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Abstract

Product-harm crises, such as recalls and scandals, have been studied as negative information

shocks about product quality. In used car markets, such a shock reaches households through

dealers, which choose not only the retail price of an affected car but also whether to sell it to a

household or to another dealer at wholesale, where the price of an unsold car feeds back into retail

prices. This paper asks how dealers adjust the prices of affected cars, how household purchases

respond, and how these responses would change if interdealer trade were restricted. Focusing

on Mitsubishi Motors’ 2016 fuel economy scandal in Japan as a demand shock, I use wholesale

auction records and online retail listings to compare the affected models that Mitsubishi built

for Nissan with unaffected cars before and after the disclosure. Prices of affected cars fell in

both markets, at retail by less at Nissan-affiliated dealers than at independent dealers, whereas

the probability of a sale to a household rose only briefly. To measure the long-run effect of

the scandal and the consequences of restricting interdealer trade, I estimate an overlapping-

generations model in which dealers of different types, each a local monopolist at retail, trade

with one another at wholesale, sell to households, and resell unsold cars at wholesale. The

estimated loss in households’ valuation of affected cars is concentrated at independent dealers,

so that the retail price decline at Nissan-affiliated dealers comes largely through the lower

wholesale price. In counterfactuals that segment the wholesale market by dealer type or require

dealers to sell their trade-ins at retail, the gap between the retail price responses of the two

dealer types widens: the interdealer market pools the two losses into one wholesale price and

lets dealers pass unwanted cars on rather than discount them.
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1 Introduction

Product-harm crises, such as defect revelations, recalls, and corporate scandals, have long been

studied as negative information shocks about product quality.1 Automobiles are a leading example,

because recalls are frequent and widely publicized.2 In used car markets, however, such a shock

does not reach households directly, because most household purchases of used cars go through

dealers. A dealer that holds an affected car chooses not only its retail price but also which cars to

put on its lot and, once a car is there, whether to sell it to a household or to another dealer in the

interdealer wholesale market. The retail price that households observe is therefore only one of the

dealer’s choices.

These choices are linked through the interdealer market. A dealer buys cars at wholesale and

sells there the cars that its households do not buy, so when a product-harm crisis lowers the

demand for an affected car, the fall in its wholesale price feeds back into retail prices and into

whether a dealer keeps the car or passes it on. The effect of such a crisis on the used car market

therefore depends on how dealers trade with one another, and measuring it requires taking the

interdealer market into account. I study these responses in the Japanese used car market, using as

the demand shock the 2016 fuel economy scandal of Mitsubishi Motors, which had overstated the

fuel economy ratings of some of its models. This paper asks two questions. First, how do dealers

adjust the prices of affected cars, and how do household purchases respond? Second, how would

these responses change if interdealer trade were restricted?

I answer the first question by comparing affected with unaffected cars before and after the

disclosure of the scandal, at wholesale and at retail. Prices of affected cars fell in both markets,

and at retail they fell less at the dealers affiliated with the affected brand than at independent

dealers. The probability that an affected car sold to a household within 3 months rose for the cars

listed in the months right after the disclosure, at the lower prices, but returned to its previous level

in the medium run. This comparison has two limits. Because unaffected cars are substitutes for

affected cars, the scandal moves their prices and sales too, so these estimates measure the effect

on affected cars net of the effect on unaffected cars rather than the effect on affected cars alone.

The comparison also speaks only to the short run and the medium run: a year or more after the

disclosure, new model generations and other changes in the market overlay the scandal, so the

difference between affected and unaffected cars no longer isolates it.

For the long-run effect and for the second question, I build an equilibrium model of dealers

that trade cars with one another at wholesale, sell them to households, and resell unsold cars at

wholesale, in which affected and unaffected cars are substitutes at wholesale. Its long-run effect is

the difference between the stationary equilibria before and after the scandal. The model’s estimates

suggest that the loss in households’ valuation of affected cars was far larger at independent dealers

than at the dealers affiliated with the affected brand. In counterfactuals that restrict interdealer

1See, for example, Van Heerde, Helsen, and Dekimpe (2007), Cleeren, Dekimpe, and Van Heerde (2017), and
Astvansh, Antia, and Tellis (2025).

2See, for example, Liu and Shankar (2015) and van den Bijgaart and Cerruti (2024) on automobile recalls.
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trade, the gap between the retail price changes at the two types of dealers widens.

The setting is the Japanese used car market, where dealers play a central role: most used cars

that households buy come from dealers. Dealers acquire their inventory from households, as trade-

ins or outright purchases, and from other dealers, mainly at auctions open only to licensed dealers,

and they differ in how much they rely on each source. Affiliated dealers hold an exclusive dealership

contract with a manufacturer and sell its new cars as well as used cars, most of which carry their

own brand because they arrive as trade-ins from new car customers. Independent dealers, by

contrast, sell only used cars and rely more on auctions. The scandal concerns kei cars, the smallest

regulatory class of passenger vehicles in Japan. On April 20, 2016, Mitsubishi disclosed that it

had overstated the fuel economy ratings of four kei car models, two Mitsubishi-badged models and

their physically identical twins, the Dayz and the Dayz Roox, which Mitsubishi built for Nissan.

Retesting found the actual fuel economy 5 to 16 percent below the ratings. Because the models

still met the safety standards, no recall was issued and the cars stayed legal to drive and resell, so

the disclosure was a pure information shock to their perceived quality. I study the Nissan-badged

models because the reputational damage fell mainly on Mitsubishi.

To observe both markets, I combine two datasets. The first consists of listing records from

wholesale auto auctions, covering about 70 percent of all auction listings in Japan. Each record

gives whether the vehicle sold, its transaction price if it did, its characteristics, and a condition

score assigned by inspectors. The second consists of monthly snapshots of one of Japan’s largest

online used car listing platforms, on which dealers advertise their inventory to households. The

snapshots record each listing’s asking price, dealer, and vehicle characteristics. The novelty of the

data is that they record where each car went when it left the dealer, such as to a household, an

auction, or another dealer. Studies of dealer pricing that use online listings, such as those from

Cars.com, observe when a listing disappears but not where the car went, and treat its removal

as a sale to a household.3 A dealer that fails to sell a car at retail can instead send it to the

interdealer market, and dealers often do so. Because my data record the destination, I observe the

price that the dealer set and whether a household bought the car separately, which is what the first

question requires. The sample covers kei cars of the 2013 to 2016 vintages from August 2015 to

December 2016, 9 months before the disclosure and 8 months after it, and compares the Nissan-

badged affected models with the kei cars of six other manufacturers, excluding Mitsubishi-badged

cars and Mitsubishi’s dealers.

To answer the first question, I compare affected with unaffected cars before and after the

disclosure, controlling for vehicle characteristics such as age and mileage, with fixed effects for

narrowly defined models, months, and auction venues or dealers. At wholesale, prices of affected

cars fall by 57.3 thousand JPY (6.8 percent) in the short run, the first 3 months after the disclosure,

and by 33.6 thousand JPY (3.8 percent) in the medium run, August to December 2016. Their unsold

rate rises by 7.8 percentage points in the short run but shows no change in the medium run, so

the wholesale market adjusts through prices rather than quantities. Retail listing prices fall by

3See Huang, Luo, and Xia (2019) and Li, Murry, Tian, and Zhou (2024, 2025).
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25.4 thousand JPY (2.3 percent) in the short run and by 17.3 thousand JPY (1.6 percent) in the

medium run. The decline is smaller at Nissan-affiliated dealers, 20.9 thousand JPY (1.8 percent)

and then 15.7 thousand JPY (1.5 percent), than at independent dealers, 42.9 thousand JPY (4.0

percent) and then 22.0 thousand JPY (2.0 percent). The probability that an affected car sells

to a household within 3 months falls, although not significantly, for the cars listed in April 2016

at prices set before the disclosure, rises by 5.5 and 7.7 percentage points at Nissan-affiliated and

independent dealers in the short run, and shows no significant change in the medium run. In the

medium run, then, affected cars sold at lower prices but as often as before, which suggests that

households’ willingness to pay fell by about as much as retail prices.

These comparisons have their limits. Because the scandal affects unaffected cars as well, they

measure the effect on affected cars net of the effect on unaffected cars rather than the scandal’s own

effect on affected cars, and because the market changes in many other ways over a longer horizon,

they cannot measure its long-run effect. Nor do they reveal how the interdealer wholesale market

shapes dealers’ responses. I therefore build a model that accounts explicitly for the substitution

between affected and unaffected cars in the wholesale market, use it to measure the long-run effect

of the scandal, and quantify how the interdealer market shapes dealers’ responses.

The model is an overlapping-generations model in which a continuum of dealers enters in every

period, each dealer lives for at most 2 periods and holds at most one car, and cars are of two brands,

affected and unaffected. Dealers are of three types: Nissan-affiliated dealers hold only affected cars,

dealers affiliated with other brands hold only unaffected cars, and independent dealers hold either

brand, so that for them the two brands are substitutes at wholesale. Each dealer is the monopolist

in its own retail market, which has a single household, and dealers differ in the demand they face and

in the cost of holding a car that does not sell. On entry, dealers trade in a competitive interdealer

wholesale market, where the supply consists of the trade-ins with which some dealers enter and the

cars left unsold by the previous cohort. A dealer that holds a car then posts a retail price once,

and its household buys with a probability that decreases in the price. A dealer whose household

does not buy sells the car at wholesale in the next period. The wholesale price is therefore both

the cost of a car and the value of an unsold one, so a loss in households’ valuation of affected cars

lowers their wholesale price as well as their retail prices. In a stationary state, the shock is absorbed

mainly by retail and wholesale prices, and sale probabilities change little.

I estimate the model in two stages. The first stage estimates the distributions of demand and

holding costs across dealers by fitting the pre-scandal stationary equilibrium to pre-scandal retail

and wholesale data: listing rates, the means and dispersions of listing prices, sale probabilities,

the covariance between prices and sales, and wholesale prices. The second stage introduces the

scandal as a loss in households’ valuation of affected cars that differs between Nissan-affiliated

and independent dealers. Assuming that the market reaches a new stationary equilibrium 2 years

after the disclosure, I solve this post-scandal equilibrium and the transition path from the pre-

scandal equilibrium to it, and I choose the two losses so that the wholesale price, retail prices,

and sale probabilities over the first 8 months of the path match the reduced-form estimates that
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compare affected with unaffected cars. The estimates attribute the loss mainly to the households

of independent dealers, so that the retail price decline at Nissan-affiliated dealers comes largely

through the wholesale price that both dealer types share.

Finally, to answer the second question, I use the estimated model to ask how dealers’ responses

would change if interdealer trade were restricted. In the baseline, every dealer can sell its trade-in

at wholesale at once and buy any car that its type can hold at one price per brand. The first

counterfactual scenario segments the wholesale market by dealer type, so that dealers trade only

with dealers of their own type. It is motivated by industry practice: manufacturers run their own

auction venues, encourage their affiliated dealers to trade there, and restrict the participation of

independent dealers, in order to reallocate cars of their own brand within their dealer networks,

although this segmentation is incomplete in practice. The second scenario requires a dealer that

takes a car in trade to offer it at retail before it can sell it at wholesale. Under segmentation, each

dealer type’s loss stays in its own wholesale market: the wholesale price of affected cars falls more

in the market of independent dealers and less in the manufacturers’ networks, the retail decline at

Nissan-affiliated dealers shrinks, and the decline at independent dealers deepens. Under mandatory

retail of trade-ins, the trade-ins that independent dealers must list are cars that their households

rarely buy, so the retail price of affected cars at independent dealers falls more and their sale

probability falls, whereas sale probabilities otherwise change little. The interdealer market thus

pools the losses of the two dealer types into one wholesale price and lets dealers pass unwanted

cars on rather than discount them, which spreads the price declines across dealer types and keeps

household purchases nearly unchanged.

Related Literature

This paper contributes to four literatures: on intermediaries in markets for durable assets, on dealers

in over-the-counter markets, on product-harm crises, and on wholesale auto auctions. In markets for

durable assets, dealers provide liquidity by holding inventory and matching with searching buyers,

and the thickness of the market governs how easily assets are reallocated across users (Gavazza,

2011, 2016).4 For used cars, Gavazza, Lizzeri, and Roketskiy (2014) develop an equilibrium model

with trading frictions, Li, Murry, Tian, and Zhou (2024, 2025) show how search frictions shape

dealers’ inventories, prices, and the gains from intermediation, Huang, Luo, and Xia (2019) model

dynamic pricing with learning about demand, and Murry and Zhou (2020) study dealer colocation

under consumer search. These papers model the dealer’s interaction with searching customers

in detail but treat its procurement side in reduced form. I take the opposite modeling choice:

this paper abstracts from search frictions and dynamic pricing at retail and models explicitly the

interdealer wholesale market, whose price is both the cost of a car and the value of an unsold one

and through which cars move across dealers.

Dealers that hold inventory and trade both with customers and with one another have been

studied mainly in financial over-the-counter markets, where a dealer-to-customer segment coexists

4For a survey of frictions in product markets, including markets for durable goods, see Gavazza and Lizzeri (2021).
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with an interdealer segment (Duffie, Gârleanu, and Pedersen, 2005; Hugonnier, Lester, and Weill,

2020). Dunne, Hau, and Moore (2015) and Colliard, Foucault, and Hoffmann (2021) show how

dealers intermediate between the two segments and how their access to the interdealer market

shapes their inventories and the prices that customers face. The retail and wholesale layers of the

used car market parallel these two segments, and I study how a demand shock passes through each

layer for a physical durable good whose dealers differ in the demand they face and in their cost of

holding a car that does not sell.

A large marketing literature documents that recalls and scandals damage demand for the af-

fected firm’s products and brand (Van Heerde, Helsen, and Dekimpe, 2007; Liu and Shankar, 2015;

Cleeren, Dekimpe, and Van Heerde, 2017; Astvansh, Antia, and Tellis, 2025). In used car mar-

kets, van den Bijgaart and Cerruti (2024) show that a recall raises trading in some segments and

lowers it in others, as the information triggers sorting or adverse selection. The event closest to

the Mitsubishi scandal is Volkswagen’s 2015 emissions scandal, whose effects on used car markets

have been measured in three settings: Strittmatter and Lechner (2020) document falling prices and

rising listings of Volkswagen cars in Germany, Ater and Yoseph (2022) find that trading volumes in

Israel fell only for private sellers, and Che, Katayama, and Lee (2023) measure spillovers within the

Volkswagen group in eBay auctions. In the new car market, Bachmann et al. (2023) quantify the

damage that the scandal did to the collective reputation of other German manufacturers. Whereas

these studies measure how a crisis moves prices and trading volumes, this paper follows the affected

cars through dealers, which set the prices that households see and choose whether to sell a car to

a household or to another dealer.

Wholesale auto auctions are the mechanism through which used cars are reallocated across

dealers: Overby and Forman (2015) and Subramanian and Overby (2017) show that electronic

bidding widens the geographic reach of purchases, enables spatial arbitrage, and reduces price

dispersion across locations. Other studies examine frictions within the auction, namely adverse

selection and search (Genesove, 1993, 1995), information disclosure (Tadelis and Zettelmeyer, 2015),

and the post-auction bargaining between seller and buyer, including its efficiency, the bargaining

power of the two sides, and the mediators who run it (Larsen, 2021; Larsen and Zhang, 2026; Larsen,

Lu, and Zhang, 2026). Rather than studying these frictions, I treat the auction as a competitive

market inside an equilibrium model of dealers estimated around a large demand shock, so that the

counterfactuals show how restricting interdealer trade changes the responses of wholesale prices,

retail prices, and household purchases.

2 Institutional Background

2.1 Used Car Market in Japan

Consumers in Japan purchased an estimated 2.40 million used cars in 2015 (Recruit Carsensor

Co., Ltd., 2018). Dealers play a central role in these purchases: 94% of used car purchases by

Japanese consumers go through dealers, compared with 71% in the United States (Ministry of
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Land, Infrastructure, Transport and Tourism, 2015).

Dealers acquire their inventory from two sources: direct purchases from households, either as

trade-ins when a household buys a replacement vehicle or as outright buyouts, and purchases from

other dealers. Interdealer trade takes place mainly at wholesale auto auctions, which are open only

to licensed dealers.5 The mix of sources varies with vehicle condition, as direct purchases from

households account for a larger share of acquisitions among young, low-mileage vehicles in good

condition. At an auction, the seller brings its vehicle to a physical venue and sets a reserve price,

and buyers bid in an ascending-price format, either at the venue or online. Most venues hold an

auction once a week. A vehicle whose highest bid falls short of the reserve price goes unsold, and

such vehicles often stay at the venue to be relisted the following week (USS Co., Ltd., 2021, 2022).

Dealers that retail used cars fall into two types, affiliated and independent. Affiliated dealers sell

a manufacturer’s new cars under an exclusive dealership contract and also sell used cars; although

their used cars may be of any brand, most carry the manufacturer’s own brand (Section 3.4). Inde-

pendent dealers specialize in used cars and range from small owner-operated shops to nationwide

chains, some of which run repair shops or car accessory stores alongside their used car business.

Because affiliated dealers take in trade-ins when they sell new cars, they have more opportunities

to acquire relatively well-kept used cars directly from households, and they rely less on auctions

for their inventory than independent dealers do.

The scandal studied in this paper concerns kei cars, the smallest regulatory class of passenger

vehicles in Japan.6 Kei cars are inexpensive to buy and to own because they carry lower taxes and

insurance premiums than regular passenger vehicles, and their owners use them mainly for everyday

trips such as shopping and commuting. They are especially common in small cities and rural ar-

eas, where public transportation is less convenient (Japan Automobile Manufacturers Association,

2016). In 2015, kei cars accounted for 35.9% of new passenger car sales (Japan Automobile Man-

ufacturers Association, 2018) and 43.9% of used car purchases by consumers (Recruit Carsensor

Co., Ltd., 2018).

2.2 The Mitsubishi Fuel Economy Scandal

On April 20, 2016, Mitsubishi Motors (hereafter Mitsubishi), a Japanese automaker, disclosed that

it had overstated the official fuel economy ratings of four kei car models. Two of these models,

the eK Wagon and the eK Space, were sold under Mitsubishi’s own brand, and the other two,

the Dayz and the Dayz Roox, were their physically identical twins that Mitsubishi developed

and built for Nissan Motor (hereafter Nissan), which sold them under its own brand (Mitsubishi

Motors Corporation, 2016).7 The models were launched in 2013 and 2014, and by the end of

5Japan Used Car Dealers Association (2021) reports that auctions account for 59% of its member dealers’ used
car acquisitions, direct purchases from users, as trade-ins or buyouts, for 27%, and other channels for 14%.

6Kei cars are limited to a length of 3.40 meters, a width of 1.48 meters, a height of 2.00 meters, and an engine
displacement of 0.66 liters, with caps on passenger and cargo capacity.

7Mitsubishi Motors, press release, April 20, 2016, http://www.mitsubishi-motors.com/publish/pressrelease
_jp/corporate/2016/news/detailg420.html. All sources given in the footnotes of this subsection are in Japanese,
and links to pages that are no longer online lead to copies saved by the Internet Archive.
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March 2016, Mitsubishi had sold 157,000 Mitsubishi-badged units and built 468,000 Nissan-badged

units. Throughout the paper, I call these four models the affected models and describe each as

Mitsubishi-badged or Nissan-badged according to the brand under which it was sold.

Official fuel economy ratings in Japan come from tests that manufacturers conduct themselves

under a procedure prescribed by the government, and the ratings are shown in catalogs and deter-

mine eligibility for tax reductions, which gives manufacturers an incentive to inflate them (Tanaka,

2020). Because the test is run under artificial conditions, on-road fuel economy falls short of the

rating for every model, so consumers could not detect the misconduct from the gap they experi-

enced (Aizawa, 2020). Mitsubishi had measured the running resistance that enters the test, the

resistance from tires and air, with methods that deviated from the regulations and had selectively

used favorable data points, inflating the ratings. Government retesting found the actual fuel econ-

omy of the four models 5 to 16 percent below their ratings, and the ratings were revised downward

in June 2016.8

Both companies stopped selling the affected models on the day of the disclosure and resumed

taking orders on July 1, 2016, after the ratings had been revised. In June 2016, each announced

compensation of 100,000 yen (about 900 USD) per vehicle for customers who were using an affected

vehicle at the time of the disclosure, so buyers who acquired one afterward were not eligible.9 The

Consumer Affairs Agency later found the fuel economy claims misleading and, in 2017, ordered

both companies to pay administrative surcharges.10

The misconduct did not lead to a recall. Japanese regulations require recalls only for vehicles

that fail to meet the safety standards, and because the affected models still met them, including the

emission standards, the government’s remedy was to correct the registered ratings, and the vehicles

remained legal to drive and to resell. Fuel economy is nonetheless a key performance measure for

kei cars, whose buyers value low running costs, so the disclosure lowered the perceived quality of

the affected models without any change to the vehicles themselves.

After the disclosure, the government ordered every manufacturer to review its fuel economy

testing, and in May 2016 Suzuki reported that it, too, had tested its models, including kei cars, with

methods that deviated from the regulations. Retesting found that every Suzuki model exceeded its

8The misconduct came to light when Nissan, which was to lead the development of the next-generation models,
measured the fuel economy of a current model with its own equipment in the fall of 2015 and found a large gap from
the registered rating (Mitsubishi Motors Corporation, 2016). The retesting results are reported in Ministry of Land,
Infrastructure, Transport and Tourism, press release, June 21, 2016, https://www.mlit.go.jp/common/001149179.
pdf.

9Mitsubishi Motors, press release, June 23, 2016, http://www.mitsubishi-motors.com/publish/pressrelease
_jp/corporate/2016/news/detailg622.html; Nissan, press release, June 23, 2016, https://global.nissannews.
com/ja-JP/releases/160623-02-j.

10In January 2017, the agency issued cease-and-desist orders against both companies under the Act against Unjus-
tifiable Premiums and Misleading Representations and ordered Mitsubishi to pay a surcharge of 485.07 million yen for
its regular passenger models. The surcharges for the four affected models were small, 3.68 million yen for Mitsubishi
and 3.17 million yen for Nissan, because the surcharge system covers only sales from April 1, 2016, and the amounts
were reduced for self-reporting and for the compensation payments. Nissan’s surcharge was revoked in December
2018 after an administrative appeal found that Nissan had not failed to exercise due care. Sources: Consumer Affairs
Agency, press releases, January 27, 2017, and June 14, 2017, amended July 21, 2017; Administrative Appeal Review
Board, report, October 31, 2018.
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registered rating, so its ratings stood and its vehicles stayed on sale. Suzuki’s disclosure therefore

appears to have had little effect on the reputation of its kei cars, which the analysis includes among

the unaffected cars.11

In the empirical analysis, I compare the Nissan-badged affected models with the kei cars of six

unaffected manufacturers and leave out the Mitsubishi-badged models, for two reasons. First, the

reputational damage appears to have fallen mainly on Mitsubishi: its stock price fell by 42% within

3 trading days of the disclosure, whereas Nissan’s stock price did not fall.12 Second, according to

an industry expert, Mitsubishi instructed its affiliated dealers to stop selling the affected models,

both new and used, whereas Nissan gave no such instruction. Prices and sales of the Nissan-badged

models therefore reflect the demand shock without the manufacturer’s own restrictions on dealer

sales, providing a cleaner setting for studying how dealers respond to it.

3 Data and Descriptive Statistics

3.1 Wholesale Auto Auctions

My first dataset consists of listing records from the wholesale auto auctions described in Section 2.1,

held at 83 of the roughly 120 auction venues in Japan (Ministry of Land, Infrastructure, Transport

and Tourism, 2015) and covering about 70 percent of all auction listings in the country.13 Each

record represents one vehicle offered at auction, whether or not it was sold; a vehicle goes unsold

when its highest bid fails to meet the reserve price. Seller identities are not observed, and neither

are the number of bidders, the bidding process, or reserve prices.

For each listing, the dataset provides the auction date, the venue, the transaction price for sold

vehicles, and the highest bid for unsold vehicles. Vehicle characteristics include mileage, the year

of first registration, a repair-history indicator, the manufacturer, the model name, and the model

code; repair history indicates that structural frame components have been repaired or replaced

and excludes cosmetic repairs. Catalog specifications, such as the registered fuel economy rating,

engine displacement, and the manufacturer’s suggested retail price, are merged from manufacturer

catalogs. A distinctive feature of the auction data is the condition score assigned by trained

inspectors at each venue before the sale: inspectors evaluate exterior damage, interior wear, and

mechanical condition and assign an overall grade on a scale from S (near-new) down to 1, without

considering popularity or rarity. Appendix B describes the scores and how I group them.

11By the May 18, 2016 deadline, only Mitsubishi and Suzuki reported irregularities. Suzuki had tested 16 models
with methods that deviated from the regulations. Mitsubishi had also used a non-compliant method for most of its
regular passenger models, and retesting lowered the ratings of eight of them by about 4 percent on average. Sources:
Suzuki Motor, press release, May 18, 2016, https://www.suzuki.co.jp/release/d/2016/0518/; Ministry of Land,
Infrastructure, Transport and Tourism, press release, August 30, 2016, https://www.mlit.go.jp/report/press/ji
dosha08_hh_002372.html.

12The 42% decline is reported by Nihon Keizai Shimbun, April 22, 2016, https://www.nikkei.com/article/DGX
LASFL22HBC_S6A420C1000000/. From the close on April 19 to the close on April 22, 2016, Nissan’s stock price rose
by 3.9%, compared with 3.3% for the TOPIX index (author’s calculation from daily closing prices).

13According to the data provider.
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3.2 Online Retail Platform

My second dataset comes from Goo-net, one of the largest online used car listing platforms in Japan,

operated by PROTO Corporation. The platform is a dealer-to-household advertising marketplace:

dealers nationwide post their inventory, and consumers browse listings and contact dealers. The

data consist of monthly snapshots taken on the first day of each month, so individual vehicles can

be tracked across months as they remain listed, forming a listing-month panel.

For each listing, the data record a unique listing identifier, the listing price at which the dealer

advertises the vehicle (transaction prices are not observed), the date the vehicle was first posted,

and vehicle characteristics comparable to those in the auction data. For dealers, I observe a

unique dealer identifier, the dealer’s name, and its location. Two further variables are central to

the analysis. The removal date records when the dealer deleted the vehicle from its inventory

management system, and the destination variable categorizes what happened to the vehicle after

removal: sale to a consumer, sale at auction, sale to another dealer, transfer to another store within

the same company, export, or scrap. Together they allow me to measure when a vehicle actually

left the dealer’s inventory and whether it reached a household.

Two limitations require attention. First, listings that begin and end between consecutive snap-

shots are not captured. Second, dealers purchase a limited number of listing slots and do not

necessarily post their entire inventory, and both the removal date and the destination are manually

entered by dealers, so they contain some missing values. Appendix C examines the destination

margin and shows that the recorded destinations behave sensibly.

3.3 Sample Construction

I restrict both datasets to gasoline-powered kei passenger cars of the 2013 to 2016 vintages,14

observed over the 17 months from August 2015 through December 2016, which include 9 months

before the disclosure and 8 months after it. The affected group consists of the Nissan Dayz (model

code B21W) and Dayz Roox (B21A), whose Mitsubishi-badged twins are excluded for the reasons

given in Section 2.2. The unaffected group consists of the kei cars of the six other manufacturers:

Daihatsu, Toyota, Subaru, Honda, Suzuki, and Mazda.15 In both datasets, I drop vehicles with

fewer than 500 kilometers on the odometer, most of which are registered but unused cars sold as

substitutes for new cars, and vehicles with 100,000 kilometers or more.16

14A car’s vintage is the year in which it was first registered as a new car.
15The other Mitsubishi- and Nissan-badged kei models, mostly the Nissan Moco built by Suzuki, are also excluded.

In the sample period, they account for 3.3 percent of the kei cars of these vintages first listed on the platform and
3.5 percent of those listed at auction.

16Auction odometers are recorded in whole thousands of kilometers, whereas retail readings are either exact or
rounded to the nearest 1,000 kilometers, and many independent and other-brand-affiliated dealers switched from
rounded to exact readings in mid-2016. The mileage controls in both markets therefore use readings rounded to the
nearest 1,000 kilometers, which removes this change in reporting precision and puts retail readings on the auction
scale. On this scale, the mileage bins are 1,000 kilometers wide up to 29,000 kilometers, 5,000 kilometers wide from
30,000 up to 60,000 kilometers, and 10,000 kilometers wide in the 60,000s and the 70,000s, with a single bin for 80,000
kilometers and above.
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Because the auction data record the date of each auction, I group auctions into monthly periods

running from the 20th of one calendar month to the 19th of the next, so that the disclosure on

April 20, 2016 opens a new period, and label each period by the calendar month in which it ends.

The auction sample thus covers auctions held from July 20, 2015 through December 19, 2016 and

contains 223,120 listings, of which 148,860 are sold with a positive price.

On the platform, the full entry sample consists of the first observed listing of each vehicle,

excluding all listings of Mitsubishi’s dealers, whether of affected or unaffected cars, and those of

one nationwide used car chain that never records where its vehicles went. Of these first listings,

174,209 have a positive listing price after trimming the top and bottom 1 percent of listing prices

within each vehicle group and listing month.

I classify each retail dealer by its name into one of three groups: Nissan’s franchised dealers,

the franchised dealers of the other manufacturers, and independent used car dealers. Because

franchised dealers acquire most of their used inventory as trade-ins of their own brand (Section 2.1),

the analysis compares, within each vehicle group, the franchised dealers of the car’s own brand

with independent dealers. For affected cars, these are Nissan’s franchised dealers and independent

dealers; for unaffected cars, they are the franchised dealers of the car’s own brand, counting Toyota

and Daihatsu as one brand because Toyota’s kei cars are built by Daihatsu, and independent

dealers. In both cases, I call the franchised dealers of the car’s own brand the affiliated dealers,

and Nissan-affiliated or other-brand-affiliated dealers where the brand matters. The design drops

10,657 of the 174,209 first listings, 6.1 percent: 1,741 unaffected cars at Nissan-affiliated dealers,

725 affected cars at other-brand-affiliated dealers, and 8,191 unaffected cars of another brand at

other-brand-affiliated dealers.17 The price analysis uses the remaining 163,552 first listings. To

measure when and where new listings leave the dealer’s inventory, I keep only the dealers that

record an exit destination in every month from August 2015 through December 2016, which I call

the reporting sample, and apply the same dealer-type rule to its listings.

3.4 Descriptive Statistics

Throughout the paper, prices are deflated by the consumer price index and expressed in thousand

JPY at 2016 prices. Table 1 reports summary statistics for the wholesale auction sample by vehicle

group and period. Affected and unaffected kei cars sell at similar average prices and go unsold at

similar rates: before the disclosure, the mean transaction price is 898 thousand JPY for affected

cars and 882 thousand JPY for unaffected cars, and the shares of listings that go unsold are 0.325

and 0.361. In both groups, mileage and vehicle age are higher after the disclosure than before, a

mechanical consequence of restricting the sample to the 2013–2016 vintages, which age over the

window.

Table 2 reports descriptive statistics for the first listings of the price analysis by vehicle group,

dealer type, and period; the figures that follow are for the pre-disclosure period, and the post-

17Including these listings, with the affected cars at other-brand-affiliated dealers as a third dealer-type cell, changes
the estimates of Section 4 by less than one standard error.

10



Table 1: Summary Statistics: Wholesale Auction Sample

Pre Post

Variable Mean P25 P50 P75 Mean P25 P50 P75

Panel A: Nissan-affected kei

Transaction price (1K JPY) 898 755 897 1,051 860 693 846 1,037

Unsold (share) 0.325 0.316

Mileage (1K km) 9.0 3.0 5.0 12.0 15.2 5.0 12.0 21.0

Vehicle age (years) 1.32 1.00 1.00 2.00 1.77 1.00 2.00 2.00

High condition score (share) 0.461 0.271

Above-middle condition score (share) 0.796 0.754

Repaired (share) 0.056 0.065

Venues 72 74

Observations: listings 10,676 9,890

Observations: sold listings 7,208 6,768

Panel B: Unaffected kei

Transaction price (1K JPY) 882 692 868 1,066 880 678 866 1,074

Unsold (share) 0.361 0.301

Mileage (1K km) 9.9 2.0 5.0 12.0 16.4 4.0 10.0 23.0

Vehicle age (years) 1.31 1.00 1.00 2.00 1.69 1.00 2.00 3.00

High condition score (share) 0.521 0.352

Above-middle condition score (share) 0.859 0.789

Repaired (share) 0.040 0.060

Venues 76 76

Observations: listings 111,792 90,762

Observations: sold listings 71,475 63,409

Notes: Mean and 25th, 50th, and 75th percentiles by vehicle group and period, Nissan-affected
kei cars in Panel A and unaffected kei cars in Panel B; share rows report the mean only. Trans-
action price is in thousand JPY, CPI-deflated to 2016 prices, and is computed over sold listings
only. Mileage is in thousand km. Vehicle age is the auction year minus the first-registration
year. A high condition score is an auction condition score of 5 or above, and an above-middle
score is 4 or above; both shares are over all listings, including those without a recorded score.
Venues is the number of auction venues with at least one listing in the cell. The sample is
the main auction sample: kei cars of vintage 2013–2016 with 500 km to under 100,000 km on
the odometer, Nissan-affected kei cars and unaffected kei cars. Pre covers the auction months
August 2015 to April 2016 and post May to December 2016. An auction month runs from the
20th of the previous calendar month to the 19th and is labelled by the month in which it ends,
so the sample covers auctions from July 20, 2015 to December 19, 2016 and the post period
opens on April 20, 2016.
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disclosure columns show the same patterns. Most cars of both groups are listed by the affiliated

dealers of their own brand: Nissan-affiliated dealers list 8,199 of the 10,202 affected cars, and

other-brand-affiliated dealers list 51,343 of the 71,045 unaffected cars. Within each group, affiliated

dealers list their cars at higher prices than independent dealers, 1,201 against 1,067 thousand JPY

for affected cars and 1,138 against 1,073 thousand JPY for unaffected cars, or roughly 13 and 6

percent higher. Their cars are also about half a year younger on average and have lower mileage,

5.4 against 9.6 thousand km for affected cars and 6.3 against 11.7 for unaffected cars, and far fewer

of them have a repair history: the repaired share is 0.007 against 0.170 for affected cars and 0.005

against 0.128 for unaffected cars.

Table 2: Summary Statistics: Retail First Listings by Vehicle Group and Dealer Type

Affiliated Independent

Pre Post Pre Post

Variable Mean P25 P50 P75 Mean P25 P50 P75 Mean P25 P50 P75 Mean P25 P50 P75

Panel A: Nissan-affected vehicles (Affiliated = Nissan-affiliated dealers)

Listing price (1K JPY) 1,201 1,077 1,198 1,334 1,177 1,020 1,188 1,326 1,067 899 1,050 1,213 1,043 891 1,001 1,192

Mileage (1K km) 5.4 2.0 3.0 6.0 9.5 3.0 5.0 12.0 9.6 3.0 6.0 13.0 15.2 5.1 12.0 21.5

Vehicle age (years) 0.97 0.00 1.00 1.00 1.34 1.00 1.00 2.00 1.45 1.00 1.00 2.00 1.83 1.00 2.00 3.00

Listing duration (months) 2.1 1.0 2.0 3.0 2.2 1.0 2.0 3.0 3.2 1.0 2.0 4.0 3.2 1.0 2.0 4.0

Repaired (share) 0.007 0.009 0.170 0.173

Free warranty (share) 0.986 0.985 0.846 0.871

Paid warranty (share) 0.005 0.000 0.126 0.072

Observations 8,199 6,011 2,003 2,387

Dealers 506 506 795 882

Panel B: Unaffected vehicles (Affiliated = other-brand-affiliated dealers: Toyota-Daihatsu, Honda, Subaru, Suzuki, Mazda)

Listing price (1K JPY) 1,138 950 1,152 1,326 1,143 955 1,159 1,331 1,073 884 1,072 1,273 1,075 874 1,080 1,281

Mileage (1K km) 6.3 2.0 3.9 7.0 8.4 2.6 4.4 9.5 11.7 3.0 7.0 16.0 16.5 4.4 11.8 24.0

Vehicle age (years) 1.05 1.00 1.00 1.00 1.11 0.00 1.00 1.00 1.55 1.00 1.00 2.00 1.84 1.00 2.00 3.00

Listing duration (months) 2.3 1.0 2.0 3.0 2.6 1.0 2.0 3.0 3.2 1.0 2.0 4.0 3.3 1.0 2.0 4.0

Repaired (share) 0.005 0.008 0.128 0.134

Free warranty (share) 0.991 0.987 0.838 0.843

Paid warranty (share) 0.004 0.001 0.114 0.094

Observations 51,343 50,619 19,702 23,288

Dealers 2,564 2,782 3,345 3,674

The unit is the first observed listing of each car. Listing prices are in thousand JPY, CPI-deflated to 2016 prices; mileage is in thousand km; vehicle
age is the listing year minus the registration year; listing duration is the number of monthly snapshots from the car’s first to its last listing month,
inclusive. Share rows are shares of listings (the repair share among listings that record the repair history). Dealers is the number of dealers with a
first listing in the cell. Affiliated dealers are the franchised dealers of the car’s own brand: Nissan’s dealers for the affected cars in Panel A and, for
the unaffected cars in Panel B, the franchised dealers of Toyota and Daihatsu (counted as one brand), Honda, Subaru, Suzuki, and Mazda that list
a car of their own brand. Sample: first observed listings of Nissan-affected and unaffected kei cars of vintage 2013–2016, first listed August 2015 to
December 2016, with 500 km to under 100,000 km on the odometer and listing prices trimmed at the top and bottom 1 percent within vehicle group
and listing month, excluding Mitsubishi dealers and one nationwide chain that never records where a car went. The sample keeps affected cars at
Nissan-affiliated and independent dealers and unaffected cars at independent dealers and, when the car carries the dealer’s own brand (Toyota and
Daihatsu counted as one), at other-brand-affiliated dealers; this drops 10,657 first listings (6.1 percent): 1,741 unaffected cars at Nissan-affiliated
dealers, 725 affected cars and 8,191 unaffected cars of another brand at other-brand-affiliated dealers. Pre covers first listings from August 2015 to
April 2016 and post those from May to December 2016.
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Table 3 reports how the new listings of the reporting sample leave the dealer’s inventory within

3 months in Panel A and within 6 months in Panel B: the percentage sold to a household and the

percentage that leaves for any other destination, that is, a sale at auction, a sale to another dealer,

a transfer to another store of the same company, or an export, which accounts for about 0.5 percent

of these other exits. The two dealer types differ in both channels. Within 3 months, independent

dealers sell a larger share of their new listings to households than affiliated dealers, 63.6 against

49.6 percent of the affected cars first listed before the disclosure and 57.6 against 50.2 percent of

the unaffected cars, whereas affiliated dealers send far more of their cars to other destinations, 37.9

against 9.7 percent of affected cars and 30.6 against 14.1 percent of unaffected cars. Extending the

window to 6 months raises the household share of affected cars little at affiliated dealers, from 49.6

to 54.7 percent, but considerably at independent dealers, from 63.6 to 77.5 percent; the difference

between dealer types is smaller for unaffected cars. A car that neither sells nor leaves through

another channel within 3 months stays on an independent dealer’s lot and is usually sold to a

household later. Because these raw comparisons confound composition and market-wide changes,

Section 4 turns to regression-adjusted comparisons against the unaffected control group.

Table 3: Exits of New Listings within 3 and 6 Months

Affiliated Independent

Pre Post Pre Post

Vehicle group N Household Other exit N Household Other exit N Household Other exit N Household Other exit

Panel A: Exit within 3 months

Nissan-affected kei 4,103 49.6 37.9 4,086 52.0 36.7 1,551 63.6 9.7 2,430 61.9 12.3

Unaffected kei 17,810 50.2 30.6 23,702 51.0 25.9 14,967 57.6 14.1 23,760 55.5 16.7

Panel B: Exit within 6 months

Nissan-affected kei 4,103 54.7 42.9 4,085 56.2 41.9 1,551 77.5 13.2 2,428 75.7 14.8

Unaffected kei 17,807 58.7 37.7 23,689 61.0 34.8 14,966 71.5 18.0 23,748 68.4 21.3

N is the number of new listings (the first listing month of each car) in the cell. Household and other exit are the percentages of these listings that leave
the dealer within the listing month and the next 2 (Panel A) or 5 (Panel B) months, with a recorded sale to a household and with any other destination,
such as an auction, another dealer, or another store of the same company; the remaining listings are still listed at the end of these months. Sample: new
listings of Nissan-affected and unaffected kei cars of vintage 2013–2016 with 500 km to under 100,000 km on the odometer at dealers that report an exit
destination in every month from August 2015 to December 2016 and in each month of the car’s 3 (Panel A) or 6 (Panel B) months, excluding Mitsubishi
dealers and one nationwide chain that never records where a car went. Affiliated dealers are Nissan-affiliated dealers in the Nissan-affected kei row and
other-brand-affiliated dealers (the franchised dealers of Toyota and Daihatsu, counted as one brand, Honda, Subaru, Suzuki, and Mazda that list a car
of their own brand) in the unaffected kei row. In both panels, pre covers cars first listed August 2015 to February 2016 and post those first listed May
to December 2016; cars first listed in March or April 2016 are excluded. In Panel B, the 6 months of cars first listed December 2015 to February 2016
extend past the April 20 announcement.

4 Descriptive Analysis

This section documents how the disclosure changed the prices of affected vehicles and the rates at

which they sold, in the wholesale and retail markets. Throughout, I compare the affected Nissan

models with unaffected kei cars of the same vintages before and after the disclosure on April 20,

2016, in two steps. Event studies trace the difference between the two groups month by month,

with the last period before the disclosure as the reference period. A second set of specifications

13



then aggregates the months into a pre period and a post period, which is split into a short run,

the first 3 months after the disclosure, May to July 2016, and a medium run, August to December

2016; the split separates the first months, in which dealers reprice and restock, from the months

that follow. At retail, the short run consists of the cars first listed in June and July 2016, because

the May 2016 listings include cars priced before the disclosure, and the consumer-sale analysis

adds the April 2016 entrants, which met the disclosure at prices set before it, as a very short

run. Section 4.1 applies these specifications to the wholesale market, where the outcomes are the

transaction price and whether a lot goes unsold. Sections 4.2 and 4.3 turn to the retail market,

where the outcomes are the price at which a vehicle is first listed and the probability that a new

listing sells to a household within 3 months. For the retail outcomes, I also estimate the changes

separately for affected vehicles at Nissan-affiliated and at independent dealers, comparing each

with its own pre-disclosure level, while the unaffected vehicles at both types of dealers form the

comparison group. Because reputational spillovers could touch other kei cars as well, all estimates

are changes for affected vehicles relative to unaffected kei cars rather than absolute effects.

4.1 Wholesale Auction Prices and Unsold Rates

On the auction calendar of Section 3.3, the period labelled April 2016 is the last before the disclosure

and serves as the reference period, so the post period begins in May 2016, as at retail. The event-

study specification is

Yi =
∑︂

τ ̸=Apr. 2016

βτ Affectedi × 1[ti = τ ] +X ′
iγ + FEs + εi, (1)

where Affectedi is a dummy variable that equals 1 if vehicle i is one of the affected Nissan models

and 0 if it is an unaffected kei car, ti is the period in which vehicle i is observed, the auction period

at wholesale and the month of first listing at retail, and 1[ti = τ ] equals 1 if that period is τ . Each

βτ is thus the difference in the outcome between affected and unaffected vehicles in period τ relative

to April 2016, the reference period. At wholesale, Yi is the transaction price18 or an unsold dummy

that equals 1 if the lot does not sell and 0 otherwise, whose coefficients are reported in percentage

points. The controls Xi are dummies for the mileage bins of Section 3.3, vehicle-age bins (0, 1,

and 2 or more years), indicators for high, middle, and missing condition scores (Appendix B), and

a repair-history indicator, and the term FEs collects auction-period, model-code by grade (trim)

by vintage, and auction-venue fixed effects.19 Standard errors are clustered at the model-code by

vintage level. The aggregated specification is

Yi = βSRAffectedi × PostSRti + βMRAffectedi × PostMRti +X ′
iγ + FEs + εi, (2)

where PostSRti equals 1 if period ti falls in the short run, May to July 2016, PostMRti equals 1

if it falls in the medium run, August to December 2016, and each equals 0 otherwise. The period

18Table 12 in Appendix A reports the short-run and medium-run estimates for the log transaction price.
19In this and the following regressions, observations that form a fixed-effect group on their own are dropped, so

the numbers of observations in the tables are up to 2.5 percent smaller than the sample sizes given in the text.
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fixed effects absorb the levels of the two post indicators, and the vehicle fixed effects absorb the

level of Affectedi.

Figure 1 shows that, relative to unaffected kei cars, transaction prices of affected vehicles fall

by 58.8 thousand JPY in the auction period that opens on the announcement, recover to declines

of 20.0 to 25.2 thousand JPY between August and November 2016, and fall by 31.6 thousand JPY

in December, remaining below the reference level throughout. The share of affected lots that go

unsold jumps by 12.3 percentage points in the first post-disclosure period and then returns to its

pre-disclosure level.
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Figure 1: Wholesale Auction Event Studies.
The left panel plots estimates from equation (1) for the transaction price in thousand JPY at 2016 prices,

the right panel for the unsold dummy in percentage points. Auction periods run from the 20th of the

previous calendar month to the 19th and are labelled by the month in which they end. The dashed vertical

line marks April 20, 2016, the disclosure date; the reference period is April 2016. Error bars show 95%

confidence intervals based on standard errors clustered at the model-code by vintage level.

Table 4 summarizes the average changes. Relative to unaffected kei cars, wholesale prices of

affected vehicles fall by 57.26 thousand JPY in the short run and by 33.56 thousand JPY in the

medium run, with standard errors of 7.09 and 8.35, so most of the initial decline persists through

the end of 2016. The unsold rate rises by 7.76 percentage points in the short run but changes by a

statistically insignificant −0.14 percentage points in the medium run, with standard errors of 2.24

and 2.55. Once the first weeks had passed, affected vehicles sold at auction at their usual rate, but

at lower prices. Appendix Table 16 splits these estimates between Nissan’s own auction network,

where the affected brand’s franchised dealers sell their trade-ins, and all other venues. The price

declines at the two types of venue differ by a statistically insignificant 8.24 thousand JPY in the

short run and −0.23 thousand JPY in the medium run, with standard errors of 7.81 and 9.25. The

unsold rate rises more at Nissan’s venues, by 6.91 and 6.35 percentage points with standard errors

of 5.84 and 5.90, but this difference is not statistically significant in either horizon.
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Table 4: Wholesale Auction Changes

Sold price (1K JPY) Unsold (pp)

Nissan Affected × Post SR, May–Jul 2016 -57.26*** 7.76***

(7.09) (2.24)

Nissan Affected × Post MR, Aug–Dec 2016 -33.56*** -0.14

(8.35) (2.55)

N 148,714 222,999

Adj. R2 0.90 0.22

FE: Auction month X X

FE: Model × grade × vintage X X

FE: Venue X X

The sold price, in thousand JPY at 2016 prices, is estimated on sold listings
with a positive price; the unsold indicator, 100 if the car is not sold and 0
otherwise, on all listings, with the same right-hand side. ∗ p < 0.1, ∗∗ p <
0.05, ∗ ∗ ∗ p < 0.01. Standard errors clustered at the model-code by first-
registration-year level are in parentheses. Controls: mileage bins, vehicle-age
bins (0/1/2+ years), missing, high, and middle condition-score indicators, re-
pair history. Fixed effects: auction month, model code by grade by registration
year, auction venue. Affected kei cars are the Nissan-badged models subject
to the fuel-economy misconduct disclosure (Dayz and Dayz Roox) of vintage
2013–2016; the comparison group is unaffected kei cars of the main auction
sample (500 km to under 100,000 km on the odometer). The sample covers
the auction months August 2015 to December 2016; an auction month runs
from the 20th of the previous calendar month to the 19th and is labelled by
the month in which it ends. Pre covers August 2015 to April 2016 and post
the auction months from May 2016 on; the May 2016 auction month opens
on April 20, 2016. The short run is May to July 2016 and the medium run
August to December 2016, both measured against the same pre period.

4.2 Retail Listing Prices

For each vehicle in the price sample of Section 3.3, the outcome is the listing price in the first

monthly snapshot that contains it, the price that the dealer sets when the vehicle enters the

platform.20 Snapshots are taken on the first day of each month, so April 2016 is the last snapshot

before the disclosure and the reference month, and the post period begins with the listings first

observed in May 2016. The May 2016 cohort, however, mixes cars priced before and after the

disclosure. The May 1 snapshot admits every car first published after the April 1 snapshot, including

cars published before April 20 at pre-disclosure prices, and the publication date that the platform

records cannot separate the two groups, because it is imputed as the snapshot date for a large share

of affiliated dealers’ listings. The event studies keep every listing month, whereas the aggregated

specifications measure the short run with the listings first observed in June and July 2016 and

20In a given month, 16.5 percent of the price-sample listings that were also listed in the previous snapshot show
a different asking price from that snapshot. Among the listings observed in at least 2 consecutive snapshots by
December 2016, 29.1 percent change their price at least once.
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exclude the 9,998 listings first observed in May 2016, so that they use 153,554 of the 163,552 first

listings. The pooled specifications are equations (1) and (2) with the listing price as Yi,
21 controls

for mileage bins, binned vehicle age, repair history, and free and paid warranty coverage, and listing-

month, model-code by grade by vintage, and dealer fixed effects, with standard errors clustered by

dealer. With dealer fixed effects, the coefficients measure repricing within dealers rather than shifts

of listings across dealers.

To compare dealer types, the aggregated specification becomes

Yi = Affectedi ×Affiliatedi ×
(︁
βN,VSR PostVSRti + βN,SR PostSRti + βN,MR PostMRti

)︁
+Affectedi × Independenti ×

(︁
βI,VSR PostVSRti + βI,SR PostSRti + βI,MR PostMRti

)︁
+X ′

iγ + FEs + εi,

(3)

where Affiliatedi equals 1 if vehicle i is listed by an affiliated dealer, which for an affected car is

a Nissan-affiliated dealer, Independenti equals 1 if it is listed by an independent dealer, and Yi is

the listing price here and the consumer-sale dummy in Section 4.3. The very-short-run indicator

PostVSRti equals 1 for the cars first listed in April 2016 and enters only the sale regressions, because

the April 2016 listing prices were set before the disclosure and therefore belong to the pre period of

the price regressions. The dealer and vehicle fixed effects absorb the levels of the two dealer-type

indicators and of their interactions with Affectedi, because the affected cars at affiliated dealers are

exactly the cars at Nissan-affiliated dealers, and the listing-month fixed effects absorb the levels of

the post indicators. Because the listing-month fixed effects are common to both dealer types, each

dealer-type coefficient is measured against the market-wide change for unaffected kei cars. The

event-study version by dealer type replaces the post indicators with the month indicators 1[ti = τ ].
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Figure 2: Retail Listing Price Event Study by Dealer Type.
Each panel plots estimates from the event-study version of equation (3), in thousand JPY at 2016 prices.

The dashed vertical line marks April 20, 2016, the disclosure date; the reference month is April 2016. Error

bars show 95% confidence intervals based on standard errors clustered at the dealer level.

21Table 11 in Appendix A reports the short-run and medium-run estimates for the log listing price.
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Figure 2 plots the event-study estimates of the listing price by dealer type.22 At affiliated

dealers, the coefficient is slightly positive in May 2016, consistent with a May cohort that mixes

cars published before and after the disclosure, and lies between 11.0 and 26.0 thousand JPY below

zero from June 2016 on. At independent dealers, by contrast, prices already fall by 16.9 thousand

JPY in May 2016, reach their largest decline of 42.1 thousand JPY in July, and recover to a

statistically insignificant decline of 11.7 thousand JPY in December, so the difference between the

two dealer types is largest right after the disclosure.

Table 5 reports the short-run and medium-run estimates. Listing prices of affected vehicles fall

by 25.38 thousand JPY in the short run and by 17.29 thousand JPY in the medium run. The

decline is larger at independent dealers in both horizons, 42.87 against 20.88 thousand JPY at

Nissan-affiliated dealers in the short run and 22.02 against 15.67 thousand JPY in the medium run,

but it also eases far more there, so the gap between the two dealer types narrows from about 22 to

about 6 thousand JPY.

4.3 Consumer Sale Rate

Listing prices are set by dealers, so I also ask whether affected vehicles sold to households at a

different rate. The outcome equals 1 if a new listing sells to a household within 3 months and

0 otherwise, whether the car leaves for another destination or is still listed, with coefficients in

percentage points.23 A listing counts as sold if it is gone by the third monthly snapshot after its

first one and its recorded destination is a sale to a consumer. Listings are grouped by their first

month into three post periods. The very short run is the April 2016 entrants, which were priced at

the April 1 snapshot, before the disclosure, and faced the disclosure for 72 of the 91 days of their

3-month window, from April 1 to July 1. The short run covers the June and July 2016 entrants and

the medium run the August to December 2016 entrants. The March 2016 entrants are excluded

because most of their window precedes the disclosure, and the May 2016 entrants for the reason

given in Section 4.2. The event-study version excludes only the March entrants, so it shows the

April 2016 entrants and every later cohort, including May, and uses February 2016 as its reference

month; the window of the February entrants ends with the May 2016 snapshot, but only its last

11 of 90 days fall after April 20.

The estimation sample consists of the new listings of the reporting sample of Section 3.3 whose

dealer records an exit destination in each month of the 3-month window, 92,480 of the 146,874 new

listings in the remaining entry months that pass the dealer-type rule, which drops 9,503 new listings,

6.1 percent. Because the share of dealers that record destinations differs across dealer types and,

among other-brand-affiliated dealers, across brands, I reweight this sample to these 146,874 new

22The pooled event study, plotted in Appendix Figure 6, shows that listing prices of affected vehicles are unchanged
in May 2016, the first snapshot after the disclosure, fall by 23.9 to 30.1 thousand JPY from June to September 2016,
and remain 13.9 to 21.0 thousand JPY lower from October to December.

23Appendix A reports an alternative measure, the monthly hazard of a sale to a household, which follows every
listed vehicle, including those listed before the disclosure. On this measure, the hazard of affected vehicles at
independent dealers changes by −0.013 in a short run that starts in April 2016 and by −0.026 in the medium run,
the latter significant at the 5 percent level, and at Nissan-affiliated dealers by 0.000 and 0.005.
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Table 5: Retail Listing Price and 3-Month Consumer Sale Changes

Listing price (1K JPY) 3-month consumer sale (pp)

Pooled By dealer type Pooled By dealer type

Panel A: Very short run, Apr 2016 entrants (consumer sale only)

Nissan Affected × Post VSR -3.70

(2.33)

Nissan Affected × Nissan Affiliated × Post VSR -3.70

(2.72)

Nissan Affected × Independent × Post VSR -3.76

(3.13)

Panel B: Short run, Jun–Jul 2016

Nissan Affected × Post SR -25.38*** 5.96***

(3.03) (2.01)

Nissan Affected × Nissan Affiliated × Post SR -20.88*** 5.54**

(3.50) (2.37)

Nissan Affected × Independent × Post SR -42.87*** 7.67***

(5.44) (2.60)

Panel C: Medium run, Aug–Dec 2016

Nissan Affected × Post MR -17.29*** -0.45

(2.21) (1.45)

Nissan Affected × Nissan Affiliated × Post MR -15.67*** 0.38

(2.68) (1.76)

Nissan Affected × Independent × Post MR -22.02*** -2.32

(3.46) (1.92)

N 150,975 150,975 90,160 90,160

R2 (within) 0.13 0.13 0.00 0.00

FE: Listing month X X X X

FE: Model × grade × vintage X X X X

FE: Dealer X X X X

∗ p < 0.1, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01. Standard errors clustered by dealer are in parentheses;
for the consumer sale they hold the weights fixed. The listing price is in thousand JPY at 2016
prices. The consumer sale is a dummy for a sale to a household within the car’s first listing
month or the next 2 months, estimated as a weighted linear probability model with coefficients
in percentage points. Samples (Section 3.3): for the price, the 153,554 first listings of the price
sample first listed August 2015 to April 2016 or June to December 2016; for the sale, the new
listings of the reporting sample first listed August 2015 to February 2016, in April 2016, or
June to December 2016 whose dealer reports destinations in each month of the car’s 3 months,
weighted within period, dealer type, and vehicle group to the badge mix of all new listings
(Section 4.3). Both samples exclude the listings outside the two dealer-type cells (10,657 first
listings, 6.1 percent, of the price sample; 9,503 new listings, 6.1 percent, of the sale sample).
Each post period is measured against the pre period, August 2015 to April 2016 for the price
and, by first listing month, August 2015 to February 2016 for the sale. The very short run (Panel
A) is the April 2016 entrants. They were priced before the April 20 disclosure, so the price has
no very-short-run term, and they faced the disclosure for 72 of the 91 days of their 3-month
window, April 1 to July 1; under a constant sale hazard within the window, dividing a Panel A
coefficient by 72/91 gives, to first order, the change for a cohort exposed to the disclosure for its
whole window. The table reports the regression coefficients, not these scaled values. The short
run (Panel B) is the cars first listed in June and July 2016 and the medium run (Panel C) those
first listed August to December 2016. The cars first listed in May 2016 are excluded from both
outcomes: the May 1 snapshot admits cars first published after the April 1 snapshot, so this
cohort mixes cars published before and after the disclosure, and the publication date is imputed
as the snapshot date for a large share of affiliated dealers’ listings. The March 2016 entrants,
whose window lies mostly before the disclosure, are excluded from the sale. Controls: repair
history, mileage bins, vehicle-age bins (0/1/2+ years), and, for the price, free and paid warranty
indicators. Fixed effects: (first) listing month, model code by grade by vintage, dealer. The
comparison group is the unaffected kei cars; affiliated dealers are the franchised dealers of the
car’s own brand, so the affected cars at affiliated dealers are those at Nissan-affiliated dealers.
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listings: within each period, dealer type, and vehicle group, each listing receives the ratio of all new

listings of its car’s brand to those in the estimation sample. As the cars at other-brand-affiliated

dealers carry the dealer’s own brand, these ratios correct for the reporting rates of the individual

brand networks, assuming that, within a brand, cars sell at the same rate at dealers that record

destinations and at those that do not.

The specifications are equations (2) and (3) and their event-study versions, with the sale dummy

as the outcome, these weights, and the price controls except the warranty indicators, and with

standard errors clustered by dealer; in the pooled aggregated specification, a term βVSRAffectedi×
PostVSRti captures the very short run. The listing price is excluded from the controls, since the

price and the sale probability are jointly determined, so the estimates measure the change in sales

inclusive of the price changes documented above. Appendix Figures 7 and 8 plot the event-study

estimates by entry month; the pooled series is −3.70 percentage points for the April 2016 entrants,

peaks at 6.78 percentage points for the June entrants, and lies between −2.24 and 1.39 percentage

points from the August entrants on.

In the aggregated estimates of Table 5, the 3-month consumer-sale probability of affected ve-

hicles changes in the very short run by −3.70 percentage points at Nissan-affiliated dealers and

by −3.76 percentage points at independent dealers, with standard errors of 2.72 and 3.13, and

by −3.70 percentage points pooled, none of them statistically significant. Because the April 2016

entrants were exposed to the disclosure for only part of their window, these coefficients under-

state in absolute value the change for a cohort exposed to the disclosure throughout its window;

divided by 72/91, they correspond to −4.67 and −4.75 percentage points at the two dealer types

and −4.68 percentage points pooled, which remain statistically insignificant because their standard

errors scale by the same factor.24 In the short run, by contrast, the sale probability rises by 5.54

percentage points at Nissan-affiliated dealers and by 7.67 percentage points at independent dealers,

significant at the 5 and 1 percent levels, and by 5.96 percentage points pooled, significant at the

1 percent level. The medium-run changes of 0.38 and −2.32 percentage points at the two dealer

types, with standard errors of 1.76 and 1.92, and of −0.45 percentage points pooled are not statis-

tically significant. Together with the price estimates in the same table, these results suggest that

affected vehicles sold to households less often at the prices set before the disclosure, although this

decline is imprecisely estimated. Once dealers had repriced, affected vehicles were listed at lower

prices and sold more often at both dealer types in the short run, whereas in the medium run they

remained 15.67 and 22.02 thousand JPY cheaper at affiliated and independent dealers and their

sale probability showed no statistically significant change.

24The window of an April 2016 entrant runs from April 1 to July 1, 91 days, of which the first 19, a share s = 19/91,
precede the disclosure. If the hazard of a sale to a household is constant before the disclosure and constant after it,
the probability that the car is not sold by the end of the window is (1− qpre)s(1− qshock)1−s, where qpre and qshock

are the 3-month sale probabilities of a cohort that does not face the disclosure and of one that faces it throughout
its window. To first order in qshock − qpre, the change in the observed sale probability is therefore (1 − s) times the
change for a fully exposed cohort, so dividing a very-short-run coefficient and its standard error by 1 − s = 72/91
gives that change. Section 6.3 applies the same blend to the model’s period-0 cohort.
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5 Model

Section 4 examined the wholesale and retail markets separately, but dealers tie the two markets

together. Dealers buy cars at wholesale, and they return there the cars that households do not buy.

The wholesale price is therefore both the cost of a car and the value of an unsold one. In turn,

the retail demand that dealers expect determines what they are willing to pay at wholesale. This

section builds a model of this link. Section 6 takes it to the data, and Section 8 uses it to ask how

the organization of the wholesale market shapes the pass-through of the scandal to wholesale and

retail outcomes. Section 5.1 describes the environment, Sections 5.2–5.4 solve it, and Section 5.5

compares the stationary equilibria before and after a demand shock.

5.1 Environment

The model is an overlapping-generations model of used car dealers. A dealer lives for at most 2

periods: it is young in the period in which it enters and old in the next period, after which it

exits. In every period, a continuum of young dealers of mass Dd of each dealer type d ∈ {N, I,B}
enters: Nissan-affiliated dealers (N), independent dealers (I), and other-brand-affiliated dealers

(B). Individual dealers are indexed by i. Cars come in two brands, b ∈ {A,U}: brand A stands

for the affected Nissan kei models and brand U for the unaffected kei models of the six other

manufacturers. Cars of a brand are identical, and all cars are used cars. Each dealer has a capacity

of at most one car, so a physical dealership that lists many cars corresponds to as many dealers in

the model. A dealer of dealer type d can hold a car of brand b ∈ Jd or no car, where JN = {A},
JI = {A,U}, and JB = {U}: affiliated dealers hold only their own brand, and independent dealers

hold either brand. The model thus has four retail cells, (N,A), (I,A), (I, U), and (B,U).

On entry, dealer i of dealer type d draws its market demand ξi ∼ Gd for the brands that it can

hold: ξiA for a Nissan-affiliated entrant, ξiU for an other-brand-affiliated entrant, and a possibly

correlated pair (ξiA, ξiU ) for an independent entrant. The demand ξib is the valuation that the

dealer’s household attaches to a car of brand b (Section 5.2).

In every period, a mass Eb > 0 of cars of brand b enters the model; I call Eb the inflow of brand

b. The inflow arrives as the endowments of entering dealers, such as trade-ins, so some young

dealers enter with a car and the rest without one. Two kinds of shares describe how the inflow is

allocated. The endowment share ωb splits the inflow of brand b between affiliated and independent

entrants: a share ωA of the brand-A inflow goes to Nissan-affiliated entrants and the remaining

share 1− ωA to independent entrants, and a share ωU of the brand-U inflow goes to other-brand-

affiliated entrants and the remaining share 1 − ωU to independent entrants. The endowment rate

γdb is the share of the entrants of dealer type d that are endowed with a car of brand b. Within a

dealer type, endowments are assigned at random, so an entrant of dealer type d enters with a car

of brand b with probability γdb and without a car with probability 1 −
∑︁

b∈Jd
γdb > 0. The two

kinds of shares are linked because the endowed entrants of a dealer type hold exactly the part of
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the inflow allocated to that dealer type:

γNADN = ωAEA, γIADI = (1−ωA)EA, γBUDB = ωUEU , γIUDI = (1−ωU )EU . (4)

Endowments are assigned independently of demand, so apart from their dealer type and endowment,

dealers differ only in their demand.

There is a single, competitive wholesale market, in which dealers trade cars of both brands: a

car of brand b trades at the wholesale price wb. I study the stationary state, in which wA and wU

are constant over time. Section 6.3 describes the equilibrium when the wholesale prices vary over

time, which the estimation uses for the months after the disclosure.

A dealer’s life has two stages, which Figure 3 shows for a Nissan-affiliated dealer in panel (a)

and an independent dealer in panel (b). In the wholesale stage, on entry, an affiliated entrant

trades only its own brand: if endowed, it keeps its car or sells it and exits, and if not, it buys a

car or exits. An independent entrant has one more option in each case: if endowed, it can also sell

its car and buy a car of the other brand, and if not, it can buy a car of either brand. An entrant

that holds a car then posts a price in the retail stage, as the monopolist in its own retail market,

which has a single household. If the household buys the car, the dealer exits. If not, the dealer

cannot offer the car at retail again: it carries the car into the next period and, now old, sells it at

wholesale and exits.

(a) Nissan-affiliated dealer

keeps it, or sells it and
exits

buys A, or exits

draws demand
ξiA ∼ GN

endowed with A
γNA

without a car

1− γNA

posts a
price p

sells the car at
wA and exits

holds A

household
does not buy

exits

holds no car

receives p and exits

household
buys

(b) Independent dealer

keeps it, or sells it and
exits or buys U

keeps it, or sells it and
exits or buys A

buys A or U , or exits

draws demand
(ξiA, ξiU ) ∼ GI

endowed with A
γIA

endowed with U
γIU

without a car

1− γIA − γIU

posts a
price p

sells the car
at wA or wU

and exits

holds
A or U

household
does not buy

exits

holds no car

receives p and exits

household
buys

Entry Wholesale stage Retail stage Old dealer

young old

Figure 3: Timing of a Dealer’s Life by Dealer Type.
Panel (a) shows a Nissan-affiliated dealer and panel (b) an independent dealer; an other-brand-affiliated

dealer is the same as in panel (a) with brand U in place of brand A. The labels on the arrows from entry

give an entrant’s endowment and its probability. A dealer is young to the left of the dashed line and old to

the right of it.
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5.2 Retail Stage

I solve a dealer’s problem backward and begin with the retail stage. Consider a young dealer i that

holds a car of brand b and faces demand ξib. Its household obtains utility

ui = ξib − p+ ϵi (5)

from buying the car at price p and utility 0 from not buying it. The taste shock ϵi is logistic with

scale σϵ and is drawn after the dealer posts its price, so the dealer does not observe it. The household

buys if ui ≥ 0, so the car sells at price p with probability exp((ξib − p)/σϵ)/[1 + exp((ξib − p)/σϵ)].

The sale probability decreases in the price, and the coefficient on the price is 1/σϵ, the inverse of the

household demand scale. If the car does not sell, the dealer sells it at wholesale in the next period,

which it discounts by the factor δ ∈ (0, 1), so it values an unsold car at its liquidation value δwb,

the discounted wholesale price. The dealer chooses the price that maximizes its expected profit,

and the value of holding the car is

V (ξib, wb) = max
p

{︃
exp

(︁
(ξib − p)/σϵ

)︁
1 + exp

(︁
(ξib − p)/σϵ

)︁⏞ ⏟⏟ ⏞
Pr(sale)

p+
1

1 + exp
(︁
(ξib − p)/σϵ

)︁⏞ ⏟⏟ ⏞
Pr(no sale)

δwb

}︃
. (6)

Lemma 1 (Retail pricing). Problem (6) has a unique solution p∗, which satisfies

p∗ = δwb + σϵ

[︃
1 + exp

(︃
ξib − p∗

σϵ

)︃]︃
. (7)

Denote this solution by p(ξib, wb) and the probability that the car sells at this price by

q(ξib, wb) =
exp

(︁
(ξib − p(ξib, wb))/σϵ

)︁
1 + exp

(︁
(ξib − p(ξib, wb))/σϵ

)︁ . (8)

The value of holding the car is V (ξib, wb) = p(ξib, wb)− σϵ. The value increases in demand and in

the wholesale price, with

∂V

∂ξib
= q(ξib, wb),

∂V

∂wb
= δ
[︁
1− q(ξib, wb)

]︁
, (9)

and it ranges over (δwb,∞), so for every v > δwb there is a unique demand V −1(v;wb) at which

the value of holding the car equals v.

Proof. See Appendix F.1.

By (7), the dealer prices above the liquidation value, and by more when the car is more likely

to sell. The price p(ξib, wb) and the sale probability q(ξib, wb) both increase in demand, whereas a

higher wholesale price raises the price and lowers the sale probability.25

5.3 Wholesale Stage: Inventory Choice

I now return to the wholesale stage. By Lemma 1, a young dealer that holds a car of brand b values

it at V (ξib, wb), whether it kept or bought the car. Its options depend on its dealer type and on

25See Appendix F.1 for the proof.
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whether it entered with a car, so I derive the inventory choice of affiliated and independent dealers

in turn.

5.3.1 Affiliated Dealers

Without loss of generality, consider a Nissan-affiliated entrant, which can hold only brand A. Its

options at the wholesale stage and their payoffs depend on whether it is endowed:

endowed with a car: max
{︂
V (ξiA, wA)⏞ ⏟⏟ ⏞

keep

, wA⏞⏟⏟⏞
sell and exit

}︂
,

without a car: max
{︂
V (ξiA, wA)− wA⏞ ⏟⏟ ⏞

buy

, 0⏞⏟⏟⏞
exit

}︂
.

An endowed entrant keeps its car if and only if V (ξiA, wA) ≥ wA, and an entrant without a car buys

one if and only if V (ξiA, wA)−wA ≥ 0. The two conditions coincide: given its demand, whether an

entrant holds a car does not depend on its endowment, because an endowed entrant can sell its car

at the same wholesale price at which it would buy one. The endowment determines only whether

the dealer trades at wholesale.

Given the wholesale price wA > 0, the value of holding a car increases in demand (Lemma 1),

so an entrant holds a car if and only if its demand is at least the cutoff at which the value of holding

the car equals the wholesale price,

ξiA ≥ ξ̄A(wA), where ξ̄A(wA) = V −1(wA;wA), (10)

which exists because wA lies in the range (δwA,∞) of the value.26 Define the inventory policy

jN (ξi;w) ∈ {A, ∅} as the car that a Nissan-affiliated entrant with demand ξi holds, where ∅ means

no car:

jN (ξi;w) =

⎧⎨⎩A if ξiA ≥ ξ̄A(wA) (holds a car),

∅ if ξiA < ξ̄A(wA) (exits without a car).
(11)

Differentiating V (ξ̄A(wA), wA) = wA with (9) gives dξ̄A/ dwA = [1 − δ(1 − q)]/q > 0, where

q = q(ξ̄A(wA), wA) is the sale probability at the cutoff. A higher wholesale price therefore raises

the cutoff, so fewer dealers hold the brand: the price that an entrant pays for a car, or forgoes by

keeping one, rises one for one, whereas the value of holding the car rises only at the rate δ(1− q).

Let

hNA(w) = 1−GN

(︁
ξ̄A(wA)

)︁
denote the holding share of Nissan-affiliated dealers, the share of their entrants whose demand is

above the cutoff. Because endowments are assigned independently of demand, the holding share is

the same among entrants with and without an endowment. The mass of entrants that keep their

26Appendix F.2 gives the cutoff in closed form.
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endowment, the mass that sell it and exit, and the mass that buy a car at wholesale are therefore

γNADN hNA(w)⏞ ⏟⏟ ⏞
keep the endowment

, γNADN

[︁
1− hNA(w)

]︁⏞ ⏟⏟ ⏞
sell it and exit

, (1− γNA)DN hNA(w)⏞ ⏟⏟ ⏞
buy a car

, (12)

and the remaining (1 − γNA)DN [1 − hNA(w)] entrants exit without a car. The same applies to

other-brand-affiliated entrants and brand U , with the cutoff ξ̄U (wU ) = V −1(wU ;wU ), the policy

jB(ξi;w) ∈ {U, ∅}, and the holding share hBU (w) = 1−GB

(︁
ξ̄U (wU )

)︁
.

5.3.2 Independent Dealers

An independent entrant’s options at the wholesale stage and their payoffs are, with b′ denoting the

brand other than b,

endowed with a car of brand b: max
{︂
V (ξib, wb)⏞ ⏟⏟ ⏞

keep

, wb⏞⏟⏟⏞
sell and exit

, wb − wb′ + V (ξib′ , wb′)⏞ ⏟⏟ ⏞
sell and buy b′

}︂
,

without a car: max
{︂
V (ξiA, wA)− wA⏞ ⏟⏟ ⏞

buy A

, V (ξiU , wU )− wU⏞ ⏟⏟ ⏞
buy U

, 0⏞⏟⏟⏞
exit

}︂
.

Each payoff of an entrant endowed with a car of brand b is wb plus the payoff of an entrant without

a car that ends up holding the same car, a car of brand b, a car of brand b′, or none, so entrants with

the same demand ξi make the same choice whether or not they are endowed. Given the wholesale

prices, an independent entrant holds the brand with the larger net value, V (ξib, wb) − wb, if that

value is nonnegative and no car otherwise:

jI(ξi;w) =

⎧⎪⎪⎪⎨⎪⎪⎪⎩
A if V (ξiA, wA)− wA ≥ max

{︁
V (ξiU , wU )− wU , 0

}︁
,

U if V (ξiU , wU )− wU > max
{︁
V (ξiA, wA)− wA, 0

}︁
,

∅ otherwise.

(13)

This policy is a cutoff rule in each demand. An entrant whose demands are both below the cutoffs

of (10), ξiA < ξ̄A(wA) and ξiU < ξ̄U (wU ), holds no car. Among the other entrants, those whose

demand for brand A is above a boundary that depends not only on wA but also on ξiU and wU

hold brand A, and the rest hold brand U .27 Let

hIb(w) =

∫︂
1{jI(ξi;w) = b} dGI(ξi), b ∈ {A,U},

denote the holding share of brand b, the share of independent entrants whose demands lie in

the region in which they hold brand b; the share that holds no car is 1 − hIA(w) − hIU (w) =

GI(ξ̄A(wA), ξ̄U (wU )), the joint distribution function at the two cutoffs. Because endowments are

independent of demand, the mass of entrants endowed with a car of brand b that keep it, the mass

that sell it and exit, the mass that sell it and buy a car of brand b′, and the mass of entrants

27Appendix F.2 gives the boundary in closed form.
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without a car that buy a car of brand b are

γIbDI hIb(w)⏞ ⏟⏟ ⏞
keep the endowment

, γIbDI

[︁
1− hIA(w)− hIU (w)

]︁⏞ ⏟⏟ ⏞
sell it and exit

, γIbDI hIb′(w)⏞ ⏟⏟ ⏞
sell it and buy brand b′

,

(1− γIA − γIU )DI hIb(w)⏞ ⏟⏟ ⏞
buy a car of brand b

.
(14)

5.4 Stationary Equilibrium

I now aggregate the inventory choices over dealers to obtain wholesale demand and supply. Without

loss of generality, consider brand A, which Nissan-affiliated and independent dealers hold; the

derivation for brand U is the same with other-brand-affiliated dealers in place of Nissan-affiliated

dealers. Each young dealer that holds a car of brand b sells it to its household with the probability

q(ξib, wb) of Lemma 1. Let

Qdb(w) = E
[︁
q(ξib, wb)

⃓⃓
jd(ξi;w) = b

]︁
denote the mean sale probability of the young dealers of dealer type d that hold a car of brand

b, with the expectation over the demand ξi ∼ Gd. A mass NA(w) = DNhNA(w) + DIhIA(w)

of young dealers end up holding a car of brand A at the wholesale stage, and their mean sale

probability QA(w) satisfies NA(w)QA(w) = DNhNA(w)QNA(w) + DIhIA(w)QIA(w). Of these

dealers, NA(w)QA(w) sell the car to their household and exit, and the remaining NA(w)[1−QA(w)]

carry it into the next period and sell it at wholesale as old dealers.

Wholesale demand for brand A consists of the cars that young dealers buy. By (12) and (14),

these are bought by the Nissan-affiliated entrants without a car whose demand is above the cutoff,

by the independent entrants without a car for which brand A has the larger net value, and by the

independent entrants endowed with a car of brand U that sell it and buy a car of brand A:

DA(w) = (1− γNA)DN hNA(w)⏞ ⏟⏟ ⏞
Nissan-affiliated, buy

+ (1− γIA − γIU )DI hIA(w)⏞ ⏟⏟ ⏞
independent, buy

+ γIUDI hIA(w)⏞ ⏟⏟ ⏞
independent, sell U and buy A

= (1− γNA)DN hNA(w) + (1− γIA)DI hIA(w).

(15)

Wholesale supply of brand A consists of the endowments that young dealers sell, by the Nissan-

affiliated entrants endowed with a car whose demand is below the cutoff and by the independent

entrants endowed with a car of brand A that sell it, whether they exit or buy a car of brand U , plus

the cars of brand A that old dealers sell at wholesale. In the stationary state, the young dealers of

the previous period faced the same wholesale prices, so the old dealers sell NA(w)[1−QA(w)] cars:

SA(w) = γNADN

[︁
1− hNA(w)

]︁⏞ ⏟⏟ ⏞
Nissan-affiliated, sell

+ γIADI

[︁
1− hIA(w)− hIU (w)

]︁⏞ ⏟⏟ ⏞
independent, sell and exit

+ γIADI hIU (w)⏞ ⏟⏟ ⏞
independent, sell A and buy U

+NA(w)
[︁
1−QA(w)

]︁⏞ ⏟⏟ ⏞
old dealers

= γNADN

[︁
1− hNA(w)

]︁
+ γIADI

[︁
1− hIA(w)

]︁
+NA(w)

[︁
1−QA(w)

]︁
.

(16)
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The wholesale market clears for brand A when DA(w) = SA(w). The endowment rates drop out

of this condition: every young dealer that holds a car of brand A either bought it or kept its

endowment, and every endowment is either kept or sold, so the cars bought net of the endowments

sold equal the cars held net of all endowments, which add up to the inflow by (4):

DA(w)− SA(w) = DNhNA(w) +DIhIA(w)⏞ ⏟⏟ ⏞
NA(w)

− (γNADN + γIADI)⏞ ⏟⏟ ⏞
EA

−NA(w)
[︁
1−QA(w)

]︁
= NA(w)QA(w)− EA.

The market therefore clears if and only if household sales of brand A absorb exactly its inflow:

NA(w)QA(w) = EA. (17)

Because old dealers sell at wholesale every car that their household did not buy, the young dealers

can hold every car present, the inflow and the cars that old dealers sell, only if households buy as

many cars as arrive. The same derivation for brand U gives NU (w)QU (w) = EU .

Definition 1 (Stationary equilibrium). A stationary equilibrium is a pair of wholesale prices w =

(wA, wU ) such that, when every dealer prices according to Lemma 1 and chooses its inventory

according to (11) and (13), the wholesale market clears for each brand: Nb(w)Qb(w) = Eb for

b ∈ {A,U}.

Because the endowment rates drop out of the clearing conditions, neither they nor the endow-

ment shares affect the equilibrium wholesale and retail prices, inventory choices, and sale probabil-

ities; they determine only the volume of wholesale trade in (15) and (16), and they matter under

the counterfactual scenarios of Section 8, which restrict how endowed dealers trade.

Proposition 1 (Existence and uniqueness). Under Assumptions 1 and 2 in Appendix F.3, a sta-

tionary equilibrium exists, and both wholesale prices are positive. Under Assumption 3, it is unique.

Proof. See Appendix F.3.

Assumption 1 requires the demand distributions to have positive densities, and Assumption 2

requires dealers to be numerous enough that, at zero wholesale prices, household sales of each brand

would exceed its inflow. Household sales of a brand fall in its own wholesale price and rise in the

other brand’s, through the independent dealers that switch brands, so some pair of prices clears the

market for both brands. Assumption 3 requires the own effect of each wholesale price on household

sales to exceed its cross effect.

5.5 A Demand Shock: Comparing Stationary Equilibria

The scandal lowers the valuation that households attach to affected cars. After the disclosure, the

household of a dealer of dealer type d ∈ {N, I} obtains utility

ui = ξiA − λd − p+ ϵi
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from buying an affected car at price p, in place of (5), whereas its utility from an unaffected car does

not change. The demand loss λd lowers the demand for affected cars of every dealer of dealer type

d by the same amount, and it can differ between Nissan-affiliated and independent dealers. The

loss is permanent, so in the long run the market moves from the pre-scandal stationary equilibrium

to a post-scandal stationary equilibrium, which solves the clearing conditions (17) with the lowered

demands.28

To show how the equilibrium responds to the loss, I solve the model numerically. I assume de-

mand is normal: a Nissan-affiliated entrant draws its demand for affected cars, ξiA ∼ N (µNA, σ
2
A),

an other-brand-affiliated entrant its demand for unaffected cars, ξiU ∼ N (µBU , σ
2
U ), and an inde-

pendent entrant its two demands jointly,(︄
ξiA

ξiU

)︄
∼ N

(︄(︄
µIA

µIU

)︄
,

(︄
σ2
A ρ σAσU

ρ σAσU σ2
U

)︄)︄
. (18)

Table 6 sets the parameters to round values near the baseline estimates of Section 7.1. Table 7

compares the pre-scandal equilibrium with three post-scandal equilibria: a common loss, λN =

λI = 50 thousand JPY, and a loss of 10 thousand JPY at Nissan-affiliated dealers together with a

loss of 50 or 100 thousand JPY at independent dealers.

Table 6: Parameter Values of the Numerical Illustration

Parameter Symbol Value

Panel A: Dealer Masses and Inflows

Dealer mass, Nissan-affiliated DN 23,000

Dealer mass, independent DI 115,000

Dealer mass, other-brand-affiliated DB 90,000

Inflow, affected EA 1,700

Inflow, unaffected EU 11,300

Panel B: Demand and Discounting

Mean demand, affected cars at Nissan-affiliated dealers µNA 470

Mean demand, affected cars at independent dealers µIA 30

Mean demand, unaffected cars at independent dealers µIU 470

Mean demand, unaffected cars at other-brand-affiliated dealers µBU 650

Demand standard deviation, affected cars σA 380

Demand standard deviation, unaffected cars σU 300

Demand correlation ρ 0.4

Household demand scale σϵ 70

Discount factor δ 0.98

Values used in Section 5.5, rounded from the baseline Stage-1 estimates of Table 18 in Appendix D; the model
has no holding cost. Dealer masses and inflows are numbers of entering dealers and of cars per 3-month
model period; the equilibrium depends on them only through their ratios. Mean demands, demand standard
deviations, and the household demand scale are in thousand JPY.

With a common loss, the shock passes through to prices rather than quantities. The wholesale

price of affected cars falls by 49.1 thousand JPY, almost as much as the loss, and the mean

28See Section 6.3 for the path between the two equilibria.
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Table 7: Stationary Equilibria Before and After a Demand Shock

Post-scandal, (λN , λI)

Outcome Pre-scandal (50, 50) (10, 50) (10, 100)

Wholesale price

Affected 951.8 902.7 930.6 919.1

Unaffected 944.3 944.3 944.4 944.6

Listing share (%)

Nissan-affiliated / affected 11.27 11.41 11.93 12.59

Independent / affected 0.72 0.74 0.59 0.44

Independent / unaffected 6.45 6.45 6.46 6.48

Other-brand-affiliated / unaffected 18.18 18.18 18.17 18.15

Mean retail price

Nissan-affiliated / affected 1,110.8 1,060.6 1,090.5 1,080.0

Independent / affected 1,080.7 1,030.6 1,057.6 1,044.0

Independent / unaffected 1,070.3 1,070.3 1,070.4 1,070.5

Other-brand-affiliated / unaffected 1,088.8 1,088.8 1,088.9 1,089.0

Retail price standard deviation

Nissan-affiliated / affected 103.6 103.1 104.6 105.8

Independent / affected 72.0 71.5 70.2 68.1

Independent / unaffected 67.1 67.1 67.1 67.0

Other-brand-affiliated / unaffected 84.7 84.7 84.7 84.7

Sale probability (%)

Nissan-affiliated / affected 51.05 50.39 51.00 51.08

Independent / affected 45.23 44.46 44.56 43.94

Independent / unaffected 44.68 44.68 44.66 44.64

Other-brand-affiliated / unaffected 48.81 48.81 48.81 48.81

Stationary equilibria of the model at the parameter values of Table 6, before
the scandal and after demand losses λN and λI , in thousand JPY, at Nissan-
affiliated and independent dealers. A cell is a dealer type and a brand. The
listing share is the share of a dealer type’s entrants that list a car of the brand,
the holding share hdb. The mean and the standard deviation of the retail
price, in thousand JPY, are taken over the dealers that list a car, and the sale
probability is their mean sale probability Qdb.

retail price of affected cars falls by 50.2 thousand JPY at Nissan-affiliated dealers and by 50.1 at

independent dealers. Because the wholesale price falls by about as much as households’ valuation,

the value of holding an affected car net of its price barely changes, so the listing shares change by

less than 0.2 percentage points and the sale probabilities by less than 1 percentage point.

When the losses differ, the single wholesale price pools them. With λN = 10 and λI = 50, the

wholesale price of affected cars falls by 21.2 thousand JPY, so the retail price of affected cars falls

by 20.3 thousand JPY at Nissan-affiliated dealers, twice the loss of their households, and by 23.0

at independent dealers, less than half of theirs. With λI = 100, the two declines are 30.7 and 36.7

thousand JPY. Listings move toward the dealer type with the smaller loss: as λI rises from 50 to

100, the listing share of affected cars rises from 11.93 to 12.59 percent at Nissan-affiliated dealers

and falls from 0.59 to 0.44 percent at independent dealers, against 11.27 and 0.72 percent before
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the scandal.

The shock to affected cars barely spills over to unaffected cars. Under the common loss, the

unaffected outcomes stay at their pre-scandal values. With λN = 10 and λI = 100, the wholesale

price of unaffected cars rises by 0.3 thousand JPY, and the listing share of unaffected cars at

independent dealers rises by 0.03 percentage points while that of affected cars falls by 0.29 points:

few of the independent entrants that stop holding an affected car value unaffected cars enough to

hold one instead.

6 Estimation and Identification

A model period lasts 3 months, and the model’s four cells are the dealer–brand cells of the analysis

sample of Section 3.3: affected Nissan cars at Nissan-affiliated dealers, affected and unaffected cars

at independent dealers, and unaffected cars of their own brand at other-brand-affiliated dealers.

Prices, their dispersion, and entry counts come from all first listings of the analysis sample, and

consumer sales within 3 months and the covariance between prices and sales come from the new

listings of the reporting sample of Section 3.3, weighted as in Section 4.3. Because cars of a brand

are homogeneous in the model, the price moments use prices standardized to a common reference

car: a hedonic regression removes the part of each retail and wholesale price that the car’s age,

mileage, repair history, model–grade–vintage, and month explain, and the predicted price of the

reference car is added back.29 The post-disclosure changes that the estimation targets use observed

prices.

In the first stage, I estimate two specifications: the baseline model of Section 5, in which dealers

of a type differ only in their demand, and an extension with a holding cost of unsold cars, because

their comparison shows which features of the pre-scandal data require this second dimension of

heterogeneity; the second stage and the counterfactual analysis use the extension. Section 6.1

introduces the holding cost, Section 6.2 specifies the distributions and sets four parameters outside

the estimation, Section 6.3 describes the transition path after the disclosure, Section 6.4 describes

the two stages, and Section 6.5 discusses identification.

6.1 Holding Cost of an Unsold Car

The model of Section 5 lets dealers differ only in demand, so a dealer with higher demand posts a

higher price and sells with a higher probability (Section 5.2). The estimated model adds a second

dimension of heterogeneity, which lets dealers with the same demand post different prices: a dealer

whose car does not sell at retail holds it until the wholesale market of the next period and incurs a

holding cost ci while it does. The cost is drawn from a distribution Hd specific to the dealer type

after the inventory choice, so a dealer learns its cost only once it holds a car. It is paid only if the

car does not sell, and it accrues in the period of the failed sale, so it is not discounted, whereas

the wholesale sale takes place in the next period. The cost is independent of demand and of the

29See Appendix D.1 for more details on the price standardization.
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endowment, and Hd has support on R: a negative cost is a benefit of keeping the car for one more

period.

With the cost, the dealer values an unsold car at its liquidation value δwb − ci, and the value

of holding a car of brand b becomes

V (ξib, ci;wb) = max
p≥0

{︃
exp

(︁
(ξib − p)/σϵ

)︁
1 + exp

(︁
(ξib − p)/σϵ

)︁⏞ ⏟⏟ ⏞
Pr(sale)

p+
1

1 + exp
(︁
(ξib − p)/σϵ

)︁⏞ ⏟⏟ ⏞
Pr(no sale)

(δwb − ci)

}︃
, (19)

whose solution p∗ satisfies

p∗ = δwb − ci + σϵ

[︃
1 + exp

(︃
ξib − p∗

σϵ

)︃]︃
, V (ξib, ci;wb) = p∗ − σϵ, (20)

unless the cost is so high that the liquidation value is far below zero, in which case the dealer

posts p∗ = 0.30 As in Lemma 1, denote the solution by p(ξib, ci;wb) and the probability that the

car sells at this price, defined as in (8), by q(ξib, ci;wb). The cost enters the pricing problem only

through the liquidation value: a dealer with a higher cost values an unsold car less, so it posts a

lower price and sells with a higher probability. Across dealers that differ in cost, prices and sale

probabilities therefore move in opposite directions, whereas across dealers that differ in demand

they move together.

At the wholesale stage, a dealer does not know the cost that it will draw, so it values holding

a car of brand b at the expected value

V d(ξib;wb) =

∫︂
V (ξib, c;wb) dHd(c), (21)

which, like V , increases in demand and in the wholesale price. The inventory choice of Section 5.3

applies with V d in place of V . An affiliated entrant holds a car if and only if V d(ξib;wb) ≥ wb, that

is, if its demand is at least the cutoff ξ̄db(wb) = V
−1
d (wb;wb), which now depends on the dealer type

through Hd and exists when the mean holding cost is positive.31 An independent entrant holds the

brand with the larger net value V I(ξib;wb)− wb if that value is nonnegative and no car otherwise,

and the endowment does not affect the choice, for the same reason as before. Because the cost

is drawn after the choice, the cost distribution among the dealers that hold a car is Hd for either

brand, whereas demand is selected as before.

The holding shares and wholesale demand and supply of Section 5.4 keep their form under these

policies. Only the mean sale probabilities change, because each holder now sells with a probability

that depends on its cost: with q̄d(ξib;wb) =
∫︁
q(ξib, c;wb) dHd(c) the sale probability averaged over

the cost,

Qdb(w) = E
[︁
q̄d(ξib;wb)

⃓⃓
jd(ξi;w) = b

]︁
. (22)

The clearing condition (17) is unchanged, so Definition 1 applies with the pricing problem (19) and

the policies above, and Proposition 1 holds under Assumptions 1–3 applied to the household sales

30See Appendix F.4 for more details on the pricing problem with a holding cost.
31See Appendix F.4 for more details on the existence of the cutoff.
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Nb(w)Qb(w) with these mean sale probabilities.32

6.2 Econometric Specification

6.2.1 Distributions of Demand and Holding Cost

Demand follows the normal distributions (18) of Section 5.5. The mean demand µdb is specific to

each cell, so it lets the level of demand for a brand differ across the dealer types that hold it. The

standard deviation σb is specific to each brand and common across dealer types, and the correlation

ρ is set outside the estimation. In the extension, the holding cost is normal, ci ∼ N
(︁
µc
g, (σ

c
g)

2
)︁
,

where the cost group is g = aff for the two affiliated types, N and B, and g = I for independent

dealers, so Hd is the same for the two affiliated types. It is not truncated, so some dealers draw a

negative cost. In the baseline, the cost is zero for every dealer. The demand losses λN and λI of

Section 5.5 are not restricted in sign, and the demand for unaffected cars does not change.

6.2.2 Externally Set Parameters

Four parameters are set outside the estimation and held fixed throughout: the dealer masses Dd

of the three dealer types, the inflow Eb of each brand, the correlation ρ of an independent dealer’s

demands for the two brands, and the discount factor δ.33

Dealer mass Dd. Each model dealer holds one car, so I count every new listing at a dealership as

one entering dealer, whatever the car: a dealer’s outside option in the model corresponds to listing

a car outside the model, such as a regular car or a kei car of an older vintage. With Ait the new

listings of dealership i in month t and Kit its new listings of kei cars, the dealer mass per 3-month

period over the 17 months of August 2015 to December 2016 is

ˆ︁Dd =
3

17

Dec. 2016∑︂
t=Aug. 2015

∑︂
i: d(i)=d

1

{︃∑︁
sKis∑︁
sAis

≥ 0.05

}︃
Ait, (23)

which counts the dealerships whose kei cars account for at least 5 percent of their new listings.34

Inflow Eb. By the clearing condition (17), stationary household sales equal the inflow, so I

measure the inflow as consumer sales per model period before the scandal. With ˆ︁Ndb the new listings

per period of the entrants of August 2015 to January 2016 in cell (d, b), whose 3-month outcome

windows close before the disclosure month, and ˆ︁qdb their 3-month consumer-sale probability,ˆ︁Eb =
∑︂
d

ˆ︁Ndb ˆ︁qdb.
32See Appendix F.3 for more details.
33See Panel A of Table 18 in Appendix D for their values.
34See Appendix D.2 for more details on the listings that the counts cover.
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The inflow stays at this value in every period, before and after the scandal, so the scandal acts only

through the demand losses.35

Demand correlation ρ. Because each model dealer holds one car, no moment pins ρ. I set it to

the correlation between the residual prices of an affected and an unaffected car listed by the same

independent dealership. A residual price has a dealership component, common to the dealership’s

cars of a brand, and a car-specific component, which is uncorrelated across cars. The dealership

components of the two brands are highly correlated, 0.91, but they account for only 50 and 37

percent of the residual variance of an affected and an unaffected car, so the correlation between the

residual prices of two such cars is 0.91× (0.50× 0.37)1/2 = 0.39, and I set ρ = 0.4.36

Discount factor δ. I set δ = 0.98 per 3-month model period, about 8 percent per year. The

discount factor enters the model only through the liquidation value of an unsold car, δwb−ci, where

it is hard to separate from the mean holding cost, so I fix it.

6.3 Computing the Transition Path

The stationary equilibria of Section 5.5 describe the market before the scandal and its long-run

state after it. The estimates of Section 4, however, measure the changes in the first 8 months after

the disclosure, during which the market moves from one stationary equilibrium to the other, so I

solve the model along this transition path. I compute the path under three assumptions. First, the

disclosure arrives in period 0 after the wholesale stage: the young dealers of period 0 chose their

inventory and posted their prices before the disclosure, and their households learn of the scandal

while the cars are on the lot. This surprise cohort therefore sells fewer affected cars than it would

at prices set after the disclosure and leaves more unsold cars for period 1 than in the pre-scandal

equilibrium. Its data counterpart, the April 2016 entrants, faced the disclosure for 72 of the 91

days of their 3-month window, so the period-0 cohort faces the loss for the same share of its retail

stage. Second, from period 1 on, entering dealers know the losses and the whole path of wholesale

prices. Third, the market reaches the post-scandal stationary equilibrium after T = 8 periods, 2

years.

Two links tie each period to its neighbors. Unsold cars move forward: the cars that a cohort

does not sell are supplied at wholesale in the next period, so the wholesale supply of a period

depends on the prices of the period before. Values move backward: an entrant values a car by

the price at which it would sell the car at wholesale in the next period if its household does not

buy it, so the wholesale demand of a period depends on the prices of the period after. Neither

forward simulation, which needs the future prices, nor backward induction, which needs the past

unsold cars, can therefore solve the path one period at a time. I solve the 16 wholesale prices of

periods 1 to 8 jointly from the 16 clearing conditions, one for each brand and period, which pin

35See Appendix D.2 for more details on the measurement of the inflow.
36See Appendix D.2 for the sample, the hedonic regression, and the correction for sampling noise.
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the path between the unsold cars of the surprise cohort at its start and the post-scandal stationary

equilibrium at its end. The path is locally unique, and although I cannot show that it is globally

unique, the solution method reaches the same path from a wide range of starting paths.37

6.4 Estimation Procedure

The parameters of the model fall into two groups. The parameters of the pre-scandal stationary

equilibrium, θ, are the four mean demands, the two demand standard deviations, and the household

demand scale, θ = (µNA, µIA, µIU , µBU , σA, σU , σϵ), seven parameters in the baseline; the extension

adds the means and standard deviations of the two holding-cost distributions, µc
aff , σ

c
aff , µ

c
I , and σc

I ,

for 11 parameters. The scandal is described by the two demand losses, λ = (λN , λI). Stage 1 fits

θ to 22 moments of the pre-scandal data. Stage 2 holds ˆ︁θ fixed and fits λ, on the transition path

of Section 6.3, to twelve changes for affected cars relative to unaffected cars after the disclosure,

estimated in Section 4. In both stages, the wholesale prices are solved again from the clearing

conditions at every candidate parameter value, so every candidate is evaluated at an equilibrium.

The endowment shares enter neither stage, because the equilibrium does not depend on them

(Section 5.4). Table 8 lists the moments of Stage 1 and the targets of Stage 2.

Table 8: Moments of Stage 1 and Targets of Stage 2

Moments Number Data

Stage 1: moments of the pre-scandal equilibrium
Log listing rates by dealer type 3 All first listings
Affected share of independent dealers’ listings 1 All first listings
Initial price means 4 All first listings, standardized prices
Initial price standard deviations 4 All first listings, standardized prices
3-month consumer-sale probabilities 4 Dealers that report exit destinations,

weighted
Initial price–consumer-sale covariances 4 Dealers that report exit destinations,

weighted, standardized prices
Wholesale prices 2 Sold auction lots, standardized prices
Total 22

Stage 2: changes for affected cars relative to unaffected cars after the disclosure
Retail listing prices, d ∈ {N, I}, short and medium
run

4 Equation (3), Table 5

3-month consumer sales, d ∈ {N, I}, very short,
short, and medium run

6 Equation (3), Table 5

Wholesale price, short and medium run 2 Equation (2), Table 4
Total 12

37See Appendix E for more details on the equilibrium conditions along the path, on how they are solved, and on
the uniqueness of the path.
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6.4.1 Stage 1: The Pre-Scandal Equilibrium

The retail moments of Stage 1 use the entrants of August 2015 to January 2016, and the two

wholesale prices are the mean standardized prices of the lots sold in the auction months of Au-

gust 2015 to January 2016.38 Model moments average over the dealers that hold a car, so

they condition on the inventory choice: the model’s mean price in cell (d, b) is the mean of

p(ξib, wb) over the entrants of dealer type d that hold brand b, and the price standard devia-

tion, the sale probability Qdb(w), and the price–sale covariance are defined in the same way, the

covariance with the sale probability q(ξib, wb) in place of the consumer-sale indicator. With the

holding cost, prices and sale probabilities are also averaged over the cost. The log listing rate

of dealer type d is log
∑︁

b∈Jd
hdb(w), and the affected share of independent dealers’ listings is

hIA(w)/[hIA(w) + hIU (w)]. At any candidate θ, the pre-scandal wholesale prices w(θ) solve the

clearing conditions exactly, Nb(w(θ); θ)Qb(w(θ); θ) = ˆ︁Eb for both brands, and Stage 1 minimizes

J(θ) =
1

22

22∑︂
ℓ=1

[︄
mℓ

(︁
θ,w(θ)

)︁
− ˆ︁mℓ

sℓ

]︄2
,

where ˆ︁mℓ is an empirical moment, mℓ its model counterpart, and sℓ its sampling standard error.

The criterion weights the residuals by W = diag(1/s2ℓ ), which is diagonal although the moments

are correlated, so its value measures the fit and is not a chi-squared statistic.39

6.4.2 Stage 2: Post-Scandal Demand Losses

The twelve targets of Stage 2 are the aggregated estimates of Section 4 listed in Table 8, each the

change for affected cars relative to unaffected cars: the retail listing price at the two dealer types

in the short and the medium run, the 3-month consumer-sale probability at the two dealer types

in the very short, the short, and the medium run, and the wholesale price in the short and the

medium run.40 The very-short-run sale targets are the regression coefficients before the exposure

adjustment of Section 4.3, because the model’s period-0 cohort faces the loss for the same share of

its retail stage. Each target is matched to the model at the periods that its data window covers:

the very short run is the surprise cohort of period 0; the short run is period 1, whose wholesale

counterpart, the auction months May to July 2016, covers exactly the first 3 months after the

disclosure; and the medium run, August to December 2016, combines periods 2 and 3 with month

weights of 3 and 2.

The model counterpart of each retail target is the same kind of regression coefficient, computed

38In the cells (N,A), (I, A), (I, U), and (B,U), the price moments rest on 5,345, 1,307, 12,505, and 34,466
first listings and the sale moments on 3,557, 1,280, 12,094, and 14,909 new listings of the dealers that report exit
destinations.

39See Appendix D.4 for more details on the sampling standard errors and on the standard errors of the estimates.
40The wholesale targets control for vehicle age with a dummy for each year of age rather than the 0/1/2+ bins of

Table 4, which moves the short-run coefficient from −57.26 to −57.28 thousand JPY and the medium-run coefficient
from −33.56 to −33.57; the retail targets equal the estimates of Table 5. The sampling standard errors of all twelve
targets come from the multiplier draws of Appendix D.4, so they differ from the clustered standard errors of the two
tables.
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from model outcomes. For a candidate λ, I stack the four retail cells of the pre-scandal equilibrium,

s = pre, and the four cells of the horizon, s = h, and regress the cell means ydb,s, either the price or

the sale probability, on cell fixed effects, a common post-period indicator, and interactions of the

affected brand with the two dealer types and the post period,

ydb,s = αdb + τ posts +
∑︂

d′∈{N,I}

∆md′ 1{d = d′, b = A}posts + edb,s, s ∈ {pre, h}, (24)

with each cell weighted by its listings. As in equation (3), the common post-period coefficient,

which the two unaffected cells identify, makes each ∆md a comparison with unaffected cars. The

wholesale counterparts are the changes in the spread between the wholesale prices of affected and

unaffected cars, in period 1 for the short run and averaged over periods 2 and 3 with the same

month weights for the medium run. The four price coefficients, the six sale coefficients, and the

two wholesale changes form the twelve model coefficients ∆mℓ. Holding ˆ︁θ and the externally set

parameters fixed, Stage 2 solves

ˆ︁λ = argmin
λ

1

12

12∑︂
ℓ=1

[︄
∆mℓ(ˆ︁θ, λ)− ˆ︁βℓ

sℓ

]︄2
, (25)

where ˆ︁βℓ is a target and sℓ its sampling standard error, re-solving the post-scandal stationary

equilibrium and the whole transition path at every candidate.41

6.5 Identification

In Stage 1, the selection and pricing structure of the model ties each block of moments to a group

of parameters. A type-d entrant holds brand b only if its demand exceeds the cutoff ξ̄db, which

equals ξ̄b in the baseline, so the three listing rates and the affected share of independent dealers’

listings pin the standardized cutoffs (ξ̄db − µdb)/σb of the four cells. Given the selection, the levels

of prices and sale probabilities pin the mean demands and the household demand scale through

the pricing condition (20), p∗ = δwb − ci + σϵ[1 + exp((ξib − p∗)/σϵ)], under which the markup over

the liquidation value rises with the sale probability at a rate set by σϵ. The dispersion of prices

within a cell pins the demand standard deviations, and the price–sale covariance pins the holding

cost. Without the holding cost, the covariance is nonnegative in every cell, because a dealer with

higher demand posts a higher price and sells with a higher probability (Lemma 1). In the data, by

contrast, the covariance is negative in all four cells (Table 9), so the baseline cannot fit it, whereas

the holding cost, which moves prices and sale probabilities in opposite directions, lets the second

specification do so.

In Stage 2, the two losses are identified from how the twelve coefficients respond to them.

Because both dealer types trade affected cars in one wholesale market, a loss at either type lowers

the wholesale price of affected cars and, through it, the retail prices at both types (Section 5.5), so

the four retail price coefficients and the two wholesale coefficients pin down mainly a weighted sum

of the two losses. The difference between the losses is pinned down by the gap between the retail

41See Appendix D.3 for more details on how the equilibria and the estimates are computed.
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declines at the two dealer types and by the very-short-run sale changes, each of which responds

only to the loss of its own dealer type, because the period-0 cohort faces the loss at prices posted

before the disclosure. From period 1 on, dealers reprice, and the sale coefficients barely respond to

either loss.

7 Estimation Results

This section reports the parameter estimates of the two stages and then the fit of each stage to its

moments.

7.1 Parameter Estimates

The Stage-1 parameters describe entering dealers before the inventory choice selects which of them

hold a car.42 In the baseline, the mean demands are 468.3 thousand JPY for affected cars at Nissan-

affiliated dealers, 27.5 and 471.0 thousand JPY for affected and unaffected cars at independent

dealers, and 649.3 thousand JPY for unaffected cars at other-brand-affiliated dealers. The standard

deviation of demand is 377.5 thousand JPY for affected cars and 302.8 thousand JPY for unaffected

cars, and the household demand scale is 68.1 thousand JPY. With the holding cost, the mean

demands are 648.5, 356.2, 747.1, and 813.3 thousand JPY in the same order, the standard deviations

of demand are 286.9 and 200.8 thousand JPY, and the household demand scale is 138.1 thousand

JPY. The holding cost has a mean of 72.8 thousand JPY at affiliated dealers and 160.4 thousand

JPY at independent dealers, with standard deviations of 125.2 and 221.0 thousand JPY, so that

28 and 23 percent of the costs are negative.

The demand losses, estimated with the holding cost, are 11.1 thousand JPY at Nissan-affiliated

dealers, with a standard error of 7.1, and 55.2 thousand JPY at independent dealers, with a standard

error of 20.7, so the households of independent dealers lowered their valuation of an affected car by

five times as much as the households of Nissan-affiliated dealers, by about 5 percent of the mean

listing price against 1 percent. The loss at independent dealers is estimated much less precisely,

because only the gap between the retail declines at the two dealer types and the very-short-run

sale changes separate the two losses (Section 6.5).43 The three starts reach the same point, and

the criterion, the mean squared standardized residual over the twelve targets, is 5.46; Section 7.2

shows which targets drive it.

42See Table 18 in Appendix D for all parameter values, estimates, and standard errors.
43At the estimates, each of the four retail price coefficients and the two wholesale coefficients falls by 0.75 to

0.87 thousand JPY per thousand JPY of the loss at Nissan-affiliated dealers and by 0.22 to 0.29 thousand JPY per
thousand JPY of the loss at independent dealers, in nearly the same proportions for all six, and a loss of 1 thousand
JPY lowers the very-short-run sale probability of its own dealer type by 0.13 percentage points at Nissan-affiliated
dealers and by 0.12 percentage points at independent dealers and leaves the other type’s unchanged. At the Stage-1
estimates, the Jacobian of the 22 standardized moments with respect to the parameters has full column rank in both
specifications, seven in the baseline and 11 with the holding cost, and at the Stage-2 estimates, the Jacobian of the
twelve standardized targets with respect to the two losses has rank 2, with a condition number of 12.3. Full local
rank does not establish global identification.
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7.2 Model Fit

Table 9 compares the 22 Stage-1 moments with the data. The criterion is 110.15 in the baseline and

8.05 with the holding cost. The baseline cannot fit the price–sale covariances: its covariances are

positive in all four cells, between 10.5 and 17.2 thousand JPY, whereas the observed covariances

lie between −10.8 and −5.1 thousand JPY, so that the residuals range from 11.63 to 23.48. It

also understates the price standard deviations and the consumer-sale probabilities at independent

dealers. With the holding cost, the model’s covariances are negative in all four cells, between −13.3

and −1.0 thousand JPY, and the largest residuals are in the mean prices: the model places the

mean prices at affiliated and independent dealers closer together than the data, overstating them at

independent dealers, 1,123.3 and 1,118.6 thousand JPY against 1,083.5 and 1,090.6 thousand JPY

(6.45 and 6.00), and understating them at the two affiliated types, 1,134.3 and 1,121.1 thousand

JPY against 1,146.3 and 1,134.8 thousand JPY (−2.61 and −4.46).

Table 10 compares the twelve targets with the model coefficients at the estimates, horizon by

horizon. The model reproduces the medium-run targets and the very-short-run sale changes but not

the short-run pattern. In the medium run, the retail price declines are 22.6 and 25.4 thousand JPY

at Nissan-affiliated and independent dealers against 15.7 and 22.0 in the data, and the wholesale

price of affected cars relative to unaffected cars falls by 23.8 thousand JPY against 33.6. In the

very short run, the period-0 cohort meets the loss at prices posted before the disclosure, and its sale

probability falls by 1.45 percentage points at Nissan-affiliated dealers and by 6.86 at independent

dealers, against 3.70 and 3.76 in the data, both within one standard error. In the short run, by

contrast, the model’s price declines are almost the same as its medium-run declines, so it understates

the decline at independent dealers, 42.9 thousand JPY in the data, by 17 thousand JPY (3.65);

its sale probabilities are unchanged from period 1 on, whereas in the data they rise by 5.5 and 7.7

percentage points; and its wholesale decline, 24.6 thousand JPY, is less than half of the 57.3 in the

data (4.74), the largest residual of the twelve.

The model has almost no short run because its only state variable is the stock of unsold cars,

and dealers’ demand for inventory is elastic. The surprise raises the affected cars that old dealers

sell at wholesale at the start of period 1 by 5.0 percent above their pre-scandal level, and young

dealers absorb them at a wholesale price only 1.5 thousand JPY below its post-scandal stationary

level, because many entrants have demands just below the cutoff.44 A dealer that buys in period

1 prices against the wholesale price of period 2, which is already close to its post-scandal level,

so the low period-1 price changes who holds affected cars but not the prices they post. With a

discount factor near one, the marginal dealer’s willingness to pay at wholesale moves one for one

with the retail value of the car, so a permanent loss in households’ valuation cannot widen the gap

between the retail and the wholesale decline at any horizon. The short-run pattern thus points

to a transitory reduction in dealers’ willingness to pay for affected cars beyond the demand loss,

such as a temporary premium for the risk of holding them or a wholesale market that did not clear

in the weeks after the disclosure, which the model leaves out. Because the losses are permanent,

44See Appendix E.3 for the transition path at the estimates.
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Table 9: Stage-1 Fit: Data and Model Moments

Baseline With holding cost

Moment Data Sampling SE Model Residual Model Residual

Listing rates and shares

Log listing rate: Nissan-affiliated -2.170 0.030 -2.188 -0.58 -2.142 0.97

Log listing rate: Independent -2.812 0.034 -2.652 4.74 -2.847 -1.01

Log listing rate: Other-brand-affiliated -1.656 0.025 -1.733 -3.08 -1.688 -1.30

Affected share of independent dealers’ listings (%) 9.5 0.4 9.9 1.04 9.6 0.27

Mean price (thousand JPY)

Nissan-affiliated / affected 1,146.3 4.6 1,103.7 -9.26 1,134.3 -2.61

Independent / affected 1,083.5 6.2 1,073.2 -1.67 1,123.3 6.45

Independent / unaffected 1,090.6 4.7 1,075.3 -3.30 1,118.6 6.00

Other-brand-affiliated / unaffected 1,134.8 3.1 1,093.7 -13.45 1,121.1 -4.46

Price SD (thousand JPY)

Nissan-affiliated / affected 96.0 1.8 103.9 4.31 94.1 -1.08

Independent / affected 117.7 3.8 72.1 -11.95 112.2 -1.44

Independent / unaffected 115.3 2.3 68.9 -20.52 109.4 -2.63

Other-brand-affiliated / unaffected 82.2 0.8 86.4 5.29 83.0 1.11

Consumer-sale probability (percent)

Nissan-affiliated / affected 49.1 1.7 51.7 1.56 49.4 0.18

Independent / affected 63.3 1.8 45.8 -9.60 57.5 -3.20

Independent / unaffected 57.0 1.0 45.8 -11.18 56.6 -0.40

Other-brand-affiliated / unaffected 44.8 1.3 49.8 3.98 47.2 1.88

Price–sale covariance (thousand JPY)

Nissan-affiliated / affected -9.8 1.8 17.2 15.23 -1.0 4.98

Independent / affected -10.8 1.9 11.0 11.63 -12.0 -0.65

Independent / unaffected -9.8 0.9 10.5 23.48 -13.3 -4.03

Other-brand-affiliated / unaffected -5.1 1.3 13.9 14.73 -3.9 0.96

Wholesale price (thousand JPY)

Affected 931.5 2.4 946.1 5.98 928.7 -1.16

Unaffected 932.2 1.8 949.3 9.62 932.7 0.30

Data and model moments at the Stage-1 estimates of Panels B and C of Table 18, for the baseline specification
and the specification with a holding cost. A cell is a dealer type’s new listings of one brand. The log listing rate
is the log of a dealer type’s new listings per model period per unit of its dealer mass. Mean prices, price SDs,
and price–sale covariances use initial listing prices, and wholesale prices use auction prices, both standardized to
the reference car of Appendix D.1, in thousand JPY at 2016 prices. Consumer-sale probabilities, the share sold
to a household within 3 months, and price–sale covariances use the new listings of the dealers that report exit
destinations, weighted to the badge mix of all first listings. The sampling SE is the standard deviation of the
data moment over 100 paired multiplier draws. The residual is the model value minus the data value, divided by
the sampling SE. The criterion, the mean squared residual, is 110.15 in the baseline and 8.05 with the holding
cost.
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Table 10: Stage-2 Targets and Model Coefficients by Horizon

Target Data Sampling SE Model Standardized residual

Retail listing price (thousand JPY)

Nissan-affiliated, short run -20.9 3.4 -23.4 -0.74

Nissan-affiliated, medium run -15.7 2.6 -22.6 -2.68

Independent, short run -42.9 4.6 -26.2 3.65

Independent, medium run -22.0 2.8 -25.4 -1.20

Consumer sale within 3 months (percentage points)

Nissan-affiliated, very short run -3.70 2.62 -1.45 0.86

Nissan-affiliated, short run 5.54 2.28 -0.05 -2.44

Nissan-affiliated, medium run 0.38 1.70 0.02 -0.21

Independent, very short run -3.76 3.27 -6.86 -0.95

Independent, short run 7.67 2.47 -0.30 -3.22

Independent, medium run -2.32 1.96 -0.25 1.05

Wholesale price, affected minus unaffected (thousand JPY)

Short run -57.3 6.9 -24.6 4.74

Medium run -33.6 8.0 -23.8 1.22

Data: coefficients of the aggregated specification by dealer type for retail listing
prices and consumer sales (Table 5) and of the pooled aggregated specification for
wholesale prices (Table 4). The very short run, used only for consumer sales, is
the cohort of cars first listed in April 2016, which were priced before the disclosure
and exposed to it for 72 of the 91 days of their 3-month sale window; the short
run is the auction months of May to July 2016 and the cars first listed in June and
July 2016; the medium run is August to December 2016. The sampling SE is the
standard deviation of the coefficient over 100 paired multiplier draws, clustered by
dealership for retail outcomes and by model code and registration year at auction;
it standardizes the residual in the Stage-2 criterion and differs from the analytic
clustered standard error of those tables. Model: the same regression coefficients
computed on the model’s transition path at the estimates of Panel D of Table 18
(Section 6.4.2), with cell means weighted by listings and with the model’s period-0
cohort, the counterpart of the April 2016 cohort, exposed to the demand loss for the
same share of its retail stage. The standardized residual is the model value minus the
data value, divided by the sampling SE. Prices are in thousand JPY at 2016 prices;
consumer sales (a sale to a household within 3 months) are in percentage points.

the counterfactual analysis of Section 8 compares stationary equilibria, for which the medium-run

targets are the closest data counterpart.

8 Counterfactual Analysis

This section asks how frictions in the wholesale market shape the pass-through of the scandal’s

demand shock to retail prices, sale probabilities, and wholesale prices. In the baseline, the wholesale

market is integrated: every dealer can sell its endowment there at once and buy any car that its

type can hold, at the same two prices. As a result, the endowment affects neither the inventory

choice nor the retail price (Section 5.4), and the single wholesale price of affected cars pools the

losses of the two dealer types (Section 6.5).
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I compare this baseline with two counterfactual scenarios. In the first scenario, segmented

wholesale markets, the wholesale market of each brand is divided by dealer type, so that dealers

trade only with dealers of their own type. In the second scenario, mandatory retail of endowments,

an entrant cannot sell its endowment at wholesale on entry. It must offer the car at retail first, as

if a dealer that takes a car in trade had to sell it itself, and only a car that does not sell goes to

the wholesale market in the next period, as every unsold car does.

The first scenario has a counterpart in the organization of wholesale auto auctions in Japan.

Manufacturers operate their own auction networks, such as Nissan’s NAA, encourage their affiliated

dealers to sell and buy there, and restrict the participation of independent dealers. In practice,

however, these networks are not closed: some independent dealers take part in manufacturer-

operated venues, affiliated dealers also sell at the other venues, and the scandal’s price response

does not differ between Nissan’s venues and the others (Appendix Table 16).45 The first scenario

thus corresponds to manufacturers that bar their affiliated dealers from other auctions and exclude

independent dealers from their own venues entirely.

Unlike the baseline, both scenarios make the division of the inflow across dealer types matter.

Because endowments are not observed, I set the two endowment shares, which give the part of each

brand’s inflow endowed to its affiliated network, to a common value, ωA = ωU = ω ∈ {0.5, 0.7, 0.9},
which stays fixed before and after the scandal. Section 8.1 sets out how I compare each scenario

with the baseline, and Sections 8.2 and 8.3 formalize the two scenarios and report their results.

8.1 Framework

Each scenario uses the Stage-1 estimates of the specification with the holding cost and its demand

losses, together with the externally set parameters, without re-estimating them.46 The comparison

concerns the long run. For each scenario and endowment share, I solve the pre-scandal and the

post-scandal stationary equilibria under the scenario’s rules and compute the change from the one

to the other for affected cars relative to unaffected cars. For retail prices and sale probabilities, the

changes are the coefficients of regression (24) with the four post-scandal cells in place of the horizon

cells, each cell weighted by its listings in its own equilibrium. For wholesale prices, the change is

that of the spread wA − wU of the single wholesale market of each brand or, under segmented

wholesale markets, where a superscript marks the dealer type whose market sets the price, the

changes in the spread across the markets of the two affiliated networks, wN
A −wB

U , which compares

prices in two different markets, and in the spread within the independent market, wI
A − wI

U . The

baseline values of the same changes are the estimated model’s long-run prediction, the difference

45Matching retail listings to later auction sales by vehicle identifier shows that, of the cars that Nissan-affiliated
dealers first listed between April 2015 and March 2017 and sold at auction after the listing ended, 41.0 percent of the
affected cars and 45.0 percent of the unaffected cars were sold at NAA and the rest at other venues. On the buying
side, of the affected cars that independent dealers bought at auction and then listed, 10.5 percent came from NAA.
The match covers only the auction houses that record the identifier. In Appendix Table 16, the difference between
the price responses at Nissan’s venues and at the other venues is −0.23 thousand JPY in the medium run, with a
standard error of 9.25, and 8.24 thousand JPY in the short run, with a standard error of 7.81.

46See Table 18 in Appendix D for their values.
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between the pre-scandal equilibrium and the post-scandal stationary equilibrium that ends the

transition path of Section 6.3. Figures 4 and 5 place the baseline and the scenario at the three

endowment shares side by side for each outcome. Because the scenarios also change the pre-scandal

equilibrium, I compare only these changes and not the levels of prices and sales, and because the

data’s last window, the medium run, is not a stationary state, the figures have no data counterpart.

8.2 Wholesale Markets Segmented by Dealer Type

Under segmented wholesale, there are three wholesale markets: Nissan-affiliated dealers trade af-

fected cars among themselves at the price wN
A , other-brand-affiliated dealers trade unaffected cars

among themselves at wB
U , and independent dealers trade both brands among themselves at wI

A and

wI
U . Each entrant chooses as in Section 5.3 at the prices of its own market, and an unsold car

returns to the market of its dealer’s type. The inflow that enters each market as endowments must

therefore be absorbed by the household sales of the same dealer type. By the clearing argument of

Section 5.4 applied to each market, the four prices clear the markets when

DNhNAQNA = ωAEA, DBhBUQBU = ωUEU ,

DIhIAQIA = (1− ωA)EA, DIhIUQIU = (1− ωU )EU .

Each affiliated market clears through a single equation in its own price, and the independent

market is the model of Section 5.4 with DN = DB = 0 and the inflows (1−ωA)EA and (1−ωU )EU ,

so Proposition 1 applies market by market. At the endowment shares implied by the baseline,

ωA = 0.79 and ωU = 0.70, the shares of each brand’s household sales that its affiliated dealers make

in the baseline pre-scandal equilibrium, the pre-scandal equilibrium under segmentation coincides

with the baseline, so the comparison at these shares reflects only how segmentation changes the

pass-through of the shock; its results are within 0.1 thousand JPY of those at the three common

shares.

Figure 4 compares the long-run changes under segmentation with the baseline at the three

endowment shares. The share barely matters here: across the three shares, every price change

varies by less than 0.1 thousand JPY, because each market clears its own inflow and the losses do

not depend on the share, so the following numbers are those at ω = 0.7. Because each market’s

price reflects only the loss of its own dealer type, the wholesale price of affected cars relative to

unaffected cars falls by 10.8 thousand JPY across the two affiliated networks, less than half of

the baseline decline of 23.1, and by 54.4 thousand JPY within the independent market, close to

the loss of 55.2 at independent dealers. The retail price of affected cars accordingly falls by 10.9

thousand JPY at Nissan-affiliated dealers against 21.9 in the baseline and by 54.5 thousand JPY

at independent dealers against 24.7, so the gap between the price declines at the two dealer types

widens from 2.8 thousand JPY in the baseline to 43.6, close to the gap of 44.1 between the two

losses, whereas the sale probabilities change by less than 0.2 percentage points at both dealer types,

as in the baseline.

42



−23.1

−10.8 −10.8 −10.9

−23.1

−54.4 −54.4 −54.4

−21.9

−10.9 −10.9 −10.9

−24.7

−54.6 −54.5 −54.5

0.07

−0.05 −0.05 −0.05 −0.21 −0.14 −0.14 −0.14

Wholesale price
A − U (1K JPY)

affiliated networks

Wholesale price
A − U (1K JPY)

independent market

Retail price
(1K JPY)

Nissan-affiliated

Retail price
(1K JPY)

independent

Sale probability
(pp)

Nissan-affiliated

Sale probability
(pp)

independent

Baseline ω = 0.5 ω = 0.7 ω = 0.9

Figure 4: Long-Run Changes under Wholesale Markets Segmented by Dealer Type.
Each panel shows the change from the pre-scandal to the post-scandal stationary equilibrium for affected

cars relative to unaffected cars, in the baseline and under segmented wholesale markets at the endowment

shares ω = 0.5, 0.7, and 0.9: the wholesale price spread between affected and unaffected cars in thousand

JPY at 2016 prices, which under segmentation is the spread across the two affiliated networks, wN
A − wB

U ,

in the first panel and the spread within the independent market, wI
A − wI

U , in the second, both compared

with the baseline spread wA − wU ; the retail listing price at Nissan-affiliated and at independent dealers in

thousand JPY; and the 3-month consumer-sale probability at the two dealer types in percentage points.

The retail changes are the coefficients of regression (24) on the pre- and post-scandal cells. The baseline

does not depend on the endowment shares.

8.3 Mandatory Retail of Endowments

Under mandatory retail, only the entrants without a car buy at wholesale on entry. Their masses

are

DN∅ = DN − ωAEA, DI∅ = DI − (1− ωA)EA − (1− ωU )EU , DB∅ = DB − ωUEU ,

which equal (1 − γNA)DN , (1 − γIA − γIU )DI , and (1 − γBU )DB by (4). These entrants choose

by the policies of Section 5.3 at the wholesale prices of this scenario, whereas an endowed entrant

lists its car whatever its demand. Listings and their mean sale probability Q
(2)
db in cell (d, b) are

therefore given by

N
(2)
db = γdbDd +Dd∅hdb(w),

N
(2)
db Q

(2)
db = γdbDd E

[︁
q̄d(ξib;wb)

]︁
+Dd∅hdb(w)Qdb(w),

where the superscript marks the scenario. The first expectation is over the whole demand distribu-

tion, because endowments are assigned independently of demand. Wholesale demand for brand b

consists of the cars that entrants without a car buy,
∑︁

dDd∅hdb(w), and wholesale supply consists

only of the listings of the previous period that did not sell,
∑︁

dN
(2)
db [1−Q

(2)
db ]. Because the endowed
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listings of brand b add up to its inflow by (4), equating demand and supply gives∑︂
d

Dd∅hdb(w) =
∑︂
d

N
(2)
db

[︁
1−Q

(2)
db

]︁
⇐⇒

∑︂
d

N
(2)
db Q

(2)
db = Eb,

the clearing condition of Section 5.4 with the endowed entrants’ sales included. These household

sales keep the properties of Lemma 2, because the endowed entrants’ sales fall in wb, vanish as wb

grows, and do not depend on the other brand’s price, so Proposition 1 applies with its assumptions

stated for them. The holding cost is drawn after the wholesale stage, as in the baseline.

Figure 5 compares the long-run changes under mandatory retail with the baseline at the three

endowment shares. The wholesale spread falls by 22.5 to 22.9 thousand JPY against 23.1 in the

baseline, so the wholesale price that both dealer types face changes almost as in the baseline, and

the differences arise at retail from the composition of listings. At independent dealers, the retail

price of affected cars falls by 38.7 to 42.8 thousand JPY against 24.7 in the baseline, and their sale

probability falls by 3.7 to 4.8 percentage points against 0.2, whereas at Nissan-affiliated dealers the

price falls by 18.9 to 19.8 thousand JPY against 21.9 and the sale probability rises by 0.7 to 0.8

percentage points against 0.1. An endowed entrant lists its car whatever its demand, so endowed

cars carry lower prices and sell less often than the cars that entrants choose to buy, and the scandal

changes the share of endowed cars among listings. At independent dealers, fewer entrants choose

to hold an affected car after the scandal, so the share of endowed cars among their affected listings

rises, from 48.3 to 56.8 percent at ω = 0.7, and the mean price and sale probability of these listings

fall by more than in the baseline. At Nissan-affiliated dealers, where the lower wholesale price leads

more entrants to hold an affected car, the share falls, from 33.4 to 31.8 percent at ω = 0.7, and

the mean price falls by less. The endowment share matters in this scenario because it sets how

many endowed cars enter the listings of each dealer type; at the shares implied by the baseline, the

changes are within 0.3 thousand JPY and 0.1 percentage points of those at ω = 0.7.

Read together, the two scenarios show what the integrated wholesale market does when the

shock hits. It pools the losses of the two dealer types into one wholesale price, so that the retail

decline at Nissan-affiliated dealers comes largely through a wholesale price that reflects the larger

loss at independent dealers, and the decline at independent dealers stays far below their own

households’ loss. It also lets dealers pass unwanted cars on rather than discount them, so that the

cars that households rarely buy do not weigh on retail prices and sale probabilities, which remain

pinned by the inflow of trade-ins.
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Figure 5: Long-Run Changes under Mandatory Retail of Endowments.
Each panel shows the change from the pre-scandal to the post-scandal stationary equilibrium for affected

cars relative to unaffected cars, in the baseline and under mandatory retail of endowments at the

endowment shares ω = 0.5, 0.7, and 0.9: the wholesale price spread between affected and unaffected cars in

thousand JPY at 2016 prices, the retail listing price at Nissan-affiliated and at independent dealers in

thousand JPY, and the 3-month consumer-sale probability at the two dealer types in percentage points.

The retail changes are the coefficients of regression (24) on the pre- and post-scandal cells. The baseline

does not depend on the endowment shares.

9 Conclusion

This paper studies how used car dealers adjust prices and inventories when a product-harm crisis

hits and what role the interdealer wholesale market plays in these responses, using the 2016 Mit-

subishi fuel economy scandal as the shock. Wholesale auction records and retail listing data make

both layers of the dealer market observable: the auctions where dealers trade with one another and

the platform where they face households. Comparing the affected Nissan models with unaffected

kei cars before and after the disclosure, I find that prices fell in both markets, at retail by less at

Nissan-affiliated dealers than at independent dealers, whereas quantities moved only briefly: the

unsold rate at auction rose for a few weeks, the affected cars priced before the disclosure sold less

often, and once dealers had repriced, affected cars sold more often for a few months before sales

returned to their previous level. The wholesale market thus absorbed the shock through prices

rather than through quantities.

To account for the link between the two markets, I build an overlapping-generations model in

which dealers trade cars with one another at wholesale, sell them to households as monopolists, and

resell unsold cars at wholesale, and in which they differ in demand and in the cost of holding a car

that does not sell. The wholesale price is both the cost of a car and the value of an unsold one, so

the two markets are determined jointly, and in a stationary equilibrium household sales are pinned

by the inflow of trade-ins, so a demand shock is absorbed by prices rather than by sales. Estimated

on pre-scandal data and on the changes over the 8 months after the disclosure, matched along
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the model’s transition path, the model attributes the scandal to a loss in households’ valuation

of affected cars that is concentrated at independent dealers and reaches Nissan-affiliated dealers

through the wholesale price that both dealer types share. It captures the medium-run changes but

misses the short run, when the wholesale price fell by far more than it would in the medium run and

sales briefly rose; a temporary fall in what dealers were willing to pay for affected cars, over and

above the loss in households’ valuation, would account for this pattern and is a natural extension

of the model. Two counterfactual scenarios, one that segments the wholesale market by dealer

type and one that requires dealers to offer their trade-ins at retail, show how the organization of

the wholesale market shapes the pass-through: segmentation confines each dealer type’s loss to its

own market and pulls the retail price responses of the two dealer types apart, whereas mandatory

retail of trade-ins changes the composition of listings and, through it, the price and sale responses

at independent dealers.
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A Additional Results

A.1 Log Prices

Tables 11 and 12 re-estimate the aggregated price specifications of Tables 5 and 4 with the log price

as the outcome, on the same samples and with the same controls and fixed effects. Retail listing

prices of affected vehicles fall by 0.023 log points in the short run and by 0.016 log points in the

medium run, by 0.018 and 0.015 log points at Nissan’s affiliated dealers and by 0.040 and 0.020

log points at independent dealers, whereas wholesale prices fall by 0.068 log points in the short run

and by 0.038 log points in the medium run. The log specifications thus reproduce the ranking of

the level estimates in both horizons: the wholesale decline exceeds the retail decline, and the retail

decline is smaller at affiliated than at independent dealers.
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Table 11: Retail Listing Price Relative Changes, Log Price

Pooled By dealer type

Panel A: Short run, Jun–Jul 2016

Nissan Affected × Post SR -0.023***

(0.003)

Nissan Affected × Nissan Affiliated × Post SR -0.018***

(0.003)

Nissan Affected × Independent × Post SR -0.040***

(0.005)

Panel B: Medium run, Aug–Dec 2016

Nissan Affected × Post MR -0.016***

(0.002)

Nissan Affected × Nissan Affiliated × Post MR -0.015***

(0.002)

Nissan Affected × Independent × Post MR -0.020***

(0.003)

N 150,975 150,975

R2 (within) 0.14 0.14

FE: Listing month X X

FE: Model × grade × vintage X X

FE: Dealer X X

The outcome is the log listing price; sample, periods and right-hand
side are those of the listing-price columns of Table 5. ∗ p < 0.1, ∗∗
p < 0.05, ∗ ∗ ∗ p < 0.01. Standard errors clustered by dealer are in
parentheses. Sample: first observed listings of Nissan-affected and
unaffected kei cars of vintage 2013–2016, first listed August 2015 to
December 2016, with 500 km to under 100,000 km on the odometer
and listing prices trimmed at the top and bottom 1 percent within ve-
hicle group and listing month, excluding Mitsubishi dealers and one
nationwide chain that never records where a car went. The sample
keeps affected cars at Nissan-affiliated and independent dealers and
unaffected cars at independent dealers and, when the car carries the
dealer’s own brand (Toyota and Daihatsu counted as one), at other-
brand-affiliated dealers; this drops 10,657 first listings (6.1 percent):
1,741 unaffected cars at Nissan-affiliated dealers, 725 affected cars
and 8,191 unaffected cars of another brand at other-brand-affiliated
dealers. Pre covers August 2015 to April 2016 (April 2016 is the
event-study reference month). The short run is the listings first
observed in June and July 2016 and the medium run those first ob-
served August to December 2016, both measured against the same
pre period; the listings first observed in May 2016 are excluded (Ta-
ble 5). Affiliated dealers are the franchised dealers of the car’s own
brand, so the affected cars at affiliated dealers are those at Nissan-
affiliated dealers. Controls: repair history, mileage bins, free and
paid warranty indicators, binned vehicle age (0/1/2+ years). Fixed
effects: listing month, model code by grade by vintage, dealer. The
comparison group is the unaffected kei cars. In the by-dealer-type
column, the dealer and vehicle fixed effects give the affected cars at
each dealer type a level of their own, because every car listed by a
Nissan-affiliated dealer is affected.
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Table 12: Wholesale Auction Relative Price Changes,
Log Sold Price

Log sold price

Nissan Affected × Post SR, May–Jul 2016 -0.068***

(0.008)

Nissan Affected × Post MR, Aug–Dec 2016 -0.038***

(0.007)

N 148,714

Adj. R2 0.89

FE: Auction month X

FE: Model × grade × vintage X

FE: Venue X

The outcome is the log sold price; the sample (sold list-
ings with a positive price) and the right-hand side are
those of the sold-price column of Table 4. ∗ p < 0.1, ∗∗ p
< 0.05, ∗ ∗ ∗ p < 0.01. Standard errors clustered at the
model-code by first-registration-year level are in paren-
theses. Controls: mileage bins, vehicle-age bins (0/1/2+
years), missing, high, and middle condition-score indica-
tors, repair history. Fixed effects: auction month, model
code by grade by registration year, auction venue. Af-
fected kei cars are the Nissan-badged models subject to
the fuel-economy misconduct disclosure (Dayz and Dayz
Roox) of vintage 2013–2016; the comparison group is un-
affected kei cars of the main auction sample (500 km to
under 100,000 km on the odometer). The sample covers
the auction months August 2015 to December 2016; an
auction month runs from the 20th of the previous calen-
dar month to the 19th and is labelled by the month in
which it ends. Pre covers August 2015 to April 2016 and
post the auction months from May 2016 on; the May 2016
auction month opens on April 20, 2016. The short run is
May to July 2016 and the medium run August to Decem-
ber 2016, both measured against the same pre period.
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A.2 Pooled Retail Listing-Price Event Study

Figure 6 plots the pooled event study of the listing price from equation (1), with the sample and

controls of Section 4.2. Listing prices of affected vehicles are unchanged in May 2016, the first

snapshot after the disclosure, likely because the May cohort mixes cars published before and after

April 20, then fall by 23.9 to 30.1 thousand JPY from June to September 2016 and remain 13.9 to

21.0 thousand JPY lower from October to December.
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Figure 6: Retail Listing Price Event Study.
The figure plots estimates from equation (1), in thousand JPY at 2016 prices. The dashed vertical line

marks April 20, 2016, the disclosure date; the reference month is April 2016. Error bars show 95%

confidence intervals based on standard errors clustered at the dealer level.

A.3 Consumer-Sale Event Studies

Figures 7 and 8 plot the event-study estimates of the 3-month consumer-sale probability by entry

month, pooled and by dealer type, from the event-study versions of the specifications of Section 4.3.

Unlike the aggregated specifications, they keep the May 2016 entrants, and they plot the April 2016

entrants, which were priced before the disclosure, at April 1, just before the disclosure line. The

pooled series is −3.70 percentage points for the April entrants, with a standard error of 2.98, rises

to 6.78 percentage points for the June 2016 entrants, and lies between −2.24 and 1.39 percentage

points from the August entrants on. By dealer type, the April coefficients are −3.01 percentage

points at affiliated dealers and −6.42 percentage points at independent dealers, with standard errors

of 3.46 and 4.40, neither statistically significant. At affiliated dealers, the coefficient for the June

entrants, 7.37 percentage points, is the largest and the only statistically significant one, at the 5

percent level, and at independent dealers the coefficients are positive for the May to July 2016

entrants and between −6.96 and −5.71 percentage points from the September entrants on, none of

them statistically significant.
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Figure 7: Consumer-Sale Event Study.
The figure plots estimates of the probability, in percentage points, that a new listing sells to a household

within 3 months, by entry month, from the event-study version of equation (2). The dashed vertical line

marks April 20, 2016, the disclosure date; the reference month is February 2016, and the March 2016

entrants are excluded. The April 2016 entrants, priced before the disclosure, are plotted at April 1. Error

bars show 95% confidence intervals based on standard errors clustered at the dealer level.
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Figure 8: Consumer-Sale Event Study by Dealer Type.
Each panel plots estimates by entry month from the event-study version of equation (3), in percentage

points. The dashed vertical line marks April 20, 2016, the disclosure date; the reference month is February

2016, and the March 2016 entrants are excluded. The April 2016 entrants, priced before the disclosure, are

plotted at April 1. Error bars show 95% confidence intervals based on standard errors clustered at the

dealer level.
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A.4 Monthly Consumer-Sale Hazard

An alternative measure of consumer sales is the monthly hazard of a sale to a household in the

listing-month panel of the reporting sample, which follows every listed vehicle from its first to

its last listing month and includes vehicles listed on both sides of the disclosure. Because the

outcome of the April 2016 listing month is realized between the April and May snapshots, April

2016 is the first post month of this design, and its short run covers April to July 2016. On the

August 2015 to December 2016 window, after the dealer-type rule of Section 3.3 and after dropping

the 48 vehicles whose dealer type changes within the window, the panel contains 271,465 listing-

months of 112,689 vehicles at 7,610 dealers. Table 13 reports the mean monthly consumer-sale

hazard by dealer type and vehicle group, classifying inventory by the cohort of its first listing,

censoring the exits of listings that span the disclosure, and dropping April 2016; Table 14 counts

every terminal destination instead. Nissan’s affiliated network turns its inventory over much faster

than independents once non-consumer exits are counted, reflecting its heavier use of the interdealer

channel documented in Appendix C.

Table 15 reports the aggregated estimates for the hazard, with binned vehicle-age dummies,

mileage bins, months-since-first-listing bins, and a repair-history indicator as controls and the fixed

effects of the main specifications. The pooled hazard of affected vehicles changes by −0.004 in the

short run, April to July 2016, and by −0.008 in the medium run, neither statistically significant.

At Nissan’s affiliated dealers, the estimates are 0.000 and 0.005, whereas at independent dealers the

hazard changes by −0.013 in the short run and by −0.026 in the medium run, the latter significant

at the 5 percent level. The hazard design therefore points to a lasting decline in consumer sales

at independent dealers that the 3-month sale probability of new listings, which misses the post-

disclosure sales of the vehicles listed before April 2016 and every sale after a listing’s third month,

does not show at conventional significance levels.
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Table 13: Mean Monthly Consumer Sale Hazard

Vehicle group Dealer type Pre Post

Nissan-affected kei Affiliated 0.267 0.280

Nissan-affected kei Independent 0.302 0.286

Unaffected kei Affiliated 0.255 0.246

Unaffected kei Independent 0.258 0.253

Share of listing-months in which the car is sold to a
household. Sample: listing-months of Nissan-affected
and unaffected kei cars of vintage 2013–2016 with 500
km to under 100,000 km on the odometer, August 2015
to December 2016, excluding Mitsubishi dealers and
keeping only the dealers that record an exit destination
in every month of that window; a car whose destina-
tion is not recorded is treated as an internal transfer.
As for the listing price, the sample keeps affected cars
at Nissan-affiliated and independent dealers, unaffected
cars at independent dealers, and unaffected cars of the
dealer’s own brand at other-brand-affiliated dealers, all
read at the car’s first listing, and only the listings that
stay at one dealer type within the window; this drops
9,907 listings (8.1 percent) with 24,230 listing-months
(8.2 percent): 1,437 unaffected cars at Nissan-affiliated
dealers, 669 affected cars and 7,753 unaffected cars of
another brand at other-brand-affiliated dealers, and 48
listings that change dealer type. April 2016 is dropped.
Pre runs from August 2015 through March 2016, with
the exits of listings that span the announcement set to
zero; post runs from May to December 2016 and cov-
ers only listings first observed from May 2016. Affili-
ated dealers are the franchised dealers of the car’s own
brand: Nissan’s dealers for affected cars and the other
manufacturers’ dealers for unaffected cars.

Table 14: Mean Monthly Exit Hazard, All Terminal
Destinations

Vehicle group Dealer type Pre Post

Nissan-affected kei Affiliated 0.469 0.483

Nissan-affected kei Independent 0.355 0.348

Unaffected kei Affiliated 0.417 0.381

Unaffected kei Independent 0.324 0.333

Share of listing-months in which the car leaves the
lot for any destination: sale to a household, auction,
another dealer, export, scrap, or an internal transfer.
Sample, dealer types and period cuts as in the con-
sumer sale-hazard table.
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Table 15: Consumer Sale Hazard Relative Changes

Pooled By dealer type

Panel A: Short run, Apr–Jul 2016

Nissan Affected × Post SR -0.004

(0.009)

Nissan Affected × Nissan Affiliated × Post SR 0.000

(0.013)

Nissan Affected × Independent × Post SR -0.013

(0.011)

Panel B: Medium run, Aug–Dec 2016

Nissan Affected × Post MR -0.008

(0.008)

Nissan Affected × Nissan Affiliated × Post MR 0.005

(0.010)

Nissan Affected × Independent × Post MR -0.026**

(0.011)

N 270,392 270,392

R2 (within) 0.00 0.00

FE: Listing month X X

FE: Model × grade × vintage X X

FE: Dealer X X

∗ p < 0.1, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01. Standard errors clustered
by dealer are in parentheses. The outcome is 1 in the month in
which a listed car is sold to a household and 0 otherwise, including
the month in which it leaves for any other destination. Sample:
listing-months of Nissan-affected and unaffected kei cars of vintage
2013–2016 with 500 km to under 100,000 km on the odometer,
August 2015 to December 2016, excluding Mitsubishi dealers and
keeping only the dealers that record an exit destination in every
month of that window; a car whose destination is not recorded is
treated as an internal transfer. As for the listing price, the sample
keeps affected cars at Nissan-affiliated and independent dealers,
unaffected cars at independent dealers, and unaffected cars of the
dealer’s own brand at other-brand-affiliated dealers, all read at
the car’s first listing, and only the listings that stay at one dealer
type within the window; this drops 9,907 listings (8.1 percent)
with 24,230 listing-months (8.2 percent): 1,437 unaffected cars at
Nissan-affiliated dealers, 669 affected cars and 7,753 unaffected cars
of another brand at other-brand-affiliated dealers, and 48 listings
that change dealer type. Post begins in April 2016, whose exits
straddle the April 20 announcement, so pre covers August 2015 to
March 2016. The short run is April to July 2016 and the medium
run August to December 2016, both measured against the same pre
period. Affiliated dealers are the franchised dealers of the car’s own
brand, so the affected cars at affiliated dealers are those at Nissan-
affiliated dealers. Controls: binned vehicle age (0/1/2+ years),
mileage bins, months-since-first-listing bins, repair history. Fixed
effects: listing month, model code by grade by vintage, dealer. The
comparison group is the unaffected kei cars. In the by-dealer-type
column, the dealer and vehicle fixed effects give the affected cars
at each dealer type a level of their own, because every car listed by
a Nissan-affiliated dealer is affected.
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A.5 Auction Lots at Nissan’s Venues

Seller identities are not observed at auction, but Nissan’s NAA is operated by Nissan and used

mainly by its franchised dealers to sell their trade-ins.47

Table 16 asks whether the scandal’s effect differs between Nissan’s venues and the others. It

re-estimates the aggregated specification of Section 4.1 with the affected coefficients split by venue

type, together with a level for affected lots at Nissan’s venues and interactions of the Nissan-venue

indicator with each horizon, so that each coefficient compares affected lots with unaffected lots sold

at the same type of venue. Relative to unaffected lots at the same type of venue, prices of affected

lots fall by 50.72 thousand JPY at Nissan’s venues and by 58.96 thousand JPY at other venues in

the short run, and by 35.81 and 35.57 thousand JPY in the medium run; the differences of 8.24

and −0.23 thousand JPY, with standard errors of 7.81 and 9.25, are not statistically significant.

The unsold rate of affected lots rises by 14.49 percentage points at Nissan’s venues against 7.57

percentage points elsewhere in the short run and by 6.13 against −0.21 percentage points in the

medium run, and the differences of 6.91 and 6.35 percentage points, with standard errors of 5.84

and 5.90, are not statistically significant either. The scandal’s effect on affected lots thus does not

differ between the venues where Nissan’s dealers trade and the rest of the market, whereas the

unsold rate of unaffected lots at Nissan’s venues falls after the disclosure relative to unaffected lots

elsewhere, by 8.17 percentage points in the short run, significant at the 5 percent level, and by a

statistically insignificant 8.49 percentage points in the medium run.

47Based on conversations with industry participants.
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Table 16: Wholesale Auction Changes by Venue Type

Sold price (1K JPY) Unsold (pp)

Nissan Affected × NAA × Post SR, May–Jul 2016 -50.72*** 14.49***

(10.11) (5.42)

Nissan Affected × NAA × Post MR, Aug–Dec 2016 -35.81** 6.13

(13.87) (5.96)

Nissan Affected × Other venues × Post SR, May–Jul 2016 -58.96*** 7.57***

(6.83) (2.35)

Nissan Affected × Other venues × Post MR, Aug–Dec 2016 -35.57*** -0.21

(7.65) (2.75)

NAA − Other, May–Jul 2016 8.24 6.91

(7.81) (5.84)

NAA − Other, Aug–Dec 2016 -0.23 6.35

(9.25) (5.90)

NAA × Post SR, May–Jul 2016 3.44 -8.17**

(7.06) (3.67)

NAA × Post MR, Aug–Dec 2016 14.81*** -8.49

(5.60) (5.37)

N 148,714 222,999

Adj. R2 0.90 0.23

FE: Auction month X X

FE: Model × grade × vintage X X

FE: Venue X X

NAA is Nissan’s auction network; the other venues are all remaining venues, including
Toyota’s TAA and Honda AA. NAA × Post SR and NAA × Post MR are the short-
run and medium-run changes for unaffected lots at NAA relative to those at the other
venues, so each affected coefficient compares affected and unaffected lots at the same
type of venue. The regressions also include the affected × NAA level, which no fixed
effect absorbs; the venue fixed effects absorb the NAA level. NAA − Other is the
difference between the two affected rows of the same window, with its standard error
from the clustered variance matrix. Outcomes, samples, controls, fixed effects, and
windows are those of Table 4. Standard errors clustered by model code and first-
registration year are in parentheses; ∗ p < 0.1, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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B Auction Condition Scores

Before each auction, inspectors at the venue examine every listed car and assign it an overall

condition score. On the scale used by the USS group, for example, S marks a car within about 1

year of registration with fewer than 10,000 kilometers and almost no damage. The scores 6, 5, 4.5,

and 4 apply to cars with fewer than 30,000, 50,000, 100,000, and 150,000 kilometers, respectively,

and with progressively more visible damage; 3.5 and 3 mark cars that need panel work or more

extensive repair, 2 a car in poor condition, and 1 a car that has been flooded or burned.48 Cars

with a repair history, whose frame has been repaired or replaced, are graded R instead, or RA

when the repair is minor. The inspection covers the exterior, such as scratches, dents, and rust, the

interior, such as tears, burns, and odors, and the mechanical condition of the engine and suspension.

Because people assign the scores, the same car can receive different scores at different venues.

The auction data record the overall score as S or a number. Every car with a repair history

carries a score of 0, as do other cars without a numeric grade: 38.7 percent of the listings with a

score of 0 have a repair history, and no listing with any other score has one. I group the scores

into four categories: high, for S and scores of 5 or above, which covers 43.9 percent of the 223,120

listings of the auction sample; middle, for 4 and 4.5, at 38.4 percent; low, for 3.5 and below, at

4.8 percent; and missing, for a score of 0, at 12.9 percent. The regressions of Section 4.1 include

indicators for the high, middle, and missing categories, with the low category as the omitted group,

together with the repair-history indicator.

C Retail Destinations

This appendix examines where vehicles go when they leave a dealer’s inventory. The destination

margin complements the consumer-sale analysis of Section 4.3: a dealer can respond to the scandal

not only by repricing but by diverting affected vehicles away from consumers, toward auctions,

other dealers, or stores within the same company, which is the inventory-return margin at the

center of the model in Section 5.

C.1 Descriptive Destination Shares

The data record a terminal destination for each inventory exit: sale to a consumer, sale at auction,

sale to another dealer without going through auction, transfer to another store within the same

company, export, or scrap. I group auction sales, dealer sales, exports, and scrap into an “other

sale” category, while internal transfers remain separate because they keep the vehicle inside the

same dealer organization. Table 17 reports terminal destination shares for the listings of the

reporting sample that are listed between August 2015 and December 2016, the listing-month panel

of Appendix A, by vehicle group, dealer type, and period, with the affiliated dealers of Section 3.3

48Goo-net Magazine, web article, updated September 28, 2023, https://www.goo-net.com/magazine/contents
/check-point/25749/.
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(Nissan’s dealers for affected cars and the dealers of the car’s own brand for unaffected cars),

classifying listings as pre-scandal if first listed by April 2016 and post-scandal otherwise; because

the reporting sample keeps only dealers that record destinations in every month from August 2015

through December 2016, fewer than 3 percent of its listings lack a recorded destination. Consumer

sale is the main exit route for affected vehicles in every cell, but its share differs sharply across

dealer types: roughly eight in ten affected-vehicle exits at independent dealers are consumer sales,

against fewer than six in ten at Nissan’s affiliated dealers, which route a third of their affected

vehicles to other sales and about a tenth to internal transfers. Unaffected kei cars show the same

contrast with a smaller gap: before the disclosure, consumer sales account for 0.652 of their exits at

the affiliated dealers of their own brand against 0.795 at independent dealers, other sales for 0.219

against 0.165, and internal transfers for 0.129 against 0.040. These shares change little between the

pre and post periods. The interdealer channel is therefore quantitatively important, especially at

affiliated dealers, which supports modeling the return of unsold inventory to the wholesale market

as a first-order margin.
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Table 17: Terminal Destination Shares

Affiliated Independent

Destination Pre Post Pre Post

Panel A: Nissan-affected kei

Consumer 0.559 0.571 0.845 0.841

Other sale 0.342 0.336 0.127 0.112

Internal transfer 0.098 0.093 0.028 0.047

Listings with a recorded destination 6,158 4,127 2,357 2,424

Listings without a recorded destination 39 11 12 30

Panel B: Unaffected kei

Consumer 0.652 0.654 0.795 0.767

Other sale 0.219 0.210 0.165 0.179

Internal transfer 0.129 0.136 0.040 0.054

Listings with a recorded destination 24,398 23,205 23,472 23,739

Listings without a recorded destination 1,602 734 141 240

The unit is a listing of the sale-hazard sample, assigned to the dealer type and the
period of its first listing month in the window. As in the summary statistics, pre
covers listings first listed from August 2015 through April 2016 and post those first
listed from May to December 2016. Shares are among listings with a recorded desti-
nation and sum to one within each column of a panel. Other sale covers auction, sale
to another dealer, export, and scrap; internal transfer is a move to another store of
the same company. The sale-hazard analysis treats a listing without a recorded des-
tination as an internal transfer. Sample: listings of Nissan-affected and unaffected
kei cars of vintage 2013–2016 in the listing panel of August 2015 to December 2016,
with 500 km to under 100,000 km on the odometer, excluding Mitsubishi dealers and
one nationwide chain that never records where a car went, at dealers that record
an exit destination in every month from August 2015 to December 2016. As for
the listing price, the sample keeps affected cars at Nissan-affiliated and independent
dealers, unaffected cars at independent dealers, and unaffected cars of the dealer’s
own brand at other-brand-affiliated dealers, all read at the car’s first listing, and
only the listings that stay at one dealer type within the window; this drops 9,907
listings (8.1 percent) with 24,230 listing-months (8.2 percent): 1,437 unaffected cars
at Nissan-affiliated dealers, 669 affected cars and 7,753 unaffected cars of another
brand at other-brand-affiliated dealers, and 48 listings that change dealer type. Af-
filiated dealers are the franchised dealers of the car’s own brand: Nissan’s dealers in
Panel A and the other manufacturers’ dealers in Panel B.
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D Estimation Details

This appendix gives the details of the estimation of Section 6: the price standardization, the

measurement of the externally set parameters, the computation, the inference, and the table of

parameter values and estimates.

D.1 Price Standardization

In the model, cars of a brand are homogeneous, so each dealer has one price. In the data, the price

of a car also depends on its age, mileage, repair history, model, grade, vintage, and listing month.

The moments on prices therefore use prices standardized to a reference car: I remove the part

of each price that these attributes explain and add back the value of the same attributes for the

reference car. For the retail and the wholesale market separately, I estimate a hedonic regression

of the real price on age, mileage, and repair-history controls, with model–grade–vintage and month

fixed effects and, in retail, dealership fixed effects. The regression also includes affected-by-month

terms, by dealer type in retail, which absorb the scandal’s price path. The retail regression uses all

first listings of the analysis sample, which cover the 17 listing months of August 2015 to December

2016, and the wholesale regression uses all sold lots of the auction sample, from the auction months

of August 2015 to December 2016. Let p̂i denote the price that the regression predicts for car

i from its attributes, its model–grade–vintage, and its month alone, without the dealership fixed

effect and the affected-by-month terms. The standardized price is

p̃i = pi − p̂i + p̄,

where p̄ is the predicted price of the reference car.

The reference car averages the attributes of the retail sample over cars that also trade at auction:

p̄ is the average of p̂i over the combinations of brand, model–grade–vintage, age, mileage, repair

history, and month that occur both among all first listings and among sold auction lots, weighted

by their frequency among the first listings of August 2015 to December 2016 and pooled over

both brands, both periods, and all dealer types. Each market’s regression gives its own p̂i and

p̄, evaluated at the same reference car, so retail and wholesale standardized prices refer to the

same car. The standardized retail price keeps the dealership fixed effect and the affected-by-month

terms, so it still reflects differences across dealers and the scandal’s price path. Standardized prices

enter the moments on retail and wholesale prices, in the means, standard deviations, and price–

sale covariances of the initial price and in the two wholesale prices, whereas the changes after the

disclosure that the estimation also targets (Section 6.4.2) use observed prices.

D.2 Externally Set Parameters

Dealer mass Dd. In (23), Ait counts all new listings of dealership i in month t, regular cars and

kei cars of every vintage, and Kit its new listings of kei cars of every vintage, both with mileage
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from 50 kilometers to below 100,000 kilometers. The counts cover the 17 months of August 2015 to

December 2016, and because a model period lasts 3 months, the dealer mass per period is 3/17 of

the total. The sum excludes the nationwide chain that never records destinations, and the dealer

mass stays fixed before and after the scandal.

Inflow Eb. For each cell, I count the new listings of the entrants of August 2015 to January

2016 and their consumer sales within 3 months, the latter measured among the dealers that report

exit destinations and reweighted to all listings, and I divide both by the 6 months of the window

and multiply by 3 to express them per model period. The months after the disclosure are not a

stationary state, so their sales do not measure an inflow.

Demand correlation ρ. For the 414 independent dealerships that listed at least three affected

and three unaffected cars in the pre-scandal listing months of April 2015 to March 2016, I compute

the correlation across the two brands of the dealership’s mean residual listing price, where the

residual comes from a hedonic regression of the price on the car’s attributes with fixed effects for

each combination of dealer type, brand, region, and month. The split-half method corrects this

correlation for the sampling noise of the dealership means: it splits each dealership’s cars of a

brand into two halves, estimates the variance of the dealership component as the covariance of the

two half means, and divides the cross-brand covariance of the dealership means by the geometric

mean of these variances. The corrected dealership-level correlation is 0.91. The model’s ρ is the

correlation of the two demands that one entrant draws for two different cars, so it also carries

the car-specific part of the residual, which is uncorrelated across cars. Scaling the dealership-level

correlation by the dealership share of the residual variance of a single listing, 0.50 for affected and

0.37 for unaffected cars, gives 0.91×
√
0.50× 0.37 = 0.39, with a bootstrap standard error of 0.02.

Weighting all dealerships equally gives 0.35, and using only the first listing month of each car gives

0.38. The hedonic regression and sample of this calibration come from an earlier version of the

analysis and differ in their window and controls from the price standardization of Appendix D.1.

D.3 Computation

Every evaluation of either criterion solves a stationary equilibrium, in the following nested steps,

and every evaluation of the Stage-2 criterion also solves the transition path.

1. Cutoffs. Given θ and w, compute the cutoffs. In the baseline, they have the closed forms of

Appendix F.2. With the holding cost, the cutoff of an affiliated type solves V d(ξ̄db;wb) = wb

by a safeguarded Newton–bisection method, and the brand boundary of independent dealers

solves the same equation with the net value of the other brand in place of zero.

2. Integration. Integrate over the standardized demand for the held brand by composite Gauss–

Legendre quadrature, with panels at the cutoffs (22 nodes per panel on the estimation grid

and 32 on a finer check grid). For independent dealers, the other brand’s demand is integrated
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exactly through the conditional normal distribution function. The expectation over the hold-

ing cost uses Gauss–Hermite quadrature (49 nodes; 65 on the check grid). The holding shares,

the cell moments, and household sales come from the same nodes.

3. Wholesale prices. Solve NA(w)QA(w) = EA and NU (w)QU (w) = EU jointly by damped

Newton iteration. Starting from the previous candidate’s prices or the observed wholesale

prices, repeat steps 1–2 at the current prices, compute the residuals Eb −Nb(w)Qb(w), and

update (wA, wU ) by a Newton step whose finite-difference Jacobian recomputes the cutoffs at

the perturbed prices; each step is capped at 3σϵ and halved until the residuals fall. By the

monotonicity of Lemma 2, a price below its clearing value makes household sales exceed the

inflow, so the step raises it, and conversely. The iteration stops when the residuals, scaled by

the inflow, fall below 10−12, which takes a few iterations.

4. Transition path. Given λ, solve the post-scandal stationary equilibrium by step 3 with the low-

ered mean demands, then the 2T prices of the path from the stacked clearing conditions (28)

by Newton iteration, as described in Appendix E.2. Steps 1–2 evaluate each period at its own

pair of prices, (wt,wt+1); the Jacobian is computed by central finite differences and is block

tridiagonal; each step is capped at 3σϵ and halved until the sum of squared scaled residuals

falls, and the iteration stops when every scaled residual is below 10−12. Within Stage 2, each

candidate starts from the previous candidate’s path, shifted by the change in the post-scandal

prices.

5. Parameters. Stage 1 minimizes J(θ) by L-BFGS-B, with the money parameters in thousands

and the standard deviations in logs, using the gradient of the standardized residuals, whose

Jacobian includes the response of the wholesale prices. The search runs from four starting

values of σϵ between 100 and 400 thousand JPY on a coarse grid, and the best start is refitted

on the estimation grid. Stage 2 minimizes (25) over (λN , λI) by BFGS with a finite-difference

gradient from three starts, which reach the same minimum.

A fit is accepted if the projected gradient of its criterion is below 0.01 and solving the equilibrium

on the check grid changes no moment by more than 0.1 sampling standard errors; a Stage-2 fit

must in addition change no coefficient by more than 0.01 sampling standard errors when the path

is extended to T = 12. Every reported fit passes. Neither Stage-1 fit has a parameter at a bound,

the projected gradient of the criterion is 0.0011 in the baseline and 0.0006 with the holding cost,

and refining the quadrature changes no moment by more than 10−10 sampling standard errors; the

projected gradient of the Stage-2 fit is below 10−6.

D.4 Inference

Sampling uncertainty comes from 100 paired cluster multiplier draws. Each draw assigns an inde-

pendent exponential weight with mean one to every dealership and to every auction model–vintage

cluster, shared across the linked samples, and recomputes the price standardization, the reporting
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weights, the empirical moments, and the Stage-2 targets. The sampling standard error sℓ of each

moment and target is its standard deviation across the draws. Standard errors of the parameters

come from a local linear mapping of each draw into the estimates. With J the Jacobian of the 22

model moments with respect to θ at ˆ︁θ, including the response of the wholesale prices, and ∆ˆ︁mr the

deviation of the empirical moments in draw r from their point values, the draw moves the Stage-1

estimates by

∆θr = (J ′WJ)−1J ′W ∆ˆ︁mr,

and the standard error of each parameter is the standard deviation of ∆θr across the draws. The

Stage-2 standard errors apply the same mapping to the deviations of the twelve targets, with the

12 × 2 Jacobian of the model coefficients ∆mℓ with respect to λ in place of J . These standard

errors condition on the dealer masses and the inflow, which each draw also recomputes but which

the mapping holds at their point values, and on ρ and δ; the Stage-2 standard errors also condition

on the Stage-1 estimates.

D.5 Parameter Estimates

Table 18 reports the externally set parameters (Panel A), the Stage-1 estimates of the baseline

and of the specification with the holding cost (Panels B and C), and the Stage-2 estimates of the

demand losses (Panel D). Section 7.1 discusses them.
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Table 18: Parameter Values and Estimates

Parameter Symbol Value SE

Panel A: Externally Set Parameters

Dealer mass, Nissan-affiliated DN 23,413

Dealer mass, independent DI 114,986

Dealer mass, other-brand-affiliated DB 90,238

Inflow, affected EA 1,726

Inflow, unaffected EU 11,281

Demand correlation ρ 0.4

Discount factor δ 0.98

Panel B: Stage-1 Estimates, Baseline

Mean demand, affected cars at Nissan-affiliated dealers µNA 468.3 8.5

Mean demand, affected cars at independent dealers µIA 27.5 13.0

Mean demand, unaffected cars at independent dealers µIU 471.0 5.5

Mean demand, unaffected cars at other-brand-affiliated dealers µBU 649.3 3.6

Demand standard deviation, affected cars σA 377.5 4.9

Demand standard deviation, unaffected cars σU 302.8 2.5

Household demand scale σϵ 68.1 1.1

Panel C: Stage-1 Estimates, with Holding Cost

Mean demand, affected cars at Nissan-affiliated dealers µNA 648.5 19.0

Mean demand, affected cars at independent dealers µIA 356.2 30.1

Mean demand, unaffected cars at independent dealers µIU 747.1 24.7

Mean demand, unaffected cars at other-brand-affiliated dealers µBU 813.3 16.7

Demand standard deviation, affected cars σA 286.9 11.0

Demand standard deviation, unaffected cars σU 200.8 11.5

Household demand scale σϵ 138.1 3.6

Holding-cost mean, affiliated dealers µc
aff 72.8 6.3

Holding-cost mean, independent dealers µc
I 160.4 9.6

Holding-cost standard deviation, affiliated dealers σc
aff 125.2 4.7

Holding-cost standard deviation, independent dealers σc
I 221.0 6.7

Panel D: Stage-2 Estimates, Demand Losses (with Holding Cost)

Demand loss, Nissan-affiliated dealers λN 11.1 7.1

Demand loss, independent dealers λI 55.2 20.7

Panel A lists the parameters set outside the estimation (Section 6.2.2). Dealer masses and the inflow are
numbers of entering dealers and of cars per 3-month model period; the inflow is measured from the entrants
of August 2015 to January 2016 and held fixed in every period. Panels B and C report minimum-distance
estimates of the pre-scandal stationary equilibrium from the 22 moments of Table 9, in thousand JPY at
2016 prices. In the baseline, dealers of a type differ only in demand. The specification with a holding cost
adds a normal holding cost of an unsold car, drawn after the inventory choice from one distribution for
the two affiliated dealer types and one for independent dealers; at the estimates, 28 and 23 percent of the
holding costs of affiliated and independent dealers are negative. The criterion, the mean squared standardized
residual, is 110.15 in Panel B and 8.05 in Panel C. Panel D reports the demand losses, in thousand JPY,
fitted to the twelve targets of Table 10 on the model’s transition path (Section 6.4.2), holding Panels A and C
fixed, with the inflow at its pre-scandal value; the criterion is 5.46. All three fits pass the acceptance checks.
Standard errors map 100 paired multiplier draws of the data moments into changes in the estimates through
the Jacobian of the model moments at the estimates; they hold Panel A fixed, and those of Panel D also hold
Panel C fixed. See Appendix D.4 for more details.
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E Transition Path

This appendix states the equilibrium conditions along the transition path of Section 6.3, describes

how they are solved, and shows the path at the estimates. Each stage of a dealer’s life is as in

Section 5, with next period’s wholesale price in place of a constant one.

E.1 Equilibrium Path

Timing. Periods are indexed by t. In periods t ≤ −1, the market is in the pre-scandal stationary

equilibrium, with wholesale prices wpre. The disclosure arrives in period 0 after the wholesale

stage: the young dealers of period 0 chose their inventory and posted their prices under pre-scandal

expectations, and their households learn of the scandal while the cars are on the lot. From period

0 on, the household of a type-d dealer values an affected car at ξiA−λd, permanently. From period

1 on, entering dealers know the losses and the whole path of wholesale prices {wt}t≥1, so they have

perfect foresight, and the inflow of each brand stays at Eb in every period.

Retail stage. A young dealer that holds a car of brand b in period t ≥ 1 sells the car at wholesale

in period t + 1 if its household does not buy it, so it values an unsold car at δwb,t+1 − ci, and its

price satisfies the condition (20) with next period’s wholesale price in place of a constant one:

p∗ = δwb,t+1 − ci + σϵ

[︃
1 + exp

(︃
ξib − λd1{b = A} − p∗

σϵ

)︃]︃
, (26)

in which the household’s valuation, ξiA−λd for an affected car and ξiU for an unaffected one, takes

the place of demand. The value of holding the car is V (ξib−λd1{b = A}, ci;wb,t+1) of equation (19),

and its expectation over the holding cost is V d(ξib − λd1{b = A};wb,t+1) of equation (21).

Wholesale stage. An entrant of period t buys a car at wb,t, or forgoes this price by keeping its

endowment, and expects V d(· ;wb,t+1) from holding it. Its net value of holding brand b is therefore

V d(ξib − λd1{b = A};wb,t+1)− wb,t, in which the price paid for the car and the price expected for

it if it does not sell differ. The inventory policies of Sections 5.3 and 6.1 apply to this net value:

an affiliated entrant holds a car if and only if the net value is nonnegative, that is, if its demand

net of the loss is at least the cutoff V
−1
d (wb,t;wb,t+1), and an independent entrant holds the brand

with the larger nonnegative net value. As in the stationary state, the endowment does not affect

the choice. The mass Nb,t of young dealers that hold a car of brand b, the mean price and the

mean sale probability of each cell, and the mean sale probability Qb,t of the dealers that hold brand

b follow as in Section 5.4, and all of them depend on the wholesale prices of periods t and t + 1,

(wt,wt+1).

Market clearing. Off the stationary state, the cars that the previous cohort did not sell are a

state variable. Let Rb,t denote the cars of brand b that the old dealers of period t bring to the

67



wholesale market, the cars that the previous cohort held and did not sell to households,

Rb,t+1 = Nb,t

[︁
1−Qb,t

]︁
. (27)

The wholesale market of brand b clears in period t when the young dealers hold every car present,

the inflow and these returns, as in the stationary state:

Nb,t(wt,wt+1) = Eb +Rb,t. (28)

Given the returns Rb,1 that the period-0 cohort leaves, an equilibrium path is a sequence of wholesale

prices {wt}t≥1 such that, when every dealer prices by (26) and chooses its inventory by the policies

above, condition (28) holds for both brands in every period t ≥ 1, with the returns evolving

by (27). A stationary equilibrium is a constant solution of these conditions: with wt = wt+1 = w

and Rb,t+1 = Rb,t, substituting (27) into (28) gives Nb(w)Qb(w) = Eb, the clearing condition of

Definition 1. Along the path, by contrast, household sales need not equal the inflow in any period.

A cohort that sells fewer cars than arrive passes the difference on to the next cohort as returns,

which next period’s prices must induce young dealers to absorb.

The surprise cohort. The cohort of period 0 holds the pre-scandal inventory and has posted

the pre-scandal prices p(ξib, ci;w
pre
b ). Its affected cars sell with the probability that the lowered

valuation implies at the posted price p, exp((ξiA−λd−p)/σϵ)/[1+exp((ξiA−λd−p)/σϵ)], whereas

its unaffected cars sell as before. The data counterpart of this cohort is the April 2016 entrants

(Section 4.3), which were priced at the April 1 snapshot and faced the disclosure for 72 of the 91

days of their 3-month window. I therefore let the period-0 cohort face the loss for the share 1− s

of its retail stage, with s = 19/91. Under a constant sale hazard within the period, the probability

that an affected car remains unsold at the end of the stage is [1 − qpre]s[1 − qshock]1−s, where qpre

and qshock are the sale probabilities at the posted price before and after the loss.49 The cars that

this cohort does not sell, Rb,1 = Npre
b (1 − Q0

b) with Q0
b its mean sale probability, open the path.

For affected cars, they exceed the pre-scandal returns, because fewer of them sell at the pre-scandal

prices; at the estimates, the excess is 5.0 percent.

E.2 Computation

The path converges to the post-scandal stationary equilibrium wpost, which solves Nb(w)Qb(w) =

Eb with the lowered mean demands. I truncate the path at T = 8 periods, 2 years, by assuming that

the market is in this equilibrium from period T + 1 on, wT+1 = wpost, and solve the 2T wholesale

prices of periods 1 to T jointly from the 2T clearing conditions (28). Each period is linked to the

one before it, through the returns that the previous cohort leaves, and to the one after it, through

49Both sale probabilities are evaluated dealer by dealer, at each dealer’s demand and holding cost, and averaged
over the dealers that hold a car in the pre-scandal equilibrium. The same blend, applied to the data, converts the
very-short-run estimates of Section 4.3 into the change for a fully exposed cohort.
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the value of an unsold car, so the conditions cannot be solved period by period in either direction.

I stack them and solve them by Newton’s method. Because each clearing condition involves the

prices of only three periods, its own, the one before, and the one after, the Jacobian of the stacked

conditions is block tridiagonal, and I compute it by finite differences, starting from a flat path at

wpost. Extending the path to T = 12 changes no targeted coefficient by more than 10−4 sampling

standard errors. Appendix D.3 gives the step sizes and tolerances.

The path is locally unique. Linearized around the post-scandal stationary equilibrium, the map

from the state of one period, the unsold cars (RA,t, RU,t) and the wholesale prices (wA,t, wU,t),

to the state of the next has two eigenvalues outside the unit circle, 1.85 and 1.82, as many as

the forward-looking prices, and two inside, 0.56 and 0.55, as many as the predetermined stocks

of unsold cars, so a unique path converges to this equilibrium from nearby states (Blanchard and

Kahn, 1980). The Jacobian of the stacked clearing conditions is also nonsingular at the solution. I

cannot show that the path is globally unique, but Newton’s method reaches the same path, with

prices that differ by less than 10−10 thousand JPY, from 27 starting paths: flat paths at the pre-

and post-scandal prices and at 100 and 200 thousand JPY above and below the post-scandal prices,

a linear path from the pre- to the post-scandal prices, and 20 paths that add independent normal

deviations with standard deviations of 50 and 100 thousand JPY to the post-scandal prices in every

period.

E.3 Path at the Estimates

Figure 9 plots the transition path at the estimates of Table 18: the wholesale price of affected cars

and the affected cars that old dealers return to the wholesale market in each model period, together

with the pre- and post-scandal stationary values. Section 7.2 discusses the path.
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Figure 9: Transition Path at the Estimates.
The left panel plots the wholesale price of affected cars by model period, in thousand JPY at 2016 prices;

period 0 is the surprise cohort, which bought at the pre-scandal price. The right panel plots the affected

cars that old dealers return to the wholesale market at the start of each period, in cars per 3-month period,

which the young dealers of the period absorb together with the inflow. Dashed lines mark the pre-scandal

stationary values and dotted lines the post-scandal ones. One model period lasts 3 months, and period 1

begins on April 20, 2016, the disclosure date.

F Assumptions and Proofs

F.1 Proof of Lemma 1

Fix (ξib, wb), and write L = δwb ≥ 0 for the liquidation value and q(p) = exp((ξib − p)/σϵ)/[1 +

exp((ξib − p)/σϵ)] for the probability that the car sells at price p. The objective of problem (6) can

be written as

Π(p) = L+ q(p) (p− L), (29)

with

q′(p) = −q(p) [1− q(p)]

σϵ
.

Differentiating gives

Π′(p) = q(p)

[︃
1− [1− q(p)] (p− L)

σϵ

]︃
.

For p ≤ L the bracket is positive, so Π′(p) > 0. For p > L, the term (p − L)[1 − q(p)] is strictly

increasing in p, since

∂

∂p
{(p− L) [1− q(p)]} = [1− q(p)] + (p− L)

q(p)[1− q(p)]

σϵ
> 0,
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and it rises from zero at p = L to infinity as p → ∞. The equation (p−L)[1− q(p)] = σϵ therefore

has a unique solution p∗, and Π′(p) changes sign exactly once, from positive to negative, at p∗,

which is therefore the unique maximizer. Because p∗ > L ≥ 0, the maximizer is interior, and no

boundary case arises.

Because 1− q(p) = 1/[1 + exp((ξib − p)/σϵ)], the condition (p∗ − L)[1− q(p∗)] = σϵ is (7), and

the sale probability (8) is q(ξib, wb) = q(p∗), written q in the rest of the proof. Substituting the

condition into the objective gives

V = L+ q (p∗ − L) = L+ σϵ
q

1− q
= p∗ − σϵ.

Because ∂q(p)/∂ξib = q(p)[1 − q(p)]/σϵ at a given price and p∗ − L = σϵ/(1 − q), the envelope

theorem applied to (29) yields ∂V/∂ξib = q and ∂V/∂L = 1 − q, so ∂V/∂wb = δ(1 − q), which

gives (9). Because p(ξib, wb) = V + σϵ, the price has the same derivatives, ∂p/∂ξib = q < 1 and

∂p/∂wb = δ(1 − q) > 0. The sale probability (8) increases in ξib − p(ξib, wb), which therefore rises

in ξib and falls in wb, so the sale probability increases in ξib and decreases in wb.

For the range, the middle expression for V shows that V > δwb. As ξib → −∞, q = q(p∗) <

q(L) → 0 because p∗ > L and q(p) decreases in p, so V → δwb. As ξib → ∞, V ≥ Π(ξib/2) → ∞,

because at the price ξib/2 the margin over L grows without bound and the car sells with probability

q(ξib/2) = exp(ξib/(2σϵ))/[1 + exp(ξib/(2σϵ))] → 1. Because V (·, wb) is continuous and strictly

increasing, with ∂V/∂ξib = q > 0, it maps R onto (δwb,∞), and for every v > δwb the equation

V (ξib, wb) = v has a unique solution V −1(v;wb).

F.2 Closed Forms of the Cutoffs

With logistic taste shocks, the inverse of the value function has a closed form. Solving the first-

order condition (7) for demand gives ξib = p∗+σϵ log[(p
∗− δwb−σϵ)/σϵ]. Substituting p∗ = V +σϵ

gives the inverse in closed form,

V −1(v;wb) = v + σϵ

[︃
1 + log

v − δwb

σϵ

]︃
, v > δwb. (30)

Hence the cutoff (10) is ξ̄b(wb) = wb + σϵ
[︁
1 + log

(︁
(1 − δ)wb/σϵ

)︁]︁
. The dealer at the cutoff posts

the price wb + σϵ and sells with probability q = (1− δ)wb/[(1− δ)wb + σϵ], the slope of the cutoff is

dξ̄b/ dwb = 1+σϵ/wb, which equals [1−δ(1−q)]/q at the cutoff, and ξ̄b(wb) → −∞ as wb → 0. The

boundary between the regions of the two brands in (13) is the demand for brand A at which brand

A is worth exactly as much as the better of brand U and no car: with s = max{V (ξiU , wU )−wU , 0},
an independent entrant holds brand A if and only if V (ξiA, wA) − wA ≥ s, that is, if and only if

ξiA ≥ ξ̃A(ξiU ;w) = V −1(wA + s;wA), which by (30) is

ξ̃A(ξiU ;w) = wA + s+ σϵ

[︃
1 + log

(1− δ)wA + s

σϵ

]︃
, s = max

{︁
V (ξiU , wU )− wU , 0

}︁
. (31)
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For ξiU ≤ ξ̄U (wU ), s = 0 and the boundary equals ξ̄A(wA). Above ξ̄U (wU ), s increases in ξiU and

decreases in wU by (9), and the boundary increases in s and in wA, so it rises with the demand

for brand U and with the wholesale price of brand A and falls with the wholesale price of brand

U . Equivalently, the pairs
(︁
V −1(wA + s;wA), V

−1(wU + s;wU )
)︁
, s ≥ 0, at which both brands have

the net value s, trace the boundary, starting at
(︁
ξ̄A(wA), ξ̄U (wU )

)︁
. At w = 0, the two coordinates

coincide, so the boundary is the line ξiA = ξiU . These closed forms rely on the absence of a holding

cost: with the holding cost of the estimated model, the cutoffs are defined by the same indifference

conditions but have no closed form.

F.3 Existence and Uniqueness

This subsection states the assumptions of Proposition 1 and proves it. Throughout, Φb(w) =

Nb(w)Qb(w) denotes the household sales of brand b, so that the market clears for brand b when

Φb(w) = Eb by (17).

Assumption 1 (Demand distributions). The distributions GN and GB have continuous and pos-

itive densities on R, and GI has a continuous and positive density on R2.

By Appendix F.2, ξ̄b(wb) → −∞ as wb → 0, so at zero wholesale prices every entrant holds

a car. At w = 0, the boundary between the two brands is the line ξiA = ξiU , so an independent

entrant holds brand A if and only if ξiA ≥ ξiU . Let

ϕdb = hdb(0)Qdb(0)

denote the share of the entrants of dealer type d that, at zero wholesale prices, hold a car of brand

b and sell it to their household, so that household sales at zero prices are Φb(0) =
∑︁

d: b∈Jd
ϕdbDd.

Assumption 2 (Dealers). The dealer masses are large relative to the inflow:

ϕNADN + ϕIADI > EA, ϕIUDI + ϕBUDB > EU .

That is, at zero wholesale prices, the entrants would sell more cars of each brand to households than

its inflow, Φb(0) > Eb.

The condition is a lower bound on the dealer masses given the inflow; it holds, for example, if

DN > EA/ϕNA and DB > EU/ϕBU , so that the affiliated entrants of each brand alone could sell

its inflow at zero prices.

Lemma 2 (Properties of household sales). Under Assumption 1, the household sales of the two

brands, Φ(w) = (ΦA(w),ΦU (w)), have the following properties.

(i) Φ is continuously differentiable.

(ii) Each Φb strictly decreases in its own wholesale price wb, through three margins:
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• the intensive margin: every dealer that keeps holding brand b sells with a lower probabil-

ity;

• the exit margin: entrants whose demand falls below the higher cutoff ξ̄b(wb) stop holding

a car;

• the switching margin: some independent dealers switch to the other brand.

(iii) Each Φb is nondecreasing in the other brand’s wholesale price, because the only cross effect is

the switching of independent dealers. The two brands are therefore gross substitutes.

(iv) Each Φb vanishes as its own wholesale price grows, whatever the other wholesale price. For-

mally, let ΦA(wA,∞) denote the limit of ΦA as wU → ∞. Then ΦA(wA, wU ) ≤ ΦA(wA,∞),

and ΦA(wA,∞) → 0 as wA → ∞. The same holds for ΦU , with ΦU (∞, wU ) defined likewise.

Proof of Lemma 2. (i) By Assumption 1, the densities of Gd are continuous, and by Lemma 1

the value V , which determines the cutoffs (10) and (31) and hence the policies jd, and the sale

probability q(ξib, wb) are continuously differentiable. The holding shares and the household sales

Φb(w) =
∑︁

dDdhdb(w)Qdb(w), which integrate q over the region of demand in which each dealer

type holds brand b, are therefore continuously differentiable in the prices.

(ii) Raising wb lowers the sale probability q(ξib, wb) of every holder of brand b (Appendix F.1).

This intensive margin alone makes the decrease strict, since a positive mass of dealers holds brand

b at any price. Raising wb also lowers the net value V (ξib, wb)−wb, whose slope in wb is −[1− δ +

δq(ξib, wb)] ≤ −(1− δ) < 0 by (9), and this shrinks the set of dealers that hold brand b: the cutoff

ξ̄b(wb) rises, so fewer dealers hold a car at all (the exit margin), and the boundary ξ̃A shifts so that

fewer independent dealers prefer brand b to the other brand (the switching margin). Both changes

lower Φb further.

(iii) Raising the other brand’s price wb′ lowers the net value of brand b′ and leaves the net value

of brand b and the sale probability q(ξib, wb) unchanged. It does not affect the affiliated dealers

that hold brand b, and it can only enlarge the set of independent dealers that hold brand b, so Φb

does not fall.

(iv) The function ΦA is bounded by DN +DI and, by (iii), nondecreasing in wU , so the limit

ΦA(wA,∞) exists and ΦA(wA, wU ) ≤ ΦA(wA,∞). In this limit, no independent dealer holds brand

U , because the net value of brand U tends to −∞ for every demand, so ΦA(wA,∞) integrates

q(ξiA, wA)1{ξiA ≥ ξ̄A(wA)} over both dealer types. As wA → ∞, the net value V (ξiA, wA) − wA

tends to −∞ for every demand, because its slope in wA is at most −(1 − δ), so this integrand

converges to zero pointwise. Dominated convergence then gives ΦA(wA,∞) → 0. The argument

for ΦU is symmetric.

Because EA and EU are positive, Lemma 2(iv) implies that some price w satisfies ΦA(w,∞) <

EA and ΦU (∞, w) < EU . Above w, household sales of either brand fall short of its inflow, whatever

the other price.
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Assumption 3 (Own effects dominate cross effects). At every w ∈ [0, w]2,

−∂ΦA

∂wA
>

∂ΦU

∂wA
, −∂ΦU

∂wU
>

∂ΦA

∂wU
:

a rise in one brand’s wholesale price reduces household sales of that brand by more than it raises

household sales of the other.

Because the cross effects come only from independent dealers that switch brands, whereas the

own effects count the same switchers, weighted by their sale probability for the brand they leave,

plus the intensive and exit margins, the condition can fail only if switchers sell the brand they move

to with a much higher probability than the brand they leave.

Proof of Proposition 1. By (17), a stationary equilibrium is given by prices w ∈ [0,∞)2 that

solve the clearing conditions ΦA(w) = EA and ΦU (w) = EU , together with the policies of Lemma 1,

(11), and (13) at these prices. The inflow is positive, and Assumption 2 gives EA < ΦA(0, 0) and

EU < ΦU (0, 0).

Every equilibrium lies in the rectangle [0, w]2. To see this, suppose that wA > w. Then

ΦA(w) ≤ ΦA(wA,∞) ≤ ΦA(w,∞) < EA by Lemma 2(ii) and (iv), so the market for brand A does

not clear. The case wU > w is symmetric.

For existence, fix wU ∈ [0, w]. By Lemma 2(iii), ΦA(0, wU ) ≥ ΦA(0, 0) > EA. By the choice

of w, ΦA(w,wU ) ≤ ΦA(w,∞) < EA. Because ΦA(·, wU ) is continuous and strictly decreasing, the

equation ΦA(ŵA(wU ), wU ) = EA has a unique solution ŵA(wU ) ∈ (0, w), which is continuous in

wU . The map wU ↦→ ΦU (ŵA(wU ), wU ) is then continuous. At wU = 0 it is at least ΦU (0, 0) > EU ,

because ŵA(0) ≥ 0 and the brands are gross substitutes, and at wU = w it is at most ΦU (∞, w) <

EU . By the intermediate value theorem, ΦU (ŵA(w
∗
U ), w

∗
U ) = EU for some w∗

U ∈ (0, w), and

(ŵA(w
∗
U ), w

∗
U ) is an equilibrium.

For uniqueness, suppose that w ̸= w′ are both equilibria. Because Φ is continuously differen-

tiable and the segment between the two points lies in the rectangle, Φ(w′) − Φ(w) = J̄(w′ −w),

where J̄ =
∫︁ 1
0 J(w + t(w′ − w)) dt averages the Jacobian J = ∂Φ/∂w′ along the segment. As-

sumption 3 states that J is strictly diagonally dominant by columns. The integration preserves this

property, so J̄ is nonsingular by the Levy–Desplanques theorem. Since Φ(w′) = Φ(w) = (EA, EU )
′,

the equation J̄(w′ −w) = 0 implies w′ = w, a contradiction.

Extension with a holding cost. The proof uses only Assumptions 2 and 3 and the four

properties of Lemma 2, so Proposition 1 holds for the household sales of Section 6.1, with the

mean sale probabilities (22), once Lemma 2 is verified for them. By Appendix F.4, V d is con-

tinuously differentiable with ∂V d/∂wb = δ(1 − q̄d), so the net value V d(ξib;wb) − wb has slope

−[1 − δ(1 − q̄d)] ≤ −(1 − δ) < 0 in wb, and q̄d is continuously differentiable with ∂q̄d/∂wb < 0,

because the sale probability q = q(ξib, c;wb) has ∂q/∂wb = −δq(1− q)2/σϵ < 0 at interior solutions,

which have positive probability under Hd, and ∂q/∂wb = 0 at boundary solutions. The arguments
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for (i)–(iv) then apply with V d, q̄d, and the cutoffs defined from V d in place of V , q(ξib, wb), and

the cutoffs of Section 5.3.

F.4 Retail Pricing with a Holding Cost

Fix (ξib, c, wb) and write L = δwb − c for the liquidation value, which can be negative, and q(p) for

the probability that the car sells at price p, as in Appendix F.1. The objective of problem (19) is

Π(p) = L+ q(p)(p− L), as in Appendix F.1 with L in place of δwb, so Π′(p) changes sign exactly

once, from positive to negative, at the unique solution p̂ > L of (p − L)[1 − q(p)] = σϵ. On the

feasible set p ≥ 0, the solution is p∗ = p̂ if p̂ ≥ 0, and p∗ = 0 if p̂ < 0, which requires L < 0;

the maximizer is unique in both cases. Write q = q(p∗) for the sale probability q(ξib, c;wb) at the

solution. At an interior solution, (p∗ − L)(1 − q) = σϵ, which is the first equation in (20) because

1−q(p) = 1/[1+exp((ξib−p)/σϵ)], and substituting it into the objective gives V = L+σϵq/(1−q) =

p∗ − σϵ. The envelope theorem gives ∂V/∂ξib = q and ∂V/∂L = 1 − q, so ∂V/∂wb = δ(1 − q) and

∂V/∂c = −(1 − q); because p∗ = V + σϵ, the price has the same derivatives, and in particular

∂p∗/∂c = −(1 − q) < 0. Differentiating q = exp((ξib − p∗)/σϵ)/[1 + exp((ξib − p∗)/σϵ)] then gives

∂q/∂c = q(1 − q)2/σϵ > 0, ∂q/∂ξib = q(1 − q)2/σϵ > 0, and ∂q/∂wb = −δq(1 − q)2/σϵ < 0.

At a boundary solution, V = [1 − q(0)]L with q = q(0), so ∂V/∂wb = δ(1 − q) and ∂V/∂c =

−(1 − q) as before, ∂V/∂ξib = −Lq(0)[1 − q(0)]/σϵ > 0, and q does not depend on wb or c;

the two cases agree where the solution switches, because (−L)[1 − q(0)] = σϵ there. Hence V is

continuously differentiable and strictly increasing in ξib, and by dominated convergence so is the

expected value (21), with ∂V d/∂wb = δ(1− q̄d). As ξib → −∞, V → L and V d → δwb−
∫︁
c dHd(c),

and as ξib → ∞, V d → ∞, so the cutoff V
−1
d (wb;wb) of Section 6.1 exists whenever

∫︁
c dHd(c) >

−(1− δ)wb, in particular whenever the mean holding cost is positive.
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