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This paper estimates the consumer surplus from using alternative payment methods. We use evi-
dence from Uber rides in Mexico, where riders have the option to use cash or cards to pay for rides. We
design and conduct three large-scale field experiments, which involved approximately 400,000 riders. We
also build a structural model which, disciplined by our new experimental data, allows us to estimate the
loss of private benefits for riders when a ban on cash payments is implemented. We find that Uber riders
who use cash as means of payment either sometimes or exclusively suffer an average loss of approx-
imately 40-50% of their total trip expenditures paid in cash before the ban. The magnitude of these
estimates reflects the intensity with which cash is used in the application, the shape of the demand curve
for Uber rides, and the imperfect substitutability across means of payments. Welfare losses fall mostly on
the least-advantaged households, who rely more heavily on the cash payment option.
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1. INTRODUCTION

Some academics and policymakers have recently advocated for a cashless economy to address
the prevalence of criminal activities and tax avoidance (e.g. Rogoff 2017). For example, in India,
a 2016 demonetization plan was enacted to, in part, remove certain large-denomination bills from
circulation.! In Mexico, until a November 2018 ruling by the Supreme Court disallowing cash
bans, several of the country’s largest cities banned cash payments for app-based ride-sharing
firms like Uber.> Has the time come to phase out cash? This question is particularly relevant

1. See Chodorow-Reich et al. (2020) for a description and evaluation of its macroeconomic effects.
2. See the decision of the “Suprema Corte de Justicia de la Nacion” in the case of “Ley de Movilidad Sustentable

pare el Estado de Colima” in October of 2018.

The editor in charge of this paper was Nir Jaimovich.
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2 REVIEW OF ECONOMIC STUDIES

for low- and middle-income countries, where the least-advantaged households tend to use cash
much more, and where policies that restrict the use of cash could limit economic access for the
poor and could have important distributional consequences.

Despite the renewed attention to the role of cash in the economy, the debate over the conse-
quences of phasing out cash is far from settled. In fact, it is challenging to estimate the private
costs of policies limiting the use of cash. Such estimates would require detailed information on
cash transfers and on people without access to banking services, especially in developing coun-
tries given their prevalence. They would also require both variation in prices, to estimate the
elasticity of demand, and crucially, information about the functional form of the demand curve,
since consumer surplus estimates are sensitive to the magnitude of choke prices. An accurate
estimate of consumer surplus must also account for the costs of adopting cashless payment
methods like debit or credit cards.

This paper builds a structural model and combines it with three large-scale field experiments
to overcome these challenges and estimate the private benefits from using alternative payment
methods. To do so, we use evidence from the effects of allowing for different payment methods
in a ride-sharing app. In more than 400 cities worldwide, Uber allows its riders to select cash as
a payment method—in the same way that their app allows riders to set more than one payment
card as a means of payment. However, the use of cash to pay for Uber, in Mexico and other
countries such as Panama and Uruguay, has encountered severe restrictions. Cash was originally
not allowed in several cities in Mexico (for example, in Mexico City or Querétaro) and was later
banned in other cities, such as Puebla and San Luis Potosi. Motivated by these recent policies,
we estimate the consumer surplus loss caused by banning cash as a payment method in a city
where it was available.

We develop a model of an Uber rider in a city where she can purchase Uber trips paid in
cash, Uber trips paid in card, an arbitrary number of other goods that might be complements or
substitutes of Uber, and an outside good.®> We assume that the utility function is quasi-linear in
the outside good, an assumption that we test and is not rejected by the data. We assume weak
separable preferences so that we can define the demand for “composite Uber trips,” an aggregate
of both types of trips. Furthermore, we model both the extensive-margin choice of registering
a card to gain access to both payment methods, and the intensive-margin choice of how many
trips to take with each of the available payment methods. Thus, we distinguish between a ban’s
effect on riders that use both payment methods (mixed riders), and the effect on riders that do
not register a payment card in the app (pure cash riders). We also allow for heterogeneity among
riders in their preferences for paying with cash or card, and in the cost of registering a card in
the application.

The calculation of consumer surplus is guided by a general result in demand theory: when
prices of alternative options are held fixed, as documented in previous studies for this market
after a ban or introduction of cash (e.g. Alvarez and Argente 2022), cross-price elasticities and
quantities demanded for these alternatives do not influence calculation.* This result enables us
to estimate consumer surplus without the need to measure the quantities. The riders’ consumer
surplus from paying Uber in cash can be obtained by integrating the area under the demand
curve, starting with the current price and up to the choke price at which the demand reaches zero.
In theory, one could estimate the demand for Uber paid in cash by imposing increasingly higher

3. Since users can use either a credit or debit card to pay for Uber rides, in the rest of the paper, we refer to card
payments as those conducted with either a debit or a credit card.

4. In other words, the supply of drivers is elastic at the relevant time horizon. According to Hall et al. (2023),
following a base fare increase, driver hours worked increase on both the extensive and intensive margins. After about 8
weeks, there is no clear difference in the driver’s gross average hourly earnings rate.

$202 Jequieoaq g uo 1s8nb Aq G90ZE6./2 1 LOBP/PNISI/EE0 L 0 L /I0p/a[oIe-80uBAPE/PNISal/WOo dNoolWapeoe//:sdy Woll papeojumo(]



Alvarez & Argente CONSUMER SURPLUS OF ALTERNATIVE PAYMENT METHODS 3

prices until reaching the choke price. In practice, however, this exercise is almost impossible
to implement using exclusively field experiments.> We overcome this challenge by using our
theory to inform the design and implementation of three large-scale field experiments and a
survey, involving over 400,000 riders in the State of Mexico. Our model allows us to extrapolate
the demand curve from the variation in demand that we observed as prices were reduced.®

In the first experiment, we targeted mixed riders to estimate the elasticity of substitution
between paying for trips with cash or with a card. We varied prices using discounts for trips
paid in cash or discounts for trips paid with a card. The experiment had a total of six treatment
groups, each with about 20,000 riders who had registered a card with Uber. These riders received
discounts of either 10% or 20%. Some of them received discounts for paying with cash, some
received discounts for paying with a card, while others received discounts regardless of their
payment method. A control group of approximately 90,000 riders received no discounts. We
estimate the elasticity of substitution to be about three. We also use the price discounts given
regardless of the payment method to estimate the price elasticity for Uber rides for mixed users,
which can be as large as 1.1, evaluated at current prices.

We combine these findings with our structural model to produce theoretically based estimates
of the consumer surplus for mixed riders. This is equivalent to increasing the price in cash
from its current value to infinity—or to the choke price at which there will be no more trips
paid in cash. The effect of this increase can be decomposed into two parts. The first part is the
change in the choice of payment for a given number of trips, which depends on the elasticity
of substitution between payment methods, as well as the share of trips paid in cash. The second
part is given by the change in the ideal price index for Uber trips caused by the cash ban, which
depends on the price elasticity of Uber trips. Integrating across all types of mixed users, we find
that the consumer surplus of an Uber ride falls by more than 25% of mixed users’ expenditures
on Uber when cash payments are banned. These users represent approximately 50% of the total
Uber customers in the State of Mexico.

Our second and third field experiments were intended to estimate the consumer surplus of
pure cash riders, who account for about 25% of Uber’s user base in the State of Mexico. In the
event of a ban on cash payments, pure cash users must either cease to use Uber, and lose the
entire consumer surplus of using the app, or register a card at some cost. The second experiment
allows us to estimate the first part of this consumer surplus loss. We randomize the amount of
the discount offered to pure cash riders, measuring the effect on purchases in terms of the length
and number of trips. We use four treatment groups of 23,000 riders, each with discounts of 10%,
15%, 20%, and 25%, and a control group of 56,000 riders. The four treatments cover several
price points so that we can learn about the shape of the demand curve. From this experiment, we
find that the price elasticity for pure cash riders is about 1.3, evaluated at current prices.

We use the third experiment to estimate the distribution of fixed costs of adopting a card, in
order to adjust the consumer surplus for pure cash users that decide to remain in the application
in the event of a ban on cash. Pure cash users were offered a small reward of credit for future
trips, contingent on registering a card in the application. This experiment included six treat-
ment groups of about 20,000 riders each. In return for registering a payment card, we offered
rewards equivalent to about three, six, or nine times a user’s average weekly expenditure on Uber.

5. While Uber allowed us to implement discounts in experiments, its policies did not permit an increase in
absolute prices. Raising prices until demand reaches zero would likely harm its customer base. However, Uber did
permit us to experiment with increasing relative prices. To the best of our knowledge, there is no research that conducts
experiments by raising the price of a specific good or service as a treatment.

6. Other recent examples of work integrating structural models with experimental evidence are Kaboski and
Townsend (2011) and Buera et al. (2021a).
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The same reward was offered to one group of riders for registering a card in less than a week,
and to another group of riders with a time limit of 6 weeks. We consider these two-time frames
to test for the hypothesis that riders may not register a card in the application even if they have
one, because it is difficult to obtain a card in Mexico within 1 week, but reasonable within six.
The temporal migration patterns across user types (e.g. pure cash riders becoming mixed riders)
inform us about whether the likely margin of response is to register a card that the riders already
have, or to obtain a new card. We find that the smallest incentives double the rate at which riders
register a card, compared with the control group. We also find that only slightly more pure cash
users register a payment card with a 6-week window, as most excess migration to cards occurs
in the first week. The latter finding suggests that migration from cash to card induced by small
rewards is mostly driven by riders registering payment cards that they already own.

With the results of the second and third experiments targeting pure cash users and the elastic-
ity of substitution between payment methods, we calculate the consumer surplus for pure cash
users. This estimation also requires an estimate of the rate at which pure cash users return to the
application after a ban on cash payments. We draw this estimate from a case study of such a ban
in the city of Puebla, Mexico conducted by Alvarez and Argente (2022). In the most-extreme
case, if no pure cash users register a payment card, then the effect of a cash-payment ban is to
erase the entire consumer surplus these users enjoy when purchasing Uber rides, which we esti-
mate to be at least as much as 47% of a user’s total expenditures on Uber. We also know that
roughly 30% of pure cash riders switch to using cards after a ban. With this figure and the above
results, we estimate that a previously pure cash user who registers a card will see her consumer
surplus decrease by about 44% of her Uber expenditures. Aggregating both groups, we find a ban
on cash leads to a large loss in consumer surplus for pure cash riders, equal to about 46% of their
total Uber expenditures. Given that lower-income households are more-likely to rely on cash as
the primary mode of payment, the private costs of a ban on cash will fall disproportionately on
such households.

As a complement to our estimate of Uber trip price elasticity, we considered two additional
independent price experiments conducted by Uber. These experiments were not designed for
our specific purposes, yet the price elasticities observed align closely with our field experi-
ment findings. Notably, one of these experiments involved longer-lasting discounts, which better
approximate permanent price changes and yielded similar elasticities. To further validate our
findings, we explored a quasi-natural experiment in Uber Panama, where prices increased sig-
nificantly due to changes in costs and licensing requirements, resulting in a substantial reduction
in driver supply. This event allowed us to estimate price elasticity for Uber trips with significant
price increases, and our results aligned with those from our model. Additionally, we employed a
survey instrument to gather evidence on users’ choke prices. Over 6,000 users responded to this
survey, sent almost a year after the experiments. They were asked about their responses to vari-
ous price changes, including substantial increases. We found that the reported elasticities in the
survey closely matched the revealed preference elasticities, and when comparing these reported
choke prices to our model’s estimates, they exhibited remarkable consistency, further validating
our structural assumptions.’

Taken together, our results show that the loss in consumer surplus due to a ban in cash
is large, at least 50% of total expenditures on Uber paid in cash or approximately 0.8% of

7. Our choice of the functional form for demand, featuring a constant semi-elasticity, aligns with the local con-
vexity observed in the relationship between trips and prices, as well as with the presence of a finite choke price in the
experimental and survey data.
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annual per capita income in the State of Mexico.® The magnitude of our estimate reflects the
following: First, we argue that any effect on riders who exclusively use cards before the ban on
cash is likely to be small. Second, in the State of Mexico, pure cash riders account for 20% of
total expenditures, and 50% of total expenditures are from mixed riders, who pay about 42%
of their fares in cash. Third, while riders that use both means of payment do react to changes
in the relative prices of the two payment methods, they view the payment methods as imperfect
substitutes. Fourth, while riders without registered cards react to incentives, a significant fraction
of them face large costs for registering a card. Fifth, we find that the demand for Uber trips
is relatively inelastic, regardless of payment method. Importantly, consumer surplus losses fall
mostly on the least-advantaged households, who rely more heavily on the cash payment option.

2. RELATED LITERATURE AND CONTRIBUTION

While the literature has used observational data to document how the option for cash payment
affects rides, prices, and the use of other payment methods (Alvarez and Argente 2022), this
paper is the first one to conduct consumer surplus evaluation. Consumer surplus evaluation
is complex, as it must incorporate mixed users and pure cash users, and both intensive and
extensive margins. The analysis of consumer surplus also demands building new structure and
producing estimates from experimental data, which are at the core of this paper. In particular,
to estimate the consumer surplus losses of pure cash users who drop from the application after
the ban and lose the entire consumer surplus of using the service, we need variation in prices to
estimate the elasticity of demand for Uber. To calculate the consumer surplus of mixed users, we
need variation in prices by payment method to estimate the relevant elasticity of substitution. We
also need variation to approximate the distribution of the cost to register a card in the application,
as well as information of the appropriate functional form of the demand curve, since consumer
surplus estimates are very sensitive to the magnitude of choke prices. All the former are obtained
from the experimental undertaking in this paper, and are not present in any previous work.

The approach of this paper is closely related to recent studies that assess the welfare implica-
tions of policies in developing economies by combining randomized controlled trials and natural
experiments with structural modelling (e.g. Kaboski and Townsend 2011; Buera et al. 2021a).
Buera et al. (2021b) review this literature and Townsend (2020) highlight how macroeconomic
theory and empirical research can complement one another to improve macro development pol-
icy in payment systems. Our experimental design represents an innovation in failoring such
large-scale field experiments with a structural model in mind. This approach differs from the
previous related work, which relied solely on structural models (e.g. Alvarez and Lippi 2017;
Briglevics and Schuh 2020; Alvarez et al. 2022), and it is closer in spirit to Chodorow-Reich
et al. (2020), who use the Indian demonetization as a natural experiment.

The paper also contributes to the literature on money demand, with its focus on the effects
of availability and optimal choices of means of payment. Examples of earlier theoretical studies
on the choice of payment are the cash-credit model in Lucas (1987), the model of multiple
payment methods in Prescott (1987), and studies that followed: Whitesell (1989), Lacker and
Schreft (1996), Freeman and Kydland (2000), Lucas and Nicolini (2015), Koulayev et al. (2016),

8. Cohen et al. (2016) use a discontinuity design based on the rounding of prices dictated by the surge algorithm
to estimate the consumer surplus of Uber for three large U.S. cities and find it to be about 1.6 of the expenditure of Uber
riders. This difference is in large part explained by the different elasticity that they estimate for U.S. riders versus users
in the State of Mexico. In our case. the price elasticity at the current equilibrium values is 1.3 for pure cash users, 1.1,
for mixed users, and 0.7 for pure card users. In Cohen et al. (2016), the price elasticity is below 0.55.
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6 REVIEW OF ECONOMIC STUDIES

and Stokey (2019).° Several mechanisms might explain the relatively inelastic substitutability
between cash and cards. For instance, the popularity of paying for other goods with cash in
Mexico encourages consumers to use cash for Uber rides, even those that own payment cards,
as in Deviatov and Wallace (2014) and Alvarez and Lippi (2017).10

Our well-identified estimate of the elasticity of substitution between cash and card payments
for a given good is, in itself, a contribution to the empirical study of money demand. To the
best of our knowledge, ours is the first estimate of this parameter using experimental data.'!
Furthermore, the experimental variation used to estimate the elasticity of demand for Uber rides
in this paper also allows us to draw upon the quasi-natural experiments in Alvarez and Argente
(2022), which provide information on the long-run elasticity of substitution across payment
methods, given the estimates of the elasticity of demand obtained in this paper. This alternative
estimate for the elasticity of substitution complements the estimates from experimental data,
enabling us to provide a long-run estimate of the consumer surplus lost after a ban on cash
payments, amounting to 38% of total cash expenditures.

Our paper is also related to research studying the adoption of debit and payment cards (e.g.
Borzekowski er al. 2008; Yang and Ching 2014), which has focused on identifying the determi-
nants of consumers’ adoption decisions. Our work contributes to this literature with experimental
data about the distribution of adoption costs among consumers.

In summary, this paper develops and estimates a structural model suitable for the evaluation
of different margins of adjustment across users and provides the first welfare estimates of alter-
native payment methods. Additionally, this paper conducts large-scale field experiments tailored
to generate variation which is essential to estimate the relevant parameters for this calculation.
These are the first experimental estimates of the elasticity of substitution across payment meth-
ods. We also provide estimates of the fixed cost of adopting or registering a payment-card. All
these estimates can be used beyond our application for the analysis of policies attempting to
encourage or discourage payment methods.'> We also provide evidence that reported elasticities
in a survey are informative about the revealed preference elasticities, which contributes to the
recent literature examining the external validity of survey instruments as low-cost alternatives to
experimental evidence.'?

3. INSTITUTIONAL BACKGROUND

At its launch in 2010, Uber was notable for offering users the ability to easily hail a car and pay
for the ride with a credit or debit card registered in a mobile-phone app. As Uber expanded to

9. Other related work is the search-theoretical literature considering money as a payment method, largely started
by Kiyotaki and Wright (1989), which incorporates credit payments as in Kocherlakota (1998), Lagos and Wright (2005),
or Wang et al. (2017).

10. According to the 2018 National Survey of Financial Inclusion (ENIF), cash is the primary payment method
in Mexico. Around 95% of all transactions below 25 USD and 87% of transactions above 25 USD are conducted in cash.

The share of transactions paid in cash is above 90% for most goods in the economy.
11. Very few studies have considered the behaviour of households when faced with a differential cost in means

of payment. Klee (2008) estimates the transaction times needed for different payment methods in grocery stores using
data from time-stamped cash registers; this study observed no variation in prices. Humphrey et al. (2001) use aggregate
semiannual time series from Norway during the 1990s and observed variations price across payment methods to estimate
patterns of substitution between cash, checks, and debit cards. Ching and Hayashi (2010) estimate the effects of payment-
card rewards on consumer choice of payment methods in retail stores. Amromin et al. (2006) use a one-time change in

toll booth prices on a Chicago highway, which depended on whether payment is made using cash or a transponder.
12. Supplementary Material, Section H analyses a ban on card payments in Argentina.
13. Examples include Karlan er al. (2016), Parker and Souleles (2019), Méndez and Van Patten (2021), and

Hainmueller et al. (2015).
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cities across the globe, it began to accept cash payment during a 2015 pilot program in Hyder-
abad, India. This pilot program expanded Uber’s user base by opening access to consumers who
prefer to use cash, because they have no access to a bank or card or because they prefer not
to register a card with Uber. Following the success of that pilot, Uber extended the option to
four more cities in India. By the end of 2016, the cash-payment option was made available in
over 150 cities (including Mexico City); by 2018, Uber users could pay using cash in 400 cities
and 60 countries. Most Latin American countries are included in this list, including Brazil and
Mexico, the two largest in terms of population.'*

Uber began operations in Mexico in 2013, beginning with the Greater Mexico City area,
which is composed of Mexico City and its adjacent municipalities in the State of Mexico. As
of 2018, Uber operated in more than 40 of Mexico’s cities. Greater Mexico City is one of the
firm’s top 10 most-active cities in the world, in terms of rides taken. In August 2018, when our
experiments took place, Uber had almost the entire market share in Mexico; Cabify, a Spanish
ride-sharing company, had a very low market share and Didi, the Chinese ride-hailing company,
was not yet active.

Uber users can select the cash option in the payment tab of the application (e.g. Figure 1a).
Drivers accept both cash and card payments and do not know the payment method chosen by
the rider when a trip is requested. At the end of the trip, the customer hands over the amount
shown in the application directly to the driver.'> Figure 1b shows the share of trips and fares paid
in cash in the cities where Uber was available in October of 2017. The figure shows that in the
cities in which Uber accepts cash payment, the option is used heavily; almost half of the trips
taken are paid for in cash and half of all fares are collected in cash.'® In the State of Mexico,
where we executed the experiments reported below, approximately 25% of users (approximately
30% of fares) only use card payments, 25% of users (20% of fares) only pay in cash, and 50%
of users (50% of fares) pay with cash and card. The relevance of riders that use both payment
methods actively informed the distinction between mixed users and pure cash users in our model
and experiments.

Although Uber is a service mostly consumed by middle- to high-income consumers, the
cash option is largely used by low-income consumers. Figure 9a shows the share of cash fares
by income per capita at the municipality-level. In the State of Mexico, around 60% of fares
in municipalities with low-income per capita are paid with cash (e.g. Teoloyucan, Coyotepec),
while less than 20% of fares in municipalities with high income per capita are paid with cash
(e.g. Naucalpan de Juarez, Huixquilucan). Alvarez and Argente (2022) show, using demographic
information from the 2010 Mexican Census, that this pattern holds for other variables correlated
with income, such as education. A greater share of trips are paid for in cash in municipalities
that have less access to banking services, as measured by debit cards per capita, credit cards per
capita, bank branches per capita, or ATMs per capita.!” The share of cash trips is also larger in

14. Uber has been progressively expanding its cash-payment program, recently adding several high-income
countries to the list: Germany, Spain, France, Czech Republic, Greece, Poland, Turkey, and Chile.
15. If the user cancels a trip and is charged a cancellation fee, this amount is added to her next trip’s fare, which

can also be paid using cash.

16. Cash-fare trips are shorter on average. As a result, the share of fares paid in cash is slightly lower than the
share of trips paid in cash.

17. In Mexico, the use of debit cards is much more prevalent than that of credit cards. Supplementary Material,
Figure 16a shows that, conditional on using cards as the most frequent payment method, more than 80% of households
report using debit cards for payments below 20 USD, which covers the majority of Uber rides. Supplementary Material,
Figure 16b shows the number of debit cards per capita and the number of credit cards per capita in the State of Mexico.
The figure shows that the number of debit cards per capita exceeds the number of credit cards per capita, especially in
municipalities where more cards are available, which coincides with those with more active Uber riders.
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FIGURE 1
Uber Mexico (a) Paying with Uber with cash and (b) share of cash by City

Notes: Panel (a) illustrates how users select the cash option in the payment tab of Uber’s mobile application. Panel (b) shows share of
trips and fares paid in cash in different cities in Mexico. The lower bars show the fraction of trips and the upper bars the share of fares
paid in cash. The sample of cities are those that were active in October 2017.

suburban regions of the State of Mexico and in municipalities with less-developed infrastructure,
as measured by the availability of street lights, pavement, or whether the municipality has access
to public transport.

Several local governments initially prohibited cash payments for Uber rides in response to
complaints from traditional taxi drivers, who considered it to be unfair competition. Cash fares
were not allowed within the city limits of Mexico City, whose local government prohibited
drivers from receiving any payments in cash, non-banking pre-paid cards, or payment systems
hosted by convenience stores through electronic wallets. Queretaro, a mid-size city close to Mex-
ico City, enacted similar policy. In Puebla, ride-hailing fares were limited to electronic payments,
but the government did not enforce the policy until a young student was allegedly murdered by
a driver working under the auspices of Cabify, another ride-hailing firm. Puebla banned cash
payments for ride-hailing services in December of 2017.'® This decision was also motivated
by the taxi-drivers’ union’s lobbying of the state government, complaining that cash fares for

18. Unfortunately, we do not have access to data of crimes committed by riders and/or drivers and cannot quantify
the social benefits of such policy. Alvarez and Argente (2022) do not find evidence that the cash option in Uber affected
city-level crime levels. Alvarez et al. (2022) measure the social benefits of restricting the use of cash on crime in Mexico.
They find that the private costs of heavily taxing the use of cash outweigh the social benefits.
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Uber rides represented unfair competition with traditional taxi services.'” In fact, during the ban
on cash, the local government launched its own ride-hailing application “Pro-taxi,” which con-
nected mobile-phone users with traditional taxis; cash payments were allowed for that app.?’ In
November of 2018, the Mexican Supreme Court struck down a state ban on cash fares for ride-
hailing firms, setting a national precedent that allows Uber and other ride-hailing firms to accept
cash payments. By a vote of 8-3, the court ruled that the small western state of Colima’s ban on
cash fares was unconstitutional. After the court’s decision, Uber began accepting cash payments
in Mexico City, Querétaro, and Puebla.

4. RIDER’S MODEL AND CONSUMER SURPLUS

The model is centred on a general utility function for n + 1 goods where good 1 is “composite
Uber trips,” goods 2, .., N are close substitutes for Uber, and good n + 1 represents all other
goods with constant marginal utility, such that utility is quasi-linear. Uber rides paid in cash and
those paid in card are distinguished as distinct sub-goods that together comprise composite Uber
trips. This intensive-margin choice is complemented with the choice of choosing to register a
payment card, which we assume is subject to a fixed cost, so that agents have access to Uber
trips paid in card only if they pay a fixed cost.

We assume that while a ban on cash payments is in effect, the prices for all goods remain
constant. This assumption simplifies the problem and is documented extensively for the case
of Mexico and Panama by Alvarez and Argente (2022). They find that the availability of cash
payments has a substantial effect on the quantities of rides, but no effects on prices including:
prices of Uber rides, average surge multiplier, waiting times for Uber rides, price of taxis, wait-
ing times for taxis, prices of other ride-hailing companies, waiting times for other ride-hailing
companies, and time to location of public transport.?! These findings hold for both the entry and
ban of the cash option, and suggest that the supply of drivers is elastic at the relevant time hori-
zon.?? The lack of effect on prices allows us to ignore the effects of a cash-payment ban on pure
card riders and on drivers’ producer surplus, since both effects are likely to be small. Moreover,
this evidence allows us to apply general results from demand theory to estimate the consumer
surplus of cash Uber fares without needing to measure the quantities of other goods. The model,
therefore, focuses on the choice faced by consumers who potentially encounter different prices
for Uber rides depending on the payment method, holding prices for other goods constant.

We consider the welfare cost for riders in the case of a ban on cash as means of payment for
Uber rides. Before the ban on cash payments, riders face the same price for Uber rides paid in
cash and Uber rides paid in card. Facing equal prices, heterogeneous riders then face the choice
of whether to register a payment card or not. We then estimate the change in a rider’s welfare, in
dollars, if the price cash-fare for Uber rides increases to infinity (i.e. a ban on cash payments).
This welfare loss equals the area under the demand curve for cash-fare Uber rides. This measure
takes both the intensive and extensive margins into account.

19. According to the ENIF, approximately 90% of respondents, who own a debit or a credit card, report cash as
their most frequently used payment method for transportation services (e.g. taxi, bus).

20. Pro-taxi was launched almost 10 months after the ban on cash in the city of Puebla. It became inactive 3
months later for lack of financial resources.

21. Supplementary Material, Section J shows that cancellation rates did not change significantly either.

22. Drivers’ income per hour was unchanged. For an in-depth analysis of Uber drivers’ labour supply with
varying compensation schemes, see Angrist et al. (2021).
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4.1. Intensive-margin choice

We assume that a rider’s utility function is given by u(x;, x2, ..., X,; @) + X1, where x| are
composite Uber rides and the goods or services x,, x3, ..., X, are close substitutes for and/or
complements to Uber (e.g. taxis). The good x, represents the rest of the goods and services.
Preferences are quasi-linear, with the marginal utility of income normalized to one. We assume
that u(-; ¢) is strictly concave and increasing in its n arguments. We let ¢ index the preferences
of different riders, and let K be the distribution of ¢ across riders. We use ¢ to refer to types
defined by variables that we can observe.

Assuming a quasi-linear utility function subject to idiosyncratic shocks at the rider level is
reasonable, given the small share of each consumer’s overall expenditures allocated to Uber rides
(Vives 1987). These preferences offer two key advantages. First, they significantly simplify the
analysis, as equivalent and compensated variations coincide. Second, they aggregate to a quasi-
linear utility for a group of ex-ante identical riders with the same observable characteristics.
Consequently, we can test all the restrictions implied by our experimental data on that aggregate
utility function, with the null hypothesis being that the experimental data was generated by some
quasi-linear utility function at the aggregate level. In Supplementary Material, Section A.2, we
apply the test proposed by Allen and Rehbeck (2018) and confirm that all restrictions hold for
the two price experiments used to quantify Uber riders’ consumer surplus.?

Composite Uber rides, x;, follow a constant returns-to-scale function, such as constant elas-
ticity of substitution (CES), represented as x; = H (a, ¢; ¢), where a denotes Uber rides paid in
cash, and ¢ Uber rides paid with a card. This framework, in line with Lucas (1987), provides a
tractable framework for a welfare analysis of restrictions on cash usage. The function H captures
consumer preferences between paying with cash or card.

It is convenient to have a specific notation for the price of Uber rides paid in cash, for which
we use p,, and Uber rides paid with card, for which we use p.. We let ps, ..., p, denote the
prices of the rest of the goods. Thus, the intensive-margin problem for the rider is

D(pa’ pCa P2;~-~7Pn§¢)= max M(H (a,c; ¢)):x2:°-'7-xn)+xn+l (1)

A,C, X255 X041

n
subjectto  p,a + p.c + Z piXxi +xpp1 =1,
i=2

where we assume that the total income of rider / is large enough so that consumption of good
n + 1 is always positive. We have normalized p,;; = 1, so that we can interpret the numeraire
as dollars (or Mexican pesos). The indirect utility function v is the focus of our theory, since we
will use it to estimate consumer surplus. We omit the prices {p», ..., p,} from most expressions
since we keep them fixed in our applications given the evidence discussed above.

Our weakly separable specification allows us to isolate the choice between means of payment
from the overall demand for Uber rides. Given the assumption that H is homogeneous of degree
one, a rider’s choice to pay for an Uber trip with cash depends only the rider’s type ¢ and the
ratio of cash and card prices p,/p., but it does not depend on the rider’s income 7 or any feature
of the utility function u. On the other hand, if prices are equal for riders that have access to both
means of payment, p, = p. = P, the demand for composite Uber rides depends only on the
common price P and on the utility function u; demand is independent of the function H. We can

23. To the best of our knowledge, our work is the first to apply this type of statistical test to experimental data
with price variation across individuals.
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use H to define the ideal price for one composite Uber ride

P(pa, pe; ¢) = min psa + p.c subject to H(a, c; ¢) = 1 2
a,c

We normalize the units of H(-; ¢) so that H(p, p; ¢) = p for any p > 0.>* We assume that H
is such that P(oo, 1; ¢) and P(1, co; ¢) are both finite (i.e. allows for finite choke prices for pure
cash users and pure card users). For instance, since H is given by a CES function, we require the
elasticity of substitution to be greater than one.

4.2. Extensive-margin choice

We assume a rider can pay with a card only after incurring a fixed cost y > 0.2 We use the
vector @ = (y, ¢) to fully specify the rider’s type. The complete problem for the rider is

V(Pa> Pe; 0) = max{v (pa, pe; ) — v, 0 (pa, 00; P)}. (3)

The first option is to pay the fixed cost y and face ride prices (p,, p.). The rider can also save
the fixed cost y, but will then only have access to the cash price; we represent this limited access
by setting the card price to infinity: p, = oo.

Let a and ¢ be the demand functions for Uber rides paid in cash and cards, respectively.
Also, let 1.(pg, pc; 0) € 0, 1 be an indicator that equals one if the optimal decision in equation
(3) is to register a payment card with Uber and zero otherwise.?® We can now define the rider’s
demands for cash or card Uber rides for any type of rider 8 = (y, ¢), taking the intensive and
extensive margins into account

(El (pa: Pc; ¢) 5 E(pa: Pes ¢)) if 1. (pa, pc;0) =1

a* as y 0 P c* as Pcs 0)) = ~ .
(a0, Pu P O) = G (5, 001 0,0 if 1 (P> pe; 0) = 0.
We use the cumulative distribution functions G and K to describe the distribution of fixed costs
conditional on ¢ and the distribution of ¢, respectively. We let v ~ G(-|¢) and ¢ ~ K(-)
describe the cross-sectional distribution of & = (i, ¢). We assume that the distribution of  con-
ditional ¢ has continuous density g(w | ¢) = G'(y | ¢) for all (w, ¢). We use F for the implied
distribution of types 4.

4.3. Welfare costs and consumer surplus

Given our assumption of quasi-linearity, we can aggregate the riders’ welfare level and measure
it in units of the numeraire. We normalize the units that quantify trips so that the price of a trip
is 1 when both means of payment are available, i.e. we normalize the length of each ride so that
the cash and card prices are p, = p. = 1. We denote the consumer surplus lost in the ban of

24. We let a(py, pe) and c(pa, pe) be the choices that attain the minimum in equation (2) so that P(py, p¢) =
Paa(pa, pc) + pec(pa, pe)- The functions a and ¢ are homogeneous of degree zero in (pg, pc) while P is homogeneous
of degree one in (pg, pc). The ideal price index is given by P(p4, p¢), and is increasing in the convex function of

(Pa; pc)-
25. We express the fixed cost with its equivalent-flow value. This notation converts the fixed cost to units com-

parable with v (pg, pc; ¢). Later on, we introduce a discount rate p which converts the flows into stocks. The discount
rate p incorporates pure-time discounting and the expected duration for the registration of the payment card and/or the
expected duration of the Uber service.

26. See Supplementary Material, Section A.5 for a full characterization of the demand functions.
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cash by C Sp,n, which we define as follows. We assume that riders have access to both cash and
a payment card before the ban and that they have already made their optimal choice regarding
registering a card by solving the problem in equation (1). The prior decision about registering a
card is summarized by 1.(1, 1; #) and the distribution of types F. The consumer surplus cost of
the ban is, therefore:

csban=/lc(1,1;0) o(1, 1: ¢) — 000, 1; ¢) | dF (0)
—_———— —, —

mixed pure card
F -l sosd - Ve o) [dFO. @
pure cash pure card vs no Uber

The first term counts the riders that registered a card before the ban, denoted by the indicator
1.(1, 1; ). These riders are either pure card users or mixed users. Before the ban, their net utility
flow is v(1, 1; ¢). These users have paid the fixed cost to register a card, which is a sunk cost.
After the ban, these riders face a much higher cash price for Uber ride, i.e. their utility flow
value is v (00, 1; ¢). The second term counts the riders that were pure cash users before the ban.
Their utility-function flow before the ban is v (1, 00; ¢). After the ban, these riders must choose
between paying the fixed cost and becoming pure card users, which gives the utility flow of
v(1, oo; ¢p) — w, or ceasing to use Uber, which corresponds to the net utility flow v (oo, oo; ¢).
This last choice is accounted for with the term V(oo, 1; ).

Following standard arguments from demand theory, the consumer surplus lost after a cash-
payment ban can be computed as the area below the aggregate demand for cash-fare Uber rides.
First, we define the aggregate demand in a city that initially allows cash payments, where the
cash price unexpectedly increases to p, > 1

A(pa,l)z/16(1,1;0>&(pa,1;¢)dF<0)+/<1—16(1,1;9)>a*<pa,1;6)dF(9) )

Note that this definition of aggregate demand breaks the integral into two groups of riders, as
in equation (4). The first group has already registered a card, according to the decision at the
original prices (p,, p.) = (1, 1), for which 1.(1, 1; 8) = 1. The second are the remaining riders,
which have not registered a card and, hence, they may consider to do it optimally.

Proposition 1. Assume that G(- | ¢) has continuous density, and that almost all riders 6 have
sufficiently large income / to consume the outside good. Then

CSoun = / A(pas 1) dpe ©)
1

The demand satisfying equation (6) is the aggregate demand. A proof of Proposition 1
is provided in Supplementary Material, Section A.1, relying on the envelope theorem for the
intensive-margin and assuming a density g for the fixed cost to account for the extensive-margin
of adoption.

27. More generally, we can define for any p, > 1 the consumer surplus cost that follows an increase in the price
of cash from 1 to p; > 1 as CS(py, 1). The ban is represented as lim CS(p,) = CSpap as pg — 00.
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Other means of transportation. Proposition 1 states that the consumer surplus depends
only on the prices/quantities of Uber rides. We assume that the prices of taxis and other substi-
tutes (complements), remain constant after a ban on cash payments, an assumption supported by
ample empirical evidence. These findings allow us to evaluate the consumer surplus for cash-fare
Uber rides without measuring the impact on the quantities of other goods. In fact, the availabil-
ity of this information does not impact or improve the consumer surplus calculations. This is a
general result of demand theory.?® In Supplementary Material, Section D, we use demand theory
to show that when the prices of substitutes (or complements) are fixed, cross-price elasticities
and quantities demanded of these goods do not affect the calculation of consumer surplus. Sup-
plementary Material, Section K develops a closed-form example to illustrate these results from
demand theory, and Supplementary Material, Section L summarizes the empirical evidence on
the price response of other means of transportation following a ban or the introduction of cash.
Nevertheless, if the prices of other modes of transportation were increase in response to a ban on
Uber rides, our consumer surplus estimates, which turn out to be large, would be a lower bound.

4.4. Identification and functional forms

In theory, based on Proposition 1, we could trace out the demand curve for Uber rides by
increasing the cash price permanently. Repeating this exercise until the cash price reaches the
choke price, we could directly estimate the consumer surplus of cash-fare Uber trips. In prac-
tice, however, Uber’s policies render this exercise impossible. We overcome this challenge with
large-scale field experiments in which we trace out the demand curve by reducing, rather than
increasing prices, as well as bringing to bear information from the reaction of riders to the
ban in Puebla. In concert with the structural model described above, we extrapolate from this
data to estimate the consumer surplus. We use a parametric version of the model because our
experiments contain a limited amount of price points and rewards variation.

We first divide an Uber rider’s consumption problem into two stages to clarify the features
of the indirect utility function that are identified by each experiment. As a preliminary step, we

define the utility function U(-; ¢, p2, ..., pu) : Ry — R to embed all the information of the
utility function u in a simple set up, for fixed prices of the related goods {p», ..., pu}:
UX; ¢, pasesp) = max u(X, %o, x @) +1—| D pixi |- (7)
X2,X3,..0y Xn
i=2

This problem establishes a utility function for composite Uber rides, in which X serves as the
main argument by maximizing out the remaining related goods 2 to 7, at prices {pa, ..., p}.?’
Using U, we can define the following indirect utility function V (-; ¢) : R — R in the problem
for a rider choosing the number of composite rides X at price P:

V(P; §) = max U(x; )+ [I' — Px] 8

Note that we are using that preferences are quasi-linear. We let the optimal solution be X (P),
with the first-order condition U’'(X (P)) = P if X(P) > O and U’ (X (P)) < P otherwise. These
results will aid the below discussion of the assumptions needed to compute CSpyy-

28. See Hausman (1981), who shows that one can recover an expenditure function whose derivative provides the
appropriate compensated demand curve for the good whose price has changed, which enables the exact calculation of
compensating variation and equivalent variation, which coincide under quasi-linearity.

29. As before, we omit the dependence of prices {p3, ..., pn}-
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Cash-card choice utility H. For a given rider type ¢, given that H is homogeneous of degree
one, we can identify H if we observe the ratio of the choices a(p,, pc; ¢)/¢(pPa, Pe; $) as we
vary p./p. exogenously. Equivalently, we can identify H by tracing the share of trips paid in
cash p,a/(p,a + p.c) as a function of p,/p. (see Experiment 1 below). For H(-; ¢), we use a
CES function described by two parameters

[y= 1o
H(a,c):[a”cv —}—(l—a)na"] ,

where 7 is the elasticity of substitution and the observable rider-specific parameter a repre-
sents the share of payments made with a card for mixed users. To be precise, if p, = p. = p
for any p, the optimal demand gives p.c/(p.c + p,a) = o and p,a/(p.c + p,a) =1 — a. The
parameters (a, 77) are contained in the type ¢.*°

Uber ride utility U. The definition of U in equation (7) and equation (8) make clear that
U is identified by observing how ¢(p, p; ¢) and a(p, p; ¢) change as the price of an Uber
ride with either payment method p = p, = p. changes, since p = P(p, p; ¢). Moreover, for
pure cash riders, we can also identify U by varying the price of trips paid in cash p,, which
gives P(p,, 00; ¢) = p,P(1, 00; ¢) (see Experiments 1 and 2 below).>! Importantly, we use
the functional form of U, and its associated demand for rides X, to extrapolate the shape of the
indirect utility function V estimated using experimental variation in prices. We let

U(x; ¢) = —kexp (= (x +X) /k)
such that U is described by k£ > and x > 0. The demand that solves equation (8) is
X(P; ) = —klog P + klog P )

so k and P are indexed by ¢. This demand has constant semi-elasticity k > 0. Note that the price
elasticity of this demand function is:

P 0X(P) 1
€(P)=— = = . (10)
X(P) oP log (P/P)
The consumer surplus of a rider with this utility function at initial price P, is*?
C(Py: §) /ﬁX( Hdp and —L09) (P)[ ( ! ) 1] Lan
0;P) = D; p and —— =¢e(Py)|expl—— ) —1|—-1.
" PoX (Po; ) P\ery

This semi-log demand curve has a finite choke price P (i.e. X (P; ¢) = 0) given by P = ¢ ~*/¥

and is convex. These two features are consistent with our experimental and survey data. The ratio
of the choke price to the current price for the demand function with constant semi-elasticity is
P/P = exp(1/e(P)). For instance, at € = 1.3, the choke price is about 2.1 times greater than

30. As usual, the price of a composite Uber ride is P(pg, pe; ¢) = [ocpl_'7 + 1 - a)p;_”]l/(l_”).

31. If we decrease p,, we can also disregard pure cash riders’ incentives towards registering a card. Also, if
the constant P(1, oo; ¢) is unknown, then we can identify U up to a constant; see Case 4 of Supplementary Material,
Section A.S.

32. Py refers to the initial price at which the consumer surplus is to be evaluated, e.g. the elasticity of demand is
not constant, and its value depends on the point at which it is evaluated. Since we normalize the length of each ride to
make cash and card prices equal to 1, we use Py = 1.
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the price at which we evaluate the elasticity.>> The convexity of the demand curve implies a
larger consumer surplus (relative to expenditures) compared with a linear demand curve, as
the latter lacks local convexity and has lower choke prices. Considering a demand curve with
constant elasticity would also not be reasonable due to the magnitude of choke prices, leading
to a substantially larger consumer surplus.>*

Distribution of fixed cost g. We assume that the indirect utility functions v (p, co; ¢) and
v(p, p; ¢) are known and that pure cash riders are faced with different levels flow rewards d
that can be obtained only if they register a card (see Experiment 3 below). Then, we can identify
the distribution y ~ g(- | ¢) using the fraction of riders that have registered a card for different
values of d.* The distributions of y and ¢ must also be consistent with the behaviour of pure
cash users. Here, we list the relevant constraints:

(1) The choice of pure cash users not to start using a payment card as long as cash payments
are allowed. The condition that ensures this is

w >0, 1;¢) —o(l, 00; @) (12)

for all cash users and all values of  in the support of G (- | ¢). The right-hand side of
this equation defines the lower bound of the support G (- | ¢), which we refer to as w (¢).
(2) The observed excess migration of pure cash users to pure card users after the ban in
Puebla. For the second condition, we use that fraction my,, of pure cash users in Puebla
migrated to card after the ban on cash, in excess to those that migrated before the ban

v <wv(oo, 1; ¢) — v(00, 00; @) for fraction my,, and (13)
v > v(00, 1; ¢) — v(00, 00; @) for fraction 1 — mpyy,. (14)

The right-hand side of these inequalities defines a value of y such that for higher values
pure cash riders prefer to stop using Uber. We refer to this value as i, ().

(3) The change in trips for pure cash users that became pure card users after the ban in
Puebla. In Puebla, we keep tract of the number of trips for pure cash users that become
pure card users after the ban. In the data, these users decreased their number of trips.
Thus, for those values of ¢, we must have

0 < a(oo, 1; ¢) < a(l, o0; §). (15)

(4) The experimental evidence on the excess migration for different reward levels. In our
experiment (Experiment 3 below), pure cash riders are offered a one time payment d;,
from which we measure the induced (excess) migration of fraction m ; of pure cash riders
to become card/mixed riders by registering a card. We index each level incentives as well

33. In Supplementary Material, Sections A.5 and A.6, we derive expressions for the different demand curves for

cash and card fares: a(pg, pe; @), a(pa, pe; ), c(pa> pe; ¢), ¢(pa> pe; @), the indirect utility function v (pg4, pe; @),
and other comparisons between indirect utility functions used in the computation of the consumer surplus.

1
€(Pp)”
function with constant elasticity, the consumer surplus relative to expenditures is e]TI This value can grow very large
for elasticities closer to 1, as those we estimate below.

35. We assume that the density g of the distribution of fixed costs for registering a card y is the same for all
pure cash users. This assumption is verified in Supplementary Material, Section G. Supplementary Material, Figure G4
shows that migration rates are independent of historical trips, a variable capturing heterogeneity among cash users.

34. Specifically, the consumer surplus relative to expenditures with linear demand is % Under a demand
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as each fraction of the treatment group that migrate by j.

v <o(1,1;¢) —ov(1, 00; ¢) + pd; for fraction m ; and (16)
w >0(l,1; ¢) —ov(1, 00; ¢) + pd; for fraction 1 — m a7

Although we do not know o for pure cash riders, given that they have not been faced with
interior choices for card prices, there is a small interval of a’s consistent with all these inequali-
ties. In Supplementary Material, Section A.7, we find the remaining parameters of U and G and
compute the consumer surplus lost in a ban on cash by pure cash users for each feasible value of
o.. Below, we aim to be conservative and report estimates using the value of o that is consistent
with a lower bound of the net consumer surplus lost by pure cash users who switch to card pay-
ments after the ban. We also report estimates consistent with an upper bound of the consumer
surplus lost by pure cash users assuming riders do not switch to card payments after a ban on
cash. Our estimates show that both lower and upper bounds are very close.

Consumer surplus calculation. All the relevant functional forms for our analysis and
expressions used for the consumer surplus calculation are listed in Table 1. The calculation of
the consumer surplus is straightforward; here, we recap the steps. For pure cash users, we inte-
grate the demand for Uber rides up to the choke price. After normalizing by total fares, the
calculation only requires plugging in the empirical estimate € (Py) into equation (11) at the ini-
tial price Py = 1. For pure cash users who switch to cards after the ban, the consumer surplus
has to be adjusted by subtracting the fixed cost of registering a card, v ~ g(-|¢), estimated
using the experimental and observational evidence described below. Lastly, for mixed users, the
consumer surplus has to be adjusted for the share of payments made with a card a and the elas-
ticity of substitution #. In this case, the calculation for the consumer surplus, normalized by total
fares, requires plugging in a, which is observed, as well as our estimates for €(Py) and # into
Supplementary Material, equation (29): E(PO)[_E(ITO) —1- al%v(log(afv) — %Po) — 1)], rep-
resenting the difference between the indirect utility of mixed users and pure card users relative
to total fares of mixed users.

Discrete choice model. Supplementary Material, Section B describes a discrete choice
model of Uber ridership and the choice of means of payment, which gives rise to the same
demand system described above.*® In each subperiod of the discrete choice model, agents choose
whether to take an Uber trip or to use an alternative mode of transportation, and, conditional on
choosing to ride with Uber, they decide the means of payment they will use (i.e. cash or card).
As standard, in each subperiod agents draw a set of random variables that indicate the values of
these choices. Using particular distributional assumptions of these random variables, we obtain
our functional forms. In particular, the discrete choice model has the property that each indirect
utility function, before the realization of the shock, is the same as those described in Sections 4.1
and 4.2. Furthermore, the discrete choice model has a random demand whose expected values
are the same as those demand functions described in Section 4.4. In Supplementary Material,
Section C, we also discuss how to estimate the discrete choice model using sequential GMM.

5. EXPERIMENTS

This section describes the three field experiments that let us identify the parameters in our model
and estimate the consumer surplus lost after cash payment is banned. The experiments took place

36. Our discrete choice model builds on the work by Anderson et al. (1987) and Dubé et al. (2022).
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FIGURE 2
State of Mexico: share of fares by type of user (a) share of fares by user type and (b) distribution mixed users

Notes: Panel (a) shows the share of total fares paid by different types of users in the State of Mexico. The red line shows the share of fares
paid by pure card users, those that have never paid for an Uber ride with cash. The blue line shows the share of fares for pure cash users,
those who have not registered a card in the application. The purple line shows the share of fares of mixed users, those who have at least
one trip paid in cash and at least one paid using a card. The cash payment option was introduced in November 2016. Panel (b) shows the
distribution of mixed users as a function of the share of fares paid in cash. The sample includes users with at least 4 weeks of tenure that
had used both methods of payment and that took at least five trips after becoming mixed users. The blue line shows the distribution of
mixed users weighted by fares and the red line shows the distribution weighted by riders.

in the State of Mexico between August and September of 2018. The sample includes users who
signed up in the State of Mexico and whose most frequent city for Uber trips is within the State
of Mexico. All users have a verified mobile number and are not subject to other experiments
simultaneously. The users in our sample took at least two trips in 2018 and took at least one trip
since 1st April 2018.

In Experiment 1, we vary the prices of cash and/or card for mixed users to estimate the
elasticity of substitution between cash and card payments 7, as well as the price elasticity of
demand €(P). In Experiment 2, we vary the price p, for pure cash users to estimate the price
elasticity of demand € (P). Lastly, in Experiment 3, we present pure cash users with different
incentives towards registering a payment card to estimate the distribution of the fixed cost g.

Supplementary Material, Table E1 shows descriptive statistics for the users in our sample,
including averages of variables such as fares, trips, fares paid in cash, trips paid in cash, share
of fares paid in cash, and tenure. Mixed users pay higher fares per week than pure cash users
($5.29 USD versus $1.43 USD) and travel more (1.11 trips per week versus 0.36).

5.1.  Experiment 1: consumer surplus - mixed users

This experiment focuses on mixed users, who have paid for at least one trip using both cash and
card in their rider history before the experiment began.?”-3® Figure 2a shows the share of fares
paid by mixed users over time in the State of Mexico. Mixed users account for approximately
half of the fares paid in the State of Mexico. Panel (b) shows the distribution of mixed users over
their share of fares paid in cash.

We have six treatment groups, each composed of approximately 11,000 riders and a control
group of 90,000 riders. The treatment and control groups were balanced in the following observ-
ables: average weekly historical trips, average weekly historical fares, log tenure (in weeks), and
average weekly historical fares paid in cash. Riders in the treatment groups were presented with

37. Users in the sample must have a card on file that is not banned by Uber.
38. Examples of the emails sent communicating the promotions can be found in Supplementary Material,

Section Q.
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the following promotional offers: (i) 10% off if the trip is paid with cash, (ii) 10% off if the
trip is paid with card, (iii) 10% off regardless of the payment method, (iv) 20% off if the trip is
paid in cash, (v) 20% off if the trip is paid with card, and (vi) 20% off regardless of the pay-
ment method. Note that this design includes both decreases and increases in relative prices. The
discounts were applied to all trips taken by the riders in each treatment group during the entire
week. At the beginning of the week, riders received an introductory email describing the promo-
tion. At the same time, the promotion appeared on their phone’s main screen once they opened
the application. Two reminder emails were sent (in the middle of the week and 2 days before the
promotion expired).*

We concentrate on the share of card payments, s. = p.c/(p.c + psa), among mixed rid-
ers with positive trips during the week of the experiment in treatments facing different relative
prices p,/p.. For a given a, this is a function of relative prices faced by riders. We choose s, as
opposed to the ratio £, because it is well-defined even if a rider makes only one trip during the
week of the experiment. Indeed, in a discrete choice model, where taking a trip or not is a proba-
bilistic event, the comparison of the average value of s, between the treatment and control gives
the equation to estimate #. In Supplementary Material, Section B, we derive such a discrete-
time model, and in Supplementary Material, Section C, we derive the moment conditions to
estimate 7.

To simplify the presentation and use regression analysis, we linearize the optimal choice
of the share of card payments s. for a CES function H, as a function of the relative prices
Pa/ Pe» the share parameter o, and the elasticity of substitution #.*’ The first- and second-order
approximations around p./p, = 1 are

se=a—(m—Da(l —a)ln (%) and (18)

a

2
se=a—(n—Da(l —a)ln (%) + % 1-n*d—-a)all —2a) (ln (&)) . (19

a a

In our empirical implementation, we begin by using the first-order approximation. We observe
the share of payments made with a card, ', for p. = p, in our data (i.e. equation (18) becomes
linear for p, = p.). However, &' could be measure with measurement error since it is estimated
using riders’ historical data, which depends on the number of trips riders have taken. We mitigate
this concern by dividing each side of equation (18) by our estimate of a(1 — a) so that §. =

Se
a(l—a)

Se =1/(1 —a) — (n = 1) log(pe/ pa)- (20)

As aresult, we run the following regression at the rider i level for data generated during the week
of the experiment:

5L = go + @1 log(pl/pl) + V', @21

where g is a constant, our estimate of # is obtained from ¢; (i.e. f = 1 — ). The error term v’
contains potential sampling errors; through the lens of our discrete choice model, it represents

39. In Supplementary Material, Section N.1, we show that the first-order approximation is highly accurate, and
the second-order approximation is nearly exact. Our normalization on the length of each ride implies that the cash and
card prices faced by the control group are p, = p. = 1.

40. Details can be found in Supplementary Material, equation (48) in Section C, which shows the moment
equation for the share of card payments used in the GMM estimation.
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the differences between the model-derived expected values and the realized values in the experi-
ment, as in GMM.*! Prices are rider-specific given that riders are assigned to either treatment or
control groups. This regression has the advantage of moving the measurement error on a to the
left-hand side variable, thereby mitigating the attenuation bias that such measurement error may
cause. We refer to this specification as the transformed-share case. Table 2 shows our estimates
of 7, the elasticity of substitution between Uber rides paid in cash and Uber rides paid in card.*?
In these specifications, columns (1)—(3), we find an elasticity of substitution of approximately
3. In column (4), we include the constant 1/(1 — a) specified in equation (20) as a regressor
using each mixed rider’s historical trips to estimate &' and find similar results. In column (5), we
go back to equation (18) and use our estimates for a' to construct I'' = a’(1 — a’) In(p’/p’).
Then, we estimate

sé. =0+ o " + 1.

In column (6), we follow a similar procedure using the second-order approximation to construct
the second-order term (I')? = (1 —a')a’[1 — 2a'1(In(p’/ p))* and estimate

si=go+ 1T + ¢y (I) + 0"

In column (7), we instrument a, to reduce potential bias introduced by measurement error. First,
we compute the predicted share of fares paid in card using all the control variables. Then, we
estimate equation (18), as in column (5), using the predicted share. Our preferred estimates are in
columns (5) and (7). While the point estimates vary across the different specifications displayed
in Table 2, we find # &~ 3 or smaller throughout.**

For robustness, we tested specifications with and without controls (historical fares and tenure
in Uber), specifications that split price increases and price decreases, and specifications that use
different thresholds to define the set of mixed users (those with more than 5% and less than
95% of their fares paid in cash, etc.). These robustness checks can be found in Supplemen-
tary Material, Section N.2. We find that the estimates for # are similar for price increases and
price decreases (Supplementary Material, Table N32). In Supplementary Material, Table N33,
we further confirm that similar estimates are obtained using the second-order term of the CES
function’s second-order approximation, ¢, (i.e. 7 =1 — (qﬁz)%). Importantly, we find that the
estimates for # are independent of observables such as share of rides paid with cash, total fares,
total fares in cash, and riders’ tenure (Supplementary Material, Figure G1), all of which are
highly correlated with riders’ income. These additional results provide additional portability to
our estimates for this parameter and our structural specification.

An alternative estimate for the elasticity of substitution can be obtained by aggregating the
decision about the share of card-payment trips across riders. For this purpose, we write the
second-order approximation for this choice s. as a function of the prices faced by a single rider
and as a function of her share parameter o and of the common elasticity of substitution 7.

41. Our baseline specification includes mixed users with more than 1% of their fares paid in cash and less than
99% of their fares paid in cash. We present robustness checks with mixed users with more than 5% of their fares paid in
cash and less than 95% of their fares paid in cash.

42. Throughout, we estimate the standard errors using the Delta Method. Our results are unchanged if instead we
use robust standard errors.

43. In Supplementary Material, Section N.1, we show that for the range of the parameter of interest the first-order
approximation is very accurate and the second-order approximation is nearly exact.

44. Alvarez and Argente (2022) propose a mechanism for the simultaneous use of cash and cards and for
the imperfect substitutability across payment methods. They show that mixed users are more likely to pay with cash
whenever they have it available; in particular, they are more likely to pay with cash after they get paid.
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TABLE 2
Elasticity of substitution: mixed users (miles)
(1 (@) 3 ) (5 Q) N

Elasticity 3.180%#* 2.914%%#* 2.655%#%* 2.997##* 2.619%%%* 2.618%#%* 2.223%%%

(0.364) (0.340) 0.177) (0.212) (0.102) (0.102) (0.074)
Obs. 53,966 53,966 46,328 53,966 53,966 53,966 78,265
Controls No Yes Yes Yes Yes Yes No
Type 1 pet 1 pet 5 pet 1 pet 1 pet 1 pct 1 pet
Specification Transf. Transf. Transf. Transf. CES CES CES

Cons First Second First IV

Notes: The table reports estimates of the elasticity of substitution between cash and card payments for mixed users. The
estimates are computed using experimental data collected in the State of Mexico. The dependent variable is the relative
miles between card and cash payments for each user the week of the experiment and the independent variable is the
relative price for cash and card trips. Column (1) reports the results after using the transformed-share specification in
equation (20) and including mixed users with more than 1% of their fares paid in cash and less than 99% of their fares
paid in cash. Column (2) reports the same specification including controls. The controls included for each user are the
historical trips, trips squared, fares, fares squared, cash fares, cash fares squared, log of tenure, cash trips, and cash trips
squared. Column (3) includes users with more than 5% of their fares paid in cash and less than 95% of their fares paid
in cash. Column (4) includes the constant specified in equation (20) as a regressor. Column (5) estimates the elasticity
using the CES first-order approximation in equation (18). Column (6) estimates the elasticity using the CES second-
order approximation in equation (19). Column (7) reports the results of the elasticity of substitution estimated in two
steps. First, we compute the predicted share of fares paid in card (i.e. @) using all the control variables. Then, we estimate
equation (18) using the predicted share. The standard errors are computed using the Delta Method. The ***, ** and *,
represent statistical significance at 1%, 5%, and 10% levels, respectively.

We interpret equation (19) as the expected value of the share of card trips. We let u be the
distribution of o across the experiment’s population. Riders enter into this population if they
satisfy the conditions to be in the experiment—such as being active mixed riders—and they
do so with weights proportional to the probability of taking a trip within a week. Control and
treatment groups differ only in the randomly allocated prices p./p,, so the expected value of

Se(Pe/ pa) is given by

2
5. (”—) =my — (= DmyIn (”—) +my (1= n)? (ln (”—))
Da Da Da

m =/oc,u(d0c),m2 =/a(1 —a)u(da), and m3 = %/(1 —a)a [l —2a] u(da).
(22)

We estimate u by using the distribution of the share of card payments prior to the experiment
for 54,470 riders with positive trips during the experiment. The estimated values for the three
moments are iy = 0.6187, my = 0.1349, and m; = —0.0081, with very small standard errors.

In Figure 3, we plot the actual average share across riders for each of the four treatment
groups (10% and 20% cash discount and 10% and 20% card discounts) and for the control group,
including its 95% confidence interval. We also plot three versions of the theoretical prediction
equation (22), using the estimated moments (111, 173, m3). Each line corresponds to a different
value of the elasticity of substitution, namely # = 2.5, # = 3, and 5 = 3.5, a range of values
suggested by the regressions on Table 2. We note that given the small value of 7713 the relationship
between 5 and log(p./p,) is almost linear, i.e. the first-order approximation for the expected
share is very accurate. Second, the dots, which correspond to the average card share for control
and treatment groups for each price, are arranged in a nearly linear segment. Third, the value of
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FIGURE 3
Experiment I and elasticity of substitution 7

Notes: The dots are the average card share for control and treatment groups with the corresponding relative price. The vertical lines are
95% standard error bands. The solid and dotted lines are the theoretical prediction for the expected card share displayed in equation (22)
using the estimated values of 71, riiy, and m3. The lines differ in the value of the parameter 7.

n = 3 gives a very good fit, providing further validation to our previous estimates.*> Lastly, in
Supplementary Material, Section C, we estimate the discrete choice version of our model and
provide an alternative estimate for the elasticity of substitution, #. We again obtain estimates
around 3 or smaller using sequential GMM following Hansen (2007).

We also estimate the composite Uber price elasticity € for mixed users under our functional
assumption of constant semi-elasticity, using the treatments where the cash and card prices P =
Pa = P are the same. These estimates are essentially regressions of the miles during the week
of the experiment on the log of the price and a constant, following equation (9).* We find that
the elasticity €, evaluated at current prices, is approximately 1.1 or smaller, which corresponds
to the first two columns of Table 3, labelled AA.

We also include the results of two other experiments conducted independently by Uber,
labelled as Mandin and Ubernomics. We use these experiments to provide external validity to
our estimates of the elasticity of demand for cash and mixed users. These experiments were
not explicitly designed to give estimates of the elasticity and curvature of the demand function,
but their results allow estimates of these parameters. We are able to select riders and construct
control variables to make the samples comparable using historical data. These confirmatory
exercises return elasticities similar those found in our experiments.*’ The Mandin experiment

45. The normalization on the length of each ride implies that using miles as dependent variable is equivalent to
using total fares.

46. The Ubernomics experiment took place in the Greater Mexico City from 15th May to 22nd May 2017, only
a few months after the introduction of cash in the State of Mexico. The treatment groups received discounts of 10%
and 20% off in all rides taken the week of the experiment. The sample includes 4,869 pure cash users and 4,306 mixed
users. The Mandin experiment took place in all areas of the Greater Mexico City in June 2018 and lasted 4 weeks. The
treatment groups received discounts of 10%, 20%, and 30% off for all rides taken during the weeks of the experiment.
The sample includes 5,668 pure cash users and 20,914 mixed users. More details on both experiments can be found in
Supplementary Material, Section R.

47. The average of the ratio of consumer surplus to total Uber expenditures, using # = 3, € = 1.1, and the distri-
bution of the a, weighted by fares, is 0.2463. This figure describes mixed riders who have taken more than five trips and
have more than 4 weeks of tenure.
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TABLE 3
Elasticity of demand: mixed users (miles)

) (2) 3) 4) (%)

AA AA AA Mandin Ubernomics
Elasticity 1.082%#%* 1.030%%#%* 1.096% 1.278%%*%* 1.452%%#%

(0.103) (0.086) (0.093) (0.075) (0.296)

Observations 109,365 109,365 98,773 11,660 4,306
Controls No Yes Yes Yes Yes
Type 1 pet 1 pct 5 pet 1 pet 1 pet

Notes: The table reports the elasticity of demand for mixed users estimated using Supplementary Material, equation (27)
using miles as the dependent variable. Column (1) reports the estimates without using controls. Column (2) estimates the
elasticity using controls. The controls included for each user are the historical trips, trips squared, fares, fares squared,
cash fares, cash fares squared, log of tenure, share of fares paid in cash, cash trips, and cash trips squared. Column (3)
reports the results using the users included in the Mandin experiment. Column (4) reports the results using the users
included in the Ubernomics experiment. The standard errors are computed using the Delta Method. The ***, ** and *,
represent statistical significance at 1%, 5%, and 10% levels.

is particularly relevant, since it had price variation that lasted 4 weeks. Thus, Uber riders were
less likely to miss the promotion (avg. Uber rider in the State of Mexico takes 2.6 trips per
month) and the experimental variation better approximates a permanent change in prices. Sup-
plementary Material, Section N.2 contains several other robustness exercises that complement
our estimated elasticities, including estimates of the semi-elasticity of demand, the elasticity of
demand of number trips, the elasticity of demand for users that have taken at least five trips,
the elasticity of demand in logs, the Poisson regression specification, and the Poisson pseudo
maximum-likelihood specification.

We next use the estimated values of # and € to calculate the consumer surplus enjoyed by
mixed users. Using these elasticities, the observed distribution of the share of cash trips, and the
observed distribution of total fares, we implement Supplementary Material, equation (29). We
aggregate riders weighting them by their fares paid in cash (i.e. Figure 2) so that the aggregate
consumer surplus is the total surplus of the cash option over total expenditures. Figure 4 displays
the consumer surplus as the share of a user’s expenditure on Uber, where the horizontal axis
shows the share of cash fares. Each line corresponds to different parameter values for € and #.
We estimate the consumer surplus lost after a ban on cash payments to be 25% what mixed users
spend on Uber rides.*® Recall that mixed users account for about 50% all expenditures on Uber
rides in the State of Mexico. Since the average mixed user pays for 37% of rides with cash, their
consumer surplus decrease by 67% of their expenditures on trips paid in cash.*’ For # = 5, the
consumer surplus lost for mixed users is 42.6% of cash fares.”® Panel (b) shows that for n >3,
the consumer surplus lost is very similar for different values of €.

48. To be precise, using the cash share for mixed users of 0.3685, we get 0.6682 = 0.2463/0.3685.

49. An alternative research design would have been to only use the changes in cash prices to estimate the con-
sumer surplus lost for mixed users (e.g. using the same four discounts as we use in Experiment 2). This alternative design
has the advantage of yielding a more-direct measure of the curvature of mixed users’ demand for cash trips and does not
require an estimate of 5. Supplementary Material, Figure E1 in Section E.1 shows that our implied functional form cap-
tures the shape of the mixed user’s demand for cash trips in the data, which validates both the model and our parameter
estimates. We opt for modelling payment choices for mixed users instead of following this alternative approach because
it allows us to increase relative prices and estimate the elasticity of substitution #, which we believe is a parameter of
interest that can be used for several counterfactuals.

50. Examples can be found in Supplementary Material, Section Q.
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Consumer surplus: mixed users
Notes: Panel (a) shows the model estimates of the consumer surplus (as a multiple of initial total fares) as a function of the share of a
user’s cash trips. The graph plots the estimates for different combinations of the elasticity of demand ¢ and the elasticity of substitution
between cash and card payments ;. The consumer surplus estimates are for mixed users, those who have paid for at least one trip using a
payment card and for at least one trip in cash. Panel (b) shows the model estimates of the consumer surplus (as a multiple of initial total
fares) as a function of the elasticity of substitution, #, for three different values of the elasticity of demand, €. The expression used for the

1 1
consumer surplus calculations is: € (Pp) |:—]/€(P0) —1—al-n (log (a 1—’7) —1/e(Py) — ]):|

5.2.  Experiment 2: consumer surplus - pure cash users

This experiment was targeted to pure cash users in order to understand their card adoption pat-
terns. We focus on users that have not registered a card with Uber. We have four treatment
groups each composed of approximately 20,000 riders and a control group of 56,000 riders. The
treatment and control groups were balanced in the following observables: average of weekly
historical trips, average of weekly historical fares, and log tenure (in weeks). We have four treat-
ment groups each getting 10%, 15%, 20%, and 25% off of all the trips taken during the week
of the experiment. Note that, since the treatments cover several price points, the experiment is
designed to provide information about the local convexity of the demand curve, which we use
to inform our structural assumptions on the constant semi-elasticity demand function. At the
beginning of the week the riders received an introductory email describing the promotion. At
the same time, the promotion showed up in the main screen of their phone once they opened the
application. Two reminder emails were sent (in the middle of the week and 2 days before the
promotions expired).”!

Using the miles travelled during the week of the experiment as the dependent variable, we
estimate the price elasticity of demand, €, to be approximately 1.38, when evaluated at current
prices. Our baseline case is the semi-log demand corresponding to our functional form specifi-
cation. Table 4 displays the estimates under columns AA, as well as estimates using the same

51. Other specifications and further robustness exercises can be found in Supplementary Material, Section N.2
including estimates of the semi-elasticity of demand, the elasticity of demand of number trips, the elasticity of demand
for users that have taken at least five trips, the elasticity of demand in logs, the Poisson regression specification, and the
Poisson pseudo maximum-likelihood specification.
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TABLE 4
Elasticity of demand: pure cash users (miles)

(¢)) @ 3 “

AA AA Mandin Ubernomics
Elasticity 1.375%%:* 1.383%s#:* 1.113%%:% 0.813%*
(0.101) (0.078) (0.165) 0.414)
Observations 138,725 138,725 4,279 3,569
Controls No Yes Yes Yes

Notes: The table reports the elasticity of demand of pure cash users estimated from Supplementary Material, equation
(27) using miles as dependent variable. Column (1) reports the estimates without using controls. Column (2) estimates
the elasticity using controls. The controls included for each users are the historical trips, trips squared, fares, fares
squared, and log of tenure. Column (3) reports the results using the users included in the Mandin experiment. Column
(4) reports the results using the users included in the Ubernomics experiment. The standard errors are computed using
the Delta Method. The ***, ** and *, represent statistical significance at 1%, 5%, and 10% levels, respectively.

specification for the Ubernomics and Mandin experiments. This estimate is robust to using con-
trols such as the average of weekly historical trips, average of weekly historical trips squared,
average of weekly historical fares, and log tenure (in weeks).>

Using the estimated price elasticity and our demand specification we next estimate the
consumer surplus for pure cash users. Figure 5 displays our estimates for different elasticity esti-
mates. Using 1.38, we estimate the consumer surplus to be approximately 47% of the total fares
per year. The consumer surplus lost displayed in Figure 5 is, however, an upper bound estimate
given that, some users might decide to begin using a card rather than leaving Uber completely
after a large price increase. In fact, when the cash option was banned in Puebla, only 70% of the
users left the platform. To adjust the consumer surplus of these riders, we use both the experience
in Puebla, as well as a third experiment to estimate the fixed cost of adopting a card payments.
Section 5.3 provides more details.

The right axis of the figure displays the corresponding choke price implied by our functional
form as a multiple of the current price. The choke prices corresponding to our preferred esti-
mate for price elasticity are about double the current prices. We choose a demand function with
constant semi-elasticity because it is consistent with the local convexity we found in the exper-
imental data and because it implies a finite choke price. This implication is relevant because
consumer surplus estimates are sensitive to the shape of the demand curve at very high prices,
which are rarely explored in field experiments. For example, Table 5 reports estimates for pure
cash users for different demand specifications using our estimated elasticity of demand. The
table shows that our baseline specification predicts a consumer surplus 30% higher than the lin-
ear specification but at least 5.5 times smaller than the log-log specification. To go further in
confirming our results, in the next subsection, we use a natural experiment in the country of
Panama and a survey instrument to validate the functional-form assumptions for the demand
curve at very high prices.

5.2.1. Panama: large price increase. We use data from a natural experiment in Panama,
where the government abruptly limited the supply of drivers, to validate our functional-form
assumptions and obtain an additional estimate of demand elasticity. This data is informative

52. Uber initially operated in three provinces: Panama City, Panama West, and Colon. A recent Supreme Court
decision has allowed Uber to extend its services to more provinces. Panama City is the most active province in terms of
rides.
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FIGURE 5
Consumer surplus and choke price: cash users
Notes: The figure shows the model estimates of the consumer surplus (as a multiple of initial total fares) as a function of the elasticity
of demand e. The graphs also shows the model estimates of the choke point, the price at which the demand for Uber trips is zero as a
function of €. The estimates are for pure cash users, those that never registered a card in the application. The expression used for the
consumer surp.us calculations is: € (Pg)[exp(1/€(Py)) — 1] — 1.

TABLE 5
Consumer surplus cash users: functional forms
CS relative to € =138
expenditures e=12 (baseline) e=2
Linear 3 ey 0.42 0.36 0.25
Semi-log (baseline) e(Py) [exp (e( PO)) 1} 1 0.56 0.47 0.30
Log-log (constant elasticity) e%l 5 2.6 1

Notes: The table displays estimates of the consumer surplus relative to expenditures for different functional forms at
initial price Py=1. The table shows the equations used for the calculation and the estimates for € = 1.2, ¢ = 1.38, and
€ = 2. Our baseline estimates are under the semi-log specification and € = 1.38.

about the demand curve at higher prices, as Uber ride costs nearly doubled following the
regulation.

Uber launched in Panama in February 2014.%* In August 2016, due to the low penetration of
credit card use, cash payments were introduced nationwide. Within a year, over half of all trips
were paid with cash. Panama’s government imposed restrictions on Uber in October 2017.%* The
decree included a ban on cash payments for Uber rides, mandated a special license (“E1” type)

53. Restrictions were implemented after a nationwide ground transportation strike organized by the two

Panamanian transportation unions.
54. The decree also introduced a fleet cap of two cars and geographical limitations, allowing Uber to operate in

only four out of Panama’s ten provinces.
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FIGURE 6
Panama: trips, fares, and drivers (a) trips. (b) Active drivers. (c) Avg. surge multiplier and (d) share surged trips
Notes: The figure shows the evolution of trips, active drivers, the average surge multiplier and the share of surged-price trips in Panama.
The frequency of the data is weekly. The black dotted line marks the date that the restrictions went into effect.

for drivers, costing around $200 USD and obtainable only by nationals over 21, following a 36-
hour seminar.”® Driver restrictions took effect on 2 January 2018.° As a result, 83% of Uber
drivers were disconnected from the application due to lacking the E1 license. The unexpected
reduction in driver supply led to a surge in surge-priced trips, increasing from an average of 16%
in 2017 to 45% in 2018. As shown in Figure 6, the share of cash-fare trips notably decreased
from over 50% in 2017 to less than 35% in 2018. This decline in cash payments exceeded that of
card payments, consistent with our findings that the demand for Uber trips paid in cash is more
elastic than for card payments.

Interpreting this natural experiment as an exogenous reduction in driver supply, we use data
on total trips and average surge multipliers to trace the Uber demand function in Panama. In
Figure 7, we show the number of trips plotted against prices for each of the 52 weeks in 2018 fol-
lowing the driver supply restriction. The blue line shows the fit of the semi-log demand function
implied by our chosen functional forms. We estimate the elasticity of demand to be approxi-
mately 0.95 for all trips in Panama City. For cash-fare rides, the demand elasticity increases
to about 1. The share of cash-fare rides was approximately 0.4 before the driver restriction but
decreased afterward, consistent with the higher elasticity of cash trips. These trends are con-
sistent with our data from the State of Mexico.’” The graph shows that even at high prices not

55. Uber negotiated an extension for the cash ban deadline until May 2019, later renewed until October 2019.
Cash payments were temporarily banned in February 2020.

56. Details on these estimates are provided in Supplementary Material, Section O.

57. The surveys were sent through email to all riders in Experiments 1 and 2 on 9th July 2019 and were open to
responses until 16th July 2019. A total of 433,356 users received a survey, 287,233 participated in Experiment 1 (mixed
and pure card users) and 146,123 participated in Experiment 2 (pure cash users). The response rate was 1.46%.
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Panama: total trips and prices (2018)
Notes: The figure plots the total weekly trips and the average weekly surge multiplier for Panama. Each dot represents a week in 2018,
the weeks after the decree went into effect reducing the supply of drivers in the country. The surge multiplier is seasonally adjusted. The
line is a semi-log function.

explored in our experiments, the demand curve aligns well with observed patterns of total trips
and prices. Our assumption of exponential utility accurately fits the observed patterns in Panama
when prices nearly double.

5.2.2. Survey instrument: choke Prices. We also used a survey instrument to gain further
insight into how price changes might affect consumer preferences and what the choke price
might be. The survey was sent to the riders in our Experiments 11 months after the experiments
concluded. Six different surveys were randomly given to users, with three questions each. We
received more than 6,000 responses, an average of 1,056 responses per survey.’® This format
allowed us to minimize response times and, at the same time, allowed us to obtain a range of
responses for a given question. For example, all surveys included the following question: “If
you were to receive a 20% discount for 1 week, how would you change the number of trips you
take....” Some users were given the options to respond (a) no change, (b) increase less than
10%, (c) increase more than 10%. A second set of users were given options to respond (a) no
change, (b) increase less than 20%, (c) increase more than 20%. And a third set of users were
given options to respond (a) no change, (b) increase less than 30%, (c) increase more than 30%.

Each survey also included two other symmetric questions, one related to a permanent large
price decrease (e.g. “If the price of trips is permanently reduced by half, how would you change
your trips...”) and another related to a permanent large price increase (e.g. “If the price of
trips is permanently doubled, how would you change your trips...”). Half of the surveys sent
asked users to respond to permanently doubling prices or permanently reducing prices by half,
while the other half of surveys asked users to respond to prices permanently tripled or cut by
a third. In response to the question about a permanent price increase, the users could respond
with the following options: (i) no change, (ii) decrease substantially, (iii) stop travelling. We
compare elasticities from the survey with those from our experimental design to validate the
survey instrument and ensure the reported elasticities reflect revealed preference elasticities.

58. To minimize measurement error in the historical average of weekly fares, we trim top and bottom 1%.
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TABLE 6
Distribution of choke prices

()] 2 3 “) &) (6) (O]

Choke Price Mean Std. Dev. 10th 25th Median 75th 90th
Mixed users 6.0 20.7 1.18 1.35 1.82 3.28 8.19
Pure cash users 4.4 10.9 1.47 1.62 1.99 3.06 6.42

Notes: The table shows moments of the distribution of choke prices implied by framework described in Section 4 for
both mixed users and pure cash users. To approximate X (P), we use each user’s historical average of weekly fares. To
minimize the measurement error, we trim the top and bottom 1%. The semi-elasticity k is that estimated for each group
of users presented in Supplementary Material, Tables N1 and N9.

The last survey question on permanent price increases provides information on the distribution
of choke prices, which we compare to the distribution implied by our structural framework.

To analyse users’ responses, we follow three steps. First, we reweight the survey respon-
dents’ covariate distribution to match the entire experiment population based on their trip history
and tenure. We accomplish this step with entropy balancing, a multivariate reweighting method
described in Hainmueller (2012). Second, we use responses to the first question to validate the
survey instrument, confirming that reported elasticities align with those from our experiments.
Lastly, we use responses to the third question to compare reported choke prices with our model.
The rest of this section focuses on this final step, with more details on the previous steps in
Supplementary Material, Section F.

In our structural framework, for mixed users in the control group (facing prices equal to 1 in
our model), the implied choke price is defined as

P= exp (@) , (23)

where X (P) is the number of miles a rider travels in a week and k is the semi-elasticity we
estimated from experimental data. Since the survey responses provide us with a distribution of
choke prices, we implement equation (23) using the data to obtain the distribution of choke prices
implied by our structural assumptions. This requires taking a stance on the riders’ heterogeneity.
In this case, we use each user’s history of average weekly fares to approximate X (P) and the
semi-elasticity estimated in our experiments.’® Table 6 presents the distribution of choke prices
for mixed users.

The median choke price for mixed users implied by our model is 1.82. There is considerable
heterogeneity in the choke prices; the ratio between the 75th and the 25th percentiles is 2.42.
Given our structural assumptions, if we doubled prices, 56% of users would leave the platform
and, if we tripled prices, approximately 73% of users would stop using Uber. These figures are
remarkably close to the survey responses. Approximately, 56% of respondents said they would
stop travelling if prices doubled and 67% responded that they would stop travelling if prices
were tripled. Next, we study pure cash users. Their choke price is defined as

P =exp &(pa—@—l—log((l—a)‘%”) , 24

k(1 —a)™

59. To address concerns about potential contamination of the estimated elasticities and/or migration rates by the
advertisement effect of receiving promotional emails from Uber, Supplementary Material, Tables N34, N26, and N37
present results using only the variation across treatment arms. These results closely align with those reported in our
baseline specifications.
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FIGURE 8
Demand curve: cash payments Uber rides

Notes: Panel (a) displays the semi-log function. The dashed lines represent the estimated points obtained from experimental, observa-
tional, or survey data as well as the equilibrium prices. The demand curve derived from experiments is estimated using the miles travelled
during the week of the experiment as the dependent variable. To calculate each point, we first demean the following observables: trips,
trips squared, fares, fares squared, and tenure. We then estimate a regression of miles on all the treatment arms in logs, without including
a constant. Panel (b) displays other demand functions calibrated using the same procedure. It includes a semi-log, quadratic, linear, and
log-log function.

where k(1 — a)ﬁ is the semi-elasticity of demand for pure cash users, as estimated directly
from our regressions. The median choke price in this case is 1.99 and the ratio between the
75th and the 25th percentiles is 1.88. Our model implies that if we doubled prices, 51% of users
would leave the platform, aligning with 54% in survey responses. If prices tripled, our framework
implies that 75% would leave the platform, closely matching the 69% from surveys. Given that
self-reports are informative about revealed-preference elasticities, these findings about the choke
prices provide additional validation to our structural assumptions.

Figure 8a shows the demand curve for Uber rides paid in cash. The dashed lines indi-
cate points of the demand curve that are estimated either by experiments, observational data
(Panama), or survey data. The figure shows we cover almost all the relevant range of variation in
prices, from below equilibrium prices to the choke price. The chosen semi-log demand form is
consistent with the observed local convexity between miles and prices, as estimated from exper-
imental evidence, and with a finite choke price, as observed in survey data. Figure 8b shows
different demand curves for different functional forms. The figure illustrates that the location of
the choke price significantly affects consumer surplus. In Supplementary Material, Section S.3,
we compare the reported choke prices to those implied by linear, semi-log, and log-log demand
functions. We show that under a linear demand specification, too many users stop using Uber
relative to the estimates from the survey. Under a semi-log demand function, as we discussed
before, the estimates on the fraction of users who would stop riding Uber after a price increase
are remarkably close to the survey evidence. The CES functional form (or log-log after taking
logarithms) can be rejected by the survey data since this functional form does not have a finite
choke price. In other words, even for very high prices, riders continue to use Uber. The survey
data shows that there is a sizable share of riders who would stop using Uber if prices were to
double or triple, contradicting this demand specification.

5.3.  Experiment 3: net consumer surplus - pure cash users

The estimates of the consumer surplus for pure cash users reported in Section 5.2 under our
structural assumptions still need to be adjusted for the fact that, in the event of a ban on cash,
riders could decide to pay the fixed cost of adopting a card and return to the application. Exper-
iment 3 is designed to estimate the fixed cost of adopting a payment-card. The experiment is
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TABLE 7
Extensive-margin: adoption of a payment-card

(¢)) (@) 3) “ ()

1 week 1 week 1-6 week 1-3 week 4-6 week
Treatment 1-1 week 0.024 1 %**
(0.004)
Treatment 2—1 week 0.0269%**
(0.004)
Treatment 3—1 week 0.0366%**
(0.004)
Treatment 1-6 week 0.0166%** 0.0333%** 0.0283%%:* 0.01 2%
(0.004) (0.004) (0.004) (0.003)
Treatment 2—-6 week 0.021 7% 0.0394%:* 0.0382%%:* 0.0088 %3
(0.004) (0.004) (0.004) (0.003)
Treatment 3-6 week 0.03907%** 0.0468%** 0.0485%:* 0.0088 %3
(0.004) (0.004) (0.004) (0.003)
Constant 0.0272°%%* 0.0272°%%* 0.071 [ %= 0.044 5% 0.0372:%%*
(0.002) (0.002) (0.002) (0.002) (0.001)
Observations 20,609 20,677 46,996 36,184 46,996
R? 0.005 0.005 0.005 0.006 0.001

Notes: The table reports the percent of users that adopted a payment-card for each of the treatment groups in experiment
three relative to the control group. Migration is an indicator function that equals one if the user registered a card con-
ditional on taking trip the weeks of the experiment. The variables “Treatment” report the migration rates relative to the
control group of the three treatment groups in Experiment: 3, 6, and 9 times their average weekly fares if the users regis-
ter a card in the application. Column (1) reports the rates of card adoption for the experiment that lasted 1 week. Column
(2) reports the rates of card adoption during the first week for the experiment that lasted 6 weeks. Column (3) reports the
rates of card adoption for the experiment that lasted 6 weeks. Column (4) reports the rates of card adoption during the
first 3 weeks of the experiment. Column (5) reports the rates of adoption in the last 3 weeks of the experiment. The ***,
** and *, represent statistical significance at 1%, 5%, and 10% levels.

targeted to pure cash users in order to understand their card adoption patterns. We focus on users
that have not registered a card with Uber.

We offered rewards if a user registered a card in the application, without imposing restric-
tions on the payment method used for subsequent rides. This was the first time Uber Mexico
implemented an experiment of these characteristics. The treatment groups received rewards of
100, 200, or 300 pesos (5.2, 10.5, and 15.7 USD), which are approximately 3, 6, and 9 times the
average weekly fares (or approximately 1, 2, and 3 average rides). The experiment is designed
to obtain information about different points in the distribution of fixed costs. Given that pure
cash users might or might not have a card already, the experiment had two treatments for each
reward with two different time horizons. The first lasted only 1 week, targeting users that might
already have a card, but have not registered it in the application. The second lasted 6 weeks in
order to allow enough time for users to obtain a new card. These users received email reminders
about the promotion every week. Overall, the experiment included six treatment groups with
three incentive levels lasting 1 and 6 weeks, each made up of approximately 20,000 riders and a
control group of 40,000 riders.

Table 7 shows the percent of pure cash users that adopted a payment-card (registered a card
in the application) in each of the treatment groups conditional on having taken a trip during the
weeks of the experiment. Column (1) and (2) show the adoption rates during the first week, for
the 1- and 6-week experiments. The columns show that similar amounts of users register a card
in the first week, regardless of the time horizon. In both cases, users in the treatment groups
responded significantly to the incentives provided, relative to the control group. We observe
more migration to card payments when larger incentives are offered. For instance, for a reward
of slightly more than 15.2 USD the migration rate increases by 3.9%, which is statistically
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significantly larger than the migration rate with a reward of 5.2 USD, which is 1.6% —see column
(2) of the table.?°

Column (3) shows the overall migration rate over the span of 6 weeks and Column (4) and
(5) examine the migration rates during weeks 1-3 and weeks 4-6, respectively. The columns
show that significantly more users migrate during the first 3 weeks of the experiment than do
in the latter 3 weeks. This indicates that, although our incentives were sufficiently enticing to
encourage migration of marginal users, they were not enough to substantially incentivize users
that did not own a card. Importantly, Supplementary Material, Table N35 shows that users in our
treatment groups were more likely to use cards more than 6 months after our experiment ended.
The table shows that, conditional on travelling 6-8 months after our experiments and having
taken a trip during the weeks of our experiments, the probability of paying with a card is larger
for users in our treatment groups.®!

We next use a variety of observations to estimate the consumer surplus lost in a ban, taking
into account the effect of those pure cash riders that choose to pay the fixed cost and become pure
card users after the ban. To do so, we combine theoretical aspects with experimental evidence.
On the theoretical side we use the specifications of preferences (described in Section 4.4), with
their implications for demand (derived in Supplementary Material, Section A.5), the correspond-
ing indirect utility functions derived in Supplementary Material, Section A.6, and the conditions
that fixed cost and indirect utility have to satisfy for the optimal adoption of cards, as described
in equations (13) and (16). On the experimental side, we use the parameters estimated in Experi-
ment 2 for the demand of trips for pure cash users, the elasticity of substitution between cash and
card payments estimated in Experiment 1 for mixed users, the migration rates under each of the
incentive levels described in Section 5.3 from Experiment 3. With this information, we jointly
estimate the counterfactual share parameter o for pure cash users, the parameters for the utility
function U for composite rides for pure cash users (k and P), and the distribution of the fixed cost
G. In our choice of a, we strive to be conservative by making choices that give a lower bound to
the net consumer surplus lost. All details can be found in Supplementary Material, Section A.7.

Approximately 70% of the pure cash riders stop using Uber after the ban of cash according
to the evidence from Puebla, which is a very similar city to the State of Mexico in the context
of the cities served by Uber across Mexico. From Table 4 our estimated elasticities at pre-ban
prices are approximately 1.38 for this group, so their consumer surplus loss is almost 47% of
their yearly expenditure in Uber. For the remaining 30% of riders, the losses are smaller.5?

For the remaining 30% of riders, those who pay the fixed cost and return to the application,
the losses are smaller. Pure cash users who transition to exclusively using cards significantly
reduced their number of trips after the ban. Using this information, along with the excess migra-
tion rates estimated in Experiment 3, we calculate a lower bound for the net consumer surplus
for pure cash users who register a card after the ban of about 44% of their yearly expenditure
on Uber. The net consumer surplus lost varies significantly across the distribution of riders. The
consumer surplus lost is higher for pure cash users who travel more due to the convexity of the

60. Supplementary Material, Table N36 shows unconditional migration rates—users registering a card in the
application regardless of whether they took trips during the weeks of the experiment. The table shows that the overall
unconditional migration, over the 6 weeks that the experiment lasted, are similar to those presented in Table 7.

61. In Supplementary Material, Section P, we compare Puebla and the State of Mexico and we correct our esti-
mates to take into account observable differences between Puebla and the State of Mexico, which may lower this estimate
up to 29%; Puebla’s residents have in average about one more year of education, and have higher financial inclusion. In
the spirit of obtaining a lower bound on the consumer surplus lost, we retain the 30% figure.

62. Supplementary Material, Section A.7 presents the detailed calculations for this lower bound. It also shows
the net consumer surplus lost computed cell-by-cell, where the cells are percentiles of the distribution of the historical
number of trips.
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net consumer surplus lost and the skewness of the distribution of historical trips.®> Aggregating
both groups, riders who register a card and riders who do not register a card after a ban on cash,
the ban on cash results in an average loss of consumer surplus for pure cash riders, amounting
to about 46% of their total Uber expenditures.

6. CONSUMER SURPLUS ESTIMATES
6.1. Taking stock

The consumer surplus lost after a ban on cash payments has a lower bound of at least 50% of total
expenditures on cash-fare Uber rides, and an upper bound of 57%. We proceed by summarizing
how we computed these estimates. For mixed users, who account for about 50% of Uber fares,
we estimate a loss in consumer surplus of about 25% of what they spend on Uber rides. For
pure cash users, who account for 20% of all fares collected by Uber and tend to be poorer, we
estimate a loss in consumer surplus of at least 46%. Adding up the loss of consumer surplus from
mixed users and pure cash users, the consumer surplus lost is about 30% of what the two groups
spend on Uber rides. Considering that mixed users pay for about 37% of their Uber rides with
cash, we obtain our 50% headline figure for the lower bound of the consumer surplus lost in a
ban on cash.®* An upper bound of this estimate can be found if we do not account for pure cash
riders registering a card in the app after a ban on cash. The upper bound estimates are very close
to the lower bound estimates, at about 57% of total expenditure on cash-fare Uber rides. The
magnitudes of our estimates reflect (i) the intensity with which cash is used in the application by
both mixed users and pure cash users, (ii) the convexity of the demand curve for Uber rides, (iii)
the high costs of registering cards, and (iv) the fact that users view cash and cards as far from
perfect substitutes.

6.2.  Short-run versus long-run

Throughout this paper, our objective has been to obtain credible consumer surplus estimates by
considering price variations over several periods. First, we validate our estimates of the elas-
ticity of demand, denoted as €, using data from a 4-week price experiment that more closely
approximates permanent changes in prices. We also rely on the natural experiment in Panama
to gather information on large price increases lasting more than a year. Second, we estimate the
distribution of fixed costs through a 6-week experimental design and data from an actual ban
on cash payments in Puebla (i.e. wya,). Lastly, our survey instrument is designed to specifically
elicit responses to permanent price increases, and the choke prices implied by our structural
framework align with the responses obtained from the survey.

However, the short-term nature of the price variations used to estimate the elasticity of sub-
stitution (#) could introduce a bias, potentially resulting in a lower elasticity estimate than the
long-run elasticity, thus leading to an overestimation of the consumer surplus loss.

To ameliorate this concern, we draw upon the quasi-natural experiments documented in
Alvarez and Argente (2022), which provide information on the long-run elasticity of substitu-
tion across payment methods, given an estimate of the elasticity of demand and the combination
of CES and semi-log assumptions. Thus, the estimates in this paper for the elasticity of demand

63. The calculation for the consumer surplus lost is the average of the consumer surplus of pure cash users and
mixed users weighted by their share of total cash expenditures: 0.46 x M% 4+ 0.67 x Ozofox% > 0.5.

64. More specifically, to estimate # from observational data, we rely on Supplementary Material, equation (28)

1
to formulate an expression for the change in total trips before and after the ban on cash: AT = o 1= (1 - li—” In a).

Since the change in trips is observed in the data, we can use our estimates for € and data for a to infer #.
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€ allow us to recover # from observational data in Puebla, following an actual ban on cash
payments.®> We believe this estimate for # complements the estimates using experimental data
presented in this paper. While the estimate in this paper comes from short-run variation, it is
cleanly identified using exogenous changes in relative prices. On the other hand, the estimate
that can be obtained using data in Alvarez and Argente (2022) is indirect, as it relies on assumed
functional forms, given that prices change from zero to infinity. It may also be contaminated
by confounding factors occurring after the ban on cash in Puebla, such as changes in crime.
However, it offers a long-run estimate of the elasticity of substitution, which is relevant for
the evaluation of a permanent ban on cash. Our short-run estimates (i.e. # =~ 3) are close but
smaller than the long-run estimates (i.e. # &~ 5). This ordering is reassuring since it is consistent
with the Samuelson/Le Chatelier principle. Using the long-run elasticity, the consumer surplus
loss for mixed users is 11% of what mixed users spend on Uber. Considering both pure cash
and mixed users, we obtain a long-run estimate of 38% of total cash expenditures. Figures 4
and 5 show the sensitivity of the consumer surplus estimates to a wider range of demand
elasticities.

6.3. Distributional consequences

To determine the distributional consequences of a cash payment ban, we estimate the consumer
surplus at the municipality level, the finest level of aggregation with available per capita income
data. Using geolocalized trip information from the State of Mexico in August 2018, we assign
each user to the municipality where most of their trips originated.®® After classifying riders into
pure cash users and mixed users, we calculate the consumer surplus for both groups; pure cash
users spend approximately $80 per year on Uber rides, while mixed riders spend about $200 per
year.%” The consumer surplus lost at the municipality level is the average consumer surplus of
pure cash users and mixed users, weighted by their share of total expenditures on Uber in the
municipality.

Figure 9b displays the consumer surplus loss as a share of the average annual income of Uber
riders at the municipality-level. A rider who uses cash either sometimes or exclusively suffers an
average loss in consumer surplus of approximately 0.8% of her annual income.®® The figure also
shows that cash ban losses fall mostly on households who reside in low-income municipalities.
These households rely more heavily on the cash option. Figure 9a indeed shows that the share
of cash fares declines with income per capita.

65. Supplementary Material, Section I shows that income per capita is correlated with financial access,
commuting times, transportation modes, public infrastructure, and the use of cash in Uber.

66. Supplementary Material, Table E1 reports the weekly expenditures by pure cash users and mixed users. In
order to accurately classify riders across user types, we consider riders with at least four trips in August 2018. We also
use the share of payments made with card at the municipality-level to reduce potential measurement error.

67. The average annual income of Uber users in the State of Mexico is approximately 6,400 USD. This estimate
is calculated by averaging the per capita income across municipalities weighted by the total number of Uber users in
each municipality. We multiply this number by 1.24 to account for the fact that individuals with access to a smartphone
earn higher income. The income data comes from Intercensal Survey of 2015 and the data on smartphone usage comes

from the 2015 National Survey of Financial Inclusion (ENIF).
68. Supplementary Material, Figure I1 shows a similar pattern for the share of pure cash users at the municipality-
level.
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FIGURE 9

Share of cash fares and consumer surplus by income (a) share of cash fares and (b) consumer surplus

Notes: Panel (a) shows the share of cash fares and the average income per capita per year in USD. Panel (b) shows the consumer surplus
from paying Uber in cash in each municipality of the State of Mexico as a fraction of the average income per capita per year. The
consumer surplus lost at the municipality-level is the average of the consumer surplus of pure cash users and mixed users weighted by
their share of total expenditures. We multiply income times 1.24 to account for the fact that individuals with access to a smartphones earn
higher income. The income data comes from individuals that report labour income surveyed in the Intercensal Survey of 2015. The data
on smartphone usage comes from the 2015 National Survey of Financial Inclusion (ENIF). The data of Uber rides are from August of
2018 in the State of Mexico.

7. CONCLUSION

Policies restricting means of payment have recently received great interest, and their possibility
has been debated both by policymakers and academics. There are very few attempts to quantify
the welfare effects of such policies, mainly because opportunities for accurate estimations of the
relevant elasticities for this calculation for a given good or service are rare. In this paper, we com-
bine a theoretical model with three large field experiments in Mexico to estimate the consumer
surplus of using cash as a payment method in Uber. The total consumer surplus lost after a ban
on cash payments is large, equivalent to 40-50% of total expenditure on cash-fare Uber rides.
Given that the majority of trips paid in cash originate in low-income municipalities, these losses
fall mostly on the least-advantaged households, who rely heavily on the cash payment option.

We have several other findings of interest for the literature on money demand and for the
analysis of policies attempting to encourage or discourage payment methods. We found a statis-
tically significant but small elasticity of the adoption/registration of cards when riders are given
incentives. A reward of 15 USD increases the adoption rate by less than 4%, which is largely
explained by the registration of existing cards. Nevertheless, users who registered a card after
receiving a reward were more likely to use it to pay for rides in the future.

We also provide a well-estimated elasticity of substitution across payment methods using
experimental data, an important input to models that incorporate a choice between means of
payment. The low substitutability across payment methods implies that the optimal response of
shifting away from cash payments (e.g. during the COVID-19 pandemic) is not without cost,
even if people have access to other means of payment. This elasticity of substitution can be
used to parameterize models designed to analyse counterfactuals in which means of payment
are subject to a tax or a subsidy. For example, Alvarez et al. (2022) use our estimates to quantify
the private costs of heavily taxing the use of cash to pay for all goods in Mexico and found that
the private losses that follow a 40% tax on cash are approximately 6% of GDP. The extension of
our analysis of Uber trips to the analysis of different goods and services, as well as our estimated
elasticities, are important areas for future research.
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