canada, which is seasonally-adjusted for each of the
58 ei regions. Regional unemployment rates are provided on a monthly basis and computed
as 3-month moving averages. We use data from January of 2000 (2000m1) to December
of 2009 (2009m12) for 55 regions. We exclude Yukon, Northwest Territories, and Nunavut
because of their sparse populations and because their unemployment rate is fixed at 25%.
We aggregate the transaction data to the year - month - model combination for each
store. Aggregation produces series that have the same frequency as the unemployment rate
data and lets us define lags in the analysis naturally.6 It also lets us estimate a demand
system using base good quantities later on, a task which is infeasible at the transactions
level because transactions are observed only when a base good is sold.
We estimate
ptsm = βut−`,r(s) + ρpt−κ,sm + αr(s) + γtm + εtsm

(4)

where ptsm is the median base or warranty price in year-month t at store s for model m.
ut−`,r(s) is the unemployment rate at time t − ` in the ei region r of store s. We consider the
effects of alternative lags ` of the unemployment rate, at 1, 6, and 12 months, because shifts
in the economic environment may affect prices with lags of several months. κ is the lag length
on prices. We also compute the long-run (cumulative) impact of the local unemployment
rate on prices using 12 lags for prices and 1 lag for the unemployment rate. αr(s) and γtm
are fixed effects for region and year-month-model combination. εtsm is a random variable
reflecting idiosyncratic price changes.
Our interest is in β, which measures the response of the median price to the lagged
unemployment rate for the region. Estimates can be interpreted causally if
E[εtsm |ut−`,r(s) , pt−κ,sm , r(s), tm] = 0.

(5)

It is unlikely that lagged warranty prices or base good prices at the level of store and model
influence local unemployment rates. Unobserved heterogeneity generated, for instance, by
the sector of production is captured by ei region fixed effects. Year-month-model fixed effects
6
Note that not all the products are sold every day in every store. Aggregation allows us to have an
observation every month and to control for persistence in prices.
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capture unobserved time-varying heterogeneity across models, relating to obsolescence rates,
inventories, or shifting demands across manufacturers, models, and quality levels. They
also pick the centralized part of price dynamics over the life cycle of a product as noted
earlier. Year-month-model fixed effects also capture movements in the national business
cycle, implying, among other things, that our cyclicality coefficient estimates reflect responses
to local economic conditions and partial out the effects of the aggregate business cycle.
One concern with specifications at this level of aggregation is whether our estimates reflect recession-induced consumption shifts from luxury to more basic quality goods within
the same manufacturer (c.f. Coibon, Gorodnichenko, and Hong [2019]). Such shifts would
also generate a negative relationship between prices and unemployment rates. To ensure
that our estimates do capture responses of prices, rather than shifting consumption patterns, we estimate the analogous specification at the transaction level while controlling for
unobserved heterogeneity for each manufacturer’s model in Online Appendix Table OA.4.1.
The estimates reported therein are similar to the ones reported here.
Estimates are reported in Columns (1)-(6) of Table 2. The leftmost and middle panels
report estimates of β for extended warranty and base good prices, respectively. Moving left
to right within each panel shows how the estimates differ depending on lag length for the
unemployment rate. Long run effects are found in the bottom panel.
The column (1) estimate implies that a one percentage point increase in the unemployment rate is followed by a warranty price decrease of $2.19 in the next month. Over the
longer run, a one percentage point increase in the unemployment rate reduces the warranty
price over the following year by $3.99, or 4.5% of the mean warranty price. Effect sizes
are similar if 6 and 12 month lags of unemployment rate are used. The estimates are all
highly significant statistically. By contrast, the analogs in Columns (4)-(6) show that the
cyclicality coefficients for base good prices are economically small, especially relative to the
mean base good price, and statistically insignificant at this level of aggregation. We show
that the results are robust to using the natural logarithm of prices as the dependent variable
in Online Appendix Table OA.4.2.
Previous research has documented significant variation in price changes across product
categories [Bils and Klenow, 2004, Nakamura and Steinsson, 2008]. We look for heterogene-
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4

3

2

656079
0.556

-3.989∗∗∗
(1.207)

-2.306∗∗∗
(0.716)

630720
0.551

-2.306∗∗∗
(0.698)
-3.989∗∗∗
(1.207)

(3)

1932782
0.983

-0.827
(0.611)

-0.580
(0.424)

(4)

1871852
0.983

-0.827
(0.611)

-0.620
(0.456)

Base price
(5)

1807999
0.983

-0.609
(0.398)
-0.827
(0.611)

(6)

682803
0.514

3.369∗∗∗
(1.139)

656099
0.511

3.369∗∗∗
(1.139)

1.936∗∗∗
(0.673)

630732
0.508

1.924∗∗∗
(0.659)
3.369∗∗∗
(1.139)

Warranty discount
(8)
(9)

1.873∗∗∗
(0.657)

(7)

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Regressions include fixed effects for year-month-model combination and ei region, as well as lags of dependent variable.
Warranty price discount equals the maximum of 0 and the suggested price less the warranty price.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

682755
0.560

Observations
R2

1

-3.989∗∗∗
(1.207)

-2.194∗∗∗
(0.659)

Warranty price
(2)

Long-Run Effect

t - 12

t-6

ei region unemployment rate at
t-1

(1)

Table 2: Pricing and local economic activity
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Figure 4: Pricing and local economic activity by product category

Notes:
1 Regression estimates of the effect of one lag of the unemployment rate on warranty prices (left) and
shares (right) in Alberta. Dots denote coefficient estimates. Lines denote 95% confidence interval.
2 Unit of analysis for regressions is year, month, store, and model. Regressions include one lag of
dependent variable and fixed effects for year-month-model combination and ei region. Prices in
natural logarithms.
3 Confidence intervals constructed using standard errors that are clustered on the ei region.
4 Warranty shares are share of transactions in a year, month, store, model cell that included an extended
warranty.

ity in the warranty price response across product categories in the left panel of Figure 4.
We follow the product categorization of the retail chain, which groups products into the
following categories: tv, kitchen appliances, laundry, computer, video, stereo, or miscellaneous small appliances (misc for short). We examine the effect on log prices because it
facilitates comparison across product categories. The left panel of Figure 4 shows that a
one percentage point increase in the unemployment decreases warranty prices for tv by 6%,
kitchen by 4.4%, laundry by 2.6%, computer by 1.4%, both video and stereo by 0.7%, and
misc by 0.42%. All the coefficients are negative. 5 out of 7 are statistically significant at the
5% level. Note that the mean base good prices for these categories are 1154.9 for tv, 769.2
for kitchen appliances, 681.4 for laundry, 591.4 for computer, 258 for video, 321 for stereo,
and 300 for misc.
4.2. Evidence from an oil price shock.
Specification. There is some ambiguity whether the unemployment rate measures shocks
to demand or supply and thus whether β measures demand or supply responses. To address
this concern, we construct a relatively clean shifter of demand to estimate β.
Canada has 10 provinces which differ considerably in their economic activities. The
province of Alberta, in particular, is especially dependent on income from sectors relating to
the production, distribution, and export of oil and natural gas, with it making up 27.8% of
GDP, on average, from 1999 to 2010, compared to 9.5%, on average, for the other provinces
and territories. The second most important producer of oil and gas is Saskatchewan with the
average share of 16.26% of GDP derived from activities related to oil and gas production.
We focus the following discussion on Alberta although in our robustness checks we allow
for a demand shift in Saskatchewan as well. Our specific proxy makes use of the high
endowment of oil in Alberta relative to the rest of Canada and hence the differential impact
of the oil price on its consumers’ income. To see this formally, let poil denote the world spot
price and suppose that the price has recently increased to ∆poil > 0, where ∆ denotes a first
difference. For Albertans, the increase in the oil price translates into higher consumer prices
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q (gas in particular) and additional income I
∆poil
AB → ∆q + ∆I

(Alberta)

where ∆q > 0 and ∆I > 0. For residents of other provinces, higher oil prices translate into
an increase in consumer prices only:
∆poil
ROC → ∆q

(Rest of Canada)

oil
The difference ∆poil
AB − ∆pROC gives ∆I, a proxy for a change in consumer income in Alberta

resulting from a shift in oil prices.
To take the aforementioned logic to the data, we estimate
ptsm = βABs × poil
t + αr(s) + γtm + εtsm

(6)

where ABs indicates whether store s is in the province of Alberta and poil
t is the median
crude price of oil in calendar month t. Monthly crude oil prices are obtained from West
Texas Intermediary (Cushing, Oklahoma) and are measured in US dollars. We standardize
poil
t by its full sample mean and standard deviation. Note that time dummies, γtm , capture
in our fixed effects specifications. We also estimate an alternative specification that
poil
t
abstracts from time dummies, γtm , but includes instead the oil price poil
t .
The parameter of interest is β. It measures the effect of the oil price on base and warranty
prices in Alberta, relative to the rest of Canada. Based on our argument above, we expect
β > 0 for all prices.
Estimates. Estimates are found in Table 3. The warranty price estimates in Column (1)
are from a simple difference-in-difference specification with no fixed effects but with ABs
and poil
t . The estimates in Column (2) are based on a specification with fixed effects for
the ei region and year-month. The estimates in Column (3) are based on the specification
described by Equation (6). This specification includes fixed effects for the ei region and yearmonth-model. A comparison of Columns (1), (2), and (3) supports a causal interpretation
for our estimates. The analog estimates for base good prices are found in Columns (4)-(6).
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661.560∗∗∗
(20.736)

79.332∗∗∗
(1.594)

N

Year-Month-Model
Fixed Effects

3

2

1

1446313
0.037

N

Y

Y

1349969
0.547

Y

N

Y

86.118∗∗∗
(0.021)

2719795
0.001

N

N

N

0.499∗∗∗
(0.116)

2719794
0.008

N

Y

Y

688.289∗∗∗
(0.020)

2.823
(5.291)

Base price
(5)

2595671
0.983

Y

N

Y

677.121∗∗∗
(0.010)

3.607
(1.835)

(6)

1452856
0.051

N

N

N

4.450∗∗
(1.768)

-5.097
(3.352)

0.725∗∗∗
(0.058)

1452855
0.082

N

Y

Y

42.456∗∗∗
(0.020)

-5.797∗∗∗
(1.458)

1354433
0.486

Y

N

Y

42.637∗∗∗
(0.021)

-6.094∗∗∗
(1.651)

Warranty discount
(8)
(9)

-4.692∗∗
(1.873)

(7)

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Warranty price discount equals the maximum of 0 and the suggested price less the warranty price.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

1446313
0.004

N

Year-Month
Fixed Effects

Observations
R2

N

ei Region
Fixed Effects

Controls

85.467∗∗∗
(0.028)

6.047
(4.623)

Alberta (0/1)

Constant

-6.060
(20.035)

0.091
(0.049)

3.517
(5.861)

World oil price (in US $)

7.777∗∗∗
(1.782)

7.811∗∗∗
(2.165)

7.171∗∗∗
(2.189)

(4)

Alberta × World oil price

(3)

Warranty price
(2)

(1)

Table 3: Pricing and oil price shock

We will focus the discussion on the estimates in Columns (3) and (6).
Column (3) shows a one standard deviation increase in the median crude oil price increases
the warranty price by $7.78 in Alberta, relative to the rest of Canada. The estimate amounts
to a 8.7% increase over the mean warranty price. Column (4) shows a relative increase of
$3.61 in the base good price, though the estimate is statistically insignificant at the 5%
level. The estimates are qualitatively similar to our baseline results of price responses to
the unemployment rate, reported in Table 2. In Figure OA.4.2(left) we show the differencein-difference estimates by product category are also qualitatively similar to their analogs in
Figure 4. Again the median crude oil price has the largest effect on warranty prices for the
tv category in Alberta, for example.
Several robustness checks can be found in the online appendix. The results are robust to
using the natural logarithm of prices in Table OA.4.3, to expanding our definition of oil producing provinces to include Saskatchewan in Table OA.4.4, and to replacing the interaction
term ABs × poil
t with the provincial monthly average gas prices in Table OA.4.5.
Identificaton checks. Our interpretation of the effect of world oil prices on base and
warranty prices is based on two primary assumptions. The first assumption is that the
consumer gas prices follow similar trends across provinces, that is that ∆q = ∆qAB = ∆qROC .
Figure 5 plots time series of consumer gas prices in Alberta and the rest of Canada. Consumer
gas prices are always lower in Alberta, 9 cents less per litre on average relative to the rest
of Canada, but the trends are similar with the correlation between the two series of 0.994.
Online Appendix Figure OA.4.3 checks this further, showing substantial overlap between
the two time series after they are detrended by a second order polynomial in the calendar
month.
The second assumption relates to whether a positive β predominantly reflects a demand
oil
shock, that is whether the remainder ∆poil
AB − ∆pROC measures a shock to consumer demand

via the income difference ∆I. To assess this assumption, we compare the impact of oil prices
on wages and employment in Alberta versus the rest of Canada. We estimate:
wtri = βABr × poil
t + φw0ri × f (t) + γt + αr + δi + εtri
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(7)
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Figure 5: Provincial trends in consumer gas prices

Notes:
1 Monthly average retail consumer prices for unleaded gasoline, by province. Dashed blue line denotes
Alberta. Solid red line denotes all other Canadian provinces.
2 Overall mean in Alberta is $0.81 per litre with a standard deviation of 0.18. Overall mean in other
provinces is $0.90 per litre with a standard deviation of 0.17.
3 Data from Statistics Canada table 18-10-0001-01.
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Table 4: Do oil prices generate a demand shock in Alberta?
Full
sample
(1)

Wholesale and
retail trade
(2)

Natural
resources
(3)

Dependent variable =
Annual wages (2020 CAD $)
1956∗∗∗
(255)

1925∗∗∗
(237)

2744∗∗
(1123)

Mean annual wage (Alberta)
Mean annual wage (ROC)

40554
34858

29789
24428

62794
48292

Observations
R2

1920
0.940

120
0.981

120
0.947

Alberta × World oil price

Dependent variable =
Employment (persons)
Alberta × World oil price

6006∗∗∗
(1836)

15587∗∗∗
(1992)

20630∗∗∗
(5308)

Mean employment (Alberta)
Mean employment (ROC)

116473
99482

286390
252533

126620
20108

1590
0.973

100
0.999

100
0.993

Province fixed effects

Y

Y

Y

Year fixed effects

Y

Y

Y

Province and industry
Specific trend

Y

Y

Y

NAIC fixed effects

Y

N

N

Observations
R2

Controls

1
2
3

4

5

Notes:
Unit of observation is defined by year-month, province, and sector.
Alberta is a binary variable. ROC is an acronym for Rest of Canada.
World Oil Price is price of crude oil in US $ standardized by its mean
and standard deviation for full sample.
Retail sample refers to North American Industry Classifications
(NAIC) “Wholesale and retail trade [41, 44-45].” Oil & Gas refers to
“Forestry, fishing, mining, quarrying, oil and gas [21, 113-114, 1153,
2100].” The numbers are the relevant NAIC codes. The groupings
of NAIC codes are determined by Statistics Canada. The annual
wage data comes from Statistics Canada table 14-10-0063. The employment data comes from table 14-10-0092.
Robust standard errors in parentheses. ∗∗∗ and ∗∗ denote statistical
significance at the 1 and 5% levels.

where wtri is either the annual wage in current (as of 2020) Canadian dollars or number of
workers employed in industry i of province r at year t. w0ri is the value of the dependent
variable in the base year of the sample and f (t) includes linear and quadratic polynomials in
t. The w0ri × f (t) interaction lets us control for a differential trend in poil
t across provinces.
γt , αr , δi are fixed effects for the year, province, and industry, respectively and εtri is an
idiosyncratic error term. Estimates based on the sample period for our main data set are
found in Table 4.7
Column (1) of Table 4 shows that a one standard deviation increase in the oil price
increases the relative annual wage in Alberta by 1956 dollars and the relative number of
employed workers by 6006. The estimates amount to 5.5 and 5.9% increases over their respective means and they support our assumption that the world price of oil shifts consumers’
oil
income in Alberta and that ∆poil
AB −∆pROC ultimately measures a shock to consumer demand

via ∆I.
Columns (2) and (3) of Table 4 investigate the effects of oil prices on wages and employment in two sectors: (i) natural resources (oil and gas) and (ii) the wholesale and retail
sector. The estimate in Column (3) shows that oil prices had large and economically substantive effects on wages and employment in natural resources. The estimate in Column (2)
shows smaller but still substantial effects on wages and employment in the wholesale and
retail sector. It suggests that oil prices have strong spillover effects on retail. These spillover
effects can manifest themselves as increased demand from retail workers or as a shift in
their supply due for example to better opportunities in other sectors. A comparison of the
two columns indicates that a one standard deviation increase in oil prices increases relative
wages in the natural resources sector by $819 more than in wholesale and retail. This result
suggests that any shift in retail worker supply will be dominated by the shift in consumer
demand in natural resources.
7

Note that we use robust standard errors because of the small number of provinces and industries and
because finite sample adjusted clustered standard errors gave cause for concern. For instance, we were unable
to estimate wild two-way clustered bootstrap standard errors for wages because the variance-covariance
matrix was not positive definite.
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Discounts, Demand, and the Great Recession

Figure 3 suggests local stores may be “throwing in” extended warranties during the Great
Recession. Figure OA.4.1 in Online Appendix shows further that a disproportionate share
of warranties is sold for a price close to zero. These patterns arise outside of advertised
promotions on warranties, which are rare, comprising approximately 0.1 % of all transactions.
Why would the stores give away extended warranties during recessions? Recall the price
elasticity of base good demand derived in Section 3.2: εD = −αc + 2 − w. We expect more
price elastic base good demand during recessions, because we expect the average marginal
utility of income α to increase during recessions. The interaction term in the elasticity −αc
suggests that a firm can mitigate increases in the marginal utility of income by reducing the
marginal cost c of producing the base good. This can happen naturally during recessions
if they induce sales agents to put forth more effort, out of concerns about losing their job.
Intuitively, the prospect of unemployment disciplines worker behavior [Shapiro and Stiglitz,
1984] and therefore reduces marginal cost of production, c. In our context, this extra effort
manifests itself as extra discount on extended warranties.
Motivated by this intuition, we construct a measure of sales agent effort that is based
on the warranty price discount relative to the headquarter suggested price. We embed the
measure within an empirical model of base good demand. We show first that base good
demand became more elastic during the Great Recession. We show next that increased
effort from sales agents makes base good demand less price elastic.
5.1. Warranty discounts. [Hastings et al., 2017] show that exposure to sales agents lowers
price sensitivity, leading to inelastic demand and high equilibrium prices. In our context,
increased effort by sales agents reduces marginal cost c, lowering price sensitivity. To measure
these efforts, we define:
dtsm = max{0, swptsm − wptsm }
where | · | denotes the absolute value, wptsm is the median warranty price, and swptsm is the
median suggested price in year-month t, store s, model m. Note that dtsm = swptsm − wptsm
in 96.5 % of cases because swptsm > wptsm in 96.5 % of all transactions. The distribution for
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dtsm exhibits left skewness, with a large mass around 0, nonnegligible mass spread between
discounts of 0 and 200, and a small number of very large discounts. See Figure OA.4.4 in
Online Appendix for a visualization.
We document the cyclicality of dtsm in the rightmost panel of Table 2 and the response
to oil price shocks in the rightmost panel of Table 3. Both tables show small differences in
the effects on warranty prices and warranty discounts, suggesting that most of the warranty
price movements are driven by discounts and not by suggested prices. Because the deviations
of the realized warranty prices from their suggested counterparts are discretionary decisions
of sales agents, the estimates suggest that the discounts are a suitable proxy for sales agent
effort.
5.2. Price elasticity in the Great Recession. We assume that base good demand is
generated according to:
qtsm = βtsm0 + βtsm1 ptsm + αr(s) + γtm + εtsm

(8)

where qtsm is the natural logarithm of the base good m quantity sold in store s at time
t. The fixed effects αr(s) reflect income effects at the level of the ei region.8 γtm reflect
differential obsolescence rates, inventories, shifting consumer demand across manufacturers,
models, quality levels, centralization in price dynamics, as well as movements in the national
business cycle. ptsm is the natural logarithm of the sum of median prices for the base good
and warranty. We add 1 to this variable to facilitate an elasticity interpretation for βtsm1 .
The intercept βtsm0 reflects the valuation of the highest value consumer for base good m
sold in store s at time t. In a general discrete choice framework, βtsm1 reflects the fraction
of consumers on the margin between buying and not at ptsm , relative to the fraction of
consumers who are already buying at ptsm . In this general framework, demand is more
elastic when the pool of marginal consumers is large.
Identification of the estimates in eq. (8) relies on the assumption that there is no unobserved variable that correlates with warranty discounts and prices and that tracks variation
across months, stores, and models. The assumption may not hold if local stores encourage
8

Including census income explicitly has no real effect on the coefficient estimates.
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sales staff to push a particular set of goods in a given month, for example, because of excess inventory or the activities of local rivals. ols estimates of the demand system (Online
Appendix Table OA.4.7) suggest that the identifying assumption fails, as it yields a positive
price elasticity of demand.
To address this identification concern, we use an instrumental variables (iv) strategy
with three primary instruments: (i) the sum of headquarter suggested prices and the costs
of base goods to stores; (ii) lagged warranty discounts; (iii) the interaction of (i) and (ii).
We exclude expected warranty costs from the instrument set because it has no predictive
power for warranty prices.
Our benchmark specifications let the slopes differ depending on the Great Recession:
βtsm0 = βt0 and βtsm1 = βt1 .9 Benchmark estimates can be found in specification a of
Table 5. A 13.5% increase in the transaction price, equivalent to the mean warranty price,
decreases base good sales by 2.3% pre-recession and 7.0% thereafter. Only the latter is
statistically significant. The results indicate that consumers were more price sensitive after
the onset of the Great Recession, consistent with a general increase in the marginal utility
of income.
5.3. Sales agent effort and price elasticity of base good demand. We now evaluate
the impact of warranty discounts on the magnitude of price elasticities, before and after
the onset of the Great Recession. We let βtsm0 = β0 + β1 dtsm and βtsm1 = β2 + β3 dtsm .
β1 then measures the influence of a 100 % warranty price discount on the valuation of the
highest value consumer. β2 measures the transaction price elasticity of demand when there
is no discount. β3 measures the influence of the discount on this price elasticity. We add 1
to dtsm and express it in natural logarithms. The logarithmic transformation facilitates an
elasticity interpretation for warranty discounts while at the same time minimizes the effects
of skewness and extreme discounts on the results (see Online Appendix Figure OA.4.4).
Additionally, we demean the transaction price in the interaction ptsm dtsm because it lets us
interpret β1 as the marginal effect of the warranty price discount at the mean transaction
9
Average effects for the entire sample and the associated first stage estimates can be found in Online
Appendix Tables OA.4.8 and OA.4.9. A discussion of the estimates and other issues can be found in Online
Appendix Section OA.2.
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Table 5: Warranty discounts and consumer demand IV estimates before and after onset of Great Recession

Base good quantities
Before
After
onset
onset
(1)
(2)
specification a.
Transaction price

-0.172
(0.194)

-0.518∗∗∗
(0.199)

Kleibergen-Paap Wald F

114.956

24.268

Year-month-model combinations
Observations

42845
16558
349319
173211
specification b.

Transaction price

-0.079
(0.145)

-0.781∗∗∗
(0.219)

Warranty price discount

0.032∗∗
(0.015)

-0.021
(0.019)

Transaction price × discount

0.049∗∗∗
(0.013)

0.130∗∗∗
(0.023)

27.72

8.66

42806
347787

16556
172913

Kleibergen-Paap Wald F
Year-month-model combinations
Observations
1
2

3

4

5

6

Notes:
Unit of observation is year-month, store, and model.
Sample is restricted to year-month-store-model combinations
where at least one extended warranty was sold.
Reported dependent and independent variables are in natural
logarithms.
Regressions include fixed effects for the year-month-model combination and ei region.
Standard errors are clustered at the level of the ei region and are
in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

price.
Estimates can be found in specification b of Table 5. Column (1) shows that the no
discount price elasticity was -0.079 in the pre-recession period. The no discount elasticity
implies that a 13.5% increase in the transaction price decreases base good quantities by 1.1%.
The estimate is statistically insignificant but the sign is as expected. A 100% warranty price
discount at the mean base good price increases base good quantities by 3.2% (p < 0.01). A
warranty price discount of 100% decreases the elasticity magnitude by 0.049, from 0.079 to
0.030 (p < 0.01), suggesting warranty discounting lowers price sensitivity among base good
consumers.
Column (2) of the same panel shows a stark change in the elasticity and the influence
of the warranty price discount during the recession. The no discount elasticity during the
Great Recession is 10 times higher than its pre-recession counterpart. It implies that, before
the recession, a 13.5% increase in the transaction price decreases base good quantities by
10.5% (p < 0.01). The third row of the panel shows the impact of the warranty discount on
price elasticity. A 100% warranty price discount reduces the elasticity by 0.130, from 0.781
to 0.651 (p < 0.01). The results favor the hypothesis that, during the recession, the efforts
of sales agents were mitigating increases in the sensitivity of consumers to prices.

6

Alternative interpretations

We argue that warranties are a source of price flexibility for stores and they reduce the price
sensitivity of base good demand. We explore two alternative interpretations of our results.
First, we discuss the possibility the warranties are a proxy for quality substitution over the
business cycle. Second, we consider the interpretation of base good and add-on pricing as
being centralized versus decentralized strategy of the retailer, respectively.
6.1. Price flexibility or quality substitution? One could argue that warranties are a
vehicle for consumers to substitute across base goods of differing quality over the business
cycle. Under this argument, lower warranty prices reflect substitution from the higher quality
base good with a warranty to the lower quality base good without a warranty [Bils and
Klenow, 2001]. This argument is in sharp contrast with (i) the intuition derived from the
30

add-on pricing model of [Ellison, 2005] and supported by our data analysis and (ii) empirical
evidence on the business cycle fluctuations in quality of purchased goods provided by [Coibon
et al., 2019].
If warranties are an outlet for quality substitution, and warranties increase base good
quality, then we would expect warranty demand to decrease during a recession. As noted
earlier, a recession is associated with increases in the marginal utility of income and higher
price sensitivity among consumers. By the utility function in Section 3.1, higher price sensitivity induces consumers to value incremental quality increases less. This puts downward
pressure on the demand for extended warranties.
We show that the opposite is true in our data. We examine this proposition in Column
(1) of Table 6, which reports an estimate of the effect of the unemployment rate on the share
of base goods sold with an extended warranty. Column (1) shows a percentage point increase
in the unemployment rate increases the warranty share by 1 percentage point, or 2.3% of
the mean share of 0.42. The estimate is significant at the 1% level. In the right panel of
Figure 4, we show that the warranty share increases for each of the product categories in
our data. The finding that the share of upgraded base goods increases in the recession is not
surprising given that the large portion of warranties is sold at very low prices.
Our argument can be questioned on grounds that it ignores changes in consumer risk
preferences and the inherent nature of extended warranties. Risk averse consumers may be
more likely to upgrade during economic contractions because of the additional insurance
extended warranties provide. However, in this case, instead of large declines documented
in Table 2, we would expect the warranty prices to increase. Our results thus rule out
procyclicality in the ex ante perceived quality of extended warranties. However, it could be
that the ex post, i.e. realized quality exhibits business cycle fluctuations. In fact, ex post
quality only increases in the 9% of transactions where a claim was made at a later date (See
Table 1).
We look for changes in ex post quality over the business cycle by investigating the link
between the unemployment rate and the share of extended warranties where a claim was
made at a later date. Column (2) of Table 6 reports estimates of the effect of the unemployment rate on the share of warranties with a claim. The estimates do not reveal any cyclical
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Table 6: Warranty purchases and consumer selection

Extended
warranty
share
(1)

Future
claims
share
(2)

ei region unemployment rate at t − 1

0.010∗∗∗
(0.002)

-0.0002
(0.0013)

Year-month-model combinations
Observations
R2

140736
1939925
0.276

76506
686057
0.268

1

2

3

4

Notes:
Unit of observation is year, month, store, and model. Model identifiers
are specific to the manufacturer.
Regressions include fixed effects for year-month-model combination
and ei region, as well as lags of dependent variable.
Extended warranty share is share of transactions where a warranty
was sold with the base good. Future claims share is share of transactions where the consumer eventually made a claim on the extended
warranty.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and
∗∗ denote statistical significance at the 1 and 5% levels.

behaviour in the take-up of ex post i.e. realized quality.
6.2. Centralized versus decentralized pricing. Another alternative interpretation is
that our results simply reflect the difference between centralized and decentralized prices.
Under this interpretation, warranty prices are more flexible because they are controlled
by stores. Base good prices, in contrast, are less flexible because they are controlled by
headquarters.
We explore this interpretation using an across store price similarity measure from [DellaVigna and Gentzkow, 2019]. We document several empirical regularities. First, base goods are
indeed priced more uniformly across stores relative to warranty prices. Second, base good
prices are less uniform than suggested warranty prices. Since suggested warranty prices are
a good benchmark for centralized pricing, this implies that there is some decentralization
in base good pricing. Third, warranty price dissimilarity increased substantially during the
Great Recession. This reflects an inherent feature of add ons that makes them valuable for
dealing with recession. Unlike base goods, they are high margin items. High margins allow
for larger price reductions during a recession.
For each pair of stores s and s0 , we calculate absolute difference in the average quarterly
price and average this difference across quarters and product categories:
as,s0 =

1 X
|p − ps0 cq |
Nq,c q,c scq

(9)

where pscq denotes the average price for product category c in store s and quarter q, and Nq,c
is the number of quarters and product categories. Densities for the as,s0 -distribution over all
store pairs in the sample can be found in Figure 6. The solid blue line plots the pre-recession
distributions for the pairwise differences in prices.
The pre-recession mean of the as,s0 -distribution for base good prices is 55.11 dollars,
representing less than 8.8% of the mean base good price. This figure is similar to what
[DellaVigna and Gentzkow, 2019] find for all their products across chains (Panel A, Figure
3 of their paper). In their study, prices within the same chain are much more uniform, with
differences usually below 5%. There are many potential reasons for lower uniformity of base
good prices in our dataset, including different type of products, market and sample period.
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Figure 6: Price similarity across stores before and after onset of Great Recession
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Notes:
1 Pairwise price differences calculated as follows. For each store, we average prices for each product
category and calendar quarter. We then compute differences in average prices relative to every other
store. Finally, we average the differences across product categories and quarters for each store pair.
2 Solid blue density uses pre-recession prices. Dashed red density uses Great Recession prices.
3 The mean differences between the pre-recession and Great Recession distributions are 2.22 dollars
(p = 0.000) for base good prices, 19.29 dollars (p = 0.000) for extended warranty prices, and 4.52
(p = 0.000) for suggested extended warranty prices, respectively.

Whatever the reason, the base good prices in our setting seem to be less centralized than
in other datasets. Unsurprisingly, the lack of uniformity in prices is even more pronounced
for extended warranties. The pre-recession as,s0 -mean for warranty prices is 47.22 dollars,
representing more than 50% of the mean warranty price. For suggested prices, the prerecession mean is 10.62 dollars, more than 7.9% of the mean suggested price.
The dashed red densities in Figure 6 show how pairwise price differences were distributed
during the Great Recession. All prices are less uniform after the onset of the recession, with
mean differences relative to pre-recession of 2.22 dollars (p = 0.000) for base good prices,
19.29 dollars (p = 0.000) for warranty prices, and 4.52 (p = 0.000) for suggested prices. The
amplification of price differences was quite salient in the case of warranty prices. The reason
is that the local stores had a tendency to deviate from suggested prices more frequently,
during the downturn. Add ons are a major source of revenue for many firms because of their
large profit margins. This is also clearly visible in the summary statistics of Table 1 (middle
panel). The low cost of extended warranties therefore allows the retailer to dramatically
reduce their prices during the Great Recession. Figure OA.3.1 of Online Appendix OA.3
shows that most of the profits are generated during expansion, when markups are high. In
contrast, the markups on warranties are very low in the Great Recession. markups on base
goods remain stable during the entire sample period.
To understand why it is beneficial for the retailer to lower the warranty price instead
of the base good price we again refer to the Ellison’s model. Changes in base good prices
alter the pool of consumers visiting the store. Low base good prices attract high marginal
utility of income consumers, who are less likely to purchase the extended warranty, and who
in the case of multiproduct retailer like ours, are also less likely to buy other base goods.
This creates an incentive for the retailer to discourage low types via higher base good prices
and attract high types who are more likely to purchase the extended warranty or other base
goods. Once those consumers are in store, it is easier for the retailer to change the originally
unobserved warranty price, according to the state of the economy and underlying marginal
utility of income of high income consumers.
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Conclusion

Studies of price dynamics show substantial price rigidity over the business cycle. These
studies are however unable to account for the prices of add ons, as they are typically hidden
and thus difficult to measure, by definition. To help fill the gap, we draw on 10 years (19992009) of detailed data from a nationwide Canadian retailer of household durables to study
the cyclicality of extended warranties, a customary add-on service. We show that changes
in the regional unemployment rate are followed by sharp decreases in warranty prices. By
contrast, base durable prices are rigid over regional business cycles. Since the unemployment
rate can measure supply and demand shifts, we exploit differences in oil dependency across
provinces to construct a demand shock. We find similar flexibility in warranty prices and
rigidity in base good prices, in response to the income shock.
We study the mechanism underlying the relative flexibility of warranty prices. We estimate a demand system and show that the price elasticity increases from 0.17 pre-recession
to 0.52 during the Great Recession. We explain that the difference aligns with a substantial
increase in the marginal utility of income among consumers. We use warranty price discounts to measure the contribution of sales agent efforts towards the price elasticity of base
good demand. We show that warranty discounts help stores mitigate the increased price
sensitivity of consumers and that a disproportionate share of extreme warranty discounts
takes place during the Great Recession. Our findings highlight an important feature of add
ons that make them valuable for dealing with recessions.
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Branko Bošković Sacha Kapoor Agnieszka Markiewicz Barry Scholnick

June 7, 2021

OA.1

Model

We calculate the conditions for which the add-on price changes by more than the base good
price in the face of increasing marginal utilities of income. Recall the equilibrium base good
price

piL = c +

where α =

α` +αh
.
2

2−w
2ᾱ

The equilibrium add-on price is

api = piH − piL =

w
.
αh

We want to the know if
∂api
∂pLi ∂pLi
<
+
∂αh
∂α`
∂αh
or equivalently
−w
−2(2 − w)
<
.
2
αh
(α` + αh )2
Letting r = αh /α` , where 0 < r < 1, the last equation becomes
ar2 + 2r + 1 > 0
h
where a = 1 −

2(2−w)
w

i

. If a = 0 or equivalently w = 4/3, then this expression is positive if

αh /α` > −1/2. The expression is always positive therefore because αh /α` > 0 by definition.
In this case, we expect the add-on price to always decreases by more than the base good

1

h
price during a recession. If a = 1 −

2(2−w)
w

r=

i

6= 0 or w 6= 4/3, solving for the root gives

−2 ±

√

4 − 4a
2a

where 4 − 4a > 0 or w < 2. A root exists for r =

√
−2− 4−4a
2a

and a < 0 (or w < 4/3). The

root satisfies r > 0 trivially. The root satisfies r < 1 if
√
(−1)(1 + 1 − a)
< 1 ⇐⇒ (a + 2)a > 0 ⇐⇒ w < 4/5.
a
In this case, the add-on price decreases by more than the base good price as long as w < 4/5
and w falls within the bounds of Proposition 3 of [Ellison, 2005].

2

OA.2

Demand System

We estimate average effects across our full sample in Table OA.4.9. Our main estimates
are found in the bottom panel (specification c) of Table OA.4.9 in Column (1). Table OA.4.9 also includes several benchmark demand system estimates.

The top panel

(specification a) reports estimates of a constant price elasticity specification. The middle
panel (specification b) reports estimates of a specification restricts the elasticity effect of
warranty discounts equal to 0. Columns (2) and (3) of Table OA.4.9 report demand system
estimates for base goods sold with and without extended warranties.
Note that the estimates are based on a restricted sample where at least one warranty
is sold in the year-month-store-model cell. In Table OA.4.10, we report price elasticity
estimates for a demand system that excludes warranty discounts from the specification and
that in turn uses the full sample for estimation. The estimates are similar to the estimates
in (specification a) of Table OA.4.9.1
The transaction price elasticity of demand absent a warranty price discount is -0.221.
A 13.5% increase in the transaction price, roughly equivalent to the mean warranty price,
decreases base good quantities by 100 × 0.135 × 0.221=2.98%. A 100% warranty price
discount at the mean base price increases base quantities by 1.9%. The baseline elasticity
and discount coefficients are statistically insignificant at the 5% level. A warranty price
discount of 100% decreases the elasticity magnitude by 0.058, from 0.221 to 0.163, suggesting
warranty discounting reduces price sensitivity among base good consumers. The interaction
coefficient is statistically significant at the 1% level.
1

Another way to circumvent this, and increase sample coverage, would be to assume 0 discount for
warranty prices that are not observed. We would rather not do this because it can lead to nonclassical
measurement error. The consumer may not take the warranty even though they were offered a discount.
Assuming that there was no discount would lead us to assign the wrong discount value to the transaction.
The error frequency may depend on demand and supply conditions.

3

Column (2) shows that a 100% warranty price discount decreases price sensitivity by 0.063
for consumers who purchase the warranty. Column (3) shows similar albeit less pronounced
effects among consumers who do not purchase the warranty, with a 100% discount decreasing
price sensitivity by 0.029 points. The estimates are consistent with specific efforts to add on
the warranty (Column 2) and general effort to decrease the price sensitivity of consumers
and sell more of the base good (Column 3).

4

OA.3

Markups

The left panel of Figure OA.3.1 plots quarterly time series for warranty price discounts as
a percentage of suggested prices. The figure shows a sharp discounting starting in 2007Q3,
peaking during the Great Recession at around 45% in 2008Q1, before returning to prerecession levels towards Q4 of 2008. These patterns together with the demand system estimates suggest that stores were using warranty price discounts to increase base goods demand
during the Great Recession specifically.
The right panel of Figure OA.3.1 plots time series for ex post warranty markups until
2007, ex ante warranty price markups, and base good markups. Ex post warranty markups
are based on the realized cost of the extended warranty after a claim has or has not been
made. Ex post warranty markups are right censored at 2007 because we do not observe
extended warranty claims made after 2009. For ex ante warranty markups, we first computed
the average extended warranty cost for each manufacturer and product category combination
prior to 2007. We then assigned the average cost to extended warranties sold from 2007
onwards. The ex ante warranty markup is just the difference between the warranty price
and this average cost.
Ex post markups are stable between 69 to 77% before 2007. The high ex post markup
suggests that the cost of “throwing in” the extended warranty is very low. Ex ante markups
decrease sharply entering the Great Recession, reflecting the spike in warranty price discounts
carried by the retailer and plotted in the left panel of Figure OA.3.1. Towards the end of the
Great Recession, ex ante markups bounce back, coinciding with reduced warranty discounts.
Finally, we observe very small fluctuations in the base good markups, which continued their
decline through the Great Recession. This is most likely due to the fact that markups on
the base good were already close to 0 at the onset of the Great Recession.

5

6

Figure OA.3.1: Warranty price discounts and markups during the Great Recession.

Notes:
1 Left panel plots quarterly time series for warranty price discounts as a percentage of headquarter
suggested price.
2 Right panel plots quarterly time series for ex post or realized markup for extended warranties (green
triangles, dashed line), an ex ante or expected markup for extended warranties (red dots, dotted line),
and the markup for durable goods (blue squares, solid line).
3 Ex ante markup is based on average cost for a particular manufacturer and product category. Ex post
markups are right censored at 2007 because we do not observe extended warranty claims made after
2009.
4 Shaded gray area denotes the Great Recession in Canada (2007Q3 to 2009Q2).
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OA.4

Additional Figures and Tables
Figure OA.4.1: Distribution of extended warranty prices

Notes:
1 Unit of analysis is transaction.
2 Left panel plots histogram for prices between 0 and 10 dollars. Right panel plots histogram for prices
between 0 and 400 dollars, which is essentially the full support, less outliers.
3 Histograms show that a disproportionate share of extended warranties are sold with a price close to
zero.
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5

4

3

2

1

79.869
2,190,674
0.486
2,115,712
0.482

-6.406∗∗∗
(1.851)

-2.579∗∗∗
(0.745)

(3)

582.176
5,699,837
0.982

-0.854∗∗
(0.434)

-1.635
(0.903)

-0.657
(0.362)

5,535,294
0.981

-1.644∗∗
(0.790)

-0.662∗∗
(0.318)

Base Good Price
(5)
(6)

5,900,342
0.982

-1.777
(0.926)

-0.708
(0.369)

(4)

2,281,497
0.453

5.088∗∗∗
(1.831)

2.028∗∗∗
(0.730)

36.456
2,190,674
0.449

2.914∗∗
(1.036)

4.851∗∗
(1.855)

1.948∗∗
(0.745)

2,115,712
0.447

4.951∗∗∗
(1.694)

1.993∗∗∗
(0.682)

Warranty Price Discount
(7)
(8)
(9)

Notes:
Unit of analysis is the transaction.
Estimates are of the specification: pi = βuti −`,ri + ri + tmi + εi , where i denotes the transaction, r denotes the ei region, t the year-month,
` denotes the lag length, and m denotes the model. p refers to the price or discount. u is the unemployment rate.
Long run effects are cumulative effects in regressions with 12 lags of the unemployment rate and 1 lag of the dependent variable. Standard
errors for long run effects are computed via the Delta Method.
Standard errors are clustered at the level of the ei region and are in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

2,281,497
0.497

Mean of Dependent Variable
Observations
R2

-6.200∗∗∗
(2.040)

-2.490∗∗∗
(0.819)

-3.669∗∗∗
(1.126)

-6.364∗∗∗
(2.033)

-2.536∗∗∗
(0.810)

Warranty Price
(2)

Long-Run Effect

Implied effect of a 1σ
increase in Lagged UR Rate

t - 12

t-6

Local Unemployment Rate at
t-1

(1)

Table OA.4.1: Price adjustments for a fixed product quality by stores or quality adjustments by consumers?
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5

4

3

2

1

64814
495975
0.289

-0.046∗∗∗
(0.014)

61834
473112
0.285

-0.045∗∗∗
(0.015)

(3)

-0.045∗∗∗
(0.014)
58586
451322
0.282

Warranty price
(2)

142969
1916799
0.983

-0.000
(0.001)

(4)

137605
1854809
0.964

-0.001
(0.001)

Base price
(5)

-0.001
(0.001)
131890
1792592
0.963

(6)

78103
654883
0.442

74897
629422
0.436

0.046∗∗∗
(0.019)
0.044∗∗∗
(0.016)
71392
604900
0.432

Warranty discount
(8)
(9)
0.051∗∗∗
(0.017)

(7)

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Dependent variables are in natural logarithms.
Regressions include fixed effects for year-month-model combination and ei region, as well as lags of dependent variable.
Warranty price discount equals natural logarithm of the maximum of 0 and the suggested price less the warranty price, plus 1.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

Year-month-model combinations
Observations
R2

t - 12

t-6

ei region unemployment rate at
t-1

(1)

Table OA.4.2: (log) Pricing and local economic activity
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Figure OA.4.2: Pricing and a “pure” demand shock

Notes:
1 Regression estimates of differential effect of oil prices on warranty prices (left) and shares (right) in
Alberta. Dots denote coefficient estimates. Lines denote 95% confidence interval.
2 Unit of analysis for regressions is year, month, store, and model. Regressions include one lag of
dependent variable and fixed effects for year-month-model combination and ei region. Prices in
natural logarithms.
3 Confidence intervals constructed using standard errors that are clustered on ei region.
4 Warranty shares are share of transactions in a year, month, store, model cell that included an extended
warranty.
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N

Year-Month-Model
Fixed Effects

4

3

2

1

1249030
0.028

N

Y

Y

1158491
0.288

Y

N

Y

2725637
0.001

N

N

N

2725636
0.008

N

Y

Y

6.136∗∗∗
(0.000)

-0.003
(0.009)

Base price
(5)

2601503
0.961

Y

N

Y

6.125∗∗∗
(0.000)

0.004
(0.003)

(6)

1459621
0.056

N

N

N

0.883∗∗∗
(0.056)

-0.194
(0.123)

0.020∗∗∗
(0.002)

1459620
0.106

N

Y

Y

1.919∗∗∗
(0.001)

-0.192∗∗∗
(0.037)

1360613
0.415

Y

N

Y

1.920∗∗∗
(0.000)

-0.195∗∗∗
(0.039)

Warranty discount
(8)
(9)

-0.163∗∗∗
(0.051)

(7)

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Dependent variables are in natural logarithms.
Warranty price discount equals natural logarithm of the maximum of 0 and the suggested price less the warranty price, plus 1.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

1249030
0.010

N

Year-Month
Fixed Effects

Observations
R2

N

ei Region
Fixed Effects

Controls

6.091∗∗∗
(0.026)

4.085∗∗∗
(0.000)

4.344∗∗∗
(0.032)

Constant

4.082∗∗∗
(0.001)

-0.015
(0.026)

0.099
(0.068)

Alberta (0/1)

0.001∗∗∗
(0.000)

-0.004
(0.010)

-0.005∗∗∗
(0.001)

0.126∗∗∗
(0.031)

World oil price (in US $)

0.135∗∗∗
(0.037)

(4)

0.122∗∗∗
(0.038)

Warranty price
(2)
(3)

Alberta × World oil price

(1)

Table OA.4.3: (log) Pricing and a “pure” demand shock
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665.572∗∗∗
(19.866)

79.619∗∗∗
(1.653)

N

Year-Month-Model
Fixed Effects

4

3

2

1

1452995
0.037

N

Y

Y

1356083
0.547

Y

N

Y

86.111∗∗∗
(0.031)

2730753
0.001

N

N

N

0.473∗∗∗
(0.118)

2730752
0.008

N

Y

Y

686.818∗∗∗
(0.003)

4.180
(4.439)

Base price
(5)

2605985
0.982

Y

N

Y

675.857∗∗∗
(0.004)

3.657∗∗
(1.625)

(6)

1459621
0.051

N

N

N

4.786∗∗
(1.827)

-4.728
(3.238)

0.720∗∗∗
(0.062)

1459620
0.082

N

Y

Y

42.384∗∗∗
(0.031)

-4.896∗∗∗
(1.590)

1360613
0.486

Y

N

Y

42.566∗∗∗
(0.030)

-5.103∗∗∗
(1.690)

Warranty discount
(8)
(9)

-3.406
(1.974)

(7)

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Oil provinces are Alberta and Saskatchewan.
Warranty price discount equals maximum of 0 and the suggested price less the warranty price.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

1452995
0.003

N

Year-Month
Fixed Effects

Observations
R2

N

ei Region
Fixed Effects

Controls

85.471∗∗∗
(0.036)

4.756
(4.085)

Oil province (0/1)

Constant

-21.780
(20.258)

0.087
(0.050)

7.390
(5.659)

World oil price (in US $)

7.021∗∗∗
(1.840)

7.242∗∗∗
(2.036)

6.471∗∗∗
(2.093)

(4)

Oil province × World oil price

(3)

Warranty price
(2)

(1)

Table OA.4.4: Pricing and a “pure” demand shock with an alternative definition for oil producing provinces

13

Figure OA.4.3: Detrended time series for consumer gas prices

Notes:
1 Unit of analysis is year, month, and province.
2 Dashed blue line denotes average monthly unleaded gas price in Alberta. Solid red line denotes mean
of the average monthly unleaded gas price across Canadian provinces. Both series are detrended by
a quadratic polynomial trend.
3 Data comes from Statistics Canada table 18-10-0001-01, which reports the monthly average retail
consumer prices for gasoline by province.
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Figure OA.4.4: Distribution of extended warranty price discounts

Notes:
1 Unit of analysis is year, month, store, model.
2 Histogram illustrates the asymmetry in the distribution of extended warranty price discounts.
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Table OA.4.5: Pricing and local economic activity using consumer gas prices

Warranty price
(1)
Provincial monthly average retail
0.555∗∗
prices for gasoline and fuel oil
(0.271)

Base price
(2)
-0.030
(0.213)

Warranty discount
(3)
-0.438
(0.236)

Constant

679.823∗∗∗
(19.472)
199457
2562199
0.982

82.075∗∗∗
(21.203)
139193
1353129
0.487

Year-month-model combinations
Observations
R2
1

2

3
4

36.004
(24.329)
137717
1348599
0.545

Notes:
Unit of observation is year, month, store, and model. Model identifiers are specific to the manufacturer.
Regressions replace Alberta×(World oil price) with monthly average retail gas and fuel prices at
the provincial level. Regressions include fixed effects for year-month-model combination and ei
region, as well as lags of dependent variable.
Warranty price discount equals maximum of 0 and the suggested price less the warranty price.
Standard errors clustered on ei region and in parentheses. ∗∗∗ and ∗∗ denote statistical significance
at the 1 and 5% levels.

16

Table OA.4.6: Warranty purchases and consumer selection
under a “pure” demand shock

Extended
warranty
share
(1)

Future
claims
share
(2)

Alberta × World oil price

-0.0065
(0.0043)

0.0002
(0.0029)

Year-month-model combinations
Observations
R2

200265
2605985
0.273

139439
1360613
0.210

1

2

3

4

Notes:
Unit of observation is year, month, store, and model. Model
identifiers are specific to the manufacturer.
Regressions include fixed effects for the year-month-model combination and for the ei region, as well as lags of dependent
variable.
Warranty price discount equals maximum of 0 and the suggested
price less the warranty price.
Standard errors clustered on ei region and in parentheses. ∗ ∗ ∗,
∗∗, and ∗ denote statistical significance at the 1, 5, and 10%
levels.
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Table OA.4.7: Warranty discounts and consumer demand OLS estimates

All
(1)

Base good quantities
Sold with
Sold without
extended warranty extended warranty
(2)
(3)
specification a.

Transaction price

0.015
(0.015)

Transaction price

0.087∗∗∗
(0.017)

Warranty price discount

0.013∗∗∗
(0.002)

Transaction price

0.057∗∗
(0.018)

0.067∗∗∗
(0.017)

-0.000
(0.017)

Warranty price discount

0.011∗∗∗
(0.002)

0.012∗∗∗
(0.002)

0.003
(0.002)

Transaction price × discount

0.007∗∗∗
(0.001)
59362
520700

0.006∗∗∗
(0.001)
59362
520700

0.005∗∗
(0.002)
59362
520700

Year-month-model combinations
Observations
1
2

3
4
5
6

0.015
(0.013)
specification b.
0.093∗∗∗
(0.014)
0.014∗∗∗
(0.002)
specification c.

-0.004
(0.017)
0.019
(0.017)
0.004∗
(0.002)

Notes:
Unit of observation is year-month, store, and model.
Sample restricted to year-month-store-model combinations where at least one extended
warranty was sold.
Reported dependent and independent variables are in natural logarithms.
Regressions include fixed effects for the year-month-model combination and ei region.
Standard errors are clustered at the level of the ei region and are in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.
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7

6

5

3

4

3

2

1

59362
520700

59362
520700

59362
520700

87.83
88.28

0.228∗∗∗
(0.021)

-0.019∗∗∗
(0.003)

-0.553∗∗∗
(0.148)

Notes:
Unit of observation is year-month, store, and model.
Sample restricted to year-month-store-model combinations where at least one extended warranty was sold.
Column (1) is first stage coefficient for iv specification a in Table OA.4.9. Columns (1) and (2) are first stage coefficients for iv specification
b. (3)-(5) are for iv specification c.
Transaction Price iv equals Suggested Warranty Price plus Base Good Cost.
Reported dependent and independent variables are in natural logarithms.
Regressions include fixed effects for the year-month-model combination and ei region.
Standard errors are clustered at the level of the ei region and are in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.

59362
520700

59362
520700

59362
520700

Year-month-model combinations
Observations

209.06
581.82

203.31
64.74

232.36
659.15

77.94
77.94

F -test of excluded instruments
Sanderson-Windmeijer multivariate F -test

117.36
106.28

-0.138∗∗∗
(0.015)

Warranty price discount (t − 1)

0.032∗∗∗
(0.002)

0.335
(0.461)

Transaction price iv ×
t − 1 discount

0.146∗∗∗
(0.014)

-0.005∗∗∗
(0.000)

0.462∗∗∗
(0.054)

0.180∗∗∗
(0.012)

0.272
(0.453)

0.477∗∗∗
(0.054)

0.483∗∗∗
(0.055)

Warranty Transaction
price
price ×
discount
discount
(5)
(6)

-0.012∗∗∗
(0.001)

Suggested warranty price
+ Base good cost

(2)

(1)

Warranty Transaction
price
price
discount
(3)
(4)

Transaction
price

Transaction
price

Table OA.4.8: Warranty discounts and consumer demand first stage estimates

19
Table OA.4.9: Warranty discounts and consumer demand IV estimates

All
(1)

Base good quantities
Sold with
Sold without
extended warranty extended warranty
(2)
(3)
specification a.
-0.329∗∗
(0.163)

Transaction price

-0.276
(0.190)

Kleibergen-Paap Wald F

77.94

Transaction price

-0.283
(0.160)

-0.335∗∗
(0.136)

-0.148
(0.117)

Warranty price discount

0.031∗∗∗
(0.010)

0.027∗∗∗
(0.006)

0.021
(0.011)

Kleibergen-Paap Wald F

52.60

Transaction price

-0.221
(0.154)

-0.268∗∗
(0.132)

-0.117
(0.110)

Warranty price discount

0.019
(0.013)

0.013
(0.008)

0.014
(0.012)

Transaction price × discount

0.058∗∗∗
(0.014)

0.063∗∗∗
(0.013)

0.029∗∗
(0.011)

Kleibergen-Paap Wald F
Year-month-model combinations
Observations

16.89
59362
520700

16.89
59362
520700

16.89
59362
520700

1
2

3
4
5
6

77.94
specification b.

52.60
specification c.

-0.143
(0.133)
77.94

52.60

Notes:
Unit of observation is year-month, store, and model.
Sample is restricted to year-month-store-model combinations where at least one extended warranty
was sold.
Reported dependent and independent variables are in natural logarithms.
Regressions include fixed effects for the year-month-model combination and ei region.
Standard errors are clustered at the level of the ei region and are in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.
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Table OA.4.10: Warranty discounts and consumer demand IV estimates (unrestricted sample)

All
(1)

Base good quantities
Sold with
Sold without
extended warranty extended warranty
(2)
(3)
specification a.

Transaction price

-0.351∗∗
(0.164)

-0.344∗∗∗
(0.119)

-0.227
(0.130)

Kleibergen-Paap Wald F
Year-month-model combinations
Observations

114.08
94115
957184

114.08
94115
957184

114.08
94115
957184

1
2

3
4
5
6

Notes:
Unit of observation is year-month, store, and model.
Sample not restricted to year-month-store-model combinations where at least one extended warranty
was sold.
Reported dependent and independent variables are in natural logarithms.
Regressions include fixed effects for the year-month-model combination and ei region.
Standard errors are clustered at the level of the ei region and are in parentheses.
∗ ∗ ∗ and ∗∗ denote statistical significance at the 1 and 5% levels.
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