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Abstract

Commercial food waste presents a major challenge to urban sustainability. In response, digital plat-
forms have emerged that create new marketplaces for food retailers (e.g. bakeries) to sell surplus
inventory at a discount. We consider how a key market design lever — the platform’s pricing policy
— influences seller entry and food waste diverted (i.e., aggregate sales volume) in a major surplus
food marketplace. We estimate a structural model of a two-sided marketplace that captures both
spatially differentiated consumer demand and sellers’ market entry decisions, using hourly inventory
data from 465 participating food retailers across four U.S. urban centers (Manhattan, Boston, San
Francisco, and Seattle). Central to our methodology is a new estimation technique for sellers’ en-
try costs grounded in discrete optimization, which dramatically speeds up estimation compared to
standard nested fixed-point methods. We find significant heterogeneity across the four cities in con-
sumers’ travel costs and sensitivity to sellers’ on-platform ratings. Counterfactual results show that
seller participation is more price-elastic than consumer demand, implying that supply constraints
primarily determine the volume of food waste diverted by the marketplace. Delegating price control
to sellers invites excessive competition and induces exit, leading to a sharp contraction in equilibrium
sales volume. Overall, our findings support platform control of prices in surplus food marketplaces —
provided discounts are not too steep — and offer guidance to platform operators seeking to stimulate

seller entry and curb food waste.
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Food waste is a pressing global issue, with approximately one-third of all food produced—around 1.3
billion tons—going to waste each year, and costing as much as $400 billion annually (WRAP, 2015).
This waste occurs at every stage of the supply chain, from farms discarding cosmetically imperfect
produce to retailers and restaurants disposing of unsold inventory (Akkag and Gaur, 2022). In the
United States, 31% of the food waste occurs at the retail and consumer levels, highlighting a need for
better redistribution systems to reduce food waste (U.S. Department of Agriculture, 2025). Beyond the
economic costs, food waste contributes to environmental degradation through greenhouse gas emissions
and diversion to landfills, undermining the sustainability of urban centers where consumption and waste

are most concentrated.

The challenge of reducing urban food waste has been met by the emergence of new two-sided platforms
that enable food retailers (e.g., restaurants, bakeries, and coffee shops) to sell excess food in a “surplus
market”, where consumers can purchase items — usually at a significant discount — that would otherwise
be discarded. For instance, on the platform Too Good to Go, bakeries can offer unsold pastries in the
surplus market at a fraction (e.g., %) of their original price; the platforms Food For All, Karma, Olio,
and Phenix operate similarly, although with some variation in the precise market designs. The promise
of these platforms is that they offer a market-based solution to food waste by creating value for all
parties: Retailers can recover costs on inventory that would otherwise have little salvage value, and

consumers can access quality food at reduced prices.

Surplus food marketplaces, whose mission is to minimize food waste at scale (Too Good To Go, 2024),
have been shown to exhibit indirect network effects (Richards and Hamilton, 2018). This suggests that
participation from a broad set of retailers is especially important for these platforms to achieve the

I However, the decision to participate is non-

sales volume necessary to meaningfully reduce waste.
trivial for retailers due to a challenging profitability environment — consumers expect steep discounts
on surplus food, which puts pressure on prices, and perishability limits retailers’ on—hand inventory,
further restricting revenue. Additionally, despite sunk production, entering and operating in these
marketplaces is not costless for retailers.? As a result, making entry sufficiently attractive for food

retailers requires careful market design.

A platform’s pricing policy is an especially important design lever for surplus food marketplaces. In

addition to shaping consumer demand, the platform’s adopted discount rate plays a critical role in

!See Armstrong (2006) for a general discussion of network effects in two-sided markets.

2Examples of fixed and marginal costs include platform subscription fees, staff training, packaging, integration into existing
point-of-sale and inventory systems, and disruptions to regular store operations.



determining supply-side entry into the marketplace, given the notoriously tight margins in food retail
(Restaurant365, 2023). In practice, platforms vary in their pricing policies — for example, Too Good to
Go uniformly mandates that food retailers discount items by two-thirds of their retail value, whereas
Flashfood grants retailers more flexibility in pricing, although still imposes a minimum discount of 50%

(Vachon, 2025).

Further, given potential heterogeneity in retailers’ costs, a natural question platforms face is whether
to delegate price control to retailers, so to lift their margins and increase the appeal of joining the
marketplace. However, the impact of delegating pricing on the marketplace’s ability to divert food
waste is ambiguous, because the ensuing price competition is likely to shift both consumer demand and
retailers’ entry decisions in equilibrium. Consequently, determining the net effect of price competition
requires carefully accounting for its impact on both sides of the marketplace. Moreover, because urban
characteristics may shape consumer demand patterns (e.g., by influencing travel costs), the performance

of different pricing mechanisms is likely to vary across geographic markets.
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This paper examines the role of a platform’s pricing policy and the urban environment in shaping
outcomes in a surplus food marketplace. Specifically, given the importance of retailer participation

and waste diversion, we ask:

1. How do consumer preferences in surplus food marketplaces vary across urban environments?
2. Do demand- or supply-side effects dominate in response to market-wide price changes?

3. How does permitting seller price competition impact seller entry and aggregate sales volume?

We address these questions by estimating a structural model of a two-sided marketplace where both
sellers and consumers are spatially differentiated. The model captures the role of price and urban
characteristics in shaping both consumer demand and sellers’ strategic entry decisions. We focus on
aggregate sales volume as our outcome of interest, which serves as a proxy for the total amount of food

waste diverted as a result of transactions in the marketplace.

We estimate our model using a detailed dataset from a major platform that operates surplus food
marketplaces internationally, focusing on four U.S. urban centers: Boston, Manhattan, San Francisco,
and Seattle. The data comprises hourly observations of sellers’ surplus inventory levels, prices, ratings,
and other attributes over a 10-week period from March to May 2024, covering 465 participating retailers
and about 653,000 observations at the seller-hour level. This temporal and spatial granularity allows us

to observe detailed store-level operations—specifically, the depletion and replenishment of inventory—as



well as spatial variation in consumer demand patterns. We supplement this platform data with Google
Places information on all food-related establishments (whether participating in the marketplace or not)
and US Census (American Community Survey) data on local demographics, which helps us account

for urban characteristics that influence demand and entry.

Our model aims to capture both sides of the market: Consumers’ food purchase choices and sellers’
entry decisions. On the demand side, we model consumer arrivals as varying in space and time.
Conditional on arrival, consumers’ seller choices follow a multinomial logit (MNL) model that accounts
for consumer-seller distances and seller attributes. In estimating the demand model, we instrument for
consumer-seller distances to address potential endogeneity in sellers’ locations, since sellers’ decision to
enter the marketplace may depend on local unobserved demand shocks. On the supply-side, we model
seller entry as a non-cooperative game where each seller makes a strategic entry decision based on their
expected profit in equilibrium, which depends on both consumer demand and the entry decisions of

competing sellers.

We contribute to the literature on empirical models of market entry by proposing a new estimation
technique that uses integer optimization to recover sellers’ cost parameters in the spirit of generalized
methods of moments (Hansen, 1982). At a high level, our approach has two steps. First, we use a
generic random forest to construct a large pool of “candidate equilibria”, which are binary vectors
that can be interpreted as plausible solutions to the sellers’ entry game. Second, we solve a large-scale
integer optimization problem that matches moments by jointly searching over the pool of candidate
equilibria and the set of unknown parameters. To investigate its performance, we compare our approach
to a straightforward implementation of a nested-fixed point (NFXP) algorithm (Rust, 1987) within a
simulated methods of moments (McFadden, 1989) framework. Numerical results show our method
dramatically speeds up estimation compared to the NFXP algorithm — in some synthetic instances, by
an order of magnitude — which allows our model to scale to a larger number of covariates and capture

a richer description of market behavior.

Our estimates reveal substantial heterogeneity in consumers’ sensitivity to distance and sellers’ ratings
across markets. Consumers in San Francisco and Seattle face travel costs of close to $1/km, compared
to $0.36/km and $0.48/km in Manhattan and Boston. Cities with lower travel costs see far greater
consumer sensitivity to ratings: A one-star increase in a seller’s on-platform rating is valued at roughly
$4 to $6 in Manhattan and Boston, but less than $2 in San Francisco and Seattle. These results
suggests that food retailers in commercially dense and accessible urban centers face more competitive
pressure to maintain strong on-platform reputations, and consequently the impact of the platform’s

pricing policy may vary substantially across markets.



We use our estimates to address two counterfactuals. First, we consider uniform pricing, where the
platform mandates a common discount rate throughout the market, and vary the discount rate from
0 to 100%. We find that the supply response (i.e., changes in seller entry) dominates the effect on
consumer demand for a wide range of prices; in most markets, supply is more elastic for all discount
rates above 25-30%. This suggests that the total food waste diverted by the marketplace is dictated
primarily by seller participation, and that deep discounts on surplus food may be highly sub-optimal.
In the second counterfactual, we consider delegated pricing, where sellers to engage in Bertrand-Nash
price competition, rather than adhering to a platform-specified uniform discount. Under delegated
pricing, sales volumes contract sharply in all markets, potentially by up to 58 83%, suggesting that
permitting individual sellers to set prices can harm the marketplace by inviting excessive competition,

eroding profit margins and driving sellers to exit.?

Overall, our findings provide guidance to designers of surplus food marketplaces seeking to stimulate
seller participation and increase the volume of food waste diverted. Our results provide support for
platforms maintaining control over market prices — which relieves sellers of competitive pressure — but
warns against mandating excessively steep discounts due to the harms to seller profitability. More
broadly, the results illustrate that a platform’s choice of pricing policy is central to the effective design

of surplus food marketplaces.

The remainder of the paper is organized as follows. Section 2 provides an overview of the marketplace
and the data. Section 3 develops our two-sided structural model of consumer demand and seller
entry decisions. Section 4 discusses demand estimation, including the instrument for consumer—seller
distances. Section 5 presents our discrete optimization method for estimating sellers’ cost parameters.
Section 6 reports parameter estimates and model fit, and Section 7 presents the two counterfactual

analyses. Section 8 concludes.
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This paper contributes to the literature on empirical models of market entry, demand estimation with

spatially differentiated products, and market-based solutions for reducing food waste.

Empirical models of market entry. Foundational work on market entry includes Bresnahan and
Reiss (1991), Berry (1992), Mazzeo (2002), and Seim (2006). We refer the reader to Berry and Reiss
(2007) for a review of seminal work on estimating entry models and Aguirregabiria and Suzuki (2016)

for a review of entry under spatial competition.

30ur findings align with the theoretical analysis in (Cachon et al., 2025), who provide conditions under which decentralized
pricing can harm platform profits, as a consequence of competition suppressing sellers’ prices.



We contribute to the operations management literature that estimates a structural model of market
entry. For example, Wang et al. (2023) investigate entry of generic drug manufacturers. Following
Berry (1992), they model each firm’s profit as a linear function of the number of competitors, whereas
we allow entry to modify consumers’ choice sets within a logit-based demand model, similar to Lee and

Musolff (2023).

In general, estimating entry models is computationally challenging because players’ decisions are binary
(i.e., to enter or not), and payoffs depend on the binary decisions of other players, leading to fixed-point
equilibrium conditions with discrete variables that must be enforced within the estimator (Bajari et al.,
2007). Prior work has addressed these challenges by adopting a policy function approach, which treats
entry decisions as reduced-form functions of observables (Jia, 2008; Collard-Wexler, 2013). A limitation
of policy functions is that they approximate rather than explicitly model equilibrium behavior. A
more precise alternative is to explicitly enforce the equilibrium and optimize over the parameter space
through a nested fixed-point (NFXP) algorithm (Ciliberto and Tamer, 2009; Ciliberto et al., 2021; Lee
and Musolff, 2023). However, NFXP methods are known to be extremely computationally expensive
due to the need to re-solve for the equilibrium at each candidate parameter vector (Su and Judd, 2012),

and can become intractable for even moderately sized parameter spaces.

To overcome the computational challenges of NFXP methods, we develop a new estimation technique
for entry models using the paradigm of integer optimization (Wolsey, 2020). Like NFXP, our approach
enforces equilibrium conditions exactly, but eliminates the need to iteratively re-solve for the equi-
librium by directly embedding the relevant equilibrium conditions into the optimization model. This
formulation allows for a more scalable estimation process and enables the incorporation of additional

covariates that would be nonviable under traditional NFXP.

Demand estimation with spatially differentiated products. Our demand model follows the
celebrated discrete choice literature for differentiated products (Berry et al., 1995; Nevo, 2001). To
account for heterogeneity in consumer preferences over product locations, Davis (2006) and Thomadsen
(2007) incorporate geographic distance into consumer utility. Spatial demand models have also been
used in the context of urban mobility (Kabra et al., 2020; He et al., 2021; Stourm and Stourm, 2024; Liu
et al., 2024) and public health (Bravo et al., 2024). While these papers differ in application, they share

with our work a focus on how the spatial distribution of products influence consumer demand.

We extend the literature on spatial demand models by addressing endogeneity in consumer-seller dis-
tances, since seller entry may be influenced by unobserved local market conditions. To our knowledge,
the only other study to consider endogeneity in consumer-seller distance is Cao et al. (2024), who

construct instruments based on the income distribution within fixed radii from the city center. In



contrast, we instrument for distance using historical landmarks (i.e., city halls and courthouses), whose
locations are plausibly tied to the emergence of long-standing commercial districts (for example, due
to historical land use patterns) but are unlikely to be correlated with modern consumer preferences
or platform-specific demand shocks. In addition to addressing distance endogeneity, we extend the
literature on spatial demand models by integrating our demand estimates into a supply-side model of
seller profit and entry, allowing us to investigate how geographic variation in demand shapes market

structure in urban settings.

Market-based solutions for reducing food waste. Food waste arises at every stage of the supply
chain, motivating a rich literature on questions related to incentives, coordination, and innovative
business models for waste mitigation (Akkag and Gaur, 2022). Considerable prior work has focused
on operational aspects of food waste reduction in primary markets, including restaurants (Astashkina
et al., 2024), commercial kitchens (Yu et al., 2023), and grocery retail (Belavina et al., 2017; Astashkina
et al., 2019; Belavina, 2021; Park et al., 2022; den Boer et al., 2022; Jain et al., 2023; Sanders, 2024;
Zhou et al., 2024a; Kazaz et al., 2025).

Our work contributes to an emerging literature that examines how new marketplaces can reduce waste
by more efficiently re-allocating surplus food that would otherwise be discarded (Richards and Hamil-
ton, 2018; Makov et al., 2020; Manshadi and Rodilitz, 2020; de Almeida Oroski and da Silva, 2023;
Alptekinoglu and Benade, 2024). Within this stream, Yang and Yu (2025) analyze the platform Too
Good to Go and compare the performance of various clearance policies with respect to waste reduction
and store profit. Zhou et al. (2024b) study the same platform, focusing on the optimal bundling of
surplus inventory into discrete units for sale (“surprise bags”). Our paper complements this work by
empirically investigating how the platform’s policies regarding pricing and competition shape seller

participation and waste diversion.

More broadly, our work contributes to a growing literature that uses empirical methods to study the
operations of digital platforms, with contextual areas including delivery and urban mobility (Lu et al.,
2023; Zhang et al., 2023; Cui et al., 2024; Clyde et al., 2024; Guo et al., 2025), labor marketplaces (Cao
et al., 2022; Besbes et al., 2023), home-sharing (Cui et al., 2020a), social media (Zeng et al., 2023, 2024;
Hu et al., 2024), and online retail (Cui et al., 2019; Zhang et al., 2019; Cui et al., 2020b; Bai et al.,
2022a,b; Calvo et al., 2023; Long et al., 2024; Jiang et al., 2025).
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Our study focuses on four urban centers in the U.S.: Boston, Manhattan, San Francisco, and Seattle.
For each of these markets, we obtained data from three sources: (1) Too Good To Go, a digital platform
that operates surplus food marketplaces, (2) the Google Places API (Google Maps Platform, 2025),
which provides information on the commercial environment, and (3) the American Community Survey
(U.S. Census Bureau, 2022), which provides demographic data. We provide an overview of each of

these datasets next, focusing on the platform.

0oo - Doboobod dooo

To Good to Go is a major two-sided marketplace for connecting food retailers with consumers to reduce
food waste. The platform claims to be the world’s largest marketplace for surplus food with a total of
100 million users (Too Good To Go, 2024). Each day, participating retailers (such as bakeries, cafes
and restaurants) package unsold inventory into “bags”, which are listed and sold at a significantly lower
price — currently % of the bag’s retail value in our focal markets. Consumers can reserve and purchase
bags directly through the platform’s app, and must travel to the store to pick up their purchase in-
person. Prior to making a purchase, consumers can view several store features, including the store’s
rating, distance, pickup time window, bag price, and the number of bags available. Figure 11 in the

Appendix shows an example of a consumer’s view of the app.

The dataset comprises hourly, store-level observations from each of the four cities collected over a
64-day period from March 1 to May 13 in 2024.* Bags sold on the platform are grouped into four
categories: Meals, Baked Goods, Groceries, and Other. Our analysis focuses on the largest category,
Baked Goods, which accounts for 38% of all stores. In total, the dataset contains 653,000 observations
from 465 stores. Summary statistics are presented in Table 1.

Table 1: Summary Statistics (Baked Good Category).

Manhattan San Francisco Boston Seattle Total

Number of Bakeries 284 94 34 53 465

Number of Observations 418,473 128,623 52,719 53,484 653,299
Quantity Sold (Bags) 34,827 6,243 2,896 2,575 46,541
Revenue ($) 188,189 31,658 14,882 14,809 249,539

Each observation contains information on the store’s name, product category, geographic location
(i.e., lat/long coordinates), pickup time, retail value, price, current inventory level, store ratings, and

the stock-out time (if any). Table 8 in Appendix A shows an example of three observations from a

4We collected data over this time period for Manhattan, San Francisco, and Boston. For Seattle, the data spans a 45-day
period within this time period.



three-hour window for a single store selling baked goods. We briefly comment on the key variables

next.

Inventory. Store inventory is measured by the number of bags listed on the platform — Figure 1 depicts
the depletion and replenishment of inventory for two example stores. Because inventory fluctuates
hourly, customers arriving to the app at different points in time may see different options, motivating
us to model consumers’ choice sets as being dynamic. Stock-outs are frequent, with stores lacking
inventory in 63% of observations. Higher-rated stores are stocked-out more frequently: Those above
the median rating in the market have no inventory in 82% of observations, compared to 76% for those
below the median. Figure 1 shows two Manhattan bakeries with similar daily inventory but notable
differences in depletion rates. This highlights heterogeneity among sellers: Some stores face chronic
excess demand, while other stores are unable to clear their inventory, creating inefficiencies that limit

the platform’s ability to reduce food waste.

Figure 1: Example of Inventory Cycles For Two Stores in Manhattan.
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Store B (Rating: 4.0/5.0).
Retail value and price. On the platform, stores report the retail value of a bag, and the selling price
is automatically set to % of that value, which typically does not change from day to day.” We refer
to the ratio between the platform price and retail value as the price ratio. The left panel of Figure 2
shows a weak correlation between price and sale probability, suggesting the presence of confounding

factors, which may include consumers’ travel costs and store ratings.

5Over our 10-week observation period, only 0.8% of bakeries across the four cities had at least one change of price.
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