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Abstract
We introduce a risk assessment framework for digital identification
systems, as well as recommended best practices to enhance privacy,
security, and other desirable properties in these systems. To gener-
ate these resources, we created a casebook of a wide range of digital
identification systems, and we then applied expert analysis and
critique to identify patterns. We piloted the framework on several
reviews within our organization over a period of approximately
one year, and found it to be robust and helpful for those reviews.
This work is intended to inform product review and development,
product policy, and standards efforts, and to help guide a consistent
responsible approach to digital identification across the broader
digital identification ecosystem.
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1 Introduction
In recent years, many digital identification systems have been
launched or proposed. For example, the press has reported on
refugees scanning their irises to authenticate themselves to receive
food and cash in certain refugee camps [44, 46, 76]. The company de-
ploying the technology has promoted it as a secure way for refugees
to efficiently prove their identities, e.g., to quickly check out of a
grocery store at a refugee camp [46]. Proponents have also pointed
out that iris scans are an effective way to minimize fraud from peo-
ple who “dual register” to get extra benefits [46, 76]. At the same
time, refugee advocates have raised substantial privacy and human
rights concerns such as creating a database of stable identifiers of
vulnerable populations [44, 46, 76]. Beyond distribution of goods
and services [66, 83], many other use cases for digital identification
systems have emerged as well, e.g., mobile driver’s licenses [16],
transportation cards [41, 92], health certificates [2, 7, 52], human
verification [8, 40], social media verification [62], driver authenti-
cation [39, 85, 86], identification of homeless individuals [19], and
more.

Such digital identification systems offer many benefits such as
convenience and authentication. Further, digital identification offers
substantial advantages over physical identity cards, for example,
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allowing people to present the minimum information necessary
rather than all information on their government identity card, e.g.,
digital identification may allow a user to show their age without
revealing additional personal information such as their address. At
the same time, digital identification may create substantial risks
such as impersonation, fraud, surveillance, increased government
access to data, or broad data breaches.

Demand for digital versions of government identification, health
certificates, and other documentation is growing rapidly [66], ac-
companied by public policy calls for responsible development of
such technology [27, 28]. However, many aspects of digital identifi-
cation are as yet unresolved, and best practices for digital identifica-
tion have not yet been fully established. Even when best practices
have been articulated, they have often not been achieved in practice,
for example, because of lack of awareness or because improvements
rely on cooperation across a large ecosystem of issuers,1 verifiers,2
and technology providers.

We introduce a framework of risk analysis and best practices for
digital identification, based on expert experience and case analysis.
The work is intended to inform product review and development,
product policy, and standards efforts, and to help guide a consis-
tent responsible approach to digital identification across the wider
digital identification ecosystem.

Digital identification is a broad space. Our exploration centers on
issues such as provisioning,managing, and presenting ID/credentials
(e.g., driver’s licenses, health cards) issued by governments/author-
ities or by non-government entities—this may also include, for
example, mechanisms to verify or impute government ID (e.g., the
use of facial recognition to infer a person’s legal identity), or the
use of non-government identification systems to provide govern-
ment/social services. While authentication is not our main focus,
we have considered it in our analysis and provide select illustrative
examples related to authentication. Issues such as the following are
beyond the scope of our exploration: labeling identity attributes
(e.g., assigning gender [69]), or personal presentation [33] in digital
spaces (e.g., social identity management).

Further, in this work, we focus largely on identifying and re-
ducing potential risks to users and society, many of which revolve
around privacy and security. Even within this scope, we do not
consider this work comprehensive, and beyond that we recognize
that other considerations must also be taken into account when
assessing digital identification systems. Accordingly, we view the
1We define an issuer as an organization that generates a digital card and provides it
to an individual, often through an app a user has installed on their phone or by email.
For example, a healthcare provider or pharmacy may issue a vaccine card.
2We define a verifier as any organization that reads the information in the credential.
For example, a concert venue may check health certificates as a condition of entry.
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framework to be just one tool among many to consider the safer
deployment of technology.

The remainder of the paper is structured as follows. We begin
by reviewing relevant background. Next we describe our method-
ology and introduce the framework. We then provide additional
discussion and conclude.

2 Background
In this section, we review relevant digital identification systems,
products, and standards, andwe then turn to risk and harms analysis
frameworks.

2.1 Digital Identification Systems
Digital identification is a broad and still developing space. While
digital identities have existed for decades [88], and efforts such as
the W3C’s work on decentralized identifiers (DIDs) [73] have ad-
vanced standardization, much work remains to increase awareness,
availability, and consistent application of best practices.

2.1.1 Legal Digital Identity. The digitization of legal identity is at
various levels of deployment in countries globally. Electronic pass-
ports may be considered the first widely deployed digital identity,
but their use is primarily for international travel (see [77] for a
discussion of digital support for “use cases that normally require a
physical passport,” and [48, 70] for discussion of considerations and
concerns with the use of biometrics in border control and e-passport
applications). In the European Union, extensive standardization
work has been underway for some time to ratify eIDAS (electronic
Identification, Authentication, and Trust Services) 2.0 [26]. In the
US, the deployment of mobile driver’s licenses (mDL) has been
tested in several jurisdictions [16].

Legal digital identity deployments often involve many parties:
government agencies, government-approved technology vendors,
and consumer technology vendors. For example, in the US, govern-
ment digital identification is the responsibility of each state’s depart-
ment of motor vehicles (DMV) [42] which need to meet emerging
federal guidance [78]. These government entities then outsource
the technical integration work to approved vendors which then inte-
grate with consumer technology providers through standardized or
non-standardized means. Each of these steps provides opportunities
for risk assessment, consideration of best practices, and application
of standards. However, given the many layers of integration, even
identity systems which have been undergoing standardization for
years, such as mDL, will have gaps in standards coverage—such as
a lack of standards specifying provisioning protocols.

2.1.2 Consumer Digital Identity. Consumer digital identity is sim-
ply the mapping of a person to their associated data with an online
software service. In the past, usernames and passwords, which acted
as a public identifier and a secret knowledge factor, were the ways
that consumers managed that association. Many consumer devices
now support both secure cryptographic key management and local
measurement of biometrics, which enable newer approaches, such
as FIDO’s Passkeys [29].

Consumer digital identities are usually purpose-driven, from
accessing email services to providing loyalty discounts at a chain
of stores. While there are many different standards, there is no

obligation to rely on any given standard. Additionally, the purpose-
oriented naturemay change the requirements that a service provider
holds a consumer to, such as providing a valid credit card or photo
of a legal identity document.

2.1.3 Physical Identity. Underpinning both legal and consumer
identity are the associated person’s actual physical identity. Histor-
ically, biometrics were collected mainly in support of legal identity,
binding paperwork to a physical person. With facial recognition
technologies, it has become increasingly common to map from
biometrics to legal digital identity. Further, with technological ad-
vancements in mobile devices, biometrics now underlay not only
legal identity but consumer digital identities as well.

2.2 Risk and Harms Analysis Frameworks
Disciplines such as security and privacy have a valuable tradition
of sharing guidelines that outline best practices, identify risk, and
minimize harms [10, 21, 35, 38, 50]. Such frameworks allow experi-
enced practitioners and researchers to synthesize and share their
insights, making them more accessible to developers, regulators,
advocates, and others. In this way, risk and harms frameworks can
be used to evaluate and improve technical systems. For example,
they may be used during formal processes such as launch reviews
or adversarial testing, or more informally during product discus-
sions or design sprints. These frameworks can also drive standards
and policy agendas. Such frameworks are particularly valuable
for emerging technologies and topics, where complex real-world
practical challenges may not yet have been widely articulated or
discussed.

Frameworks emphasizing risk and harms have become more
prominent, particularly with the emergence of responsible innova-
tion and responsible AI approaches [74, 87]. Shelby et al. developed
a taxonomy of sociotechnical harms of algorithmic systems, based
on a review of research on this topic [71]. Relatedly, Scheuerman
et al. employed a grounded theory approach to develop a frame-
work of harmful content online [68]. Neither of these frameworks
are specific to digital identification, and we view them as comple-
mentary to our approach in that they articulate a large range of
potential harms which may be considered as part of risk assessment
during the application of our framework. Warford et al. introduce
a framework that synthesizes research on risk factors for at-risk
users [84]. While this work is not specific to digital identification,
it describes real-world circumstances and practices of at-risk users,
and is therefore complementary to our approach in that it may be
used to help assess the impact of certain implementation decisions
on at-risk users.

NIST 800-63 presents Digital Identity Guidelines which cover
interaction with government information systems, encompassing
identity proofing, authentication, and federated identity [78]. By
contrast, our work gives broad consideration to a wide range of de-
velopers and products, including government and non-government
actors and systems. The NIST Digital Identity Guidelines articu-
late a general impact assessment process consistent with the NIST
Guide for Conducting Risk Assessments [64], comprised of listing
groups that may be impacted, listing potential harms, assessing
severity, and determining the appropriate assurance level to be
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followed [78]. We view our work as complementary in that we ar-
ticulate specific risks, common pitfalls, and concrete best practices
in the development and implementation of digital identification sys-
tems, providing a short, practical, targeted list of considerations and
capturing issues not highlighted in other frameworks. This comple-
mentary approach is supported by the NIST Guide for Conducting
Risk Assessments, which encourages the simultaneous application
of multiple risk assessment frameworks and advocates for tailored
approaches to risk management [64]. The NIST Guide for Conduct-
ing Risk Assessments further calls for organizations to share their
risk-related learning and expertise whenever possible [64], which
is our goal in sharing this framework.

3 Methodology
To frame our exploration of the space, we constructed a casebook
of 37 digital identification products representing a broad range of
issues. We constructed the casebook fromOctober 2021 through No-
vember 2022, and reviewed and analyzed it from June 2022 through
January 2023; we overlapped the casebook construction, review, and
analysis so that we could iteratively select informative cases and
also incorporate newly emerging issues. We chose the casebook ap-
proach because digital identity issues are highly contextual, so spe-
cific cases elucidate important risks and mitigations. To construct
the casebook, we consulted internal stakeholders and reviewed
external literature to identify a wide variety of real and fictional
systems/products (e.g., [15, 18, 19, 22, 39, 43, 46, 47, 63, 80, 85]) and
then wrote a précis of each. We completed case collection when we
reached saturation of risk factors [32, 67]. For more information
about the cases, see Appendix A, Table 6.

The cases were reviewed and analyzed by four co-authors who
are experts in digital identification systems; amongst these review-
ers there is also expertise in security, privacy, AI ethics, health
ethics, human-computer interaction, human rights, and related is-
sues. We reviewed and independently scored each case according
to (1) risk and (2) whether a technology company should build the
product. We also optionally wrote open-ended comments on our
analysis of each product.

Our evaluation strategy was within the context of a global hu-
man rights perspective, implemented by cross-disciplinary experts
working in a multinational context. In that context, cultural or
regulatory norms may be acceptable to product creators, such as
sharing user-identifiable biometric embedding data with a central-
ized government database, but still introduce vectors of human
rights abuse by the product creator or others who access the data
through legitimate or illegitimate means. Further, security and pri-
vacy mechanisms often generate broader concerns, necessitating
holistic review. Accordingly, we considered both first- and second-
order effects, e.g., the construction and potential abuse of central-
ized databases, as well as foundational techniques that canminimize
the risk of harmful second-order effects. Our primary focus was
on risks and harms that may impact identity holders and society;
while we considered holistic perspectives and practical constraints
for all actors in the ecosystem, we primarily rely on operational
mechanisms beyond our framework to advocate for the needs of
issuers and verifiers.

We then held a series of reconciliation meetings, supplemented
by occasional written communication, to understand and/or resolve
discrepancies. Most discrepancies were due to different priorities
and/or missed risks; in the reconciliation discussions a reviewer
often adjusted an outlier score to a higher risk level, which brought
scores closer together. Discrepancies were typically not due to differ-
ent assumptions about the facts of the cases. We took detailed notes
throughout the reconciliation, for example, noting best practices
that in our experience are often overlooked.

We used an inductive approach to explore emerging themes and
common patterns in the cases [79]. Drawing on reflexive thematic
analysis approaches [11, 12], we iteratively developed and refined
a list of risk factors that were most salient for each of the digital
identification cases. In some instances these risk factors stemmed
from our own prior experiences reviewing digital identification
products. In other instances, we built on and/or extended existing
concepts from security, privacy, and related literatures to develop
risk factors, e.g., trusted versus non-trusted parties, selective dis-
closure [56, 82], unlinkability [35, 60], revocability [77], on-device
processing [1, 55], shared use [51], notice and consent [4, 23, 58, 65],
and inclusion and equity [5, 83, 91]. We do not claim the list of risk
factors is exhaustive; part of our contribution here is to prioritize
and select from a larger set of possible considerations.3 Our final list
included 22 risk assessment factors, and we then organized those
risk factors into five main categories. As we progressed, we also
took note of other guidance such as common pitfalls and mitiga-
tions for individual risk factors. At the end of the process, we had a
casebook with a précis and a risk and mitigation analysis for each
case, and a broader framework with 22 risk factors, recommended
best practices, common pitfalls, mitigations, open questions, and
other guidance for digital identification systems.

As an early pilot of the framework, we worked through two
live product reviews in detail; gathered feedback from nine experts
in security, privacy, at-risk users, law, and public policy; and iter-
ated on the content of the framework. In one live product review,
we engaged directly with the product team as well as multiple
cross-functional stakeholders over an extended multi-month period
during the product development cycle and review process. In the
other, we primarily served the role of supporting launch reviewers
performing a complex risk analysis. In both of these reviews, we
found the framework covered key issues and was helpful in adding
weight to the importance of best practices.

We then piloted the framework in eight additional product re-
views, engaging with approximately 20 cross-functional stakehold-
ers (representatives from product teams, AI ethics, human rights,
legal, privacy, product policy, public policy, and security) within our
organization over a period of approximately one year. The bulk of
the reviewing took place throughout 2023 with minor activity con-
tinuing into 2024. Our typical approach was to begin our analysis as
we normally would, by learning about the product and the current
thoughts of other reviewers and stakeholders. Once we had formed

3For example, usability is a consideration for digital identification systems [45] but
we do not include an overarching risk factor for it, as in our experience that is often
well-covered in other aspects of product development and review. At the same time,
we do include risk factors for specific aspects of usability which are highly salient and
often problematic in digital identification systems, such as shared use and notice
and consent.
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our opinions, we revisited the framework to compare the risk fac-
tors with issues that had been identified thus far. Broadly, we found
that issues that were not within clear scope of established review
functions were sometimes overlooked or de-prioritized by others,
but were highlighted in the framework, illustrating the importance
of integrating review across organizational boundaries. In other
words, the framework was useful for drawing attention to issues
(often, second-order effects or societal concerns) that fall in orga-
nizational gaps. We also saw that the framework identified issues
missed by less experienced reviewers, and there was inconsistency
in which factors might be overlooked, illustrating the utility of the
framework for product teams and reviewers less versed in these
issues. We found that experts with a high level of practical, multi-
disciplinary experience assessing digital identification systems or
similar products did not typically miss factors in the framework,
but it was a useful checklist and also a useful tool for advocating
for the prioritization of issues that might otherwise receive less
attention. We end by observing that, as noted in Section 1, a wide
range of considerations must be taken into account, and our work
was used as one tool among many to consider the safer deployment
of technology.

4 Framework
We begin by presenting our framework, comprised of 22 risk assess-
ment factors, shown in Tables 1 through 5. Each factor is presented
with a more desirable “lower risk” choice on the lefthand side and
a less desirable “higher risk” (or unnecessary risk) choice on the
righthand side. For example, in Table 1 a trusted parties approach
(lefthand side) is typically lower risk than a non-trusted parties
approach (righthand side). In some cases these choices are binary
while in others they may represent endpoints in a spectrum. The
risk factors are grouped into the following five main categories of
risk assessment considerations for digital identification systems
which emerged from our analysis:

• High-Level Approach (Table 1)
• Desirable Properties (Table 2)
• Recommended Techniques (Table 3)
• Undesirable Technical Consequences (Table 4)
• Societal Impact (Table 5)

After presenting our framework, we discuss how to use the frame-
work, give an example application of the framework, and highlight
nuances of specific risk factors.

4.1 How to Use the Framework
In a typical approach to using the framework, we envision it as a list
of considerations that reviewers can work through when evaluating
a given system, product or proposal. This evaluation may occur at
various stages in the product development life cycle, from ideation
to launch or even post-launch review. Consistent with privacy by
design and related approaches that advocate early reviewer engage-
ment and proactive consideration of best practices [17], ideally we
recommend that evaluation begin during the design stage (a high
leveragemoment to identify issues and recommend implementation
paths) and continue through the life of the product (perhaps with
lightweight engagement if issues were addressed early). However,

the framework can be useful at any stage, and in practice, it may
often be invoked at launch review.

The reviewers may be the developers or designers of a system,
perhaps without expertise in digital identification systems. At the
same time, given that digital identification is in many ways a fairly
nascent space, it is often beneficial to include expert reviewers; these
may include cross-functional experts from a range of domains, such
as human rights, law, privacy, security, user experience, and more,
working together to share ideas and facilitate a holistic review.

Reviewers can proceed by working through the framework, con-
sidering each risk factor in turn.4 For each risk factor, reviewers can
assess whether the product design follows the “lower risk” prac-
tice, falls on the spectrum in between the “lower risk” practice and
the “higher risk” practice,5 or follows the “higher risk” practice; or
alternatively determine the factor is not applicable. If the factor is
applicable and the system does not follow the “lower risk” practice,
the reviewers can debate whether it would be possible to adjust
the product to follow the more desirable practice, or move closer
towards it, and if so, the pros and cons of making that change.

In some cases it is not viable to follow or more closely approx-
imate the lower risk practice. For example, certain best practices
for privacy and security are more easily followed in some infras-
tructures than others. Consider on-device processing, which often
offers protections that server-side processing does not.6 The archi-
tecture of some offerings makes it difficult or infeasible to limit
processing to on-device.

Overall, if a system does not follow the desirable “lower
risk” practice, reviewers should robustly consider potential
harms and alternative product choices. This analysis should
naturally take into account a wide range of considerations not only
from this framework but from many other tools and stakeholders
as well, leading to a recommendation whether to move forward as
is, or to modify or even cancel the product.

The description above notwithstanding, we hope our readersmay
use the framework however it best suits their needs, andwe imagine
it could productively be used as a type of checklist, or modified for
use as a scoring system. Naturally we also encourage organizations
to tailor the framework as appropriate, consistent with [78]. Based
on our own experience with internal testing, the following may
also be particularly useful in deployment in other organizations:
apply the framework in the design stage and beyond; encourage
use of the framework by non-experts; and attend carefully to issues
in the framework that have no clear owner.

4We have found it reasonable to work through the risk factors in the order presented,
but it is certainly sensible for others to follow whatever order seems most useful for
their own purposes.
5As mentioned above, some factors may be binary and some may fall on a spectrum,
depending on the risk factor and its interaction with specific system details.
6We do however recognize the limitations of on-device approaches. For example, while
on-device approaches protect biometric templates being accessed or stored, they do
not protect against physical acquisition of devices.
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Table 1: Risk assessment factors for High-Level Approach (major design choices). Risk assessment factors in Tables 1–5 may be binary or
may represent endpoints in a spectrum. Unless otherwise noted, examples throughout the paper are intended to be abstract and/or fictional
rather than representing real-world products.

High-Level Approach
Lower Risk Higher Risk

Trusted Parties

Example: A service to present legal ID will display creden-
tials only to government verifiers such as the TSA

Non-Trusted Parties: Sharing credentials with non-
trusted parties can lead to data proliferation

Example: Many parties (often non-trusted verifiers) request
users provide health credentials to access physical spaces such as
restaurants, bars, gyms, and more

Effective: The proposed mechanism is sufficiently
accurate and feasible to achieve the desired results

Example: Face Unlock stops some, although not all, au-
thentication attacks

Ineffective: The proposed mechanism is not sufficiently
accurate or feasible to achieve the desired results

Example: Relying on voice identification for authentication
in situations where high accuracy is needed

Biometrics Uniquely Advantageousa: If biometrics are
used, biometrics appear inherently useful and well-suited
to the use case; it may be possible to demonstrate that
non-biometrics can not achieve the product goal

Example: Use of facial recognition in combination with
other credentials for access to high security areas in a workplace

Biometrics Used When Not Necessary: Biometrics are
used but a non-biometric mechanism is available that
would be less risky, and equally or more effective

Example: Use of palm prints at point of purchase; while
palm prints appear preferable to face matching, it may further
reduce risk to rely on a proxy device or card [47, 89]

Government Actor Performing Government Func-
tion

Example: Government builds an app and verification pro-
cess to issue and present digital version of legal ID

Non-Government Actor Performing (Pseudo)
Government Function

Example: Third party becomes purveyor of legal ID, or
third party verifies user owns a given legal ID

a Here, when we refer to biometrics, we are considering the case where the product/service provider will verify the biometrics and
perhaps store them server side, not just use existing mechanisms like Touch ID. This guidance is not meant to discourage developers
from using Touch ID.
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Table 2: Risk assessment factors for Desirable Properties.

Desirable Properties
Lower Risk Higher Risk

Reveals Minimum Information Necessary to
Achieve the Goal: Selective disclosurea

Example: A health app presents vaccination status (e.g.,
up-to-date, not up-to-date) and no further detailsb

Reveals More Information Than Necessary to
Achieve the Goal

Example: A health app displays all vaccination informa-
tion such as the person’s name and date/location of vaccinations

Unlinkability: Cannot link user identity across different
uses of the same credential

Example: An age verification app generates one-time use
credentials so that a user’s sessions can not be linked

Links An Identity to Other Data: Links one identity,
such as a legal identity, to other data, such as online
activity, OR Creates a Record of Transactions Linked
to An Identity

Example: Subway pass and associated transit activity are
linked to user account including name, payment information, and
other data [92]

Revocability: The issuer can easily revoke and reissue
the credential

Example: An app to display a government-issued driver’s
license is architected in such a way that the government can revoke
the license and/or issue an updated version of the license, e.g., with
a new expiration date

Not Easily Revocable: The issuer can not easily revoke
and reissue the credentialc

Example: An app to display a government-issued driver’s
license is architected in such a way that the government can not
revoke and/or issue an updated version of the license

a Selective disclosure very often arises in the context of electronic presentation of government-issued credentials, such as government
IDs or health certificates.

b Consider also the application of selective disclosure for online age verification, where it has been proposed as an improvement
over less privacy-conscious online mechanisms [9, 49, 75]; at the same time, some argue that in this domain online processes
substantially increase risk over in-person presentation even with protections such as selective disclosure in place [24, 34].

c We emphasize here potential disadvantages to users who may have difficulty getting up-to-date credentials, or societal risks of
out-of-date credentials which enable unauthorized access or permissions.
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Table 3: Risk assessment factors for Recommended Techniques.

Recommended Techniques
Lower Risk Higher Risk

Ephemeral: Risk is lower if data is deleted (almost)
immediately, even though data deletion is hard to
guarantee

Example: Biometric data is gathered when user is first issued a
certificate, and then it is deleted; after issuance non-biometric
credentials are used

Permanent Record: Sharing and holding data carries
risk; stable identifiers are more risky than non-stable
identifiers

Example: Biometric data is gathered for authentication
and then stored permanently

On Device

Example: The use of facial recognition for unlocking a
user’s phone can often be performed on device, greatly reducing
potential access to biometric data

Server Side

Example: Users can use their palm prints at point of pur-
chase, enabled by a server-side database of palm prints [47, 89]

Initial Launch Incorporates All Privacy and Security
Best Practices

Example: Initial launch is delayed to implement a stronger
security mechanism

Initial Launch Does Not Incorporate All Privacy
and Security Best Practices

Example: Initial launch includes a reasonable security pro-
tection mechanism, but not the strongest standard option available

Effective Protection for Shared Use: System thought-
fully supports multiple users/accounts per device;
supports ID/credentials for minors

Example: An app to present government ID provides sepa-
rate profiles for different family members, and allows parents to
manage ID for their children

Does Not Have Effective Protection for Shared Use:
System does not sufficiently account for more than one
user/account per device; does not support ID/credentials
for minors

Example: An app to present government ID allows ID from
multiple legal names per account but does not offer security
protections for the different identities

Notice/Consent Provided: Subjects are notified,
provided meaningful consent, and have a viable opt-outa

Example: Meeting attendees are offered the opportunity to
opt-in to a system that identifies speakers and creates a transcript
with names

Notice/Consent Not Provided: Subjects are not notified,
are not provided meaningful consent, and/or do not have
a viable opt-out

Example: People are observed in a public place for urban
planning purposes, but are not made aware of ongoing identifica-
tion and/or are not offered an opt-outb

A Plan is In Place for Outages and Failures: Users
will be well-supported in the event of outages and failures

Example: Reasonable service guarantees are established

A Plan is Not In Place for Outages and Fail-
ures: Users will need to rely on physical documents
or expend undue effort in the event of outages and failures

Example: Users of a digital ID presentation app are told to
carry their physical ID with them at all timesc

a We note that as discussed in the literature, while notice and consent can be remediating factors, they may not fully ameliorate
risks [4, 58, 65].

b While details are not specified in the article, notice/consent issues may pertain in a situation such as the one posed in [15].
c Conversely, consider that in some situations it may be advisable to use physical ID rather than digital ID [81].
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Table 4: Risk assessment factors for Undesirable Technical Consequences.

Undesirable Technical Consequences
Lower Risk Higher Risk

Does Not Significantly Increase Risk of Fraud/Abuse:
System is resistant to fraud/abuse, does not create new
threats, and/or reduces pre-existing threats

Example: Rolling out smart cards for credit cards reduced
existing fraud (detection of which previously relied on risk models)

Facilitates Fraud/Abuse: System is easily circumvented
and/or creates new threatsa

Example: Third party gathers biometric data which if breached
could in theory be synthesized or replayed at other sites in order to
gain access or privileges

Data Set Already Exists: Risk is lower if the data set
already exists, particularly if it is already public

Example: Use of public images of celebrities to identify/prevent
celebrity impersonation on social media sites

Constructs a Biometric Data Set: System creates a
new biometric data set; concerning even if held privately
by trusted party, and even more concerning if publicly
available or held by non-trusted party

Example: Creating a new biometric data set to facilitate
provision of services

Verifier Already Has Subject’s Information: Verifier
already knows the information being gatheredb

Example: Travel authority already knows that a user with
a given legal name has purchased a ticket from one location to
another, and is simply verifying that the person holding the ticket
has that legal identity

Verifier Acquires Subject’s Information

Example: A bartender checking a person’s government ID
to confirm their age does not previously have access to their legal
name, address, or other information shown on their ID

a In considering fraud and abuse, we emphasize here potential disadvantages to users including not only the risk of falling victim
to fraud and abuse but also potential burdens placed on identity holders, such as increased effort or knowledge. Accordingly, we
advocate that costs should lie as much as possible with the issuer, with some costs likely falling to verifiers if they have additional
privileges or capabilities over credential holders, and costs should be minimized for users to the extent possible.

b In many workplace scenarios, or scenarios with high physical security, the verifier already has the subject’s information.
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Table 5: Risk assessment factors for Societal Impact.

Societal Impact
Lower Risk Higher Risk

Misidentification Does Not Cause Substantial Harma

Example: Identify individuals for the purpose of computing
aggregate metrics about space usage in the workplace and then
discard the identifications

Misidentification May Cause Substantial Harm:
False positives/negatives may result in substantial harm

Example: A facial recognition system that identifies home-
less individuals [19] might mistakenly label an individual
as “assaultive” resulting in dangerous confrontation with law
enforcement

Surveillance of Specific Individuals for Specific
Reasons

Example: In a system to monitor financial transactions,

identification is made only for transactions above a large

mandatory reporting amountb

Surveillance of Broad Population: Broad surveillance
without specific evidence against all individuals being
surveilled

Example: Automatically connecting to a government re-

source (e.g., each time a user wants to present their ID to a verifier)

could leak device information, IP address, or other data from all

usersc

Follows Best Practices for Inclusion and Equity:
Product experience is inclusive and/or expected impacts
are equitable

Example: Identification is roughly equally accurate for
members of different groups

Is Not Inclusive or Equitable: Product experience
is not inclusive and/or expected impacts are not equi-
table [53, 66]

Example: Has a negative impact on populations without
access to high-end devices

Follows Widely Accepted Principles of Human and
Civil Rightsd

Example: Vaccine card product undergoes a human rights
assessment prior to launch in order to identify and mitigate
potential issues

Product Experience/Impacts Do Not Follow Widely
Accepted Principles of Human and Civil Rights

Example: A health app makes it easier to identify certain
at-risk groupse

Similar Jurisdictions Are Offered Similar Products
and Protections

Example: A driver’s license product provides the same pri-
vacy and security protections to every state in the US

Similar Jurisdictions Are Offered Different Products
and Protections

Example: A driver’s license product provides different pri-
vacy and security protections to different states in the US

Compelling Benefit: Use case is compelling, so a full
risk/benefit analysis may be warranted

Example: Provide identification for people who are inca-
pacitated

Limited Benefit: Use case is not compelling, so even
minor risk seems unwarranted

Example: Use biometric identification to provide minor cus-
tomer service experience improvements, such as greeting guestsf

a Here we generally consider misidentifications in which the system makes an inadvertent mistake, although some of these harms
could also arise from intentional fraud or abuse.

b Consider [57].
c Consider also use cases discussed in [31].
d For discussion of human rights considerations in digital identification systems, see [7].
e As another example, consider concerns raised in [53].
f Consider [59].
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4.2 Example Application of the Framework
Here we return to an example raised in the introduction, the use
of iris scans for authentication for food and cash distribution in
refugee camps [44, 46, 72, 76]. In practice, one would work through
all risk factors in the framework. Here we focus on several of the
more salient risk factors to consider for that case:

• Biometrics Used When Not Necessary. While iris scans
offer advantages such as convenience and may open up ac-
cess to people without devices and/or reduce fraud [46, 76],
lower tech or non-biometric techniques such as a code may
be sufficiently effective and incur less risk [46].

• Constructs a Biometric Dataset. It is likely the case that
a database of iris scans does not previously exist, and con-
structing a data set of stable, non-alterable identifiers of a
sensitive population introduces risk of misuse or security
attacks [46, 76].

• Product Experience and/or Impacts May Not Follow
Widely Accepted Principles of Human andCivil Rights.
Given arguments raised by refugee advocates regarding
surveillance, consent, and personal safety threats [44, 46, 76],
a robust human rights impact assessment should likely be
performed to assess possible harms [76].

4.3 Risk Factor Details
While we do not discuss each risk factor individually for the sake
of brevity, many of the risk factors are largely self-explanatory and
do not require additional detail. However, some risk factors benefit
from additional comment. In this section, we elaborate on more
complex risk factors and highlight common pitfalls. Readers may
find it useful to begin by reading Tables 1–5, consulting the details
in this section as needed.

4.3.1 Trusted Parties ... Non-Trusted Parties (Table 1). Policies and
terms of service can specify how identification systems will be used,
and can limit access to trusted parties. For example, access to sensi-
tive technologies such as facial recognition can be controlled via
allow lists (see e.g., [3]). While limiting access to trusted parties is
ameliorative, and is generally lower risk, one should not assume this
is a complete remediation. For example, it is a pitfall to mistakenly
assume good actors can keep data secure, as public sector actors
(e.g., public schools) and others may have not have strong protec-
tive measures in place. Relatedly, sometimes an argument is made
that it is okay for a trusted actor to execute a potentially problem-
atic practice because the trusted actor will execute it responsibly;
however, this is a problematic argument since practices and tools
(e.g., APIs) that are established and normalized by “good” actors
can empower “bad” actors. We recommend carefully evaluating
such assumptions and arguments regarding trusted parties.

4.3.2 Effective ... Ineffective (Table 1). One common pitfall in digital
identification systems is to choose an approach that is not feasi-
ble for the population/situation, e.g., asking rideshare drivers to
authenticate themselves while driving, thereby creating hazardous
conditions [85]; or incorrectly assuming a given user population
has capacity to manage a particular type of secret, account, or de-
vice. An advisable mitigation is to engage with community partners
and/or conduct user research to confirm that a given approach is

appropriate (see Section 5.3 for more discussion of stakeholder
engagement).

Another common pitfall is to employ voice and/or affect recog-
nition as a primary factor for identification, a task for which they
typically are not sufficiently accurate/secure. Voice has fewer fea-
tures than facial recognition and is often not performed in a pro-
tected environment on device. Further, deep fake technology can
make it easy to circumvent voice (see [20] for an example of an
AI-generated synthetic voice successfully authenticating a user at
a financial institution); voice clips from high profile users may be
readily available, or people who have been close to the user can
provide data, to relatively easily train a generative model that is
sufficiently good to pass voice authentication models. Rather than
relying on voice and/or affect recognition as a primary factor, it
is advisable to use a different mechanism entirely [20]; and/or to
use voice, affect recognition, and other lower accuracy identifiers
as secondary factors (i.e., use them as a component in multi-factor
identification).

4.3.3 Biometrics Uniquely Advantageous ... Biometrics Used When
Not Necessary (Table 1). We recommend assessing whether biomet-
rics offer a genuine advantage for the use case, versus being used
unnecessarily. Biometrics are often proposed when less invasive
measures can achieve comparable effects. It is perhaps natural for
developers to gravitate towards biometric approaches as, for exam-
ple, they are a convenient way to provide usable security without
asking humans to remember a password or other secret. However,
biometrics introduce a number of substantial risks, e.g., they are
often (near) stable identifiers over the lifetime of an individual, so
once the information has been gathered, it can enable long-term
tracking [25, 36]; or they may be gathered non-volitionally.7 Due to
the sensitivity of biometrics, it is often advisable to use alternative
mechanisms that provide a level of indirection. It is often wise to
scope a system to achieve exactly what is intended and no more,
for example, to create a temporary identity that can be used only
in a specific situation and not more broadly.

Here is one common pitfall: unnecessarily using biometrics when
“device as proxy” meets the use case. As the sophistication of con-
sumer devices has improved, it is now possible for those devices
to make strong guarantees about access control to cryptographic
key material and associated operations. This capability is often
leveraged where the device acts as a proxy for the user’s identity
by registering key material the device holds on behalf of the user
and uses only after authenticating them.

Although “device as proxy” is already the de-facto standard for
many use cases (e.g., sign-in, autofill), too often products across the
industry fail to adopt this best practice. We recommend guarding
against this, and using “device as proxy” when practicable.8 Ever
since Touch ID on the iPhone, and perhaps before, it has been a
well-known, well-accepted security best practice to gather and keep
biometrics on device and then use the device as a proxy to submit
something other than biometrics to a server. A typical model is

7For example, law enforcement may compel people to unlock their devices with
biometrics, even if they can not compel them to provide passwords ([13, 81]). As
another example, face biometrics may be gathered easily in public spaces.
8In assessing practicality, we recommend considering the bottom tier of devices that
can provide such proxy functionality, and assessing whether it meets the use case.
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that the user inputs biometrics such as a fingerprint to authenti-
cate themselves on a device in their control, and then the device
becomes the interface to other less trusted services. In this way,
a user’s device can become a trusted proxy to translate between
on-device authentication and external services, bridging between
easy-to-use authentication for the user and authentication with
desirable properties for online use (e.g., cryptographic security and
revocability). Some apps use QR codes for this purpose, and for
specific use cases (e.g., payments, presentation of mobile driver
licenses) NFC-based protocols are available.

4.3.4 Unlinkability ... Links An Identity to Other Data (Table 2). A
system may be designed for unlinkability (see e.g., the approach
outlined in [41]), such that user identity can not be linked across dif-
ferent uses of the same credential. This affords a number of privacy
advantages, and is desirable for many everyday use cases [36]. In
fact, Goodell and Aste argue that “support for multiple, unlinkable
identities is an essential right” [36]. Unlinkability can be supported
by generating one-time use versions of the credential, and/or by
using credential formats and methods that support unlinkability,
e.g., generating credentials that do not re-use key material, time
stamps (credential expiration, etc.), or other correlatable data across
credential presentations.

However, unlinkability may be at odds with certain types of
personalization or other potential benefits, as it is in opposition
to recognizing the same user at a repeat visit. Some systems may
therefore support linkability, e.g., creating a record of transactions
linked to an identity. Using an anonymized identity does not provide
full protection in this case, as the record of transactions may reveal
deanonymizing or otherwise private information.

4.3.5 Revocability ... Not Easily Revocable (Table 2). An often over-
looked complexity in issuing digital identity and credentials is that
they may expire (e.g., consider expiration dates on driver’s licenses)
or be revoked (e.g., consider a driver’s license revoked by a state
agency). Presentation of physical identity documents often relies
on the notion that a human will examine the document in person
and notice if it is out-of-date. However, in many use cases digital
identity documents will likely not be examined by a human (for
example, they may be checked automatically) and/or the expira-
tion date may not be visible on a digital identity document due
to selective disclosure. Accordingly, digital identification systems
should consider mechanisms to manage the lifecycle of identity
and credentials, including renewal and revocation.

In developing a plan to allow issuers to reissue and revoke creden-
tials, it is important to explore considerations such as the following:
whether the approach is resilient to malicious users and/or attack-
ers; and whether the approach will leak data about the user. For
example, there may be a strong correlation between criminal activ-
ity such as a DUI and revoked credential status, so it is advisable to
consider privacy-protective mechanisms for revoking credentials.

4.3.6 Does Not Significantly Increase Risk of Fraud/Abuse ... Facili-
tates Fraud/Abuse (Table 4). A given digital identification system
may substantially impact the risk of fraud/abuse. For example, it
may be easy to circumvent a given system, or it may be easy to use
deep fake technology or otherwise mislead or bypass it. Further,

for some high profile individuals, much or all of the necessary in-
formation to obtain a digital identity credential may be publicly
accessible, so additional protections may be appropriate for such
individuals.

As another example, a given identification system may introduce
a new exploit or line of attack, creating significant new risk of
fraud or abuse beyond the product. For example, it may facilitate
impersonation in other services, e.g., by constructing a high quality
voice model that could be used for voice generation. Alternatively,
it may allow a fraudulent purveyor to gather identity metadata
from many customers and reuse or sell that data, or the system may
be designed such that it can be appropriated to intentionally inflict
individual harm.

Another pitfall is that recovery mechanisms can enable identity
theft. Recovery mechanisms are a difficult problem and, currently,
they are often (one of) the most insecure part(s) of a system; unfor-
tunately, account recovery often depends on less secure information
than the primary authentication mechanism. Therefore, recovery
mechanisms are frequently targeted for fraud and abuse. One ad-
visable rule of thumb is that the recovery mechanism should be at
least as strong as the actual mechanism.

4.3.7 Surveillance of Specific Individuals for Specific Reasons ...
Surveillance of Broad Population (Table 5). Many commenters have
observed that digital identification systems pose significant surveil-
lance risks. One common pitfall is choosing an approach that is
unnecessarily expansive, e.g., gathers highly sensitive data when
less sensitive data would work as well. In this situation it is recom-
mended to choose instead a targeted mechanism for the precise use
case.

Linkability is also an important consideration for surveillance,
and there are often opportunities to limit it. For example, one can
implement static rather than dynamic issuance of government ID
for presentation (in the dynamic case, a system could pass each
request from the verifier to the issuer, posing privacy challenges). As
another example, if long-term surveillance is in place (for example,
for urban planning) and biometrics are used, such biometrics can
be used exclusively to trade (bootstrap) for a code for regular use
to avoid long-term use and surveillance with biometrics.

Another often overlooked consideration is the potential for a
service from a “good” actor to be used in a different way. Think of
dual-use of a given technology, an issue often raised in responsible
AI (see e.g., [61]), and assess how quickly and easily a providermight
switch from providing a service to conducting surveillance. Further,
consider whether the product or feature introduces additional risk
of search or data requests. For example, a user stopped by law
enforcement might be required to use their phone to transmit their
mobile driver’s license data. Consider whether there is any risk the
phone might then be subject to additional search.

5 Discussion
In this section, we discuss some of the overarching considerations
regarding privacy, security, and safety that arise across multiple
risk factors in the framework.
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5.1 Standards That Enhance Privacy and
Security

Digital identification requires coordination across a large ecosystem
of issuers, verifiers, technology providers, and others. It is difficult
for a single player to implement a best practice for digital iden-
tity in isolation, although in some cases it is possible for a single
technology provider to take an existing standard and layer a best
practice on top of it. Standards are a good mechanism for coordina-
tion but take a long time (typically years) to put in place, and often
lag current technology and best practice. To ensure the ecosystem
moves towards best practices as efficiently as possible, standards
for digital identity are an important area of investment, especially
to support desirable properties called out in the framework such as
selective disclosure, unlinkability, and revocability.

As an illustrative example, consider one of the most valuable
affordances of digital identification, selective disclosure, i.e., the
ability to present only the minimal information required in a partic-
ular circumstance. For example, when presenting a physical driver’s
license to prove their age in order to purchase alcohol at a bar, a
person typically shows the front of their driver’s license which in-
cludes not only their age but also personal information such as their
home address. By contrast, with digital identification, that same
person could show only their age along with a photo.9 However, in
practice, selective disclosure is often not used. For example, elec-
tronic presentation of proof of COVID-19 vaccination has typically
involved display of full information about vaccine administration
(type, number, date) from which sensitive information such as age
or medical status could be inferred. A more security-conscious im-
plementation would simply confirm whether or not the person is
up-to-date on their vaccinations [2].

Individual actors can not easily establish or enforce selective
disclosure, as it must be implemented across issuers, verifiers, and
presentation apps; rather this technique is more effectively enforced
through cooperative agreements and standards. Standards bodies
should more aggressively pursue this important strategy.

5.2 Launch Velocity
Companies may experience significant pressure to bring digital
identification systems or products to market quickly. For example,
they may feel time pressure to bring a partially developed product
to market to “hold their place” in a rapidly changing landscape, even
if current functionality offers only limited user benefit. Further, they
may favor the popular launch-and-iterate innovation strategy that
emphasizes agility and continuous improvement based on releasing
products with reasonable (but perhaps not ideal) functionality to
get real-world experience and feedback.

These pressures notwithstanding, in this domain it is gener-
ally inadvisable to prioritize launch velocity over best practices
in privacy, security, fairness, human rights, and other values. The
launch-and-iterate innovation strategy founders when actions with
serious consequences can not be undone. In high risk or sensitive
domains such as digital identity, real-world experimentation can be
9We note that, while highly protective, selective disclosure may not offer complete
privacy protection if credentials with selective disclosure have opaque but persistent,
unique value. It is advisable to implement and advocate for standards for single-use
credentials with opaque attributes that appear different across different instances of
the user’s credential.

risky. If something harmful is launched, it may not be possible to
roll it back. Key data may already have been exposed, or harmful
precedent may have been set for non-ideal practices that other
companies then emulate.

In the digital identification space, it is advisable to move thought-
fully and carefully, minimizing unnecessary exposure by drawing
as much as possible on well-established practices such as adver-
sarial testing. We also note that prioritizing launch velocity often
creates false dilemmas that can be resolved by thoughtful design
and/or additional engineering work. At the same time, “launching
and iterating” and “launching safely” are not entirely at odds. Care-
fully designed product roadmaps that lay out a path for the next
several launches, accompanied by principled protections for each
launch, can go a long way towards mitigating potential hazards of
an incremental and agile launch process.

5.3 Stakeholder Engagement
Digital identification systems raise many complex sociotechnical
issues. For example, equity is a key consideration for identity, partic-
ularly where government-issued credentials are concerned. Acces-
sibility and fairness metrics (for example, measuring performance
for different groups) are now increasingly common during product
development and launch review. Analyses should also go beyond
these issues to consider broadly who is vulnerable and how the
product might affect them, for example, children, elders, survivors
of intimate partner abuse, refugees, and others. For example, are
recovery mechanisms equally accessible to different groups, e.g.,
do in-person recovery mechanisms support urban and rural users
equally well? Consider also non-users who may be affected by the
product, for example, because it normalizes use of digital identity
tools to which they do not have ready access and adds friction to the
use of physical documents. Is deployment of the technology likely
to create friction for the use of physical documents, disadvantaging
those without access to digital identification?

Such questions are best addressed in partnership with poten-
tially affected communities. Community members, advocates, and
regional experts can provide valuable insight regarding real-world
impacts of digital identification, including weighing in on specu-
lated harms and proposed mitigations. For example, intimate part-
ner violence scenarios are nuanced and it can be difficult to predict
how a given digital identification feature may be (mis)appropriated,
especially given complexities with shared devices. Advocates can
shed light on harmful scenarios and help prioritize mitigations.

As a result, stakeholder engagement increasingly features in
regulatory perspectives, and robust community partnerships are
highly advisable to meet these expectations and thoughtfully ad-
dress sociotechnical issues.

6 Conclusions
We introduced a risk assessment framework for digital identifica-
tion systems, as well as best practices for them. It is intended as a
step towards systematizing knowledge in this emergent and com-
plex domain, drawing on expert experience and assessment [90]
to prioritize among a large set of possible considerations and to
highlight certain issues that in our experience are often overlooked.
In presenting these resources, we hope to provide utility across a
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spectrum of users, from developers and regulators to those building
agentic systems for process automation to ensure digital identifica-
tion products are both effective and beneficial.

Beyond the work we have presented here, this space is rife with
opportunity for new innovations, standards, and best practices. For
example, the technology industry has not yet produced standard
protection mechanisms for shared devices or accounts, an issue
which interacts heavily with digital identification systems. While
this is a challenging problem, it is well worth making an effort to
advance the state of the art in this area.
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A Casebook

Table 6: Types of cases in the casebook, ordered alphabetically. Types were created post-hoc for the purpose of presentation, and are not
meant to be mutually exclusive or comprehensive of all digital identification systems.

Type Description Example

Age Verification User provides proof of age (e.g., a copy of their
government ID or a privacy-preserving certifi-
cate [9, 49]) to access online content or services
with a minimum age requirement (e.g., adult en-
tertainment or gambling)

In order to access a gaming platform’s features such
as voice chat, the user uploads a copy of their dri-
ver’s license, passport, or photo ID, and then uses
selfie verification to prove they are the owner of that
document [18, 80]

Criminal
Investigation

Law enforcement uses digital means to identify,
investigate, and locate known criminals or people
of interest

Prison authorities gather incarcerated people’s voice
prints to create a database of voice prints; this data-
base is used to identify inmates in phone calls, and
in some cases, the system analyzes the voices of call
recipients outside prisons to identify regular con-
tacts [22, 43]

Device and Account
Authentication

User provides identifying information, often bio-
metric, to access a device or account [20]; this
information may be used for primary authentica-
tion or for two-factor authentication (2FA)

Mobile device uses facial recognition technology to
authenticate user access to phone [30]

Enterprise
Collaboration Tools

System identifies employees, for example, meeting
participants, in order to facilitate collaboration

Virtual meeting environment recognizes people in a
video conference in order to add their profile infor-
mation and name to the meeting [54]

Fraud Detection and
Prevention

System actively or passively gathers information
to confirm that identity is authentic and has not
been misappropriated

Uber app conducts periodic facial recognition checks
to verify that a driver’s face matches the ID asso-
ciated with the account, in order to minimize theft
of legitimate drivers’ accounts or unauthorized ac-
count sharing [39, 85, 86]

Financial Services System monitors financial transactions and gath-
ers identity information in order to meet compli-
ance and legal requirements, and to detect issues
such as large transactions that may indicatemoney
laundering

System gathers digital identity information to meet
mandatory reporting requirements for legal iden-
tity associated with financial accounts and transac-
tions [57]

Government-Issued
ID or Credentials

Government or non-government entity provides
digital versions of government-issued ID or cre-
dentials, which user can present in-person and/or
online; the provisioning process may include veri-
fying the user’s legal identity

The user verifies their identity and presents their
government-issued driver’s license on a mobile de-
vice [16, 75]

Government Services System is used to access government services, such
as benefits, based on technologically facilitated in-
person or online identification

An identity verification platform automatically ver-
ifies digital identity for access to unemployment
applications [66] or tax services [63]

Government
Surveillance

Government uses digital means, e.g., user check-
ins, to surveil a population, e.g., to ensure compli-
ance with specified behaviors or location restric-
tions

Person provides a selfie to prove they are in a given
location [66]

257



Proceedings on Privacy Enhancing Technologies 2026(2) Woodruff et al.

Table 6 (continued from previous page): Types of cases in the casebook.

Type Description Example

Health Certificates
and Public Health

User presents health certificates to meet public
health requirements or recommendations

User can show digital proof of vaccination status [2,
7, 52]

Homeless
Identification

System infers legal identity when documentation
is not available

System uses facial recognition to enable law enforce-
ment, fire departments, and other first responders to
identify homeless people, and then provides infor-
mation such as date of birth, behavioral labels, or
criminal history [19]

Photo Labeling in
Consumer Tools

System canmatch and label faces detected in user’s
photos

Photo tool on mobile device recognizes faces to facil-
itate labeling

Physical Security System identifies people to support physical secu-
rity in the workplace and at home

System attempts to detect familiar faces at the door
and notifies home owner if it detects people it does
not recognize [37]

Point-of-Purchase User presents digital identification such as biomet-
ric information at point-of-purchase to acquire
goods or services

Palm print scanners are used for store checkout [14,
47, 89], or facial recognition is used for school lunch
payment [6]

Refugee Services System identifies people in order to provide
refugee services [72]

Refugees pay for groceries and receive cash with an
iris scan [44, 46, 76]

Urban Planning System monitors and tracks people’s movement
in public spaces to facilitate urban planning

City deploys surveillance cameras and purchases
cellphone data to monitor tourists and prevent over-
crowding [15]
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