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Abstract: Today, ride-hailing platform operations are popular. Facing pandemics (e.g., COVID-19),
some customers feel unsafe for the ride-hailing service and possess a “safety risk-averse” (SRA)
attitude. The proportion of this type of SRA customers is unfortunately unknown, which makes it
difficult for the ride-hailing platform to decide its optimal service price. In this paper, understanding
that blockchain technology (BT) based systems can help improve market estimation for the proportion
of SRA customers, we conduct a theoretical study to explore the impacts that the BT-based system can
bring to the platform, customers and drivers. We consider the case in which the platform is risk-averse
(in profit) and serves a market with both SRA and non-SRA customers. We analytically prove that
using BT, the optimal service price will be increased and BT is especially helpful for the case with a
more risk-averse ride-hailing platform. However, whether it is more or less significant for the more
risk-averse SRA customers depends on their degree of risk aversion. We uncover that when the use of
BT is beneficial to the customers, it will also be beneficial to the drivers, and vice versa. We derive in

closed-form the analytical conditions under which the use of BT can be beneficial to the ride-hailing
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platform, customers and drivers (i.e., achieving “all-win”). When all-win cannot be achieved
automatically, we explore how governments can provide sponsors to help. We further extend the
analysis to consider the general case in which BT incurs both a fixed cost as well as a cost increasing
in demand. We prove that the main conclusion remains robust. In addition, we reveal that the required
amount of government sponsor to achieve all-win is the same between the two different costing models
explored in this paper.

Keywords: Risk; platform operations; blockchain; pandemics; risk aversion.

Managerial Relevance Statement: Nowadays, ride-hailing platform operations are popular. Facing
pandemics (e.g., COVID-19), some customers feel unsafe for the ride-hailing service and possess a
“safety risk-averse” (SRA) attitude. The proportion of SRA customers is unfortunately unknown,
which makes it difficult for the ride-hailing platform to decide its optimal service price. In this paper,
understanding that blockchain technology (BT) based systems can help improve market estimation,
we conduct a theoretical study to explore the impacts that the BT-based system can bring to the
platform, customers and drivers. We consider the case in which the platform is risk-averse and serves
a market with both SRA and non-SRA customers. We analytically prove that using BT, the optimal
service price will be increased and BT is especially helpful for the risk-averse cases with a more risk-
averse ride-hailing platform. However, whether it is more or less significant for the more risk-averse
SRA customers depends on their degree of risk aversion. We uncover that when the use of BT is
beneficial to the customers, it will also be beneficial to the drivers, and vice versa. We derive in closed-
form the conditions under which the use of BT can be beneficial to the ride-hailing platform, customers
and drivers (i.e., achieving “all-win”). We explore how governments can provide sponsors to achieve
all-win. We further extend the analysis to consider the general case in which BT incurs both the fixed
cost as well as a cost increasing in demand. We prove that the main conclusion remains robust. In
addition, we reveal that the required amount of government sponsor to achieve all-win is the same

between the two different costing models explored in this paper. The above findings can bring
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important managerial guidance to ride-hailing platform managers on the pros and cons of using BT to

deal with the pandemics such as COVID-19.



1. Introduction

A. Background
Ride-hailing platform operations are very popular nowadays. Companies such as Uber and Lyft are
very influential and common in all major cities around the world. There is no doubt that the emergence
of ride-hailing platforms brings lots of convenience to customers who wish to enjoy the on-demand
“taxi” like travel services. However, challenges also exist. Among them, safety is definitely critical.

From news, we observe two types of safety risk are related to ride-hailing platform operations
from the customer perspective. The first type is about personal safety with drivers who commit crimes.
The second type is related to the pandemics such as COVID-19 [1, 2], in which “unclean” vehicles
may spread the virus. For the first type on personal safety issues, back to 2019, Uber released a safety
report?, which shows that in 2017 and 2018, over 100 people died in car crashes, 19 people were killed
in “physical assaults”, and over 3000 sexual assault cases were reported. Another ride-hailing platform,
Lyft, is also reported to face lawsuits related to sexual assaults of passengers. Recently, in 2022, the
Chinese government criticized 11 ride-hailing platforms over safety problems in their operations, such
as violations of safety rules (e.g., hiring unlicensed drivers) and improper handling of accidents®.
During the COVID-19 pandemic, in August 2020, BBC reported that near 50% of customers who were
active in Uber App were lost*, with trip bookings went down by 70%. Another piece of news shows
that Uber suffered a heavy loss of over 1 billion USD in its platform business from August to October
2020°. There is no doubt that both types of safety risk are substantial and critical.

It is a fact that in the market, some customers care a lot about the safety risk while some do not.
We call those customers who worry about the safety risk the “safety risk-averse” (SRA) customers.
For those who don’t care, they are the non-SRA customers. The proportion of SRA customers in the

market will definitely affect the ride-hailing platform’s operations while it is in fact largely unknown.

2 https://www.consumerreports.org/ride-hailing/staying-safe-when-using-ride-hailing-services/

3 https://technode.com/2022/08/23/chinese-requlator-slams-major-ride-hailers-over-safety-issues/
4 https://www.bbc.co.uk/news/business-53687422

5 https://www.theverge.com/2020/11/5/21551683/uber-q3-2020-earnings-revenue-loss-delivery
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Thus, the ride-hailing platform would like to acquire good information regarding the proportion of
SRA customers. One method that can help is to use the blockchain technology (BT) based systems.
Note that despite being famous in FinTech [3, 4], BT actually has its applications in different industries
and business operations [5, 6], including logistics [7], jewellery [8], and platforms [9, 10].

Owing to the inherent properties of BT, it is known that BT based systems have the benefits of
keeping high quality data sets which cannot be amended and made-up. The data quality of BT-based
systems is hence high [11] and would allow the ride-hailing platforms to more accurately estimate the
proportion of SRA customers in the market. In addition, for customers, the presence of BT will also
yield a benefit of “enhanced trust”. This will be beneficial to both SRA and non-SRA customers.

Note that the use of BT based systems for ride related platforms has been proposed in the real
world by companies such as RideX and Acrade City. Prior studies have also explored the use of BT to
help on-demand ride-hailing platform operations under COVID-19 [12]. Thus, the use of BT in our

problem context is supported by industrial practices and prior studies.

B. Research Questions and Major Findings

Motivated by the real-world observations that SRA customers exist in the market and the use of BT
based systems may be helpful for the ride-hailing platform operations, we establish theoretical models
to address the following important research questions:

1. How is the optimal pricing decision of the ride-hailing platform related to the proportion of
SRA and the corresponding uncertainty?

2. If the BT based system is implemented, what will be the impacts to the ride-hailing platform,
customers and drivers? When will an all-win situation be achieved in which the ride-hailing
platform, customers and drivers are all benefited with the use of BT? If the use of BT benefits
customers and drivers but not the ride-hailing platform, could a government sponsorship help?

3. If a general cost function with both the fixed cost and a demand increasing cost for operating

BT-based system is considered, will the results remain robust?



To answer the above research questions, we build formal models and conduct a theoretical study.
We analytically consider the case in which the platform is risk-averse and serves a market facing both
SRA and non-SRA customers. We theoretically demonstrate that if the use of a BT-based system can
reduce uncertainty regarding the estimation of proportion of SRA customers, the optimal service price
will be increased. We prove that BT is especially helpful for the scenario with a more risk-averse ride-
hailing platform. However, whether using BT is more significant for the more risk-averse SRA
customers depends on their degree of risk aversion. To be specific, using BT will bring a higher (lower)
value when the SRA customers are more risk-averse if they are already highly (mildly) risk-averse
before the use of BT. We also find that when the use of BT is beneficial to the customers, it will also
be beneficial to the drivers, and vice versa. We determine the analytical conditions under which the
use of BT can be beneficial to the ride-hailing platform, customers and drivers (i.e., achieving the all-
win situation). We explore how governments can provide sponsors to achieve all-win. We further
extend the analysis to consider the case in which BT incurs a cost which is increasing in demand. We
conclude by showing that the main conclusion remains valid. Moreover, we reveal that the required
amount of government sponsor to achieve all-win is the same between the two different costing models
explored in this paper. This implies that the implementation of government sponsorship scheme is easy,

without too much worry of whether BT costs include only the fixed cost or the variable cost or both.

C. Contribution Statement and Paper’s Organization

This paper’s contribution is multi-fold. First, we bring new insights into the on-demand ride-hailing
platform operations facing the pandemics (such as COVID-19) in the literature with the focal point on
using BT. Second, we uncover the conditions under which all-win situations can be achieved with the
use of BT and also propose an implementable government sponsorship scheme to help. Finally, our
findings can bring important managerial guidance to ride-hailing platform managers on the pros and
cons of using BT. To the best of our knowledge, this is the first study which analytically explores this

important and timely topic.



The rest of this paper is arranged section by section as follows. We first review the closely related
prior studies in the engineering management literature in Section 2. Then, we build the analytical main
model in Section 3. We conduct the theoretical analysis for the case with BT (i.e., Model BT) in Section
4 and derive in closed-form the expected value of BT. We extend the model by considering a general
cost function with both a fixed cost and a demand increasing variable cost of operating the BT-based
system (i.e., Model EM) in Section 5. We present the conclusion with a discussion of core managerial
implications in Section 6. To facilitate presentation, all technical proofs are placed in the

supplementary online appendix (for online publication).

I1. Literature Review

In the current digital era [13, 14], platform operations are commonly seen [15, 16, 17]. In the literature,
Cachon et al. [18] analytically explore optimal surge pricing strategies for service platform operations.
Bai et al. [19] examine how the use of on-demand platforms can balance demand and supply facing
consumers who exhibit the impatient characteristics. Stafford [20] studies the systems security for
platform-based information systems. Du et al. [21] examine the food delivery platform operations. The
authors uncover the benefits of using the 3" party as the delivery option. Hu et al. [22] study platform
operations with the focal point on membership schemes. Most recently, He et al. [23] explore an
interesting phenomenon called “off-platform” transaction in which the customer and service provider
privately decide to have their transaction done without formally going through the platform. This lets
them save the cost of paying the needed commissions to the platform at the expense of the platform’s
revenue loss. The authors reveal the service properties which would help platforms fight against this
off-platform challenge. Li and Li [24] examine the platform entry strategies in the presence of an e-
marketplace. The authors investigate whether it is wise to have integration of the critical logistics
services. For recent reviews of platform operations and the related technology management studies,

refer to [25, 26].



Among platform operations, one very important sector is on ride-hailing. In the literature, Wang
et al. [27] analytically investigate the optimal pricing policies for ride-hailing platform operations. Yu
et al. [28] reveal the trade-off in imposing rules on ride-hailing platform services. Choi and Shi [12]
analytically explore via a queuing model the optimal “on-demand-ride-hailing-service platform”
operations under the pandemic. The authors study how technologies can be used to improve the service
operations facing the pandemic. Liu et al. [29] study ride-hailing platform operations using the
artificial intelligence approach. They reveal the optimal schemes to dispatch vehicles. Tripathy et al.
[30] examine the “driver collusion” challenges for on-demand ride-hailing platforms such as Uber.
This paper is similar to the above reviewed studies in which the focal point is on ride-hailing platform
operations. However, both the specific model and focal points are very different. In particular, we
examine the market with an uncertain proportion of SRA customers and explore how the use of BT-
based system can help improve market estimation by reducing the uncertainty. To the best of our
knowledge, this problem has not been examined in the ride-hailing operations literature before.

Ride-hailing platform operations involve risk. In the literature, Liu et al. [31] conduct an empirical
study to uncover the customers’ security attitudes towards ride-hailing services. Under COVID-19
pandemic, Monahan and Lamb [32] discuss the “social-justice implications” of ride-hailing service
operations for public transportation systems. Yang et al. [33] empirically explore during the normal
days, the safety perception of passengers, especially female, for ride-hailing services. All the above
risk related studies are empirical in nature. Partially motivated by these empirical findings, we build
theoretical models and study the optimal ride-hailing platform operations by an analytical modelling
approach. We also highlight the use of BT-based systems as a way to improve service operations.

BT has been widely explored in the literature such as finance [34], crowdsourcing [35], logistics
[36, 37], and systems security [38]. Since this paper also relates to the proposal of using BT-based
systems to enhance ride-hailing platform operations, we examine some related studies. Choi and Luo
[11] study how using BT can improve quality of data to achieve sustainable business operations. The

authors also study the government policies which can support the use of BT to improve social welfare.
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Choi et al. [39] investigate via a queuing model the use of BT for on-demand platforms facing risk-
sensitive customers. The authors consider the case in which the customers can be risk seeking, risk-
averse and risk neutral. Choo et al. [40] discuss the challenges and research potential of using BT to
develop an ecosystem for business operations. Cai et al. [41] analytically uncover how the use of BT-
based systems can overcome cheating problems in platform operations. Most recently, Wang et al. [42]
explore the use of BT for developing an “anonymous ride-hailing scheme for autonomous taxi
network”. The authors pay attention to the use of BT for passengers privacy issues. This paper follows
Choi and Luo [11] to consider the use of BT to improve data quality, but the problem domain is very
different. This paper is also related to Choi et al. [39] in considering risk sensitive customers. However,
in this paper, we focus on safety related risk while Choi et al. [39] examine the waiting time volatility

related risk. The specific models are also totally different.

I11. Main Model

In this paper, we analytically examine ride-hailing platforms such as Uber, Didi, and Lyft. The ride-
hailing platform recruits professional drivers. Each driver receives a per demand income ¢, and the
operating expense incurred for the driver is m. In the market, there are two types of customers who
would like to take a ride as “passengers”. The first type is called SRA customers who are averse to
safety. Here, under the pandemics such as COVID-19, safety refers to not just the personal safety, but
also the infection risk. The second type is the non-SRA customers who have no worries towards safety
risk on taking the ride-hailing service. For the SRA customers, they have a safety fear which is denoted

by a single parameter ¢ in the model, where &>0. Without loss of generality, the total market

population is normalized to be 1. This is a standard approach in the literature which helps simplify the
mathematical derivation and results.
We consider the situation in which the proportion of SRA customers in the market is denoted by

a (and hence the proportion of non-SRA customers is 1-a ). In our model, ¢ is modelled as a



random variable following a general distribution with mean @ and variance . In this paper, we use
the ~ as a notation to represent random variables.

The ride-hailing platform charges a fee p for the service. Customers in the market possess a
heterogenous valuation v towards the ride-hailing service. Following the standard literature [12], we

model v as a uniformly distributed random variable with the support of 0 and 1.
For a given a, we can derive the demand for ride-hailing services D as follows:
D = a(l-p-¢)+(L-a)L-p)= (L-p)-ac. (1)
It is easy to derive the expected demand D and variance of demand D to be the following:
D=E[D]=(- p)-¢a, )
D=V[D]=¢%0". (3)
Note that in this paper, for analytical tractability, we focus on the simpler models in which we
do not consider queueing based consumer arrival models. This in fact follows some important studies

in the area [43, 44]- Nevertheless, in Section VI, we admit limitations and propose that future research

can be conducted to examine the more sophisticated models.

With (1) to (3), we can derive the ride-hailing platform’s profit ﬁpF , expected profit [T, and

variance of profit I1,. as follows:

Mo = (p-C)((L- p)-a9), 4)
ﬁPF = (p—C)((l— p)_§§)> (5)
ﬁPF = (p—c)*&io?. (6)

For the ride-hailing platform, it possesses a risk-averse atttiude. Note that risk-aversion is rather
commonly seen in logistics [45, 46] and business operations [47]. We consider its objective function

Upe to be a mean-standard-deviation form, with a risk-averse coefficient &, where k >0:

Upe :ﬁPF _k\/ﬁp . (7)

Note that in (7), the objective function captures the risk-averse attitude of the ride-hailing
10



platform in which \/ﬂ denotes the level of profit risk. This mean-standard-deviation framework is
widely applied in the literature, including prior studies in the on-demand platform literature [39]. The
idea is to capture the profit risk by the variation of profit and the payoff by the expected profit. This
approach is very commonly used and is closely related to the mean-variance approach [48] [49] [50].
It is crystal clear that a larger & represents a more risk-averse ride-hailing platform. Thus, & reflects the
degree of risk aversion of the ride-hailing platform.

With the above formulation, we can further derive the consumer surplus as follows. To be

specific, we first define CSgz, and CS,,_ga as the consumer surplus for the SRA customers and non-

SRA customers, respectively. Then, by definition, we have:

CSqu = [, (v=p-&)f(iav = E=(BE ®)

Cponsn = [ (V=) f )y = 4221 ©)

With (8) and (9), we can define the (expected) consumer surplus for the whole market as follows:

CS = aCSxy +(1-a)CS g sra

_al-(p+8)° , @-a)1-p)° (10)
2 2

For the hired drivers, as the service agents, their expected profit function Iy, is given below:

ﬁDR = (c-m)((1-p)-as). (11)
To enhance presentation, the main notation and abbreviations used in this paper are summarized
in Table 1 (Appendix Al). Note that some of the defined notation and abbreviations are used in other
sections as well as the appendix.
With the analytical mean-standard-deviation objective function derived above, after checking its
structural properties, we can derive the optimal service price and present Lemma 1.

Lemma 1. In the main model (without the use of BT): (a) The optimal service price

p*_l—a_cé‘—kfo”rc

> . (b) p is increasing in c, and decreasing in &, o, & and k. (c) To ensure a
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profitable business, the ride-hailing paltform cannot be too risk-averse (i.e., k<k , where

k-zl—c—&f)'
2lo

Lemma 1(a) gives the closed-form analytical expression for the optimal service price. Lemma
1(b) presents the structural properties of the optimal service price. In particular, we note that the
optimal service price is increasing the driver’s income ¢, while decreasing in the expected proportion
of SRA customers (a ) as well as the market uncertainty regarding the proportion of SRA customers
(o). The optimal service price is also related to the SRA customer’s safety risk and the ride-hailing
platform’s risk-averse level. To be specific, when we have a more risk-averse case, i.e., when the SRA
customers’s safety risk is higher or the ride-hailing platform is more risk-averse, the optimal service

price becomes smaller.

IV. Using Blockchain Technology: Model BT

For the ride-hailing platform, an accurate estimate of the proportion of SRA customers is critical to set
an optimal price for the service. With the advance of technologies, the use of BT-based system is
known to be helpful in this regard [11]. To be specific, we consider the situation in which the use of
BT can reduce the uncertainty regarding the proportion of SRA customers (i.e., o). In addition, in the
presence of BT (i.e., under Model BT), customers will have more understanding of the ride-hailing
platform operations, i.e., the operational transparency is enhanced. This will bring an enhanced trust
utility, denoted by b. In the main model, we consider the case in which BT incurs a fixed cost (e.g., the
fixed rental fee for using BT offered by the BT solution service provider) 7. It is obvious that if the
expected benefit brought by BT for the platform is larger than 7, then it will be beneficial for the ride-
hailing platform to implement BT. In the following, we proceed with the analysis.

In the presence of a BT-based system, the ride-hailing platform can better estimate the proportion
of SRA customers with a reduced variance 6%, where § <o . In this case, we can easily derive the

demand for ride-hailing services D®T as follows:

12



DB = a(l+b-p-&)+(1-a)1+b-p)= (+b-p)-a&.
It is straightforward to derive the ride-hailing platform’s profit, expected profit and variance of

profit to be the following:
Mg = (p—C)(A+b-p)-ad)-T,
A = (p-C)(+b-p)-@&)-T,
Mt = (p-0)°&°s”.
Similar to (7), the mean-standard-deviation objective function for the ride-hailing platform under
Model BT is given below:
Upt =TIer —kyTIEL

« 1+b-aé-kéo+c
> :

Maximizing UZ! yields the optimal service price, which is given by: p®'

Observe that p®"" is independent of the fixed cost 7.
Lemma 2. Comparing Model BT and the main model: (a) p® >p . (b) To ensure a profitable

business, the ride-hailing platform cannot be too risk-averse (i.e., k<kB® | where

T _ J@+b—c-a)? —4T
- 2E8 ).

Lemma 2 gives a good and clean result. It highlights the fact that under the main model when
only a fixed cost is incurred for deploying the BT-based systenm, using BT implies a higher price. This
is a neat result, which mainly derives from the fact that there is a reduction of market uncertainty as
well as an enhanced trust utility is gained.

The ride-hailing platform’s expected profit at the optimal price with the use of BT is given below:

. A= 2 2
Mo g = (1+b 2c acfj _(kiﬁj T (12)

Define the expected value of BT (EVBT) for the platform as follows:

EVBTPBFT = ﬁ:’F,BT - I:[PF ( p*)

13



_ bb+2(-c-aF) . k& (0 -5%)

. . T, (13)

Note that under Model BT, even though implementing the BT-based system only incurs a fixed
cost T, the optimal service price is still increased after using BT (see Lemma 2) because there is an

enhanced trust utility to consumers with the use of BT. We have Lemma 3.

Lemma 3. Under Model BT: (a) EVBT,; is increasing ink, b, and o while decreasing in T. EVBTa.

a
is increasing (vesp. decreasing) in & if it is larger (vesp. smaller) than m (b) It is
0 —

beneficial to implement blockchain technology (BT) for the ride-hailing platform (BT) if and only if

_ 4T —b(b+2(-c-a¢)

2 o2
o° -0 k2§2

, 1.e., the reduction of variance regarding the proportion of SRA

customers (@) by using BT is sufficiently large. (c) Using BT will more likely be a beneficial measure
if T is smaller and k is larger.

Lemma 3 gives several concise results. First, Lemma 3(a) shows the structural properties of
EVBTS . In particular, we know that the value of implementing BT relates to several important factors.

It is intuitive to learn that it is increasing in the original market uncertainty level o and decreasing in
the BT fixed cost 7. It is interesting to note that it also relates to the risk aversion level of SRA

customers (i.e., &) and the ride-hailing platform (i.e., k). In particular, if the ride-hailing platform is
more risk-averse (i.e., a larger k), then EVBT,; is larger. However, for the risk aversion level of SRA
customers (i.e., )&, it depends. If & is sufficiently large, EVBT,. is larger when & goes up. On the

contrary, EVBTS becomes smaller when & increases if & is small. This finding means that BT is
especially helpful for the case with a more risk-averse ride-hailing platform, while it will be especially
helpful for the more risk-averse SRA customers if the perceived safety risk level (before using BT) is
already sufficiently high (and the SRA customers are truly risk-averse). Lemma 3(b) proves the

theoretical results that if the use of BT can yield a sufficienly large reduction of market uncertainty

14



(towards the proportion of SRA customers), using BT is beneficial. Here, the necessary and sufficient

+2(1-c-a¢))

condition relates to the threshold 2 —2(® R

. Lemma 3(c¢) further presents analysis of this

threshold to show when the use of BT is more likely to be beneficial.

As a special case, we examine the case when the use of BT can completely remove uncertainty.
Of course, this is a theoretical case while it does indicate the perfect value of BT in our model setting.
We hence call the respective value of using BT the expected perfect value of BT (EPVBT). From (13),

it is easy to derive that the EPVBT for the platform is:

b(b+2(1-c-af)) k2262

EPVBTS = 2 4

-T.

Obviously, EPVBTL gives the upper bound for the value that BT can bring to the platform. All

the structural properties of EPVBT.' remain similar to EVBT.. and hence the findings of Lemma 3
is valid (with s =0).
We further analyze the impact brought by the implementation of BT-based system on the optimal

service price, customers and drivers. We first define two critical thresholds and then give Lemma 4:

b =JAl—c—a@&)? +T —k2&% (62 — 52) —2(1—c—ag) ,
b, =k&(c—9).
Lemma 4. Comparing Model BT and the main model: (a) It is beneficial for the ride-hailing platform

to use blockchain technology if and only if b>b,, (b) For the customers and drivers, using blockchain

technology is beneficial if and only if b >b,. Thus, using blockchain technology is an all-win strategy

if b>max(b,,b,).

Lemma 4 tells us that when the unit benefit brought by using BT for consumer utility is
sufficiently high, using BT is beneficial to the ride-hailing platform, drivers and customers. It is
interesting to note that the conditions for the customers and drivers are the same which are independent
of T"and c. However, for the ride-hailing platform, the condition critically depends on 7 and c. Overall,

Lemma 4 gives a very important theoretically finding: It shows the analytical situations (and hence

15



conditions) under which using BT can achieve an all-win case for the ride-hailing platform operations.
Suppose that there is a case in which b, <b <D, holds, which means using BT is (i) good for the

consumers and drivers, but (ii) bad for the ride-hailing platform. In this situation, the government who

puts emphasis on people can consider providing a sponsor to the ride-hailing platform to entice it to

adopt BT. Lemma 5 shows the result.

Lemma 5. Under Model BT, when b, <b <b, holds: (a) the government can provide a sponsor of S in
which S =2(c—-08)k&kaé+2(l-c—a&)]-T to entice the ride-hailing platform to implement
blockchain technology, which will be beneficial to customers, drivers and the ride-hailing platform
(i.e., all-win is achieved). (b) The required sponsor S is increasing in o and k, decreasing in ¢, T and

0. (¢c) The required sponsor S is increasing in & if a <kol2; otherwise, if a>Kol2, then we have:

e
o0&\ < > |2a ko

Lemma 5(a) tells us the analytical value for the required government sponsor to achieve all-win.

Note that the required sponsor S is increasing in the market uncertainty o and the degree of risk
aversion of the ride-hailing platform. This is an interesting and important finding because it tells us
that from the government perspective, it should be prepared to sponsor more for the market when its
volatility 1s higher and the case when the ride-hailing platform is more risk averse.

As a remark, from Lemma 5(c), we see that the impact brought by & on S is more subtle. It first

relates to the condition on the expected proportion of SRA customers in the market o . If o is

sufficiently small (i.e., & <ko/2), then required sponsor S is increasing in &. Otherwise, whether
required sponsor S is increasing or decreasing in & is governed by the condition which relates to the

size of &. If the size of & is sufficiently small (big), then S is increasing (decreasing) in &.

V. Extended Modelling Analyses: Model EM
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In Model ET we built and analysed above, we assume that the use of BT incurs a fixed cost T. However,
in many cases, owing to the special features of BT, its operations cost is in fact related to the number
of users (i.e., demand). In fact, when more people use BT, the corresponding cost will increase. In this

extended model (called Model EM), we consider this case.

To be specific, we consider the situation in which using BT incurs a cost K , which is defined as

follows:

K=T+aD, (14)
where a>o.

Obviously, (14) indicates that the BT deployment cost includes both a fixed cost and a variable
cost increasing in demand.

With (14), we can derive the optimal service price with the use of blockchain under the extended
model.

l+a+b+c—-aé-kéo

Lemma 6. Under Model EM: (a) The optimal price p™ = ;

, which is

increasing in a, b and ¢, and decreasing in &, o, & and k. (b) To ensure a profitable business, the

e J+b-a-c-ag)? -4T
- 285 %

I'('EM

ride-hailing paltform cannot be too risk-averse (i.e., K < , where

b(b +2(1—¢ — &&))
4

() p™ > p®" > p". (d) (i) KT >K™ always holds; (i) k>Kk®T >Kk™ if T < ; (iii)

K < KEM o (BT l.f-l->(b—a)(b—azz(1—c_07§)) .

Lemma 6(a) and Lemma 6(b) are very similar to the results of Lemma 2(a) and Lemma 2(b),
respectively. This shows that the structural properties of the optimal service prices for the cases with
BT under two different cost structures are in fact similar. Lemma 6(c) compares the optimal service
prices and indicates that a monotonic pattern is observed: It is highest under the extended model in
which the cost of BT is demand-increasing, followed by the case with BT (fixed cost) and then the

case without BT. This is logical as under Model EM, the cost incurred by BT is highest among all the
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three cases, and hence the highest service price is set. Lemma 6(d) shows the comparisons among the
“feasibility” risk-aversion thresholds among all three cases (i.e., the main model without BT, the main

model with BT, and the extended model). The case is more tricky. First, from Lemma 6(d)(i), we see

that k®" > k™ is always true which implies that under Model EM with a larger cost for using BT, the
“feasibility” risk-aversion threshold is smaller which means the ride-hailing platform has to be even
less risk-averse in order to have a profitable business. Second, from Lemma 6(d)(ii) and Lemma

6(d)(iii), we can see that whether the the “feasibility” risk-aversion threshold is larger or smaller before

using BT depends on T. If T is sufficiently small, we have k >k®" >k®  which means the “feasibility”

risk-aversion threshold is smaller after using BT. On the contrary, if T is sufficiently big, we have

k <k®™ <k®  which implies that the “feasibility” risk-aversion threshold is larger after using BT. We
can hence see the critical role played by T in affecting the degree of risk-aversion the ride-hailing
platform can possess in making its own operations economically viable.

Under Model EM, the ride-hailing platform’s expected profit at the optimal price with the use of

BT is given below:

e _ (1+b—a—c—&§j2_(k§5j2__r_ (15)

2 2
Define the expected value of BT (EVBT) for the platform under Model EM as follows:

EVBTS =TIgr — e ()

_ (b-a)b-ar20-c-az) k&[0’ -5)
4 4

T, (16)

We have Lemma 7.
Lemma 7. Under Model EM: (a) EVBTS" is increasing in k, b, and o while decreasing in T.

(b-a)a

EVBTyr is increasing (resp. decreasing) in & if it is larger (resp. smaller) than m
o _

(b) It

is beneficial to implement blockchain technology (BT) for the ride-hailing platform (BT) if and only if

18



AT —(b-a)b-a+2(-c-as)

2 o2
o° -0 k2§2

, 1.e., the reduction of variance regarding the proportion of

SRA customers (@) by using BT is sufficiently large. (c) Using BT will more likely be a beneficial
measure if T is smaller and k is larger.

Lemma 7 is very similar to Lemma 3, which confirms the robustness of findings under the two
different costing models for BT.

We further explore the impact brought by the deployment of BT-based system on the optimal
service price, customers and drivers in the ride-hailing platform operations. We define two critical

thresholds and present Lemma 8:

b —a—2(1—c— @) + A4l —c—@&)® +T —k?E% (02 - 57) , (17)
beV =a+k&(o—-9). (18)
Lemma 8. Under Model EM: (a) It is beneficial for the ride-hailing platform to use blockchain

technology if and only if b >b™ | (b) For the customers and drivers, using blockchain technology is
beneficial if and only if b>b;" . Thus, using blockchain technology is an all-win strategy if

b>max(b™,0,™). (c) when b;" <b<b™ holds: (i) The government can provide a sponsor of S in
which S =2(c—-0)k&[keé +2(1—c—al)]-T to entice the ride-hailing platform to implement
blockchain technology, which will be beneficial to customers, drivers and the ride-hailing platform
(i.e., all-win is achieved), (ii) the required sponsor is the same under Model BT and Model EM, i.e., it
is independent of the BT cost models.

Lemma 8(a) and Lemma 8(b) confirm that the findings under Model EM are consisitent with the
ones under the main model with Model BT. Lemma 8(c) gives the most interesting result: For the case
when using BT is good for the consumers and drivers but bad for the ride-hailing platform, similar to
Lemma 5, the government can provide a sponsor to encourage the ride-hailing platform to implement
BT. Here, the required sponsor under Model EM is exactly the same as the one under Model BT. In

other words, the government sponsorship is independent of the specific BT costs that we have
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considered in this paper. This will make the sponsorship scheme easy to implement in practice.

V1. Conclusion

Today, in the platform age, ride-hailing platform operations with enterprises such as Uber and Lyft are
very popular. However, critical operational challenges exist and technologies can play a role.

In this study, facing the pandemics like COVID-19, we consider the scenario in which for some
customers, services offered by the ride-hailing platforms are far from safe. These customers possess
the “safety risk-averse” (SRA) attitude (e.g., infection risk as well as general safety risk). However, in
the market, the proportion of SRA customers is in general stochastic. This makes it a very difficult
problem for the ride-hailing platforms to scientifically decide their optimal service pricing decisions.

In real-world operations, and supported by the engineering management and operations
management literature, we know that the use of BT based information systems can enhance data quality.
This would better allow the ride-hailing platform to learn about the market and hence it can more
accurately estimate the proportion of SRA customers.

Motivated by the challenges faced by ride-hailing platforms under the COVID-19 pandemic and
the potential applications of BT, we conduct a theoretical study to explore the impacts that the BT-
based system can bring to the platform, customers and drivers. We consider the case in which the
platform is risk-averse and serves a market with both SRA and non-SRA customers. We analytically
prove that using BT, the optimal service price will be increased. We uncover that using BT is especially
helpful for the risk-averse case with a more risk-averse ride-hailing platform. However, whether it is
especially helpful and significant for the case with the more risk-averse SRA customers depends on
their specific degree of risk aversion. When the use of BT is beneficial to the customers, it will also be
beneficial to the drivers, and vice versa. We reveal the analytical conditions under which the use of
BT can be beneficial to the ride-hailing platform, customers and drivers (i.e., achieving “all-win”).

Furthermore, we explore how governments or policy makers can provide sponsors to achieve all-win.
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We further extend the analysis to consider the case in which BT incurs a total cost which includes both
a fixed cost and a variable cost increasing in demand. We prove that the main conclusion remains
robust. In addition, we reveal that the required amount of government sponsor to achieve all-win is the
same between the two different costing models explored in this paper.

Based on the theoretically derived findings, we have the following managerial insights and
practical implications.

Optimal service price: For the platform managers, using BT will mean an increased optimal
service price. The interesting thing is that even under the use of BT with a fixed cost, the optimal
service price is increased. Another finding is that when the cost of BT is larger (i.e., under the case
with both the fixed cost and demand-increasing variable cost), the optimal service price is even higher.
This fits our intuition. However, a higher service price does not necessarily mean that customers suffer
as consumer surplus can be higher or lower depending on other parameters (such as the unit benefit
(enhanced trust utility) brought by using BT).

Achieving all-win with BT deployment: Whether using BT is good or not to customers, ride-
hailing platform and drivers depends on many factors such as the unit benefit brought by using BT (b).
Achieving an all-win situation may not be automatic though. In other words, in general, when using
BT is beneficial to the ride-hailing platform, it need not benefit the drivers and customers. It is
interesting to note that the drivers and customers will both be benefited by the use of BT under the
same condition. In other words, when using BT is good for the drivers, it will also be good for the
customers (and vice versa). As such, for policy makers, the way to achieve all win only requires to
provide the right incentive (i.e., sponsor) to make sure the ride-hailing platform will vote for using BT
if it is beneficial to customers (and hence also the drivers). This makes the policy easier to implement.

Degrees of risk-aversion: We reveal an insight that using BT is especially beneficial to the more
risk-averse ride-hailing platform. In other words, if the ride-hailing platform’s manager is more risk
averse, using BT is especially significant. However, for the SRA customers, whether it is especially
significant for the case with the more risk-averse SRA customers depends on their specific degree of
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risk aversion. In particular, if the existing SRA customers are already substantially risk-averse (i.e.,
their fear to safety is sufficiently high), then the benefit of using BT is especially prominent to them.
Comparisons of two different costing models: When we compare the two costing models, under
the case when government sponsor S is needed to achieve the all-win situation, it is most interesting
to find that the required sponsor amount is the same under the two examined costing models. This
implies that for the implementation of government sponsorship scheme, it is in fact easy to do so and
policy makers of governments do not need to worry too much about the costing structure. When we
compare the optimal service prices, it is rather natural and intuitive to find that the one under Model
EM is higher because when the cost is larger (with both the fixed cost and demand-increasing variable

cost), the price will also be higher. For the feasibility risk averse coefficient to ensure a profitable

business of the ride-hailing platform operations, we have k®" >k which implies that the ride-hailing
platform has to be less risk-averse under Model EM (compared to Model BT with only a fixed cost)
in order to have a profitable business.

Similar to other analytical studies, we admit a few non-trivial limitations which call for further
research. To be specific, in this paper, we focus on the analytical models with which we do not consider
the specific arrival patterns of customers. Future research can consider this factor by making it a
queueing model based study. In this study, we focus our analysis on safety risk while not putting
emphasis on environmental sustainability related issues [51, 52, 53, 54]. It will be interesting to
consider the environmental impacts associated with the deployment of BT in future studies.
Furthermore, we do not consider market competition. In the future, exploring platform level

competition can enrich the findings.
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Appendix (A1)

Table 1. The notation and abbreviation table

Notation/Abbreviation

Meaning

SRA

Safety risk averse

Non-SRA Not safety risk averse

BT Blockchain technology

Model BT The model under which BT is used and incurs a fixed cost 7

Model EM The model under which BT is used and incurs both a fixed cost 7 and a
demand-increasing cost

PF Platform

DR Drivers

c Unit income of drivers

m Unit operating cost of drivers

& Safety fear by customers, which reflects the degree of SRA attitude

a The proportion of SRA customers

a The mean of «

o2 The variance of a (without the use of BT)

D The demand for ride-hailing services, which is random (without the use
of BT)

D The mean of D (without the use of BT)

D The variance of D (without the use of BT)

f[PF The profit function of the ride-hailing platform (without the use of BT)

I:IPF The mean of ﬁpF

I, The variance of I:IPF (without the use of BT)

Upe The mean-standard-deviation form of objective function for the ride-
hailing platform (without the use of BT)

k The risk-averse coefficient for the ride-hailing platform

CSqra The consumer surplus for the SRA customers (without the use of BT)

CS, on_sra The consumer surplus for the non-SRA customers (without the use of BT)

CS The consumer surplus (without the use of BT)

My The expected profit of drivers

p’ The optimal service price (without the use of BT)

k The feasibility risk-averse coefficient threshold (without the use of BT)

DBT The demand for ride-hailing services, which is random (under Model BT)

52 The variance of & under Model BT

b The enhanced trust utility to customers with the use of BT

T The fixed cost incurred with the deployment of BT (e.g., the rental service
fee for the BT solution provider)

ey The profit function of the ride-hailing platform (under Model BT)

Mor The mean of ot

1 The variance of ITg;

Upe The mean-standard-deviation form of objective function for the ride-
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hailing platform under Model BT

P The optimal service price (under Model BT)
k BT The feasibility risk-averse coefficient threshold (under Model BT)
EVBTY The expected value of BT for the ride-hailing platform under Model BT
EPVBTS' The expected perfect value of BT for the ride-hailing platform under
Model BT
S The government sponsor
K The BT cost function under Model EM
pEM” The optimal service price (under Model EM)
KEM The feasibility risk-averse coefficient threshold (under Model EM)
ey The expected profit function of the ride-hailing platform (under Model
EM)
EVBTEM The expected value of BT for the ride-hailing platform under Model EM
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