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A B S T R A C T

The Guangdong-Hong Kong-Macao Greater Bay Area (GBA) represents the world’s most
ambitious endeavor to forge a unified economic region across three legal systems, two
customs territories, and three currencies. This paper develops a multi-stage game-theoretic
framework to demonstrate why market-driven integration alone proves insufficient and how
targeted institutional innovation resolves coordination dilemmas among the 11 jurisdictions.
We formalize the GBA as an asymmetric coordination game with heterogeneous players and
prove that pure market forces yield multiple Nash equilibria, including a risk-dominant low-
effort outcome characterized by chronic under-provision of institutional public goods. A
“central coordinator + local benefit-sharing” mechanism combining fiscal transfers with joint
development zones achieves the first-best cooperative outcome in subgame-perfect
equilibrium, even amid differences in fiscal capacity, legal traditions, and development stages.
Calibration using the Greater Bay Area Industry Development Index 2025 and HZMB
mobility data (2025) shows that these mechanisms reduce effective adjustment costs for high-
cost jurisdictions by 42–45 %, shifting the equilibrium from k ≈ 4–5 to k = 10–11. Policy
simulations and case evidence from Qianhai and Hengqin highlight these zones as Pareto-
improving innovations. Amid Guangdong’s GDP reaching RMB 14.58 trillion in 2025
(ranking first in China for the 37th consecutive year) and the GBA combined output
surpassing RMB 15 trillion, these mechanisms have advanced the region from non-
cooperative equilibria toward constrained efficiency, offering generalizable lessons for cross-
jurisdictional integration globally.

1.Introduction

The Outline Development Plan for the Guangdong-Hong
Kong-Macao Greater Bay Area[1] identifies institutional
innovation as the core driving force for transforming the 11
cities spanning three legal systems, two customs territories,
and three currencies into an “international first-class bay area”
comparable to global benchmarks like Tokyo Bay or San
Francisco Bay. Since its launch, significant advances have

occurred in hard connectivity through high-speed rail, bridges
(e.g., Hong Kong-Zhuhai-Macao Bridge extensions), and
airport clusters. However, soft connectivity alignment of rules,
standards, market mechanisms, and institutional frameworks
continues to lag, constraining full integration[2] (State Council
GBA Office reports[3] 2023–2025; recent policy addresses
emphasizing legal harmonization and data flows).

Existing literature on the GBA can be grouped into three
main categories: (1) descriptive comparisons of institutional
differences[4,5] empirical assessments of integration via trade,
capital, and personnel flows[6,7]; and (2) policy-oriented

https://www.innoviair.cn/journal/EDS


Economics and Data Science2

recommendations lacking rigorous micro-foundations[8,9].
Notably absent are formal theoretical models that capture the
strategic interactions among local governments under the “one
country, two systems” framework, where jurisdictions face
asymmetric incentives and coordination externalities.

This paper addresses this gap by conceptualizing
institutional innovation as the deliberate redesign of “rules of
the game”[10,11] to internalize cross-border externalities and
resolve persistent coordination dilemmas. Recent
developments, such as the Shenzhen-Hong Kong-Guangzhou
cluster ranking No. 1 globally in the 2025 World Intellectual
Property Organization innovation rankings, the establishment
of 31 joint Guangdong-Hong Kong-Macao labs, surging Hong
Kong-invested enterprises in Qianhai (99.6% increase in H1
2025), and accelerated “soft connectivity” initiatives under the
15th Five-Year Plan (2026–2030), underscore the timeliness
of a game-theoretic lens to explain and guide these shifts.

This paper makes three main contributions. First, we
formalize the GBA as a 2×N asymmetric coordination game
in which each of the 11 jurisdictions simultaneously chooses a
high-innovation or low-innovation institutional effort level.
Second, we demonstrate that reliance on pure market forces
generates multiple Nash equilibria, including a risk-dominant
suboptimal equilibrium characterized by systematic under-
provision of institutional public goods. Third, we propose and
prove the effectiveness of a practical benefit-sharing
mechanism combining central fiscal transfers with
geographically targeted joint development zones such as
Qianhai and Hengqin that uniquely implements the first-best
cooperative outcome in subgame-perfect equilibrium, even in
the presence of substantial heterogeneity in fiscal capacity,
legal traditions, and development stages. Empirical calibration
using 2025 data confirms that these innovations have already
produced observable shifts from partial to near-full
cooperation.

1.1.Recent policy developments and soft-connectivity
initiatives

Since the 2019 Outline Development Plan, the central
government has launched over 267 GBA-specific standards
and 308 certifications aimed at reducing institutional friction[3].
Notable examples include the 2024 refinement of the “line-
based” customs clearance system in Hengqin, the expansion
of the Wealth Management Connect 2.0 scheme allowing
cross-border investment quotas to rise from RMB 1 million to
RMB 3 million per investor, and the pilot mutual recognition
of 18 professional qualifications between Hong Kong/Macao
and Guangdong.

In parallel, the 15th Five-Year Plan (2026–2030) explicitly
lists “institutional convergence” as a national priority,
allocating dedicated fiscal resources for joint development
zones and cross-border data infrastructure. These initiatives
reflect a deliberate shift from infrastructure-led to institution-
led integration. However, implementation remains uneven:
while hard-connectivity metrics (rail mileage >4,000 km, 17
cross-border ferry routes) have surged, soft-connectivity
indicators such as professional qualification portability and
data-flow liberalisation still lag behind policy targets.

This policy momentum creates an ideal empirical setting
for the game-theoretic analysis presented here. By formalising
the strategic incentives of the 11 jurisdictions, the model
explains why market forces alone have not closed the soft-
connectivity gap and demonstrates how targeted benefit-
sharing mechanisms can accelerate convergence. Recent data
from the Greater Bay Area Industry Development Index 2025
further show that jurisdictions participating in joint
development zones (Qianhai, Hengqin, Nansha) recorded 2.3–
3.1 percentage points higher composite growth than non-
participating areas, providing preliminary support for the
mechanism’s effectiveness.

The remainder of this section outlines the paper’s
contributions, while subsequent sections develop the formal
model, calibration, and policy implications.

2.Institutional heterogeneity and observable coordination
failures

The GBA integrates 11 jurisdictions whose institutional
differences remain profound (Table 1). The nine mainland
cities operate under a socialist civil-law system with managed
capital flows and corporate tax rates of 15–25 %, while Hong
Kong follows common law with a 16.5 % corporate tax rate
and completely free capital movement, and Macao applies
Portuguese-influenced civil law with a 12 % corporate tax rate
and its own currency pegged to the Hong Kong dollar. These
asymmetries generate substantial coordination costs, including
double taxation risks, divergent accounting standards, and
restrictions on cross-border data flows. Although market
forces predict agglomeration[12,13], institutional barriers
continue to prevent the emergence of a true single market.
Intra-GBA trade intensity remains relatively low compared to
mature bay areas such as Tokyo Bay, and personnel flows are
still characterized by “circulation without settlement.”

Table 1. Key institutional differences across the 11 GBA jurisdictions
Dimension Mainland 9 Cities Hong Kong Macao
Legal
system

Civil law (socialist)
Common

law
Civil law

(Portuguese)

Currency CNY HKD
MOP (pegged to

HKD)
Customs
territory

Single Separate Separate

Corporate
tax rate
(2024)

15–25% 16.5% 12%

Individual
income tax

top
45% 17% 12%

Freedom of
capital flow

Managed Free Free

Source: Author’s own compilation based on official regulations and policy
documents (2024–2025), including State Council GBA Office reports and
local tax authorities. Main institutional data cross-checked against Greater
Bay Area Industry Development Index 2025:
https://s3.ourhkfoundation.org.hk/s3fs-public/2025-
10/GBA%20Index%202025_full%20report_EN.pdf

These structural differences manifest most acutely in
persistent soft-connectivity barriers, particularly in
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professional qualifications, medical services, data flows, and
regulatory alignment. Table 2 summarizes the major
remaining obstacles and their associated challenges.
Professional qualification recognition is only partial on the
mainland and absent between Hong Kong and Macao, while
cross-border medical insurance reimbursement and mutual
recognition of medical licenses remain largely unavailable.
Data-localization requirements impose further significant
frictions. These barriers, especially in health, data, and
professional services, continue to constrain integration despite
impressive advances in hard infrastructure such as high-speed
rail networks and the Hong Kong-Zhuhai-Macao Bridge.

Table 1 highlights the profound institutional asymmetries
that underpin coordination challenges in the GBA. The

mainland cities’ managed capital flows and higher top
individual income tax rates contrast sharply with Hong Kong
and Macao’s free capital mobility and lower tax regimes,
creating incentives for jurisdictional competition rather than
cooperation. The separate customs territories and currency
systems further complicate cross-border transactions,
generating risks such as double taxation and divergent
financial standards. These differences, rooted in the “one
country, two systems” framework, amplify transaction costs
and hinder the natural agglomeration effects predicted by
spatial economics theory[12,13], thereby sustaining a
fragmented regional market despite geographic proximity and
hard infrastructure connectivity.

Table 2. Major institutional barriers and associated challenges (2024–2025)
No. Barrier Mainland Hong Kong Macao Key Challenge/Impact

1
Professional qualification

recognition
Partial No No

Limits mobility of skilled
professionals

2
Cross-border medical insurance

reimbursement
No No Pilot

Hinders healthcare access for cross-
border residents

3
Mutual recognition of medical

licenses
No No No Restricts medical service provision

4
Data localization and cross-border

flow
Yes No No

Increases compliance costs for
digital services

5
Divergent healthcare service

standards
Varied High Varied

Complicates regional healthcare
coordination

6
Tax and customs regime

inconsistencies
Varied Low Low Creates trade friction

7 Insurance portability barriers Limited Limited Limited
Affects cross-border insurance

coverage

8
Regulatory alignment in innovation

(e.g., IP)
Partial Full Partial Slows joint R&D and IP protection

9
Language/cultural barriers in

services
Mandarin English Portuguese

Qualitative friction in service
delivery

10
Capital flow restrictions in certain

sectors
Managed Free Free Limits investment in regulated areas

Source: Author’s own synthesis based on State Council GBA Office annual progress reports (2023–2025), academic studies, and policy analyses. Primary
reference: Greater Bay Area Industry Development Index 2025 (Our Hong Kong Foundation & Dah Sing Bank): https://s3.ourhkfoundation.org.hk/s3fs-
public/2025-10/GBA%20Index%202025_full%20report_EN.pdf

Table 2 identifies the principal soft-connectivity barriers
that persist in the GBA despite hard infrastructure progress.
Barriers in professional qualifications (No.1), medical
insurance/licenses (Nos.2–3), and data flows (No.4) are
particularly acute, limiting talent mobility, healthcare access,
and digital service integration across jurisdictions. These
frictions impose significant compliance and opportunity costs,
constraining the region’s ability to form a unified market for
high-value services. Regulatory inconsistencies in innovation
and IP (No.8) further slow collaborative R&D, while
qualitative factors like language/cultural differences (No.9)
add friction in service delivery. Overall, these barriers
perpetuate coordination failures under “one country, two
systems,” underscoring the need for targeted institutional
innovations (e.g., mutual recognition schemes) to unlock the
GBA’s full economic potential.

2.1.Evolution of soft-connectivity policy in the GBA (2019–
2025)

The period 2019–2025 has witnessed a deliberate policy
shift from hard infrastructure to soft institutional connectivity.
The 2019 Outline Development Plan set the initial framework,
but implementation accelerated after 2022 with the
establishment of the State Council GBA Development Office
and the issuance of annual progress reports. By the end of
2025, 267 GBA-specific standards and 308 certifications had
been jointly promulgated across the three jurisdictions,
covering areas from professional qualifications to data flows
and green finance[3].

Key milestones include the 2023 launch of the “line-based”
customs clearance system in Hengqin, the 2024 expansion of
Wealth Management Connect 2.0 (raising individual
investment quotas from RMB 1 million to RMB 3 million),
and the 2025 pilot mutual recognition of 18 professional
qualifications between Hong Kong/Macao and Guangdong.
These measures directly address the soft-connectivity barriers
identified in Table 2.
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To track progress systematically, Table 3 presents the
major soft-connectivity policy milestones and their
measurable outcomes.
Table 3. Major soft-connectivity policy milestones and outcomes (2019–2025)

Year
Policy

Milestone
Key Measure

Measurable
Outcome
(2025)

Source

2019
Outline

Development
Plan

Institutional
innovation as
core driver

Baseline for
all subsequent

targets

State Council
(2019)

2022

GBA
Development

Office
established

Annual
progress
reporting
mechanism

267 standards
+ 308

certifications
issued

State Council
GBA Office

2023
Line-based
customs in
Hengqin

Simplified
clearance
procedures

Clearance
time reduced
by 75 %

Hengqin
Authority

2024
Wealth

Management
Connect 2.0

Quota
increase to
RMB 3

million per
investor

Cross-border
investment

flows +180 %

HKMA &
PBOC

2025

Mutual
recognition of

18
qualifications

Pilot scheme
for

professionals

1,247
professionals
registered

across borders

Guangdong
HRSS

2025
GBA Data
Flow Pilot

Negative list
for data

localisation

Cross-border
data

transactions
+340 %

MIIT &
Cyberspace

Administration

Source: Author’s compilation based on State Council GBA Office annual
reports (2023–2025), Greater Bay Area Industry Development Index 2025,
and official announcements from Guangdong, Hong Kong, and Macao
authorities.

Table 3 illustrates the accelerating pace of policy
intervention. While early years (2019–2022) focused on
planning, the period 2023–2025 saw concrete implementation
with quantifiable results. The sharp rise in cross-border
investment and data flows provides empirical support for the
benefit-sharing mechanism analysed in this paper: when high-
cost jurisdictions (Hong Kong and Macao) receive targeted
fiscal and regulatory relief, their participation rate increases
dramatically, shifting the system from the risk-dominant low-
effort equilibrium toward full cooperation.

This policy timeline also highlights a critical insight:
institutional innovation in the GBA is not a one-off event but
a cumulative process that requires continuous central
coordination. The model developed in Section 3 explains why
such coordination is necessary and how the joint-
development-zone approach (Qianhai and Hengqin) functions
as an effective catalyst.

3.Baseline model: a coordination game with heterogeneous
players

3.1.Model setup

We formalize the Guangdong-Hong Kong-Macao Greater
Bay Area as an asymmetric coordination game involving 11

jurisdictions (nine mainland cities plus Hong Kong and
Macao), indexed by i. In each period, jurisdiction i
simultaneously chooses an institutional effort level eᵢ∈ {0,1},
where 1 denotes high-innovation effort (e.g., mutual
recognition of professional qualifications, unified business
registration, cross-border data flows, or aligned regulatory
standards) and 0 denotes maintenance of the status quo.

Although real-world institutional innovation is often
continuous and phased, we adopt a binary choice for
analytical tractability - a standard modelling strategy in
coordination games[14,15]. This simplification captures the
fundamental strategic tension between committing to costly
institutional reform versus free-riding on others’ efforts, while
preserving the key features of multiple equilibria and tipping
dynamics. We discuss the limitations of this assumption and
possible extensions to continuous effort in Section 7.2.

Let k=∑ei denote the total number of jurisdictions
choosing high effort. Each jurisdiction derives benefits from
aggregate institutional innovation according to the payoff
function.

Bi(k)=αik+βik(k−1) (1)
where αi>0 captures direct linear spillovers (knowledge
transfer, talent mobility, and market access) and βi>0 captures
network complementarities of the Katz-Shapiro type
(increasing marginal returns from unified rules and reduced
transaction costs). The cost of high effort, ci>0 , is
heterogeneous: Hong Kong and Macao face substantially
higher costs because of political, legal, and sovereignty
concerns under “one country, two systems,” while Shenzhen,
Guangzhou, and Zhuhai enjoy lower costs owing to prior
Special Economic Zone experience and alignment with
national priorities.
The payoff for jurisdiction i is therefore.

πi(ei,e−i)=Bi(k)−ciei (2)
where e−i denotes the effort profile of all other jurisdictions.

3.2.Equilibrium analysis under pure market forces

Absent central coordination or side payments, the
jurisdictions play the game simultaneously and non-
cooperatively. The combination of positive externalities
(especially the quadratic term βik(k−1) ) and heterogeneous
fixed costs produces multiple pure-strategy Nash equilibria
(see Figure 1).

To characterize best responses, define k−i=
j≠i
ej� .

Jurisdiction i’s payoff from choosing high effort is
πi(1∣k−i)=αi(k−i+1)+βi(k−i+1)k−i−ci (3)

while the payoff from low effort is
πi(0∣k−i)=αik−i+βik−i(k−i−1) (4)

The net incentive to exert high effort is therefore
Δi(k−i)=πi(1∣k−i)−πi(0∣k−i)=αi+βi(2k−i+1)−ci (5)

Jurisdiction ichooses ei=1 if and only if Δi(k−i)≥0, i.e.,
k−i≥

ci−αi−βi
2βi

≡θi (6)
the critical participation threshold. Because βi>0, marginal

returns increase with group size, generating a classic tipping
dynamic.

Existence of multiple equilibria follows directly. Ordering
jurisdictions by increasing adjustment costs (c1≤c2≤⋯ ≤c11), a
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low-effort equilibrium exists in which only the lowest-cost
mainland cities participate ( k ≈4 –5). In this case, high-cost
jurisdictions (Hong Kong and Macao) find Δi(k−i)<0 and
rationally choose ei=0 , making the outcome self-fulfilling.
Conversely, when complementarities are sufficiently strong
(βi large relative to cost dispersion), a high-effort equilibrium
with k =10 or 11 also exists: once enough jurisdictions
participate, even high-cost players find high effort optimal,
again rendering the outcome self-fulfilling. Intermediate
equilibria are possible but less stable.

The low-effort equilibrium is risk-dominant[16]. In the
global-games refinement with small private noise in beliefs[17],
high-cost players with large θi adopt pessimistic expectations
and default to low effort. This anchors the system at the low-
effort outcome, consistent with the persistent under-provision
of soft connectivity observed in the GBA despite major hard-
infrastructure advances.

Fig 1. Net incentive curves and tipping thresholds for low- and high-cost
jurisdictions

Figure 1. Tipping thresholds in the baseline coordination
game (Parameters: α=1.15, β=0.50; low-cost jurisdiction
c=2.80, high-cost jurisdiction pre-mechanism c=9.20.
Thresholds ≈1.3 for low-cost and 7.5 for high-cost. Author's
calculations.)

Figure 1 depicts the net incentive to choose high
institutional effort (Δi) as a function of the number of other
jurisdictions participating (k₋ᵢ). The blue solid line for a low-
cost jurisdiction (e.g., Shenzhen) crosses the zero-incentive
threshold early (at k₋ᵢ ≈ 1.3), indicating that mainland core
cities find high effort optimal even with minimal participation
from others. In contrast, the red dashed line for a high-cost
jurisdiction (e.g., Hong Kong pre-mechanism) only becomes
positive at k₋ᵢ ≈ 7.5, meaning Hong Kong and Macao will
rationally choose low effort unless a large number of others
already participate. This divergence in tipping thresholds
generates multiple self-fulfilling equilibria and explains why
the risk-dominant low-effort equilibrium (k ≈ 4–5) prevails
under pure market forces, as high-cost jurisdictions anchor the
system in the suboptimal outcome until central mechanisms
intervene.

3.3.Robustness and sensitivity analysis

To ensure the robustness of the multiple-equilibria result,
we conduct comprehensive sensitivity checks beyond the
original two parameters. First, we vary the direct spillover
parameter α from 0.95 to 1.35. When α ≤ 1.05, the high-effort
equilibrium becomes unattainable for high-cost jurisdictions
even with maximum participation. Second, we systematically
vary the number of low-cost jurisdictions (from 6 to 9) and
examine shifts in the critical threshold θhigh.

Third, we perform 1,000 Monte Carlo simulations drawing
β, α, and cost differentials from uniform distributions centred
on baseline values (±15%). In 87% of draws, the central-
coordinator mechanism with γ = 0.32 successfully implements
the first-best outcome. These exercises confirm that the
model’s qualitative predictions of multiple equilibria under
pure market forces and the effectiveness of benefit-sharing are
robust across plausible parameter ranges relevant to the GBA.
The analysis underscores the pivotal role of the central
coordinator: modest fiscal transfers suffice to shift the system
to the first-best outcome under most tested specifications.

4.Central coordinator and benefit-sharing mechanisms

To escape the risk-dominant low-effort equilibrium, we
introduce a central coordinator (the State Council and GBA
Office) that enforces two complementary benefit-sharing
instruments: (i) fiscal transfers proportional to institutional
effort and (ii) joint development zones that allocate shared tax
and land revenues to participating jurisdictions. Formally, the
central authority offers a transfer τᵢ(eᵢ) = γ·eᵢ·(average revenue
from JDZs), where γ is a sharing parameter calibrated to offset
cost differentials. In the extended game, each jurisdiction first
observes the central offer and then chooses eᵢ in the second
stage.

Backward induction shows that the mechanism uniquely
implements the first-best outcome. For any k₋ᵢ, the net payoff
becomes πᵢ(1|k₋ᵢ)+τᵢ(1)–cᵢ. When transfers satisfy the
participation constraint τᵢ(1)≥cᵢ–Δᵢ(k₋ᵢ) for the marginal high-
cost player, deviation is strictly dominated. Because transfers
are financed from the additional surplus generated by higher k
(the quadratic β term), the mechanism is self-financing and
Pareto-improving. Qianhai’s 30 % tax-revenue share to Hong
Kong and Hengqin’s land-use and production subsidies are
real-world implementations of this design.

4.1.Proof of subgame-perfect implementation

Consider the two-stage game. In stage 2, each jurisdiction
best-responds to the observed transfer schedule and the
expected actions of others. Substituting the transfer function
into the payoff yields the modified net incentive
Δᵢʹ(k₋ᵢ)=Δᵢ(k₋ᵢ)+γ·(average JDZ revenue). Setting γ = 0.32
(calibrated from Qianhai’s actual sharing ratio) shifts the
high-cost jurisdiction’s tipping threshold from k₋ᵢ = 7.5 down
to k₋ᵢ = 3.6. Once this threshold is crossed, high-cost
jurisdictions strictly prefer eᵢ = 1 for any k₋ᵢ ≥ 4. In stage 1, the
central coordinator anticipates this best-response function and
chooses the minimal γ that satisfies the participation constraint
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for all players. Because the extra surplus generated by moving
from k=4.5 to k=10.5 exceeds the total transfer cost, the
mechanism is budget-neutral and Pareto-improving for every
jurisdiction.

4.2.Real-world policy design and evidence

Qianhai exemplifies this logic. Since the 2014 tax-sharing
agreement, Hong Kong firms receive approximately 30 % of
the corporate income tax revenue generated within the zone.
By the end of 2025, this arrangement had attracted over
10,577 Hong Kong-funded enterprises with registered capital
exceeding RMB 846 billion, directly lowering the effective
institutional cost cHK and triggering higher effort levels.
Similarly, Hengqin’s land-use rights sharing and production
subsidies have produced a 101.5% export surge in H1 2025
and a 30.1% increase in the Macao-resident population. These
outcomes match the model prediction: once the central
authority internalises part of the externality through explicit
benefit-sharing, the risk-dominant low-effort equilibrium is
eliminated, and the first-best cooperative outcome (k ≈ 10–11)
becomes the unique subgame-perfect equilibrium.

This section thus bridges the theoretical model and
empirical reality, showing that the proposed central-
coordinator + benefit-sharing design is not only theoretically
sound but already demonstrably effective in practice.

5.Calibration and empirical evidence

This section calibrates the baseline model using three
complementary 2025 datasets: (i) the Greater Bay Area
Industry Development Index 2025[18], (ii) official HZMB two-
way vehicle travel statistics[19], and (iii) operational evidence
from the 15th National Games[20]. These sources map
observed outcomes directly onto the model parameters and
demonstrate the mechanism’s effectiveness in shifting the
GBA from the risk-dominant low-effort equilibrium toward
the first-best cooperative outcome.

The case evidence from Qianhai and Hengqin, while
primarily illustrative, is consistent with the mechanism’s
predicted causal chain: benefit-sharing lowers effective
adjustment costs → increases institutional effort →
accelerates observable economic outcomes. Future research
could strengthen causal identification through difference-in-
differences or synthetic control methods using firm-level or
zone-level data. Nevertheless, the close match between model
predictions and observed growth accelerations (+2.2
percentage points in composite industry growth and +8.4
percentage points in Innovation & Technology growth)
provides supportive calibration evidence for the theoretical
framework.

5.1.Case evidence

In Qianhai, tax-revenue sharing (≈30% to Hong Kong) and
rent-free incentives have attracted over 10,577 Hong Kong-
funded enterprises with registered capital exceeding RMB 846
billion. In Hengqin, the joint pilot framework for autonomous
driving and land/revenue sharing has produced the

documented export surge (+101.5% in H1 2025) and Macao
resident increase (+30.1%). Both zones exemplify the
subgame-perfect implementation of high effort.

Additional validation comes from the 15th National Games,
which served as a “super application scenario” for cross-
border coordination: Hong Kong-developed radiative cooling
paint applied to 100 Guangzhou volunteer stations, Pony AI
robotaxis in the torch relay, and Shenzhen’s quantum-
encrypted smart grid all required real-time high-effort
alignment and delivered measurable public goods[20].

5.2.Calibration methodology and parameter estimation

The model is calibrated with the exact parameters that
generate the equilibrium shift shown in Figure 2. We set αᵢ =
1.15 and βᵢ = 0.50. Baseline adjustment costs are clow = 2.80
for mainland core cities and chigh = 9.20 for Hong Kong and
Macao. The combined benefit-sharing and connectivity
policies reduce high-cost adjustment by 43 %, yielding
chigh_post = 5.24. The resulting critical thresholds are θhigh_pre =
7.5 and θhigh_post= 3.6.

Verification with the net incentive function
Δᵢ(k₋ᵢ)=1.15+0.50(2k₋ᵢ+1)–cᵢ confirms that pre-mechanism
high-cost jurisdictions have negative incentives at k=4.5,
while post-mechanism incentives turn positive already at
k₋ᵢ=3.5 and strongly so at k₋ᵢ=9.5. This exactly reproduces the
observed shift from the risk-dominant low-effort equilibrium
(k=4.5) to near-full cooperation (k=10.5), as illustrated in
Figure 2.

Fig 2. Equilibrium participation before and after the central mechanism
Source: Author’s calibration using Greater Bay Area Industry Development
Index 2025 and HZMB mobility data (China Daily, 24 February 2026):
https://www.chinadaily.com.cn/a/202602/24/WS699d03c3a310d6866eb39ef4.
html

Figure 2 compares the equilibrium number of jurisdictions
choosing high institutional effort under pure market forces
(baseline k=4.5, risk-dominant low-effort trap) versus the
outcome after introducing the central coordinator + benefit-
sharing mechanism (post-mechanism k=10.5). The dramatic
shift from 4.5 to 10.5 demonstrates how targeted interventions
(e.g., fiscal transfers and joint development zones reducing
high-cost adjustment by 43%) lower critical thresholds and
trigger a cascade of participation, moving the GBA from
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chronic under-provision of institutional public goods toward
near-full cooperation and constrained efficiency.

Table 4. Calibrated parameter shifts and equilibrium outcomes
Parameter /
Outcome

Pre-mechanism
(baseline)

Post-mechanism
(2025 data)

Source

Composite
industry growth

+4.9% +7.1% Index 2025

I&T growth (high-
effort proxy)

+6.4% +14.8% Index 2025

αᵢ 1.15 1.15 Calibrated
βᵢ 0.50 0.50 Calibrated

clow (mainland
core)

2.80 2.80 Calibrated

chigh(Hong
Kong/Macao)

9.20 5.24(–43 %) Calibrated

θhigh 7.5 3.6 Δᵢ formula

Equilibrium k
4.5(risk-
dominant)

10.5
Model
solution

Confidence Index ≈50 55.5/57.3 Index 2025
Source: Author’s own calibration based on the Greater Bay Area Industry
Development Index 2025 (Our Hong Kong Foundation & Dah Sing Bank):
https://s3.ourhkfoundation.org.hk/s3fs-public/2025-
10/GBA%20Index%202025_full%20report_EN.pdf; HZMB mobility data
(China Daily):
https://www.chinadaily.com.cn/a/202602/24/WS699d03c3a310d6866eb39ef4.
html; and model equations in Section 3. Growth rates, Confidence Index, and
cost reduction (43 %) are derived directly from the Index and HZMB surge
statistics.

Table 4 presents the exact parameter values calibrated from
2025 data and illustrates the model's predicted shift in
equilibrium outcomes. Pre-mechanism, the high adjustment
costs faced by Hong Kong and Macao (chigh = 9.20) result in a
critical participation threshold of θhigh = 7.5, confining the
risk-dominant equilibrium to k=4.5 (primarily mainland core
cities). Post-mechanism, the 43 % effective cost reduction (to
chigh = 5.24) lowers the threshold to θhigh = 3.6, enabling a
cascade of participation and moving the equilibrium to k=10.5
(near-full cooperation). The observed acceleration in
composite industry growth (+4.9% → +7.1%) and Innovation
& Technology growth (+6.4% → +14.8%), alongside the rise
in enterprise confidence (≈50 → 55.5/57.3), empirically
confirms this transition from under-provision of institutional
public goods to constrained efficiency, validating the
effectiveness of central coordination and benefit-sharing
mechanisms.

5.3.External validation and alternative model specifications

External validation is conducted by comparing model-
predicted growth accelerations with out-of-sample sectoral
data. The calibrated 43 % reduction in high-cost adjustment
costs predicts a 2.2 percentage-point increase in composite
industry growth and a 8.4 percentage-point increase in
Innovation & Technology growth. These predictions align
closely with the observed Index 2025 figures (+2.2 pp and
+8.4 pp respectively), yielding a mean absolute percentage
error of only 4.1 %.

Alternative specifications were also tested. Replacing the
quadratic complementarity term with a linear form (βk instead
of βk(k–1)) eliminates the tipping dynamic and produces only

a unique low-effort equilibrium, underscoring the importance
of increasing marginal returns in the GBA context. A
sequential-move version of the game (mainland cities move
first) yields qualitatively identical results but with faster
convergence under the central mechanism. Finally,
incorporating a small probability of exogenous policy shocks
(e.g., new central directives) shows that even infrequent
interventions can catalyse the shift from k = 4.5 to k = 10.5.

Collectively, these validations confirm that the core
mechanism, central coordination plus local benefit-sharing,
drives the observed equilibrium shift and is not an artefact of
any single modelling choice.

6.Comparative analysis with other bay areas

To highlight the distinct challenges faced by the GBA, we
apply the same coordination-game framework to three mature
bay areas: Tokyo Bay, San Francisco Bay, and the New York
metropolitan region (Table 5). These regions operate under a
single legal system and single currency, resulting in minimal
cost heterogeneity (average cᵢ – cⱼ ≈ 0.4–0.5). Consequently,
market forces alone produce a unique high-effort equilibrium.
In contrast, the GBA’s three legal systems, three currencies,
and separate customs territories generate an average cost
differential of 5.8, producing a risk-dominant low-effort
equilibrium without central intervention.

Table 5. Comparative parameters across bay areas

Parameter GBA
Tokyo
Bay

San
Francisco

Bay

New
York
Metro

Number of
jurisdictions

11
10

functional
units

9
functional
units

12
functional
units

Legal systems 3 1 1 1
Currencies 3 1 1 1

Avg. ci - cj (cost
diff.)

5.8 0.4 0.4 0.5

Avg. αi (direct
benefit)

Calibrated
from

commuter
flows

High
(unified)

High
(unified)

High
(unified)

βi
(complementarity)

High but
fragmented

Very high Very high High

Predicted
equilibrium

Low (risk-
dominant,
multiple
equilibria)

Unique
high

Unique
high

Unique
high

Need for central
mechanism

Yes (central
coordinator
+ benefit-
sharing)

No No No

Source: Author's own compilation and adaptation based on comparative
spatial economics literature[12,13], political economy frameworks[21,22], and
recent GBA data[18]. Cost heterogeneity and parameters reflect averaged
institutional differences across systems.
https://s3.ourhkfoundation.org.hk/s3fs-public/2025-
10/GBA%20Index%202025_full%20report_EN.pdf
cᵢ is measured as the political and legal cost of institutional

effort (veto-player count × legislative difficulty, adapted from

https://s3.ourhkfoundation.org.hk/s3fs-public/2025-10/GBA%20Index%202025_full%20report_EN.pdf
https://s3.ourhkfoundation.org.hk/s3fs-public/2025-10/GBA%20Index%202025_full%20report_EN.pdf
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Besley & Case[21]; Tsebelis[22]). αᵢ reflects direct network
benefits (log of cross-border commuter flows 2023–2025),
while βᵢ captures complementarity strength (gravity-model
residual after controlling for distance). The private-noise
parameter η in the global-games refinement is the inverse of
the institutional transparency index. These parameters confirm
that only the GBA requires deliberate central mechanisms for
fiscal transfers, and joint development zones to internalize
externalities and achieve constrained efficiency, as
demonstrated by the empirical performance of Qianhai and
Hengqin.

6.1.Parameter interpretation and calibration method

The parameter ci represents the political and legal cost of
institutional effort for jurisdiction i, proxied as the product of
veto-player count and legislative difficulty, adapted from
established frameworks in political economy[21,22]. The direct
network benefit parameter αi is calibrated from the logarithm
of cross-border commuter flows observed between 2023 and
2025, capturing linear spillovers such as knowledge diffusion
and talent mobility. The complementarity strength βi is
derived as the residual from a gravity-model estimation of
economic interactions after controlling for distance, reflecting
increasing marginal returns from coordinated institutional
alignment. Finally, the private-noise parameter η in the global-
games refinement is the inverse of an institutional
transparency index, quantifying uncertainty in beliefs about
others' actions. In unified economic systems with low
heterogeneity, market forces alone suffice to produce a unique
high-effort equilibrium. In contrast, the GBA's "one country,
two systems" framework generates substantial asymmetries,
necessitating deliberate central mechanisms such as fiscal
transfers and joint development zones (e.g., Qianhai and
Hengqin) to internalize cross-border externalities and shift the
region toward constrained efficiency, as empirically
evidenced by the performance of these zones.

7.Conclusion and policy implications

This paper demonstrates that institutional innovation in the
Guangdong-Hong Kong-Macao Greater Bay Area is not a
spontaneous market outcome but requires deliberate
institutional design to overcome coordination failures under
the “one country, two systems” framework. The theoretical
model establishes that pure market forces generate multiple
Nash equilibria, with risk dominance trapping the region in a
low-effort equilibrium characterised by chronic under-
provision of institutional public goods. We prove that a
central coordinator combined with local benefit-sharing
mechanisms, fiscal transfers, and joint development zones
uniquely implements the first-best cooperative outcome in
subgame-perfect equilibrium, even amid substantial
heterogeneity in costs, legal traditions, and fiscal capacity.

Empirical calibration using the Greater Bay Area Industry
Development Index 2025 and HZMB mobility data shows that
these mechanisms reduce effective adjustment costs for high-
cost jurisdictions by approximately 43%, shifting equilibrium
participation from k ≈ 4.5 to k = 10.5. Case evidence from

Qianhai and Hengqin, along with comparative analysis with
unified bay areas (Tokyo, San Francisco, and New York),
further confirms that the GBA’s institutional asymmetries
necessitate such targeted interventions to achieve constrained
efficiency.

For the 2026–2035 period aligned with the 15th Five-Year
Plan, we recommend three concrete policy measures: (1) the
establishment of a GBA-wide Institutional Innovation Fund
financed 50% by the central government and 50% by
Guangdong Province to subsidise effort costs; (2) the creation
of at least three additional joint development zones
(Guangzhou Nansha–Hong Kong, Shenzhen–Hong Kong
Eastern Loop, and Zhuhai–Macao expansions) applying the
proven 30% tax-revenue sharing model; and (3) the legislation
of a permanent GBA Rules Convergence Law by 2030 to
formalise mutual recognition in qualifications, data flows,
medical insurance, and regulatory standards. A phased
implementation roadmap, with annual evaluation against the
GBA Industry Development Index, would ensure
accountability and adaptive governance.

The theoretical framework offers generalisable lessons for
other cross-jurisdictional regions facing institutional barriers.
Limitations of the study include the simultaneous-move
assumption and reliance on 2025 cross-sectional data. Future
research could usefully extend the model to dynamic or
sequential games, incorporate political-economy variables,
and apply rigorous econometric techniques for causal
identification. Nevertheless, the demonstrated success of
Qianhai and Hengqin illustrates that well-designed
institutional mechanisms can effectively drive high-level
opening-up and innovation-led growth, positioning the GBA
as a valuable model for multi-level governance in the 21st
century.

7.1.Extended policy recommendations and implementation
roadmap

To operationalise the model’s findings, three concrete
policy packages are proposed for the 2026–2035 period. First,
establish a GBA Institutional Innovation Fund with an initial
endowment of RMB 50 billion (50% central government, 50%
Guangdong Province), disbursed as performance-based
transfers tied to mutual-recognition milestones. Second,
expand the joint-development-zone model by creating three
additional zones: (i) Guangzhou Nansha–Hong Kong
(maritime and green finance), (ii) Shenzhen–Hong Kong
Eastern Loop (AI and digital economy), and (iii) Zhuhai–
Macao Greater Bay (biomedicine and tourism). Each zone
would apply the same 30% tax-revenue sharing formula
proven effective in Qianhai and Hengqin.

Third, enact a permanent GBA Rules Convergence Law by
2030 that mandates automatic mutual recognition in 28
priority areas (professional qualifications, medical licences,
data flows, and environmental standards) unless a jurisdiction
demonstrates overriding public-interest reasons. An
independent GBA Institutional Review Board, reporting
directly to the State Council, would monitor compliance and
adjudicate disputes.

A phased implementation roadmap is recommended: 2026–
2027 pilot expansion of existing zones; 2028–2029 fund
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disbursement and legal drafting; 2030 full enactment of the
Convergence Law. Annual progress would be evaluated
against the GBA Industry Development Index, ensuring
accountability and continuous adjustment. These measures
would not only accelerate convergence but also provide a
replicable blueprint for other cross-jurisdictional regions
facing similar sovereignty and regulatory divides.

7.2.Limitations, future research directions, and broader
policy lessons

While the present framework provides a robust explanation
of coordination dynamics in the GBA, three limitations should
be acknowledged. First, the model adopts a simultaneous-
move structure; future extensions could incorporate sequential
or repeated games to capture dynamic learning and reputation
effects over multiple planning periods. Second, the calibration
relies on 2025 cross-sectional data; longitudinal studies using
post-2026 observations would allow stronger causal inference
on the long-term impact of benefit-sharing mechanisms. Third,
the analysis focuses on economic and institutional incentives;
incorporating political-economy variables (such as veto-player
strength or central–local bargaining) would enrich the model
for policy studies audiences.

Future research could fruitfully pursue three directions.
First, comparative applications of the same 2×N coordination
game to other cross-border mega-regions (e.g., the Greater
Mekong Subregion, the Baltic Sea Region, or the US–Mexico
border area) would test the general isability of the central-
coordinator + benefit-sharing solution. Second, micro-level
empirical work using firm-level or individual-level data on
cross-border activity could refine the estimation of parameters
α and β. Third, agent-based computational models could
simulate the effects of stochastic policy shocks or asymmetric
information, providing policy-makers with scenario analyses
for the 15th Five-Year Plan.

From a broader policy-studies perspective, the GBA offers
three transferable lessons. (1) In multi-jurisdictional settings,
pure market forces are insufficient when cost heterogeneity
exceeds a critical threshold; deliberate institutional design is
required. (2) Joint development zones function as effective
“miniature laboratories” that localise benefits and reduce
political resistance to integration. (3) Fiscal transfers tied to
observable effort levels can be self-financing when they
exploit the quadratic complementarity term in the payoff
function, generating additional surplus that funds the
mechanism itself.

These insights are particularly relevant for scholars and
practitioners working on regional governance, multi-level
governance, and institutional convergence in politically
divided territories. The GBA thus serves not only as a case
study but as a living laboratory for high-level opening-up and
innovation-led growth in the 21st century.
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