PROCEEDINGS

Wellbeing

and Sustainabllity:
Regional Science

Disc:us.sionsl at the
%A O ddere O

“ | @ | U oy FACULTAD
‘ uf;iﬁ:{.&'.T;E‘:,;."”' '8 DE CIENCIAS
v Red Ee \ J
Ecuade

R y ADMINISTRATIVAS
REGIONAL SCIENCE ASSOCIATION INTERNATIONAL

A



Title
Proceedings | 15th World Conference of the RSAI, June 2026, Quito, Ecuador

Coordination:
Elisabete Martins, Regional Science Association International

Year:
2026

ISBN:
978-989-54216-3-3

©RSAIz Regional §c[ence Asgogia}iqn Internationa}l o o o
231) s 5TEOAOOEOQOU 1T &£ 'UI OAO s 20A #APEOPIT *1 pi
9700-042 Angra do Heroismo | Portugal



15TH R5AI
WORLD CONGRESS

Content

WELCOME MESSAGE FROM THE RSAI PRESIDENT........ccutvtuommmmmmneeseeseessese s smmmmnmmns s sse st s s smmmmmnn e
WELCOME MESSAGE FROM THE LOC.. ...ttt immmmmr ettt e e s s

INSTITUTIONAL PARTNERS PP OP PP 1 0
INSTRUCTIONS TO CHAIRS AND PRESENTERS e 19
ADVANCED WORKSHOP ON STRATEGIC SPATIAL ANALYTICS AND APPLICATION BAISED GEOSPATIAL

WALKING TOURS IN QUITO ...............................................
OVERVIEW PARALLEL SESSIONS
ABSTRACTS




WELCOME TO
THE 2026
RSAI
CONGRESS




Welcome Message from the RSAI President

Dear colleagues and friends,

It is my pleasure to welcome you to Quito, Ecuador, for the 15th World Congress of the Regional Science
Association International, to be held in June 2026 at the Escuela Politécnica Nacional. | am delighted to greet
scholars and practitioners from around he world in this vibrant setting.

Since its inaugural World Congress in 1980, this distinguished congress has played a vital role in advancing
regional science and continues to do so today. It showcases leading theoretical, methodological, and empirical
contributions while fostering excharge, collaboration, and the development of new research networks.

| thank all those who organized this congress, especially the Local Organizing Committee and its Chair,
Carolina Guevara, for their dedication and excellent work. | also thank the RSAI Executive Director, Ana
Vifiuela, and the RSAI Secretariat, Elisabete Mas, for their continued support.

| wish you a productive and enjoyable congress and a pleasant stay in Quito.

Hiroyuki Shibusawa
President,
Regional Science Association International




Welcome Message from the LOC

On behalf of the Red Ecuatoriana de Ciencia Regional, it is my great honor and pleasure to welcome you to the
RSAI World Congress, hosted by the Escuela Politécnica Nacional, here in the beautiful city of Quito. From a
cultural and scientific point of view, Quito is a great city for visitors, recognized for its rich history and cultural
heritage. It obtained the recognition of the First Cultural Heritage City of Humanity. This city, surrounded by

a beautiful mountainous landscape, is located in the Middlel®8 OEA 71 O1 Ah AO OEA 1 AOEC(
step in the North hemisphere and South hemisphere of the world at the same time. It is literally a place like no
other! After all, where else can you stand with each foot in a different hemisphere? Thisitto the middle of

the world is a MUST for every regional scientist.

The host for the 2026 RSAI World Congress will be the Escuela Politécnica Nacional (EPN), my Alma Mater,
ITTA T&£ %AOAAT 060 1 AAAET ¢ DOAIT EA O1 EOAOOEOEAO xEOE
university will be a catalyst for strengthening international research networks and the consolidation of
regional science in Ecuador.

We are truly delighted to receive such a distinguished international community of scholars, practitioners, and
policymakers committed to advancing regional science. Your participation reflects the vitality and relevance
of our field in addressing the compx challenges faced by territories around the world.

The development of regional science in Ecuador is relatively recent, yet remarkably dynamic. Its roots can be
traced back to 2014, within the framework of the 13th Summer Institute of PRSCO, which marked a turning
point for the consolidation of this acadenic field in our country. Since then, regional science has experienced
rapid growth, attracting an increasing number of researchers interested in understanding spatial inequalities,
regional dynamics, and the design of effective public policies for territéal development.

Today, as we gather for this Congress, Ecuador stands as an example of how regional science can take root and
flourish through international cooperation, academic commitment, and institutional support. This event not
only provides a platform for sharing cuting-edge research, but also an opportunity to deepen partnerships
and inspire new generations of scholars.

We hope that your time in Quito will be intellectually enriching and personally memorable. May this Congress
serve as a space for dialogue, innovation, and collaboration, strengthening our collective capacity to contribute
to more balanced and inclusive teitorial development.

Once again, welcome to Ecuador, welcome to Quito, and welcome to the RSAI World Congress.

Carolina Guevara
Chair, Local Organising Committee, RECIR Presit
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Topic

Umbrella Topic
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The themeO7 A1l 1 AAET ¢ AT A 300OO0OAET AAEI EOUd 2ACEIT AT 3
seeks to promote a deep, multidisciplinary understanding of the central role that welbeing and
sustainability play in regional development. It encompasses a wide range of interconnected topics,
including regional and urban economics, entrepreneurship ah innovation, the challenges and
opportunities of artificial intelligence for regional development, governance frameworks, regional
networks, and social inclusion. Together, these perspectives aim to advance integrated approaches

to building resilient, inclusive, and sustainable regions.

2ACOI AO 3A0OO0OEIT T 06 41 PEAO
RS01- Wellbeing

RS02- Regional and urban policy

RS03- Regional development

RS04- Rural development

RS05- City development

RS06- Spatial planning

RSO07- Location theory and applications

RS08- Methods in regional science and urban economics
RS09- Spatial implications of climate and environmental change
RS10- The spatial dimension of sustainable development
RS11- Theoretical and empirical urban economics

RS12- Globalization

RS13- Resilience and risk management

RS14- Green economy and complexity

RS15- National, regional or local labor markets

RS16- Governance

RS17- Entrepreneurship

RS18- Population and migration

RS19- Infrastructure, transportation and accessibility
RS20- Knowledge and innovation

RS21- Efficiency and productivity

RS22- Real estate and housing

RS23- Tourism

RS24- Biodiversity, ecosystems and ecosystem services
RS25- Agriculture, fisheries and food security

RS26- Natural resources and energy

RS27- Regional science and data science

RS28- Artificial intelligence

RS29- Finances and regional science
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3PAAEAI 3AOOEI 106 41 PEAO
SS01- Migrant Integration Challenges and Policies

Alessandra Michelangeli (Chair) & Tomaz Ponce Dentinho

SS02- Employment Creation and Resource Development [not enough papers]

Subhra Chattopadhyay (Chair), Santanu Ghosh & Saptarshi Mitra

SS03- Agricultural and Rural Development in Food System Transformation

Lily Kiminami

SS04- Digital Transformation, Artificial Intelligence, and Regional Development:
Productivity, Competitiveness. and Territorial Dynamics

Carles MéndezOrtega (Chair), Albert Mir6 Pérez & Joan Torrerbellens

SS05- Regional Transitions toward Sustainability in Latin America: Energy. Economy and
Society

Enrique Gilles

SS06- Higher Education and Regional Development: Promoting Intellectual Capital for
Sustainable Wellbeing in Peripheral Territories __ [not enough papers]

Joana M.S.R. Fernandes

SS07- Cultural Evolution & Regional Innovation Networks: Knowledge Creation via Diversity
Leveraging and Institutional Filtering

Mingxia He

SS08- Spatial dynamics of local public finance: fiscal behavior, intergovernmental transfers
and regional development

Mauricio Oyarzo (Chair) & Dusan Paredes

SS09- Beyond GDP: New Measurement Frameworks, Inequalities, and Economic
Sustainability [not enough papers]

Adriana C. Pinate

SS10- Social Housing. Urban Land Markets and Socio -Spatial Segregation in the Global South
Juan Eduardo ChicaMejia (Chair) & Nelcy Echeverria Castro

SS11- Between grassroots initiatives and public policy: hybrid arrangements in urban food
systems and wellbeing in the Global South

Javier CuestagCaza (Chair) & Oswaldo Viterbalazar

SS12- The Urban-Rural Wage Divide [not enough papers]

Michael Moritz

SS13- Employment and Informality: Regional Challenges and Realities  [not enough papers]
Rodrigo Mendieta M. (Chair), Diego Ontaneda J., Andrés Mendoza V. & Viviana Carriel B.
SS14- How can Al. digital technologies. and the green transition foster smart and sustainable
growth and wellbeing in regions and cities? Data, methods, and solutions  [not enough papers]
Simona Cafieri

SS15- Forty years of regional science in Hungary

Tamas Dusek

SS16- Regional development paths in Central Europe

Balazs Forman (Chair) & Zoltan Gal

SS17- Environmentally. socially and economically sustainable regional development paths
in the era of increasing uncertainty, the circular economy and Al [not enough papers]

Balazs Forman (Chair), André Torre & Sebastien Bourdin

SS18- From Safety Nets to Sustainable Mobility: Poverty Dynamics. Social Capital, and Long -



https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss01.pdf
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https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss08.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss09.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss09.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss10.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss11.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss11.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss12.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss13.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss14.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss14.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss15.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss16.pdf
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https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss17.pdf
https://www.regionalscience.org/2026RSAIcongress/uploads/1/7/2/5/17254170/ss18.pdf

PROCEEDING$2026 RSAI CONGRESS

Term Impacts of Transfers in the Americas

André Luis Squarize Chagas (Chair), Paul Lewin & Carolina Guevara

SS19-2 ACET T Al 3AEATAA AO OEA %HAOOEBSO #1 OAd wWAOAA
Carolina Guevara (Chair), Alex Guerrero, Joselin Segovia & Alex Bajafia

SS20- Indigenous Social Capital and Local Economic Development: Identifying New
Pathways to Success

Matthew Roskruge (Chair) & Jacques Poot

SS21- Universities and public zprivate entities in building competitive and sustainable
territories: Evidence from Ecuador _ [not enough papers]

Ronny CorreaQuezada (Chair) & Maria del Cisne Tituaf@astillo

SS22- Specialization, Regional Dynamics, and Economic Transformation

Neil Reid (Chair), Rafael GardufiRivera & Haoying Wang

SS23- Ruralities, Inequalities and Socioecological Systems: Regional Science Perspectives
from the Global South

Waldecy Rodrigues (Chair), Cleiton Silva Ferreira Milagres & Juliana Aguiar de Melo

SS24- Accessibility and Inequality at the Nexus of Transport and Urban Form

Louafi Bouzouina (Chair) & Mehmet Guney Celbis

SS25- Sustainable Good Health and Well -Being: Progress Towards Universal Health
Coverage as a Sustainable Development Goal (SDG 3.8) across the Globénot enough papers]
dOOALEEI "1 UAAE

SS26- City Development under Uncertainty: Urban Futures, Strategic Planning and Adaptive
Pathways [not enough papers]

Vasco Barbosa

SS27- Cities at Risk in Developing Countries: Urban Growth, Climate, and Natural Shocks in
Latin America_[not enough papers]

Daniel Centuriao (Chair) & Caroline Welter

SS28- Productive diversification, territorial inequality, regional development and public
policy in the Global South

Danny GrandaBeltran (Chair) & Cristian Ortiz

SS29- Megaprojects, Planning and Regional Development

Maritza Areli Velazquez Villalpando (Chair) & Crucita Aurora Ken Rodriguez

SS30- Governance, Development and Innovation to Promote Well -being

Crucita Aurora Ken Rodriguez (Chair) & Christian Martinez Olivera

SS31- The Regional Economy of Mangroves: Ecosystem Services, Inclusive Livelihoods, and
Climate -Resilient Development [not enough papers]

Fabian Vilema Escudero (Chair), Raul Carvajal & Natalia Molina
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Venue

June 9, 2026

Centro Cultural Metropolitano
Address: Endereco: Garcia Moreno &, 170401 Quito, Equador

For June 9 2026, the location is theCentro Cultural Metropolitano , where the opening ceremony,
the panel, the keynote speech, and the welcome reception take place.

The Google Maps link is the followindattps:/maps.app.goo.gl/c7VXELWIRbb1QgmJA

Cuenca

KFC - San
Estacion San Francisco de Quito

: m Combo Ideal
Francisco (Metro) A'Solo $4.99

()

. R i
Museo de la Moneda ﬂ

Casimifes n la d |

Casa Blalica Centro Cultural

Somos La Tiendd Metropolitano
a Tu Servicio 'd More

it ‘0

How to get there:

By Metro (Recommended)
The most convenient and efficient way to arrive is via the Quito Metro:
1 Get off atSan Francisco Station
f The station is just ashort walking distance (2 z5 minutes) from the venue
f This option avoids traffic and is safe and reliable
By Uber or Ride-hailing Apps
1 Uberoperates in Quito and is widely used
1 YoucanentetO# AT OOT # O1 OOOA &s youldéstiriaterd 1 EQOAT T 6
1 Recommended for comfort and direct access, especially if traveling in groups
By Taxi
1 Official taxis are available throughout the city
1 Make sure to useegistered taxis or request one through your hotel
1 Travel time depends on traffic, especially during peak hours
By Bus (Less Recommended)
1 Public buses reach the Historic Center
1 However, they can berowded and less intuitive for visitors unfamiliar with routes
1 This option is not recommended unless you have local guidance
Additional Tips
1 The Historic Center hasestricted vehicle access in some streets , so be prepared for a short
walk
1 Allow extra time during peak hours
1 Keep personal belongings secure in crowded areas


https://maps.app.goo.gl/c7VXELWiRbb1QqmJA
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June 10, 11, and 12, 2026

ESCUELA POLITECNICA NACIONAL (EPN)
Address: Av. Ladrén de Guevara EX253, Quito 170143, Ecuador

The Google Maps link is the followingdattps://maps.app.goo.al/mtUaT6tdxQrJsid77

The congress will take place at th&scuela Politécnica Nacional (EPN or National Polytechnic School)
, @ modern and versatile space located in the center of Quito. This university is known for its ability
to host large international events, with multiple auditoriums, rooms and classrooms that can be
configured according to the specific needs of the confence. In addition, it is equipped with the latest
technology in audiovisuals and internet connectivity.

Building 26 7
Conagress Venue

Politécnico
José Rubén
Orellana R.



https://maps.app.goo.gl/mtUaT6tdxQrJsid77
https://www.epn.edu.ec/
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The Rooms at EPN

~ Building Floor | Session
E26/P5/Auditorium 2 Manuela Saez E26 (EARME)5th floor Keynote Conferenceg
E26/P4/ E407 Manuela Espejo E26 (EARME)#4th floor RSAI Meetings
E26/P4/E002 Manuela Cafizarez  |[E26 (EARME){4th floor Training course
E26/P3/E001 El Panecillo E26 (EARME)3rd floor  |Parallel Sessions
E26/P3/E0Q7 La Mitad del Mundo |[E26 (EARME){3rd floor  |Parallel Sessions
E26/P3/E008 El Quinde E26 (EARME)[3rd floor Parallel Sessions
E26/P3/E009 La Compaiiia E26 (EARME)Q3rd floor  |Parallel Sessions
E26/P3/E010 La Basilica E26 (EARME)Q3rd floor  |Parallel Sessions
E26/P3/E011 La Carolina E26 (EARME)[3rd floor Parallel Sessions
E26/P2/EO011 Galapagos E26 (EARME)2nd floor  |Parallel Sessions
E26/P4/E001 Chimborazo E26 (EARME)th floor Parallel Sessions
WiI-Fi Access

Network name: RSAIWorld-CongresseEPN
Password: Quito2026

Meals

Meals (coffee breaks and lunches) are included in the conference registration fee from the start of
the conference (Tuesday, 3 pm) to the end (Friday, 6 pm) except for the Gala Dinner, which is optional
and will take place on Thursday night, June 11, at Hilton Colon Quito
(https://maps.app.goo.gl/Gv25YNN9Go41YTrFE8 ).

Coffee Breaks will be served ithe Terrace of the 4 floor of the EARME building (E26).

Lunches will be served in thelerrace on the 24 floor of the EARME building (E26).

ThosewhoD OOAEAQOAA OEA 1T DPOEIT T AL #1 1 AAOAT AA ' A1 A $EI
at check-in. Please be prepared to present the dinner ticket on the day of the dinner to grant

access.

Those who did not purchase the Conference Gala Dinner but are still interested can attend by
contacting rsai@apdr.pt, strictly before May 22nd 2026.

How to get to the Gala Dinner Venue , Hilton Colon Quito :

The hotel is conveniently located in the central area of Quito, directly in front of thel Ejido Metro
Station, which is only a few steps away from the venue.

For participants staying or attending activities at Escuela Politécnica Nacional, the hotel can be
reached on foot in approximatelyl0z15 minutes , depending on the walking route. The walk is
straightforward along Avenida Patria and passes through one of the most active and accessible areas
of the city.

Address of the Gala Dinner venue:

Hilton Colon Quito

Amazonas N1914 y Av. Patria, Quito, Ecuador

Participants may also use the Quito Metro and get off &l Ejido Station, located about 110 meters
from the hotel entrance.


https://www.hilton.com/en/hotels/quihihf-hilton-colon-quito/?utm_source=chatgpt.com
https://maps.app.goo.gl/Gv25YNn9Go41YTrF8
mailto:rsai@apdr.pt
https://www.hilton.com/en/hotels/quihihf-hilton-colon-quito/?utm_source=chatgpt.com
https://www.hilton.com/en/hotels/quihihf-hilton-colon-quito/?utm_source=chatgpt.com
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Instructions to Chairs and Presenters

1. Sessions will last 2 hours or 1h30. Please stick to the times shown in the program. If you have
a no-show, use the time for a discussion of the preceding paper(s) or for a recess. Please do
not shift papers to fill voids, as individuals may want to attené particular paper.

2. The majority of sessions have 4 papers. In 3 or 4 paper sessions, each presenter is allowed 20
minutes for presentation, followed by a 1@minute discussion. In a Spaper session, each
presenter is allocated 20 minutes, followed by 4 minutes of discussion.

3. Hold each individual to the time available. If a speaker continues after time has expired, please
let her/him know that time has expired. The audience and the other speakers will respect and
support your decision.

We recall that the duties as Chair of a Session are:

72 Promote compliance with schedules and the fair distribution of time available for all
communications; and
7 Managing debate time.

Advanced Workshop on Strategic Spatial Analytics and

Application on R -Based Geospatial Intelligence

10:00-13:00 Tuesday, 9 June 2026
Room: E26/P4/E002 - Manuela Caiizarez [Building 26, 4th floor]
Instructors: Alex Bajaiia & Gary Santiana from ERGOSTATS

This training course focuses on spatial analysis techniques using R, with a focused application to
spatial accessibility to healthcare services. The workshop combines conceptual foundations with
practical programming sessions to equip participants with theskills needed to measure and interpret
spatial accessibility to services. Emphasis is placed on advanced accessibility methodologies,
particularly the Two-Step Floating Catchment Area (2SFCA) method and its enhanced version
(E2SFCA/ES2FCA), alongside othapproaches such as gravity models and provideio-area ratios.
Participants work with real data, including census zones, hospital locations, population data and
health service capacity records. Using GIS tools and R packages, they construct trtine
isochrones, build spatial influence matrices, apply distanedecay functions, and compute spatial
accessibility indicators such as the Spatial Access Index (IAE) and Spatial Access Coefficient (CAE).
The course bridges theory and application by enabling attendees to identify territorial inequalities
in healthcare access and interpret spatial patterns to inform public health planning and resource
allocation decisions.

Registration:

The advanced workshop is free for all 2026 RSAI congress participants, but prior registration is
required. The number of participants is limited to 30; spaces are allocated in order of receipt.

The participant just needs to send an email tosai@apdr.pt , requesting registration for the
Workshop.



mailto:rsai@apdr.pt
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Walking Tours in Quito

Option 1 - Tuesday, June 9, from 12:00-13:00 (The number of participants is
limited to 60)

Option 2 - Wednesday, June 10 from 18:30-19:30 (The number of participants is
limited to 45)

Registration:

The Walking Tours in Quito are free for all participants of the 2026 RSAI Congress, but prior
registration is required. Spaces will be allocated on a firatome, firstserved basis.

To register for the Walking Tours in Quito, please send an email teai@apdr.pt, specifying whether
you would like to sign up for Option 1 or Option 2.

Activities
Meeting Point: Tienda Quito of the Palacio Municipal building
https://maps.app.goo.gl/1bWs37DKK7JuP91j6

Visit to the architectural complex of the facades d@laza Grande

Street of the Seven Crosses

1 Facade of the Metropolitan Cultural Center
1 Facade of El Sagrario Church
1 Facade of La Compafia Church



mailto:rsai@apdr.pt
https://maps.app.goo.gl/1bWs37DKK7JuP91j6
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Exhibits

allo Municipality of Quito
-
- - The Municipality of the Metropolitan
. N District of Quito is the governing body of W, Ty Pl i
LN \. Ecuador's capital, responsible for planning, 2% (AP
aﬂ urban development, and public service . G >
delivery for over 2.6 million residents. It acts T 5 g Ruembo)/
as a facilitator for community aspirations ‘Disﬁfiﬁrﬂ?gﬁf{z/q" tAJ\J
through transparent governance and ¥ YO o -
strategic territory management. @ ‘\V’S‘iﬂg"'q‘\{:'\ @

i )

Key details about the Municipality include:

1 Mission & Focus: The administration focuses orOpen
Government principles? transparency, accountability, and citizen
participation? to institutionalize modern public policy.

i Core Responsibilities: It manages critical city infrastructure,
including public transport , urban planning, and basic services like wate
and waste management.

1 Climate & Innovation: Quito is committed toclimate neutrality by
2050 through its Climate Action Plan (CAP). It also operates th@uito
Innovation Centre to coordinate digital transformation between the public
sector, academia, and local entrepreneurs.

1 Governance Structure: Led by theMetropolitan Mayor and a 2Xmember
Council, the city is divided intoll Administrative Zones to ensure
decentralized management across urban and rural parishes.

1 Digital Integration: The city offers theMi Quito mobile app, which allows
citizens to manage municipal procedures and access digital certificate
securely.

For official procedures and city news, visit thefficial municipal website:
https://www.quito.gob.ec/

Ergostats

Ergostats is a Quito, Ecuadebased statistics research and training center founded ir
2021, focused on democratizing data science, econometrics, and ogsource tools. It
offers consulting services, tailored training (Nido del Baho), and workshops in F
programming, spatial analysis, and Al for evidenebased decisionmaking

RBOSTATS

Key details about Ergostats include:

1 Mission & Focus: The center promotes modern, ethical data managemen
focusing on machine learning, data visualization, and spatial analysis 1
support public policy and business intelligence.

1 Training and Education: Through their "Nido del Buho" initiative, they
provide courses on R programming for Big Data, Data Storytelling, ar
advanced spatial econometrics.

1 Background: Founded by Alex Bajafia in April 2021, the center ha
established partnerships with institutions like the Escuela Politécnica
Nacional and the Red Ecuatoriana de Ciencia Regional.

1 Key Services: They offer personalized consulting for companies and public
sector entities aimed at converting data into competitive advantages.

1

For more information, you can visit theirofficial website.



https://www.quito.gob.ec/
https://play.google.com/store/apps/details?id=com.sgdtics.appMunicipal&hl=en_US
https://www.quito.gob.ec/
https://ergostats.org/
https://ergostats.org/
https://www.quito.gob.ec/
https://ergostats.org/
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Programme Overview

Tuesday, June 9 = Wednesday, June 10 Thursday, June 11

Venue: Centro Cultural
Metropolitano

Venue: Escuela Politécnica
Nacional (EPN)

Venue: Escuela Politécnica
Nacional (EPN)

Friday, June 12

Venue: Escuela Politécnica
Nacional (EPN)

Registration desk

Registration desk

Registration desk

Registration desk

[14:00-17:30] [08:00-16:00] [08:00-16:00] [08:00-09:00]
Advanced Parallel session 1 Parallel session 3 Parallel session 6
W(ﬁﬂ\éﬁggeon Brainstor [08:30-10:30] [08:30-10:30] [08:30-10:30]
. m

Sgagﬁg'lc Carrefour COFFEE BREAK COFFEE BREAK COFFEE BREAK
Analg’tics and | (ABC) on: [10:30-11:00] [10:30-11:00] [10:30-11:00]
Application on F;?)f‘tggsg PLENARY SESSION II

G'i—gsapsaet?al Turbulent | & & Keynote speech:

: i 2 Hee-Jun n ; i
Intelligence T\gegtt';fz o< Housi eeAJu 9 ‘JL;] Urb Parallel session 4 Parallel session 7
Instructors: patal | g 8| Housing Across the Urban 11:00-12:30 11:00-12:30

Plannin & iy [ ] [ ]
Alex Bajaiia 9 | 5 8| Transition: Lessons from
Under o = . .
& Gary Deep | o Korea for Emerging Cities
Se]}:wcflrina Uncertaint g’g [11:00-12:30] e
y <3 LRPC of the
ERGOSTATS TS o
[10:00-13:00] | L9000~ | = LUNCH RSAI
13:00] [12:30-14:00]

OPENING CEREMONY
[15:00-15:45]

PLENARY SESSION Il
Keynote speech:
Carlos Moreno

Proximity: a key for a new
social contract

meeting
[12:30-14:00]
PLENARY SESSION IV
Keynote speech:
Bruce Newbold

Human Movement, Region:
Change: Rethinking
Immigration with Spatial

PLENARY SESSION V
Keynote speech:
Jaime Bonet
A historical review of
regional convergence
studies in Colombia

[14:00-15:30] Science ol s
[14:00-15-30 [14:00-15:30]
PANEL:Sustainability, COFFEE BREAK COFFEE BREAK COFFEE BREAK
innovation, and welfare in [15:30-16:00] [15:30-16:00] [15:30-16:00]

cities
Panelists:Pabel Mufioz,
Sergio Allebrandt, Alvaro

Orbea & Sandra Andrade
[15:45-17:30]

PLENARY SESSION |
Keynote speech:

Parallel session 2
[16:00-18:00]

Parallel session 5
[16:00-18:00]

Parallel session 8
[16:00-17:30]

CLOSING CEREMONY
[17:30-18:00]

Marta Encinas-Martin
Social mobility and Social

inequality in LAC: Insights
from PISA and PIAAC or
Insights from Education anc

Skills
[17:30-19:00]

Walking Tour in Quito
(option 2)
[18:30-19:30]

Welcome Reception
[19:00-20:00]

GALA DINNER
[19:00-22:00]
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Overview Parallel Sessions
Room Room Room Room Room Room Room Room
E26/P3/E00 E26/P3/E00 E26/P3/EQ0 E26/P3/EQ0 E26/P3/E01 E26/P3/E01 E26/P2/E01 E26/P4/E00
1 7 8 9 0 1 1 1-
La Basilica La Carolina Galapagos | Chimborazo

La Mitad del El Quinde La Compaiiia

El Panecillo
Mundo
Wednesday, June 10 [08:30-10:30] Parallel ses
SS08 Spatial
dynamics of
. local public
RS13.1 SSO01 Migrant| .. e
RSO01 RSQ3'1 RS04 Rural | RS06 Spatial | Resilience and| Integration flnance._flscal
: Regional . - behavior,
Wellbeing development planning risk Challenges | .
development o intergovernm
management | and Policies
ental transfers
and regional

development

Wednesday, June 10 [16:00-18:00] Parallel ses

SS07 Cultural

Evolution &
SS03 Regional
RS11 Agricultural Innovation
. RS29.1 RS03.2 RS26 Natural | Theoretical R.Sls'z il (R Bl
Finances and - - Resilience and| Development | Knowledge
h Regional resources and| and empirical : . - .
regional risk in Food Creation via
4 development energy urban : .
science . management System Diversity
economics . 1
Transformatio | Leveraging
n and
Institutional
Filtering
Thursday, June 11 [08:30 -10:30] Parallel sess
SS05.1 SAS.1 Specia
Ti?\gslict)igﬁls SS22 A;:gseir;r;c
RS15 RS09 Spatial SS19 Regiona) Specialization,| = ~ 3
RS29.2 ; o toward ; . o0l BOI
. National, implications S Science at the RS18.1 Regional .
Finances and ; . Sustainability DU : . Dynamics,
. regional or | of climate and ) . %A OOE O Population | Dynamics, and
regional . in Latin L . Urban-Rural
) local labor environmenta . Ecuador, and migration Economic . L
science America: . Disparities
markets | change RECIR Transformatio .
Energy, n and Spatial
Economy and 2A0EI E
Socie
Thursday, June 11 [11:00 -12:30] Parallel sess
SS18 From SAS.2 Specia
SSQS'Z Safety Nets to .SSZO Academic
Regional . Indigenous .
S Transitions SR Social Capital St
Accessibility Mobility: SS15 Forty Prall 501 p oI
: toward and Local .
and Inequality . RS02.1 S Poverty years of : Dynamics,
RS05.1 City . Sustainability . . Economic
at the Nexus Regional and ) . Dynamics, regional .| Urban-Rural
development - in Latin . - . . Development: . e
of Transport urban policy . Social Capital,| science in g Disparities
America: Identifying .
and Urban and Long Hungary and Spatial
Energy, New el
Form Term Impacts 2A0EI E
Economyand - Pathways to
of Transfers in
Success

SleE the Americas

Thursday, June 11 [16:00 -18:00] Parallel sess
SAS.3 Lecture

SS23
Ruralities, Prosdiifive Series on
Inequalities diversification GREAT MINDS
IN REGIONAL

RS20 RS19 aud territorial
RS03.3 Infrastructure, e RS03.4 Socioecologicag . SCIENCE
Knowledge - . RS28 Artificial ; . inequality,
Regional transportation | . . Regional | Systems: :
and intelligence . regional
. . development and development Regional
innovation - - development
accessibility Science -
. and public
Perspectives L
policy in the

from the
Global South Global South
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Room Room Room Room Room Room Room Room
E26/P3/E0 | E26/P3/E0 | E26/P3/EO0 | E26/P3/E0 | E26/P3/EQ0 | E26/P3/E0 | E26/P2/E0 | E26/P4/EQ
01 o7 08 09 10 11 11 01 -
El Panecillo |La Mitad del | EI Quinde La La Basilica | La Carolina | Galadpagos | Chimborazo
Mundo Compaiiia
Friday, June 12 [08:30 -10:30] Parallel session 6
RS25 RS08 Methods SS29 SS16 Regiona
RS03.5 - in regional Megaprojects,| development
RS16.1 . . Agriculture, . . .
RS23 Tourism Regional / . science and | Planning and paths in
Governance fisheries and .
development . urban Regional Central
food security .
economics | Development Europe
Friday, June 12 [11:00 -12:30] Parallel session 7
SS11 Between
grassroots
initiatives and
public policy:
RS16.2 RS05.2 City RSOZ.Z RSZj Regiona hybrid
Regional and | science and | arrangements
Governance | development . ; ;
urban policy | data science | in urban food

SS10 Social
Housing,
Urban Land
Markets and
SocioSpatial
Segregation in
the Global
South

SS30
Governance,
Development
and
Innovation to
Promote Welk
being

Friday, June 12 [16

:00-18:30

RS18.2
Population
and migration

systems and
wellbeing in
the Global
South

SS04 Digital
Transformatio
n, Artificial
Intelligence,
and Regional
Development:
Productivity,
Competitivene
ss, and
Territorial

Parallel session 8

Dynamics
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Tuesday, 9 June 2026

Advanced Workshop on Strategic Spatial
Analytics and Application on R -Based

Geospatial Intelligence

10:00-13:00 Tuesday, 9 June 2026
Room: E26/P4/E002 - Manuela Caiiizarez [Building 26, 4th floor]
Instructors: Alex Bajafia & Gary Santiana from ERGOSTATS

This training course focuses on spatial analysis technigues using R, with a focused application to
spatial accessibility to healthcare services. The workshop combines conceptual foundations with
practical programming sessions to equip participants with the  skills needed to measure and interpret
spatial accessibility to services.

Participants work with real data, including census zones, hospital locations, population data and
health service capacity records. Using GIS tools and R packages, they construct travel -time isochrones,
build spatial influence matrices and compute spatial a ccessibility indicators.

The course bridges theory and application by enabling attendees to identify territorial inequalities in
healthcare access and interpret spatial patterns to inform public health planning and resource
allocation decisions.

[ONLY FOR PARTICIPANTS PREVIOUSLY REGISTERED ON THE WORKSHOP]

Registration:

The advanced workshop is free for all 2026 RSAI congress participants, but prior registration is
required.

The number of participants is limited to 30; spaces are allocated in order of receipt.

The participant just needs to send an email to rsai@apdr.pt , requesting registration for the Workshop.



https://maps.app.goo.gl/mtUaT6tdxQrJsid77
mailto:rsai@apdr.pt
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Tuesday, 9 June 2026

Venue: Escuela Politécnica Nacional (EPN

Advanced Brainstorm Carrefour (ABC) on:

Roaring Sixties, Turbulent Twenties Zz Spatial Planning

Under Deep Uncertainty
10:00-13:00 Tuesday, 9 June 2026
Room: E26/P3/E001 - El Panecillo [Building 26, 3rd floor]
Organization: The Regional Science Academy (TRSA); Erasmus Happiness
Economics Research Organisation (EHERO), Erasmus; and University Rotterdam, The
Netherlands
Chair: Karima Kourtit (ED TRSA; EHERO)
10:00-10:15 | Welcome by Carolina Guevara (Chair LOC)
Opening by Peter Nijkamp (Vice-President TRSA)
10:15-10:45 | Spatial Mobility and Population Dynamics  z The Planning Relevance of Al
John Osth, Umut Ttrk, Karima Kourtit & Peter Nijkamp

10:45-11:15 | The Relationship between Services and Population Size in Depopulating
Regions: An Urban Scaling Perspective
In Kwon Park

11:15-11:30 | Coffee Break

11:30-12:00 | Spatial Anarchy and Spatial Panarchy z A Cross-Scale Proximity -Prosilience
Perspective
Alexandru Banica , Karima Kourtit & Peter Nijkamp

12:00-12:45 | Which Future Urban Scenarios?
Quito City Representatives

12:45-13:00 | Conclusion by Peter Nijkamp (Vice-President TRSAEHERQ

Walking Tours in Quito

12:00-13:00 Tuesday, 9 June 2026
[ONLY FOR PARTICIPANTS PREVIOUSLY REGISTERED ON THE TOUR]

Registration:

The Walking Tours in Quito are free for all participants of the 2026 RSAI Congress, but prior registration is
required. Spaces will be allocated on a first -come, first -served basis.

To register for the Walking Tours in Quito, please send an email to rsai@apdr.pt , specifying whether you would
like to sign up for Option 1.


https://maps.app.goo.gl/mtUaT6tdxQrJsid77
https://maps.app.goo.gl/1bWs37DKK7JuP91j6
mailto:rsai@apdr.pt
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Tuesday, 9 June 2026

Venue: Centro Cultural Metropolitano

OPENING CEREMONY

15:00 - 15:45 Tuesday, 9 June 2026
Venue: Centro Cultural Metropolitano

Welcome Speeches

Tarquino Sdnchez  Hiroyuki Shibusawa Carolina Guevara Pabel Mufioz Lépez
Almeida President, Regional Scien Chair, Local Organising Mayor, Municipality of
Rector, Escuela Politécnic Association International Committee, and Presiden Quito
Nacional (EPN) Ecuadorian Regional

Science Network (RECIR

PANEL

15:45-17:30 Tuesday, 9 June 2026
Venue: Centro Cultural Metropolitano

Organization: Faculty of Administrative Sciences of the Escuela Politécnica Nacional

Sustainability, innovation, and welfare in cities
Panelists:

Pabel Mufioz Lopez Sergio Allebrandt Alvaro Orbea Sandra Andrade
Mayor, Municipality of UNIJUI Universidade Inter-American CEO of Banco Codesarro
Quito Regional do Noroeste d Development Bank (IABD

Estado do Rio Grande ¢
Sul



https://maps.app.goo.gl/C9nFh67h1nxNm4Y67
https://maps.app.goo.gl/C9nFh67h1nxNm4Y67
https://maps.app.goo.gl/C9nFh67h1nxNm4Y67
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PLENARY SESSION |

17:30-19:00 Tuesday, 9 June 2026

Venue: Centro Cultural Metropolitano
Chair Hans Westlund (KTH Stockholm, Sweden)

Keynote Speech

Social mobility and Social inequality in LAC: Insights from PISA
and PIAAC or Insights from Education and Skills

Marta Encinas-Martin
OECD Education Gender Ambassador and Senior Advisor, Latin America
ERSA

Welcome Reception

19:00-20:00 Tuesday, 9 June 2026
Venue: Centro Cultural Metropolitano



https://maps.app.goo.gl/C9nFh67h1nxNm4Y67
https://maps.app.goo.gl/C9nFh67h1nxNm4Y67

PROCEEDING$2026 RSAI CONGRESS

Wednesday 10 June 2026

PARALLEL SESSIONQ)

08:30-10:30 Wednesday, 10 June 2026
Venue: Building 26 (E26 7z EARME)

RS01 Wellbeing

08:30-10:30 Wednesday, 10 June 2026
Room E26/P3/E001 - El Panecillo (3rd floor)
Chair Carlos Roberto Azzoni

107 SPATIAL INEQUALITY AND THE FORMATION OF OCCUPATIONAL ASPIRATIONS IN
CHILDHOOD

Chiara Cazzuffil, Cristian Leyton 2
1Universidad Mayor, Chile2Universidad de O'Higgins, Chile

121 COMPARATIVE URBAN PERCEPTIONS ACROSS CITIES AND STAKEHOLDERS
*ATATA BOATET OE¢EIERAI A * ADEABBBEA 30AT T EAOEG

51 EOAOOCEOU T &2 . EA &AADOI OU T £ %ATT1i1 EAOR 3AOAEA
125 SUBJECTIVE WELBEING AND RELATIONSHIP POPULATION: A NETWORK ANALYSIS
APPROACH

Keisuke Kondo
Research Institute of Economy, Trade and Industry, Japan. Research Institute for Economics and Business Administration,
Kobe University, Japan

298 LONGITUDINAL ANALYSIS OF SUBJECTIVE WHBEING AND ITS PSYCHOSOCIAL
IMPLICATIONS IN MEXICAN CITIES AND POOR URBAN PERIPHERIES

Alicia Sylvia Gijén Cruz !, Rafael Gabriel Reyes Morales?, Verdnica Judith Yescas Martinez3, Marbeht
Maleni Martinez Castafieda 4

1Universidad Auténoma Benito Juarez de Oaxaca (UABJO). Facultad de Ciencias Quimicas (FCQ), Mg&gicoologico
Nacional de México (TecNM), campus Oaxaca, Instituto Tecnoldgico de Oaxaca (ITO), M&kiniversidad Autbnoma Benito
Juarez de Oaxaca (UABJO). Facultad de Arquitectura, Disefio y Urbanismo (FADU), Méhkisbtuto Tecnoldgico de Oaxaca
(ITO), Mexico

356 URBAN WELFARE ANALYSIS USING WITHGITY DATA

Carlos Roberto Azzoni !, Tatine Almeida de Menezes?, Alexandre Nundes de Almeida !
1Universidade de S&o Paulo, Braz#Federal University of Pernambuco, Brazil

RS03.1 Regional development
08:30-10:30 Wednesday, 10 June 2026

Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair Elizabeth Alexandra Lozano Veintimilla

164 THE EFFECT OF WOMEN'S EMPOWERMENT ON ECONOMIC GROWTH: EVIDENCE FROM
LATIN AMERICA IN THE PERIOD 2002022

Elizabeth Alexandra Lozano Veintimilla
Universidad Nacional de Loja, Ecuador

186 REGIONAL DEVELOPMENT AND INNOVATION IN EASTERN EUROPE. THE USE OF Al IN
SHAPING PUBLIC ADMINISTRATION REFORMS IN ROMANIA AND MOLDOVA

lonut - Ciprian Negoita , Marius Constantin Profiroiu, Alina Georgiana Profiroiu, Corina Nastaca
Faculty of Administration and Public Management, Bucharest University of Economic Studies, Romania



https://maps.app.goo.gl/mtUaT6tdxQrJsid77
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194 COMPETITION BETWEEN THE CREATIVE CLASS AND A REGIONAL GOVERNMENT: A

FIRM LEVEL ANALYSIS
Amit Batabyal 1, Hamid Beladi?

1Rochester Institute of Technology, USAUniversity of Texas at San Antonio, USA
210 LOCAL PRODUCTIVITY AND AGGLOMERATIONS BY TECHNOLOGICAL PATTERN:
EVIDENCE FROM FIRMLEVEL IN BRAZIL

André Luiz Ferreira e Silva, Marcelo Bentes Diniz
Department of Economics, Federal University of Para, BeléRA, Brazil
258 OPERATIONALIZING NONTECHNOLOGICAL INNOVATION: A DATBRIVEN MAPPING

OF CULTURAL AND CREATIVE INDUSTRIES IN EUROPEAN SMART SPECIALISATION
Tongjing Wang 1, André Torre 1, Maryline Filippi 2
1University Paris-Saclay, INRAE, FrancéBordeaux Sciences Agro, University PariSaclay, INRAE, France

RS04 Rural development

08:30-10:30 Wednesday, 10 June 2026
Room E26/P3/E008 - El Quinde (3rd floor)
Chair Nicolas Devaux

90 CLIMATE CHANGE AND THE RURAL LABOR MARKET: AN EMPIRICAL ANALYSIS OF

OKUN'S LAW IN BRAZIL, COLOMBIA, AND MEXICO (2032024)
Diego Cardosot, Jesus LépeZ, Tatiana Caly3

1Fundacion Universitaria Los Libertadores, Colombi&Tecnol6gico de Monterrey, MexicdUniversidad EAFIT, Colombia
230 THE IMPACT OF SOLAR RUSH ON RURAL SUSTAINABILITY, FROM THE PERSPECTIVE

OF HUNGARIAN FARMERS

Szabolcs Fabulat, Melinda Mihaly 23

1University of Szeged, Department of Human Geography, Hunga#lUN-REN Centre for Economic and Regional Studies,
Institute for Regional Studies, Békéscsaba, HungaELTE Eotvés Lordnd University, Institute of Geography and Earth
Sciences, Department of Social and Economic Geography, Budapest, Hungary

241 RURAL DEVELOPMENT IN CONFLICT: PUBLIC POLICY IMPLEMENTATION IN
INDIGENOUS TERRITORIES OF SOUTHERN CHILE

Gianinna Mufioz Arce
University of Chile, Chile
361 ACCESS TO FOOD SERVICES IN N@RTROPOLITAN AREAS: A CLUSTHBASED
1002/ !V #( ). 15%" %#63 2% )/ . 3
Nicolas Devaux?, Sabrina Tremblay 2, Marie-Frédérique Ouellet 1
1Université du Québec a Rimouski (UQAR), Canaddniversité du Québec a Chicoutimi (UQAC), Canada

RS06 Spatial planning

08:30-10:30 Wednesday, 10 June 2026

Room E26/P3/E009 - La Compaifiia (3rd floor)

Chair Daniela-Luminita Constantin

96  JANE JACOBS AND FRIEDRICH VON HAYEK ON URBAN PLANNING

Tamas Dusek
Széchenyi Istvan University, Hungary

126 CORE AND PERIPHERY IN THE PROCESSES OF SPATIAL PLANNING IN THE EUROPEAN

UNION

Géza Salamint, Marton Pétij 2.3
1Corvinus University of Budapest department of Geography and Planning, Hunga®dniversity of Pannonia, Hungary.
3Research Institute for National Strategy, Hungary
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140 SPATIAL INEQUALITIES IN URBAN GREEN ACCESSIBILITY: APPLYING T+EB-300
RULE TO SUPPORT WELBEING AND URBAN SUSTAINABILITY
-ACAAT AT A 3UAUAPAJOEA
' AAT - EAEEAXxEAU 51 EOAOOEOU ET 07T UT Adh o711 ATA
142 FROM GARDEN CITY TO IMINUTE CITY: URBAN PLANNING RESPONSES TO
RESILIENCE AND SUSTAINABILITY CHALLENGES

Daniela-Luminita Constantin , Camelia Delcea, lonut Nica, Stefan lonescu
Bucharest University of Economic Studies, Romania

157 SCHOOL CHOICE AS A RELATIONAL URBAN PROCESS: NETWORKS AND SOCIOSPATIAL
SEGREGATION IN CHILE

Yasna Cortés
Universidad Catdlica del Norte, Chile

RS13.1 Resilience and risk management
08:30-10:30 Wednesday, 10 June 2026

Room E26/P3/E010 - La Basilica (3rd floor)

Chair Hiroyuki Shibusawa

74 TOWARD A REINTERPRETATION OF REGIONAL RESILIENCE UNDER THE IMPACT OF
THE WAR IN UKRAINE: A COMPARATIVE STUDY OF EUROPEAN REGIONS
0AxAce #PvBEOHezykowski 2h  # UA O & A x3, Anrfa Rib&whik 3, Barbara Szyda3
1Faculty of Human Geography and Planning, Adam Mickiewicz University, Poladd.i UT Ad 51 EOAOOGEOU | &£
Business, Department of International Competitiveness, Polantkaculty of Earth Sciences and Spatial Management, Nicolaus

47 006dh o011 ATA

75 404 NOT FOUND: THE INTERNET AND INTERNATIONAL TRADE
Volker Nitsch
Technische Universitat Darmstadt, Germany

104 ECONOMIC IMPACTS AND REGIONAL RESILIENCE UNDER LARGALE NATURAL

DISASTERS IN JAPAN: A DYNAMIC SPATIAL INDUSTRIAL MODELING APPROACH
Hiroyuki Shibusawa , Saki Ito, Asahi Kawai, Mingji Cui
Toyohashi University of Technology, Japan

131 PREFERENCES, TRUST, AND INDBASED FLOOD INSURANCE: EVIDENCE FROM PERU
Jose Armando Cobian Alvarez
ArndtzCorden Department of Economicg Crawford School of Public Policy, The Australian National University, Australia

294 HUMAN TALENT MANAGEMENT STRATEGIES IN ECUADORIAN MSMES: AN ESG
APPROACH FOR SUSTAINABLE AND RESILIENT COMPETITIVENESS

Maria Isabel Sanchez-Pazmifio!2, Tania Mireya Pazmifio Santana?, Jaime Luis Cadena Echeverrig
1Universidad de Las Américas, Ecuadd®EPN Escuela Politécnica Nacional, Ecuador

SS01 Migrant Integration Challenges and Policies
08:30-10:30 Wednesday, 10 June 2026

Room E26/P3/E011 - La Carolina (3rd floor)

Chair Alessandra Michelangeli

177 SOCIAL AND SPATIAL INTEGRATION THROUGH PARENTHOOD. LOOKING AT

PORTUGUESE CENSUS OF 2021

Tomaz Dentinho

Centre for Applied Economics of the Atlantic,University of the Azores, Portugal. Centre for European Studies of the Alexandri
loan Cuza, lasi., Romania

336 WHO BURDENS THE WELFARE STATE? MIGRATION AND AGEING IN HEALTHCARE,
HOUSING, AND EDUCATION DEMAND

Guillermo Prieto -Viertel , Carsten Kallner, EIma Dervic, Ola Ali, Andrea Vismara, Rafael Prieto -Curiel
Complexity Science Hub, Austria
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LOCAL SOCIAL CAPITAL AND MIGRANT INTEGRATION: MULTILEVEL EVIDENCE FROM
EUROPEAN REGIONS

Alessandra Michelangeli 1, Umut Turk 2
1DEMS, University of MilarBicocca, Italy2Abdullah Gul University, Turkey

SS08 Spatial dynamics of local public finance: fiscal
behavior, intergovernmental transfers and regional

development

08:30-10:30 Wednesday, 10 June 2026
Room E26/P2/E011 - Galapagos (2nd floor)
Chair Mauricio Oyarzo

33

51

52

102

285

IS IT A CURSE OR BLESSING TO HAVE A RESOURICH NEIGHBOUR? THE CASE OF
GAS EXTRACTION IN INDONESIA

Abdul Nasir 1, Budy P. Resosudarmo?
1Australian National University, Indonesia2Australian National University, Australia

IDENTIFYING GATEKEEPERS IN THE ALLOCATION OF PUBLIC FUNDS: A SPATIAL
ECONOMETRIC ANALYSIS

Patricio Aroca !, Pedro Fierro 2

1Universidad Andres Bello, ChilezUniversidad Adolfo Ibafiez, Chile

MINING WINDFALLS AND LOCAL FISCAL BEHAVIOR IN UNITARY STATES: REASSESSING
THE FLYPAPER EFFECT UNDER NOMTCHED GRANTS SCHEME

Mauricio Oyarzo 1, Dusan Parede&

1Universidad de Concepcidn, ChiléUniversidad Catdlica del Norte, Chile

REGIONAL UNCONDITIONAL TRANSFERS: THE CASE OF RIVERSIDE REGIONS IN A
DEVELOPING COUNTRY

Javier Pérez!, Bernardo Romero 2, Andrés Garcia-Suaza, Jaime Bonett

1Banco de la Republica (The Central Bank of Colombia), ColomBldniversidad del Rosario, Colombia

SPATIAL ANALYSIS OF THE MACRERINANCIAL DETERMINANTS OF THE COUNTRY
RISK OF THE PACIFIC ALLIANCE COUNTRIES AND ECUADOR

Marcela Elizabeth Guachamin Guerra , Gary Santiana
Escuela Politécnica Nacional, Ecuador

Coffee break

10:30-11:00 Wednesday, 10 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)
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PLENARY SESSION I

11:00-12:30 Wednesday, 10 June 2026
Room: E26/P5/Auditorium 2 - Manuela Saez[Building 26, 5t floor]
Chair In Kwon Park (Seoul National University, Korea)

Keynote Speech
1 Housing Across the Urban Transition: Lessons from Korea for
B Emerging Cities

Hee-Jung Jun
Sungkyunkwan University, Korea
PRSCO

LUNCH BREAK

12:30-14:00 Wednesday, 10 June 2026
Venue: Terrace of the 2 floor of the EARME building (E26)

PLENARY SESSION Il

14:00-15:30 Wednesday, 10 June 2026
Room: E26/P5/Auditorium 2 - Manuela Saez[Building 26, 5" floor]
Chair Peter Nijkamp (Vice-President TRSA; EHERO)

Keynote Speech

Proximity: a key for a new social contract

Carlos Moreno
ETI Chair at the Sorbonne Business School, Sorbonne University, France
RECIR

Coffee break

15:30-16:00 Wednesday, 10 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)
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PARALLEL SESSION)

16:00-18:00 Wednesday, 10 June 2026
Venue: Building 26 (E26 7z EARME)

RS29.1 Finances and regional science
16:00-18:00 Wednesday, 10 June 2026

Room E26/P3/E001 - El Panecillo (3rd floor)

Chair Maurizio Mussoni

279 FINANCIAL BEHAVIOR AND BUSINESS MATURITY IN ECUADORIAN COMPANIES:

INSIGHTS FROM A BEHAVIORAL FINANCE PERSPECTIVE

Tania Mireya Pazmifio Santana !, Maria Isabel Sanchez Pazmifio!:2
1Escuela Politécnica Nacional, Facultad de Ciencias Administrativas, Ecuadbmiversidad de las Américas, Facultad de
Ciencias Economicas y Administrativas, Ecuador

289 NATIONAL TRANSFER ACCOUNTS AND INTERGENERATIONAL REDISTRIBUTION IN
ECUADOR

Margarita Velin -Farez
Escuela Politécnica Nacional, Ecuador

344 REGIONAL TAX COMPETITION AND THE LOCATION OF ECONOMIC ACTIVITY

Mostafa Lotfalipour
University of Greifswald, Germany

363 BETA CONVERGENCE ANALYSIS OF BANK BRANCHES DISTANCE. A MICRO LEVEL
EXAMINATION OF SPATIAL DYNAMICS

Maurizio Mussoni , Carmelo Algeri, Roberto Patuelli
University of Bologna, Italy

RS03.2 Regional development
16:00-18:00 Wednesday, 10 June 2026

Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair Ana Vinuela

346 INSTITUTIONAL MARKETS, TERRITORIAL CAPACITY AND THE PARADOX OF
DECENTRALIZATION: EVIDENCE FROM THE GLOBAL SOUTH

Lenilda Batista de Souzal, Cleiton Silva Ferreira Milagres 2
1PhD Candidate, Graduate Program in Regional Development, Federal University of Tocantins, B&iaduate Program in
Regional Development, Federal University of Tocantins, Brazil

379 ECONOMIC REPERCUSSIONS OF RURAL TOURISM ACROSS MUNICIPALITIES IN
BRAZIL'S NORTHEAST REGION

Adelar Fochezatto, Isabela Mallmann
PUCRS, Brazil

390 COAL SPECIALIZATION AND SPATIAL INEQUALITY IN BOYACA (COLOMBIA)

Laura Amezquita , Naren Natalia Ardila, Siervo Tulio Delgado, Lais Mujica
Researcher Universidad Pedagogica y Tecnoldgica de Colombia UPTC, Colombia

403 REGIONAL POVERTY GAPS: A SPATIAL ANALYSIS ON CONVERGENCE AND

STRUCTURAL DETERMINANTS IN AN EMERGING ECONOMY

Bilver Astorquiza -Bustos
Universidad de Manizales, Colombia

405 LEFT-BEHINDNESS AT LOCAL LEVEL IN EUROPE: MULTIDIMENSIONAL AND RELATIVE
CONCEPT

Ana Vifiuela
REGIOlab and Applied Economics Department, University of Oviedo, Spain
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RS26 Natural resources and energy
16:00-18:00 Wednesday, 10 June 2026

Room E26/P3/E008 - El Quinde (3rd floor)

Chair Amit Batabyal

124 INTERDEPENDENCE BETWEEN PRODUCTIVE SECTORS AND THE ENERGY SECTOR: AN
APPLICATION OF THE MIYAZAWA MULTIPLIER TO THE BRAZILIAN ECONOMY

Fernando Perobelli !, Eduardo Haddad?, Marcio Henriques 1, Gabriel Arcanjo!
1Federal University of Juiz de Fora, BrazAUniversity of Sao Paulo, Brazil

183 CLIMATE JUSTICE IN THE BRAZILIAN AMAZON: WHO CONTRIBUTES TO THE
MITIGATION EFFORT AND WHAT ARE THE SHORIERM EFFECTS?

Marcelo Diniz , Jorge Eduardo Simdes, Marcia Diniz, Vanessa Alves, Gabriel Moia
Graduate Program in Economics, Federal University of Para, Brazil
195 TWO FORMS OF TAXATION, MAJORITY VOTING, AND WATER POLLUTION CLEANUP IN

THE GANGES
Amit Batabyal 1, Hamid Beladi?

1Rochester Institute of Technology, USAUniversity of Texas at San Antonio, USA
252 COMI?REHENSIVE HYDROLOGICAL ASSESSMENT OF THE SAN MIGUEL AND SANTO
TOMAS AJUSCO MICRBASIN, CDMX

Maria Antonina Galvan Fernandez , José Samuel Trejo Pérez, Erika Nicole Cruz Robles, Daniel Gonzalez
Universidad Autbnoma Metropolitana, Mexico

RS11 Theoretical and empirical urban economics

16:00-18:00 Wednesday, 10 June 2026
Room E26/P3/E009 - La Compaifiia (3rd floor)
Chair Juan Sayago

100 ECONOMIC STABILITY, URBAN CONDITIONS, AND QUALITY OF LIFE IN SOUTH ASIAN

CITIES: ADYNAMIC ECONOMETRIC AND MACHINE LEARNING ANALYSIS

Tuhin G M Al Mamun?, Mohammad Bin Amin 2, Jézsef Pop®, Judit Olah45

1Department of Economics Hannam University, Korea, Republic @Qoctoral School of Management and Business, Faculty of
Economics and Business, University of Debrecen, Hunga#ipoctoral School of Management and Business Administration,
John von Neumann University, HungarytFaculty of Economics and Business, University of Debrecen, Hung&octoral
School of Management and Business Administration, John von Neumann University, Hungary

109 WORKER SORTING, INDUSTRY SORTING, AND AGGLOMERATION EFFECTS
Michael Maritz 1, Wolfgang Dauth®.2, Anja Rossert

linstitute for Employment Research (IAB), GermanyUniversity of Bamberg, Germany

118 A NOVEL STUDY ON INTERVIVA ECONOMICS IN INFORMATION AND BUSINESS
STUDIES: URBAN MOBILITY AND FINANCIAL MARKETS DURING THE CGOY®D
PANDEMIC

Hayama Kazuyoshi
Chuo School for the Deaf, Osaka prefectural, Japan

205 HOUSING PRICES IN CALI: EVALUATING THE IMPACT OF THE PROTESTS

Juan Sayagd, Jhon James Mor&, Santiago Pinto3
1Universidad de los Andes, Colombi@Universidad Icesi, Colombia3Federal Reserve Richmond, USA

306 MICROECONOMIC AND SOCIAL TRANSFORMATIONS IN POOR PERIPHERAL
SETTLEMENTS IN THE METROPOLITAN AREA OF OAXACA CITY, MEXICO

Rafael Gabriel Reyes Morales?, Alicia Sylvia Gijon Cruz?2, Veronica Judith Yescas Martinez3, Marbeht
Maleni Martinez Castafieda 4

1Tecnolégico Nacional de México, Instituto Tecnolégico de Oaxaca, Mexdtimiversidad Autonoma Benito Juarez de Oaxaca,
Facultad de Ciencias Quimicas, Mexiclniversidad Autbnoma Benito Juarez de Oaxaca, Facultad de Arquitectura, Disefio y
Urbanismo, Mexico#Instituto Tecnoldgico de Oaxaca, Mexico
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RS13.2 Resilience and risk management

16:00-18:00 Wednesday, 10 June 2026
Room E26/P3/E010 - La Basilica (3rd floor)
Chair Jose Antonio Leon Torres

163 PERSISTENCE AND HETEROGENEITY OF THE ECONOMIC EFFECTS OF NATURAL
DISASTERS IN BRAZIL

Luan Marca, Gustavo Frio, Marco Franca, Augusto Alvim, Adelar Fochezatto, Carlos Silva
PUCRS, Brazil
236 DEVELOPMENT, INEQUALITY, AND RISK: THE INTERACTION BETWEEN GDP PER
CAPITA AND GINI ON HYDROLOGICAL DISASTER MORTALITY
Gabriel Silva
PUCRS, Brazil
242 FROM SHOCK TO RESILIENCE: RETHINKING ECONOMIC RECOVERY THROUGH
INTEGRATED DEVELOPMENT AFTER COVID
Daniel Zurita -Lomat2, Andrés Palacio-Fierro 2, Purificacién Vicente -Galindo?, Patricio Alvarez -Mufioz3
1Salamanca University, Spaidlnternational University of Ecuador, Ecuador3Universidad Estatal de Milagro, Ecuador
398 INCREASING RESILIENCE IN THE FIELD OF TRAINING THROUGH LOCABASED
SOLUTIONS POWERED BY NEW TECHNOLOGIES (THE BPREPARED PROJECT)

Marton Peti
Research Institute for National Strategy, Hungary. University of Pannonia, Hungary

402 DIRAS, A PROBABILISTIC METHODOLOGY FOR MUYHERIL SYSTEMIC RISK
ASSESSMENT: THE CASE OF STUDY OF COSTA RICA

Jose Antonio Leon Torres?, Mario Ordaz?, Eduardo Haddad?, Inacio Araujo 2
INational Autonomous University of Mexico, Mexic@University of Sdo Paulo, Brazil

SS03 Agricultural and Rural Development in Food

System Transformation
16:00-18:00 Wednesday, 10 June 2026
Room E26/P3/E011 - La Carolina (3rd floor)
Chair Lily Kiminami

91 INTENTIONS OF CITIZENS REGARDING THE DIRECTION OF AGRICULTURAL AND
RURAL DEVELOPMENT: A COMPARATIVE ANALYSIS BETWEEN CHINA AND JAPAN
Shinichi Furuzawa 1, Lily Kiminami 1, Akira Kiminami 2
INiigata University, JapanzThe University of Tokyo, Japan
92 %80,/ 2)."' 4(% *10!. %3% 2)#% &! 2- %230 ). $)6) !
RURAL AND AGRICULTURAL DEVELOPMENT
Lily Kiminami 1, Shinichi Furuzawa 1, Akira Kiminami 2
INiigata University, Japan2The University of Tokyo, Japan
93  CHALLENGES OF ORGANIC RICE FARMING IN JAPANESE AGRICULTURAL
CORPORATIONS: TOWARD ESTABLISHING A SUSTAINABLE CSV MANAGEMENT MODEL

Akira Kiminami 1, Lily Kiminami 2, Shinichi Furuzawa 2
1The University of Tokyo, JapartNiigata University, Japan




PROCEEDING$2026 RSAI CONGRESS

SS07 Cultural Evolution & Regional Innovation
Networks: Knowledge Creation via Diversity

Leveraging and Institutional Filtering
16:00-18:00 Wednesday, 10 June 2026

Room E26/P2/E011 - Galapagos (2nd floor)

Chair Mingxia He

20 THE PARADOX OF CULTURAL GROWTH: (BEYOLUTION OF CULTURAL GENES,
INNOVATION NETWORKS, AND KNOWLEDGE TRAPS IN CHINA
Mingxia He
Sichuan University of Science and Engineering, China

48 THE CULTURAL EVOLUTION OF ALGORITHMIC DECISHOMKING: INSTITUTIONAL

FILTERING AND BEHAVIORAL PERSISTENCE IN CHINESE FINANCIAL NETWORKS
Xianglan Jiang!2, Yao Yang, Mingxia He 4

IManagement School, Sichuan University of Science & Engineering, Cha®nuthampton Business School, University of
Southampton, United Kingdom3Bank of Tianjin Chengdu Branch, Chin&Management School, Sichuan University of Science
& Engineering, China

123 CARBON COST GOVERNANCE AS AN INSTITUTIONAL FILTER IN REGIONAL GREEN
../l 614)/ . . %47/ 2+3d ).3)' (43 &2/-CARBON4, 5. $
TRANSITION
Tianliang Yang 1, Xianglan Jiang'2, Mingxia He 1, Shulin Yin1, Caiyun Yang

IManagement School, Sichuan University of Science & Engineering, Ch#&nuthampton Business School, University of
Southampton, United Kingdom

134 THE PARADOX OF GLOBAL CONNECTIVITY: INTERPLAY BETWEEN CULTURAL
DIVERSITY AND INSTITUTIONAL SELECTIVITY IN CRGBORDER R&D NETWORKS

Mingxia He 1, XU Jiar?
1School of Economics,Sichuan University of Science & Engineering, ChiKéhu Intelligent Technology (Chengdu) Co., Ltd.,
China

Wednesday, 10 June 2026

Meeting Point: Tienda Quito of the Palacio Municipal building

Walking Tours in Quito
18:30-19:00 Wednesday, 10 June 2026

[ONLY FOR PARTICIPANTS PREVIOUSLY REGISTERED ON THE TOUR]

Registration:

The Walking Tours in Quito are free for all participants of the 2026 RSAI Congress, but prior registration is
required. Spaces will be allocated on a first -come, first -served basis.

To register for the Walking Tours in Quito, please send an email to  rsai@apdr.pt , specifying whether you would
like to sign up for Option 2.


https://maps.app.goo.gl/1bWs37DKK7JuP91j6
mailto:rsai@apdr.pt
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Thursday, 11 June 2026

PARALLEL SESSIONS)

08:30-10:30 Thursday, 11 June 2026
Venue: Building 26 (E26 7z EARME)

RS29.2 Finances and regional science
08:30-10:30 Thursday, 11 June 2026

Room E26/P3/E001 - El Panecillo (3rd floor)

Chair Monica Yukie Kuwahara

162 FINANCIAL SUSTAINABILITY AND MUNICIPAL SOLID WASTE MANAGEMENT:

EVIDENCE FROM A STAGGERED DIFFERENE®IFFERENCES ANALYSIS IN BRAZIL
Dayana Lilibeth Veliz Sanchez 12, Monica Yukie Kuwahara 13, Ana Claudia P Favd

1Federal University of ABC, BrazikCoordenacgéo de Aperfeicoamento de Pessoal de Nivel Superi@rasil (CAPES} Finance
Code 001, Brazil3Grant 2023/10215-6 S&o Paulo Research Foundation (FAPESP), Brazil
237 REGIONALIZATION OF URBAN STORMWATER SERVICES AND MUNICIPAL SPENDING:

EVIDENCE FROM BRAZIL

Jodo Gabriel Santos P Silva 2, Monica Yukie Kuwahara 13, Ana Claudia P Favé
1Federal University of ABC, Brazil2Grant 2025/01202-3 - S&o Paulo Research Foundation (FAPESP), Brarant
2023/10215 -6 - Sao Paulo Research Foundation (FAPESP), Brazil

243 THE EFFECTS OF GOUVERNMENT DEBT ON CAPITAL FORMATION (INVESTMENT): AN

ANALYSIS FOR THE OECD COUNTRIES

Bruno Kops Espanhol , Marco Tulio Aniceto Franca
Pontificia Universidade Catélica do Rio Grande do Sul, Brazil

244 NONSTRUCTURAL URBAN DRAINAGE AND THE POLITICAL ECONOMY OF URBAN
RESILIENCE: A SCOPING REVIEW

Joyce de Souza Zanirato Maial-2, Yan Nonato Cattanil, Monica Yukie Kuwahara 1.3
1Federal University of ABC, Brazil2Grant 2024/15993-0 Sdo Paulo Research Foundation (FAPESP), Bratrant
2023/10215 -6 S&o Paulo Research Foundation (FAPESP), Brazil

RS15 National, regional or local labor markets
08:30-10:30 Thursday, 11 June 2026

Room E26/P3/E007 - La Mitad del Mundo (3rd floor)

Chair Maria Adamakou

64  AUTOMATION AND MATCHING FUNCTION IN THE COLOMBIAN LABOR MARKET: AN

ANALYSIS FOR THE PERIOD 2018022
Maicol Quijano 1, Jhon James Mora, Juan Tomas Sayagé

1Universidad Icesi, Colombia2Universidad de los Andes, Colombia
81 WHAT DRIVES REGIONAL DIFFERENCES IN OCCUPATIONAL SEX SEGREGATION? THE

CASE OF GERMANY

Michaela Fuchs, Anja Rossen, Antje Weyh
Institute for Employment Research, Germany


https://maps.app.goo.gl/mtUaT6tdxQrJsid77
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351 REGIONAL LABOUR MARKET TRANSITIONS IN THE GREEN AND DIGITAL ERA:
EVIDENCE, POLICY LESSONS AND TERRITORIAL RISKS

Maria Adamakou 12, Despoina Kanteler3, Nikos Kapitsinis 4, Fernando Rubiera-Morollén 5, Mihail
Arandarenko 6, Lefteris Topaloglou 3

1University of Thessaly, Department of Planning & Regional Development, Greétfiversity of Western Macedonia, Greece.
3University of Western Macedonia, Department of Chemical Engineering, Greettdniversity of Kopenhagen, Department of
Geosciences & Natural Resource Management, Denmathniversity of Oviedo, Department of Economics, SpafiUniversity
of Belgrade, Faculty of Economics, Serbia

RS09 Spatial implications of climate and

environmental change

08:30-10:30 Thursday, 11 June 2026
Room E26/P3/E008 - El Quinde (3rd floor)
Chair Alexandre Alves Porsse

46 SOCIGENVIRONMENTAL VULNERABILITY AND CLIMATE DISASTERS IN THE
METROPOLITAN REGION OF PORTO ALEGRE: EVIDENCE FROM A MULTIVARIATE
SPATIAL ANALYSIS

Jean Sleifer, Adelar Fochezzato
Pontificia Universidade Catélica do Rio Grande do Sul, Brazil

220 TROPICAL CYCLONES AND FOOD PRICES: EVIDENCE FROM MEXICO

Jesus Arellano Gonzalez!, Anna Karina Perez Pefia2, Mauricio lvan Acosta Garcia !, Miriam Juarez Torres 1!
1Banco de México, Mexic@Paris School of Economics, France

275 DO TRAFFICCALMING INTERVENTIONS CHANGE SCHOOL NOISE EXPOSURE?
EVIDENCE FROM BARCELONA

Dalia Argudo Barrera
Universitat Autonoma de Barcelona, Spain

313 CLIMATE CHANGE, EMISSIONS, AND NATURAL DISASTERS: AN EMPIRICAL ANALYSIS
OF CLIMATE JUSTICE ACROSS COUNTRIES

Marcelo Diniz 1, Jorge Simdes, Yan Teixeiral, Kawana Carvalho?, Jean Carlos dos Anjo$, Lucas
Noborikawa 2, Lucas Porto?, Paulo Santog?, Ronny Silva?
1Graduate Program in Economics, Federal University of Para, Brazitaculty of Economics, Federal University of Para, Brazil

359 ECONOMIC IMPACTS AND RECOVERY DYNAMICS OF NATURAL DISASTERS: A CGE
ANALYSIS FOR THE FLOODS IN RIO GRANDE DO SUL

Alexandre Alves Porsse
UFPR- BRAZIL, Brazil

SS05.1 Regional Transitions toward Sustainability in

Latin America: Energy, Economy and Society
08:30-10:30 Thursday, 11 June 2026

Room E26/P3/E009 - La Compaifiia (3rd floor)

Chair Enrique Gilles

110 SUBNATIONAL INPUETOUTPUT ANALYSIS FOR REGIONAL SUSTAINABILITY

ASSESSMENT

Enrigue Gilles
Colegio de Estudios Superiores de Administracion (CESA), Colombia

190 MACROECONOMIC CIRCULARITY AND ECONOMIC GROWTH: EVIDENCE FROM LATIN
AMERICA AND CARIBBEAN COUNTRIES

Denises Silva Mota Carvalho, Alexandre Florindo Alves
State University of Maringa, Brazil
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225 ECONOMIC AND ENVIRONMENTAL IMPACTS OF SUSTAINABLE AVIATION FUEL
POLICIES IN BRAZIL: A CGE ASSESSMENT OF CORSIA AND THE FUEL OF THE FUTURE
LAW

Jefferson Pereira 12, Admir Betarelli Junior 1, Weslem Farial
1UFJF, BraziRFAPEMIG, Brazil

r ~ r ~ ~ ~

Ss19 2ACET T AT 3AEAT AA AO OEA

RECIR

08:30-10:30 Thursday, 11 June 2026
Room E26/P3/E010 - La Basilica (3rd floor)
Chair Carolina Guevara

55 TARIFFS AND INDUSTRIAL LOCATION IN ECUADOR
Mayra Ortega-Vivancol, Elisenda Paluzie 2, Jordi Pons-Novell2, Diego Ocamp¢d®
1Universidad Técnica Particular de Loja, EcuadofUniversitat de Barcelona, SpairflAQRIREA Universitat de Barcelona,
Spain

276 MEASURING SPATIAL ACCESSIBILITY TO HEALTH SERVICES FOR PUBLIC POLICY
DESIGN: AN INTEGRATED E2SFCA FRAMEWORK FOR TERRITORIAL PLANNING IN

QUITO ECUADOR

Alex Bajafia, Pablo Sarango
Centro de Investigacion Estadistica ERGOSTATS, Ecuador

277 PORTS, GANGS, AND HOMICIDES: THE IMPACT OF ORGANIZED CRIME ON VIOLENCE IN
ECUADOR

Diego Alejandro Albuja Arellano, Yasmin Salazar Méndez
Escuela Politécnica Nacional, Ecuador

408 WAGE DYNAMICS OF IMMIGRANTS AND NATIVES: EVIDENCE FROM ECUADOR; 2018
2024

Jessica Ordéfiez Cuenca Tania Torres Gutiérrez
Universidad Técnica Particular de Loja, Ecuador

RS18.1 Population and migration
08:30-10:30 Thursday, 11 June 2026

Room E26/P3/E011 - La Carolina (3rd floor)
Chair Hans Westlund

13 INTERNAL MIGRATION AND THE LABOR MARKET IN NORTHEASTERN MEXICO:
IMPACTS ON WELBEING AND SOCIAL MOBILITY

David Castro Lugo, Naim Manriquez Garcia, Ernesto Xavier Vera Gomez
Autonomous University of Coahuila, Mexico

77 BACK TO THE COUNTRYSIDE? REMOTE WORK AND COUNTERURBANISATION IN
DENMARK AND SWEDEN

Nino Javakhishvili -Larsen?, Kent Eliasson?, Hans Westlund 3
1Aalborg University, Denmark2Swedish Agency for Growth Policy Analysis, Swed8KTH Royal Institute of Technology, Sweden

85 POPULATION DISPLACEMENT ON THE BACKDROP OF CONFLICT ZONES: THE

EVIDENCE FROM SPATIAL DATA

Martin Maris 1, Marian Kovacik 2
linstitute of Sustainable Regional and Local Development, SlovaRlastitute of European Policies and Public Administration, Slovakia

213 MEASURING DECLINE AND ATTRACTIVENESS IN LOENSITY TERRITORIES

Jodo Marques, Jan Wolf, Joana Duarte
University of Aveiro, Portugal
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SS22 Specialization, Regional Dynamics, and

Economic Transformation

08:30-10:30 Thursday, 11 June 2026
Room E26/P2/E011 - Galapagos (2nd floor)
Chair Neil Reid

129 SPECIALIZATION, DIVERSIFICATION, AND EMPLOYMENT GROWTH IN MEXICO:
INSIGHTS FROM A SPATIAL PANEL DATA MODEL

Rafael Gardufio Riveral, Neil Reid?, Haoying Wang?3
1Universidad de Navarra, SpairtUniversity of Toledo, USA2New Mexico Tech, USA

245 THE EFFECT OF RELATEDNESS AND DENSITY ON THE SURVIVAL OF ECUADORIAN
FIRMS

Alexis Cedefio!, Jhordy Grandal, Joost Heij?, Alex Guerrero?
1Universidad Nacional de Loja, EcuadotUniversidad Complutense de Madrid, Spain

358 WHEN DENSITY TRAVELS: THIRD PLACES AND THE RECONFIGURATION OF
AGGLOMERATION ECONOMIES

llaria Mariotti 1, Carles Méndez-Ortega?
1Dipartimento di Architettura e Studi Urbani/Department of Architecture and Urban Studies (DAStU), Politecnico di Milano,
Italy. 2Faculty of Economics and Business, i2T@ Lab and UOIGIT, Universitat Oberta de Catalunya, Spain

387 COAL GEOGRAPHY AND TERRITORIAL CAPITAL IN BOYACA (COLOMBIA)

Laura Amezquita , Lais Mujica, Naren Natalia Ardila
Researcher UPTC Universidad Pedagdgica y Tecnoldgica de Colombia, Colombia

SAS.1 3 PAAEAI | AAAAT EA 3AOOQEI I
Dynamics, Urban -Rural Disparities and Spatial
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08:30-10:30 Thursday, 11 June 2026

Room E26/P4/E001 z Chimborazo (4th floor)

Organization: The Regional Science Academy (TRSEyasmus Happiness

Economics Research Organisation (EHERO), Erasmus; University Rotterdam, The
Netherlands; and Seoul National University (SNU)

Chair: In Kwon Park (President PRSCO)

08:30-09:00 | FROM VULNERABILITY TO AGENCY: HOW COMMUNITY ENGAGEMENT SHAPES
CLIMATE RISK ADAPTATION
Yuri Mansury

09:00-09:30 | GAUGING THE PROSPECTS AND CONSEQUENCES OF WIDESPREAD
DEPOPULATION

Jacques Poot

09:30-10:00 | POPULATION AGING, MOBILITY, AND RESIDENTIAL CHOICES

Bruce Newbold

10:00-10:30 | EX POST IMPACT ANALYSIS USING SPATIAL ECONOMETRICS
André Chagas
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Coffee break

10:30-11:00 Thursday, 11 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)

PARALLEL SESSION@)

11:00-12:30 Thursday, 11 June 2026
Venue: Building 26 (E26 7 EARME)

SS24  Accessibility and Inequality at the Nexus of

Transport and Urban Form

11:00-12:30 Thursday, 11 June 2026
Room E26/P3/E001 - El Panecillo (3rd floor)
Chair Louafi Bouzouina

78 THE REGIONAL RETURNS TO TRANSPORT AND CULTURAL INFRASTRUCTURE: A
TERRITORIAL CAPITAL APPROACH FOR AUSTRIA

Tatjana Neuhuber , Marie-Luise Zwicker, Michael Getzner
Vienna University of Technology, Austria

373 TEMPORAL DISRUPTIONS IN RETAIL LOCALIZATION: MARKET AREA DYNAMICS OF
SUPERMARKETS AND PHARMACIES IN GERMANY AND IRELAND PPXBb

John Ostht23, Umut Turk 4, Marina Toger 3
10slomet university, Norway 2Lund university, Sweden3Uppsala University, SwederfAbdullah Giil University, Turkey

404 IMPACT OF CYCLE LANES AND PUBLIC BIKE PARKING ON BICYCLE COMMUTING:
COMPLEMENTING FRENCH CENSUS WITH SPATIAL DATA FOR POLICYMAKING

Philip Kofi Alimo, Mathieu Franceschini, Ouassim Manout, Louafi Bouzouina
Laboratoire Aménagement Economie Transports (LAET), Ecole nationale des travaux publics de I'Etat (ENTPE), CNRS,
Université de Lyon, Vaulxen-Velin, France

RSO05.1 City development

11:00-12:30 Thursday, 11 June 2026

Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair Lorenzo Murru

84 DO NEW CONSTRUCTIONS FILL THE GAP? HOUSING UTILIZATION AND VACANCY
SPILLOVERS IN VIENNA

Antonia Schneider !, Tatjana Neuhuber 1, Justin Kadi2
1TU Wien, Austria2University of Cambridge, United Kingdom

94 FROM HOUSING TO ASSET: HOW HOUSING FINANCIALIZATION SHAPED POST
SOCIALIST SKOPJE IN THE CONTEXT OF UNCERTAINTY

Lorenzo Murru
0i 1 EOAATEAT AE 471 OET T h )OAi Us #AT OAO T &£ ' AOAT AAA AT A 01 060
North Macedonia, Republic of

114 THE RETURN OF URBAN MANUFACTURING: SPATIOTEMPORAL DYNAMICS AND
MICRO-DETERMINANTS IN THE SEOUL METROPOLITAN AREA

Jeongll Park
Gachon University, Korea, Republic of
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RS02.1 Regional and urban policy
11:00-12:30 Thursday, 11 June 2026

Room E26/P3/E008 - El Quinde (3rd floor)
Chair Amanda Ross

185 EDUCATIONAL SERVICES DEVELOPMENT IN POLAND IN THE CONTEXT OF
URBANISATION PROCESSES

Marzena Walaszek
Adam Mickiewicz University, Poland

191 THE RELATIONSHIP BETWEEN SERVICES AND POPULATION SIZE IN DEPOPULATING

REGIONS: AN URBAN SCALING PERSPECTIVE

In Kwon Park , Hyungjoon Kim, Jung Min Yi
Seoul National University, Korea, Republic of

260 THE IMPACT OF POLLUTION ON CRIMINAL BEHAVIOR

Amanda Ross, Wonjong Kim, Michael Price
University of Alabama, USA

SS05.2 Regional Transitions toward Sustainability in

Latin America: Energy, Economy and Society
11:00-12:30 Thursday, 11 June 2026

Room E26/P3/E009 - La Compafiia (3rd floor)

Chair Enrique Gilles

196 UNEQUAL EMISSIONS ACROSS URBAN COLOMBIA: ACHYEL ANALYSIS OF

HOUSEHOLD CARBON FOOTPRINTS
Darwin Cortes 1, Enriqgue Gilles 2, Fabio Monsalve3
1Universidad del Rosario, Colombi2CESA, Colombi@UCLM, Spain

271 SPATIAL MAPPING OF SUSTAINABLE AVIATION FUEL (SAF) PRODUCTION:
APPLICATION TO LOCATIONS IN NORTHEASTERN BRAZIL

Lindomayara Franca Ferreira 1, José Ricardo de Santan&, Claudio Dariva3
linstitute of Technology and Research, BrazidFederal University of Sergipe, BraziBTiradentes University, Brazil

355 INSURANCE FOR ADAPTATION TO HYDROLOGICAL ANOMALIES: A PROPOSAL FOR AN
INTEGRATED ASSESSMENT MODEL

Jaqueline Visentin 1, Ademir Rocha?, Marcos Bensc®, Eduardo Mario Mediondo 4, Eduardo Haddad?
1Department of Economics, University of Sdo Paulo, BraZDepartment of Economics, Federal University of Amazonas,
Brazil. 3Department of Biosystems Engineering at the "Luiz de Queiroz" College of Agriculture, University of Sdo Paulo, Brazil.
4Department of Hydraulics and Sanitation, Sao Carlos School of Engineering, University of Sdo Paulo, Brazil.

SS18 From Safety Nets to Sustainable Mobility:
Poverty Dynamics, Social Capital, and Long-Term

Impacts of Transfers in the Americas

11:00-12:30 Thursday, 11 June 2026

Room E26/P3/E010 - La Basilica (3rd floor)

Chair Andre Chagas

58  THE INFLUENCE OF SOCIAL CAPITAL ON SUBJECTIVE POVERTY

Carolina Guevara, César Chiriboga
Escuela Politécnica Nacional, Ecuador
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304 POLICY SHIFT OR POLITICAL PUNISHMENT? DISENTANGLING SECTORAL TRENDS
FROM CLIENTELISTIC TARGETING IN CHILEAN FOUNDATION FUNDING (22024)

Patricio Aroca
Universidad Andres Bello, Chile

328 THE LONGTERM IMPACT OF BRAZIL'S BOLSA FAMILIA PROGRAM ON EDUCATION

AND LABOR MARKET OUTCOMES
Gabriel Oliveira 1, Andre Chagas?1:3
INEREUS/USP, Brazi#USP, BraziBCREATE, USA

329 TRAPPED OR MOVING UP? THE DYNAMICS OF POVERTY IN THE UNITED STATES

Paul Lewin , Nadeeka Weerasekara
Western Rural Development Center, USA

SS15 Forty years of regional science in Hungary
11:00-12:30 Thursday, 11 June 2026

Room E26/P3/E011 - La Carolina (3rd floor)

Chair Tamas Dusek

127 SPATIAL PLANNING AND THE SCIENCE BEHIND IT IN EASENTRAL EUROPE: THE
CASE OF HUNGARY IN THE EUROPEAN UNION CONTEXT

Géza Salamin
Corvinus University of Budapest, department of Geography and Planning, Hungary

156 #/ 20/ 21 4% 3/ #)!, 2%30/.3)"),)49 ! .$ 7/-%. 83
REGIONAL CONTEXT
s OULELT , & OA

Széchenyi Istvan University, Hungary

95 EVALUATION OF REGIONAL DEVELOPMENT PATHS AND IMPACT OF COHESION
POLICIES: METHODOLOGICAL QUESTIONS AND CENTRAL EUROPEAN EXAMPLES

Tamas Dusek
Széchenyi Istvan University, Hungary

SS20 Indigenous Social Capital and Local Economic

Development: Identifying New Pathways to Success

11:00-12:30 Thursday, 11 June 2026
Room E26/P2/E011 - Galapagos (2nd floor)
Chair Matthew Roskruge

34 -@ 2) 3/#)!, #10)4!, 1 .$ 2% )Y/ .1, T%, ," %) . "
Matthew Roskruge 1, Jacques Poo#
1IMassey University, New ZealandUniversity of Waikato, New Zealand

35 CULTURAL CONNECTEDNESS AND ECONOMIC RESILIENCE: INVESTIGATING THE ROLE
| & 4% 2%/ - @ 2) 02/ &) #) %. #9 1 -/ . -)r 21 .4 #,
ZEALAND

Rennae Cherryl, Jacques Poog, Matthew Roskruge !
IMassey University, New ZealandUniversity of Waikato, New Zealand

256 &2/ - 3,13(Z!.%$Z2"52. 4/ 35341).1" % ,)6%, ) (/.
$%#)3)/.3 ). *16183 &/ 2%34 6),,! "' %3

Yuri Mansury 1, Diafan Kurnia Jati 2, Rico Ricardo3
1llinois Institute of Technology, USA2Pertamina Foundation, Indonesia3Universitas Pertamina, Indonesia
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11:00-13:00 Thursday, 11 June 2026

Room E26/P4/E001 z Chimborazo (4th floor)

Organization: The Regional Science Academy (TRSAyasmus Happiness

Economics Research Organisation (EHERO), Erasmus; University Rotterdam, The

Netherlands; and Seoul National University (SNU)

Chair; Marcia Juca Teixeira Diniz & Marcelo Diniz

11:00-11:30 | SOCIAL DIVERSITY AND SPATIAL SEGMENTATION AMONG PUBLIC FACILITIES
Daniela Constantin

11:30-12:00 | FERMENTED FUTURES: CRAFT BREWING ON THE REUSE OF INDUSTRIAL
SPACE
Neil Reid

12:00-12:30 | DEFINING SOCIAL CAPITAL: OPPORTUNITIES FOR REGIONAL SCIENCE
John Carruthers

RSAI Business Meeting

ONLY FOR INVITED

LUNCH BREAK

12:30-14:00 Thursday, 11 June 2026
Venue: Terrace of the 2 floor of the EARME building (E26)

PLENARY SESSION IV

14:00 - 15:30 Thursday, 11 June 2026
Room: E26/P5/Auditorium 2 - Manuela Saez[Building 26, 5 floor]
Chair Jacques Poot(University of Waikato, New Zealand)

Keynote Speech

Human Movement, Regional Change: Rethinking Immigration
with Spatial Science

Bruce Newbold
School of Earth, Environment & Society (EES) at McMaster University, Canada
NARSC
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Coffee break

15:30-16:00 Thursday, 11 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)

PARALLEL SESSIONS)

16:00-18:00 Thursday, 11 June 2026
Venue: Building 26 (E26 7z EARME)

RS20 Knowledge and innovation
16:00-18:00 Thursday, 11 June 2026

Room E26/P3/E001 - El Panecillo (3rd floor)
Chair Odette Pantoja-Diaz

184 ANCHORING RESILIENCE: THE ROLE OF HIGHER EDUCATION IN SUPPORTING
INCLUSIVE GROWTH PATHWAYS FOR REGIONS IN TRANSITION

Maria Adamakou , George Petrakos
University of Thessaly, Greece

187 REGIONAL AND STRUCTURAL EVOLUTION OF AGRIBUSINESS TECHNOLOGY STARTUPS
IN BRAZIL (201672024)

Leonardo Mateus de Morais Auriglietti 1, Alexandre Florindo Alves 2
1Parana State University, BrazikState University of Maringé, Brazil

199 INTERACTIONS BETWEEN UNIVERSITIES AND COMPANIES: THE RECENT VIEW OF
INDUSTRIAL COMPANIES IN BRAZILIAN REGIONS

Janaina Ruffoni!, Dayanne Santos Silve, Jose Ricardo de Santan&, André Luiz da Silva Teixeira 3
1Unisinos, Brazil.2Universidade Federal de Sergipe, BrazilUniversidade Federal de Alfenas, Brazil

333 ECOLOGICAL AMENITIES AS BRIDGING MECHANISMS: HOW THE "PARK CITY"
RESHAPES INNOVATION NETWORKS AND TALENT MOBILITY IN CHENGDU

Xia Lei
Chengdu Academy of Social Sciences, China

342 HOW DIGITALIZATION DRIVES SUSTAINABLE DEVELOPMENT: A STRUCTURAL MODEL
OF INNOVATION AND THE SDGS

Odette Pantoja -Diaz?, Cristina Pere Rico?, Carlos Fernandez Garcia?
1Escuela Politécnica Nacional, Ecuad@Universidad Rey Juan Carlos, Spain

RS03.3 Regional development
16:00-18:00 Thursday, 11 June 2026

Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair John Carruthers

29 POPULATION AND EMPLOYMENT DYNAMICS IN CHINA: EVIDENCE THAT A PERFECT
STORM IS FORMING

John Carruthers 1, Wenzheng Li2
1Cornell University, USA2University of British Columbia, Canada.

47 REGIONAL LABOR FORCE PARTICIPATION AND EMPLOYMENT STRUCTURE IN
ECUADOR: CYCLICAL DYNAMICS AND DETERMINANTS

Diego Ontaneda
Universidad de Cuenca, Ecuador. Universidad de Sevilla, Spain
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Diego Andrés Cardoso Lépez?, Jesus Antonio Lopez Cabrera?3, René Cabrak
1Fundacion Universitaria Los Libertadores, Colombi&Tecnologico de Monterrey, Mexic@Rice University's Baker Institute
for Public Policy, USA

72 PUBLIC INNOVATION AND COLLABORATIVE GOVERNANCE FOR SUSTAINABLE
INFRASTRUCTURE PLANNING: THE EXPERIENCE OF THE SUSTAINABLE
INFRASTRUCTURE FOR COMPETITIVENESS PROGRAM (ISIC) IN THE LOS LAGOS
REGION

Mirna Braiining -Wistuba , Yasna GarcésCoronado, Rocio Saldivia-Quezada, Cristian Zahn-Mufioz
Universidad de Los Lagos, Chile

RS19 Infrastructure, transportation and accessibility
16:00-18:00 Thursday, 11 June 2026

Room E26/P3/E008 - El Quinde (3rd floor)

Chair Budy P. Resosudarmo

15 CHARACTERIZATION OF DAILY MOBILITY AND EMPLOYMENT SUBCENTERS IN THE
SALTILLO METROPOLITAN AREA THROUGH SPATIAL ANALYSIS

Ignacio Javier Cruz Rodriguez 1, Naim Manriquez Garcial, Israel Vazquez Morén?
1Autonomous University of Coahuila, Mexic@Autonomous University of Tamaulipas, Mexico
32 ROAD REVIVAL AND UNAVOIDABLE DEFORESTATION: EVIDENCE FROM THE NEW

DEAL FOR PAPUA, INDONESIA

Inggrid Inggrid 1, Budy P. Resosudarmo?
1Australian National University, Indonesia2Australian National University, Australia

397 SPATIAL PROXIMITY AND ACCESSIBILITY PATTERNS OIMKNUTE CITIES
Umut Turk 1, John Osth?, Karima Kourtit 2, Peter Nijkamp 3
1Abdullah Gul University, Turkey2Oslomet university, Norway3Open Universiteit, Netherlands

215 THE REGIONAL ECONOMIC EFFECTS OF PORT EFFICIENCY IMPROVEMENTS IN BRAZIL

Pedro Henrique Moura Siqueira , Admir Antonio Betarelli Junior, Fernando Salgueiro Perobelli
Federal University of Juiz de Fora (UFJF), Graduate Program in Economics, Brazil

RS28 Artificial intelligence
16:00-18:00 Thursday, 11 June 2026

Room E26/P3/E009 - La Compaifiia (3rd floor)
Chair Tomaz Dentinho

63 IDENTIFYING POTENTIAL AND SEMINAL SPECIALIZATIONS IN RURAL AREAS IN POOR
LAG BEHIND REGIONS OF SOUTH AFRICA, USING LAND USE ANALYSIS WITH
ARTIFICIAL INTELLIGENCE

Tomaz Dentinho 123, Gabor Gabor Pozsgat3
1Centre for Applied Economics of the Atlantic, University of Azores, PortugaCentre of European Studies of the loan Cuza
University, lasi, Romania3Association for Science and Development of the Azores, Portugal

150 AI-ENABLED ADAPTIVE REUSE FOR REGIONAL RESILIENCE

Asma Mehan
Texas Tech University, USA

218 MAPPING ARTIFICIAL INTELLIGENCE EXPOSURE ACROSS REGIONS: EVIDENCE FROM
BRAZILIAN LABOR MARKETS

Heloisa Ribeiro Lopes, Kénia Barreiro de Souza
Federal University of Parand, Brazil
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219 WINNERS AND LOSERS OF ARTIFICIAL INTELLIGENCE: GENDER AND RACIAL
INEQUALITIES IN BRAZILIAN REGIONAL LABOR MARKETS

Heloisa Ribeiro Lopes, Kénia Barreiro de Souza
Federal University of Parand, Brazil

RS03.4 Regional development
16:00-18:00 Thursday, 11 June 2026
Room E26/P3/E010 - La Basilica (3rd floor)
Chair Juan Gabriel Vacacela Pineda

269 COOPERATION, TRADITIONAL PRODUCTION, AND REGIONAL SUSTAINABILITY IN
ENVIRONMENTAL CONSERVATION CONTEXTS: AN INTERDISCIPLINARY APPROACH
FROM THE TEHUACAMCUICATLAN BIOSPHERE RESERVE, MEXICO

Pedro Macario Garcia Caudillo, Piedad Estephania Molar Del Angel
Benemeérita Universidad Auténoma de Puebla, Mexico

292 MULTIVARIATE CHARACTERIZATION OF THE TEXTILE SECTOR IN LOJA (ECUADOR)
BETWEEN 2019 AND 2023

Juan Gabriel Vacacela Pineda'2, Napoleén Guillermo Sanchez Choez
1Facultad de Ciencias Administrativas, Escuela Politécnica Nacional, Ecuadbniversidad Andina Simén Bolivar, Bolivia,
Plurinational State of

302 BALANCE OF HUMAN CAPITAL EXPORTING COUNTRIES: REMITTANCES AND WELFARE

Aldrin Villalobos, Rafael Gardufio
Universidad de Navarra, Spain

316 HUMAN CAPITAL AND SUSTAINABLE REGIONAL DEVELOPMENT: EVIDENCE FROM
COLLEGE ENROLLMENT PATTERNS IN WEST VIRGINIA

Saman Herath Bandara
West Virginia State University, USA

SS23 Ruralities, Inequalities and Socioecological
Systems: Regional Science Perspectives from the Global

South

16:00-18:00 Thursday, 11 June 2026
Room E26/P3/E011 - La Carolina (3rd floor)
Chair Cleiton Silva Ferreira Milagres

221 SEMIARID REGIONS OF LATIN AMERICA: FAMILY FARMING AND CLIMATE CHANGE

Elena Piedra-Bonilla 1, Lais Oliveira2, Angel Benitez Rodriguez3, Marcelo BragaZ
1Universidad Ecotec, EcuadokUniversidade Federal de Vicosa, Braz#iUniversidad Nacional de Asuncion, Paraguay

249 SOCIOBIOECONOMICS AND SUSTAINABLE DEVELOPMENT IN THE JALAPAO REGION:
STRENGTHENING THE VALUE CHAINS OF CERRADO PRODUCTS

Kamilla Silva, Juliana Melo
Universidade Federal do Tocantins, Brazil

250 SOCIOCULTURAL FACTORS IN THE PRICING OF GOLDEN GRASS HANDICRAFTS: A CASE
STUDY IN QUILOMBOLA COMMUNITIES OF JALAPAO (TO)

Thallyta Marques, Juliana Melo
Universidade Federal do Tocantins, Brazil

347 SCHOOLS AS INSTITUTIONAL INFRASTRUCTURE IN RURAL PERIPHERAL REGIONS: A
BIBLIOMETRIC ANALYSIS OF SOCIOECOLOGICAL RESILIENCE AND TERRITORIAL
DEVELOPMENT (202¢2025)

Lenilda Batista de Souzal, Cleiton Silva Ferreira Milagres 2
1PhD Candidate, Graduate Program in Regional Development, Federal University of Tocantins, Bi&iaduate Program in
Regional Development, Federal University of Tocantins, Brazil




PROCEEDING$2026 RSAI CONGRESS

SS28 Productive diversification, territorial
Inequality, regional development and public policy in

the Global South

16:00-18:00 Thursday, 11 June 2026
Room E26/P2/E011 - Galapagos (2nd floor)
Chair Danny Granda

176 EFFECTS OF MINING ACTIVITY ON FIRM PRODUCTIVITY IN PERU, 22018

Jose Luis Herrera Hinojosa
Universidad del Pacifico, Peru

327 AGGLOMERATION AND PRODUCTIVITY IN THE SERVICE SECTOR: UNRAVELING
SPATIAL SPILLOVERS IN ECUADORIAN REGIONS

Cristian Ortiz 1, Javier Barbero?, Ernesto Rodriguez-Crespo3

1Carrera de Economia and Centro de Investigaciones Sociales y Econémicas, Universidad Nacional de Loja, Loja, Ecuador.
2Department of Economics, Universidad Autbnoma de Madrid, Madrid, SpaiiDepartment of Economic Structure and
Development Economics, Universidad Autbnoma de Madrid, Madrid, Spain

331 $/ %3 4( % 53% [/ & #/ .42 #%04) 6% - %4 (/ $3 2%$5#
BEING? TERRITORIAL INEQUALITIES AND PUBLIC POLICY IMPLICATIONS IN ECUADOR

Veronica Guaya Galindo, Byron Serrano Ortega, Maria de los Angeles Sanchez
Carrera de Medicina, Universidad Nacional de Loja, Loja, Ecuador, Ecuador

396 CONSTRUCTION OF SUBJECTIVE WHREING INDICES FOR ECUADORIAN CITIES: THE

CASE OF LOJA

Cristian Ortiz, Danny Granda, Alex Valdiviezo, Julio Granda, Job Chamba
Universidad Nacional de Loja, Ecuador

SAS.3 Lecture Series on GREAT MINDS IN REGIONAL

SCIENCE

16:00-18:00 Thursday, 11 June 2026

Room E26/P4/E001 z Chimborazo (4th floor)

Organization: The Regional Science Academy (TRSEyasmus Happiness
Economics Research Organisation (EHERO), Erasmus; University Rotterdam, The
Netherlands; and Seoul National University (SNU)

Chair: Neil Reid (ED TRSA)

16:00-16:15 | INTRODUCTION
Neil Reid

16:15-17:00 | TORSTEN HAGERSTRAND

Michiel van Meeteren

17:00-17:45 | GEOFFREY HEWINGS
Eduardo Haddad

17:45-18:00 | CONCLUSION AND CLOSURE
Zoltan Gal

Gala Dinner

19:00-22:00 Thursday, 11 June 2026
Venue: Hilton Colon Quito
[Amazonas N1914 y Av. Patria, Quito, Ecuador]



https://www.hilton.com/en/hotels/quihihf-hilton-colon-quito/?utm_source=chatgpt.com
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Friday, 12 June 2026

PARALLEL SESSIONS®)

08:30-10:30 Friday, 12 June 2026
Venue: Building 26 (E26 7z EARME)

RS16.1 Governance

08:30-10:30 Friday, 12 June 2026
Room E26/P3/E001 - El Panecillo (3rd floor)
Chair Nicolas Devaux

67 TERRITORIAL JUSTICE AND SACRIFICE ZONES IN TOCANTINS, BRAZIL: INSIGHTS FROM
THE RIO FORMOSO IRRIGATION PROJECT

Giliarde Gama, Nilton Marques de Oliveira
Federal University of Tocantins (UFT), Brazil

73 FROM IMPLEMENTATION TO THE EVALUATION OF COLLABORATIVE GOVERNANCE
PROCESSES IN REGIONAL SETTINGS: THE CASE OF THE PACT FOR A SUSTAINABLE
REGION IN THE LOS LAGOS REGION, CHILE

Claudio Rivera -Mercado, Cristian Zahn-Mufioz
Universidad de Los Lagos, Chile

362 Ol . %47/ 2+ | & | "3%26!4/2)%3 4/ -/ .)4]l2 4( %-
DEPLOYING A REGIONAL MONITORING SYSTEM IN A N®ETROPOLITAN CONTEXT
ACROSS THE PROVINCE OF QUEBEC

Nicolas Devaux!, Sabrina Tremblay 2
1Université du Québec a Rimouski (UQAR), Canaddniversité du Québec a Chicoutimi (UQAC), Canada

RS23 Tourism

08:30-10:30 Friday, 12 June 2026
Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair Roberto Patuelli

38 INBOUND TOURISM AND TOURISTS' PREFERENCES FOR ACCOMMODATION QUALITY

Hisamitsu Saito !, Toshiyuki Matsuura 2
1Hokkaido University, JapanzKeio University, Japan

165 THE IMPACT OF PROMOTION AND RELEGATION OF FOOTBALL CLUBS ON TOURISM

Carlos Varela-Quintana 1, Roberto Patuelli 2
1University of Oviedo, Spain?University of Bologna, Italy

317 TOURISM AND AGRITOURISM AS CATALYSTS FOR REGIONAL ECONOMIC
DEVELOPMENT IN WEST VIRGINIA: EVIDENCE FROM RESIDENT PERCEPTIONS
Saman Herath Bandara
West Virginia State University, USA

366 DOMESTIC TOURISM AND REGIONAL INEQUALITY IN BOLIVIA

Angelo Laurencini Olimpieri Schutte , Eduardo Amaral Haddad
University of Sdo Paulo, Brazil



https://maps.app.goo.gl/mtUaT6tdxQrJsid77
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RS03.5 Regional development
08:30-10:30 Friday, 12 June 2026

Room E26/P3/E008 - El Quinde (3rd floor)
Chair Jaime Bonet

2 A SYSTEMIC AND TEMPORAL ANALYSIS OF THE IMPACT ON REGIONAL DEVELOPMENT
OF THE OIL AND GAS SECTOR: THE CASE OF SERGIPE, BRAZIL

Luiz Carlos de Santana Ribeiro?, José Ricardo de Santana, Thiago Moraes Moreira 2
1Universidade Federal de Sergipe, BraziEscola Superior de Propaganda e Marketing, Brazil

5 LONGTERM IMPACT OF TERRITORIAL DIVISION ON MUNICIPAL POVERTY
Jorge Guerral2, Jaime Bonet3, Jhorland Ayalas3
linteramerican Development Bank, USAUniversidad de los Andes, Colombi&Center for Regional Economic Studies (CEER),
Banco de la Republica, Colombia

6 STAYING IN POWER: HOW DOES POLITICAL CONTINUITY SHAPE DEBT?
Jorge Guerral2, Jaime Bonet3, Jhorland Ayalas3
linteramerican Development Bank, USAUniversidad de los Andes, Colombi&Center for Regional Economic Studies (CEER),
Colombia

11 LONGDISTANCE TRAILS AS VECTORS FOR LOCAL DEVELOPMENT: EVIDENCE FROM
BRAZILIAN COMMUNITIES

Jean Sleifer, Osmar Tomaz de Souza, Adelar Fochezzato
PUCRS, Brazil

RS25 Agriculture, fisheries and food security
08:30-10:30 Friday, 12 June 2026

Room E26/P3/E009 - La Compaifiia (3rd floor)

Chair Emilio Galdeano -Gomez

53 THE ROLE OF AGRIFOOD COOPERATIVES IN ADDRESSING SECGNOMIC AND ECO
SOCIAL CHALLENGES: THE CASE OF FAMILY FARMING IN SOUTHEASTERN SPAIN
Emilio Galdeano -Gémez, Juan Carlos PérezMesa, Maria del Carmen Garcia-Barranco, Yolanda Sorroche -
del-Rey
University of Almeria, Spain

135 BETWEEN EXPECTATIONS AND REALITY: WHY SMAECALE SEAWEED
AQUACULTURE DOES NOT ALWAYS LIFT WOMEN OUT OF POVERTY

Juan RosasMufioz?, Marjorie Baquedano -Rodriguez 2
1Departamento de Economia, Universidad de Concepcién, CHi@epartamento de Economia y finanzas, Universidad del Bio
Bio, Chile

136 QUOTA SETTING AND DYNAMIC HARVESTING DECISIONS: TURFS IN CHILE

Juan RosasMufioz?, Bouwe Dijkstra 2
1University of Concepcion, Chil&University of Nottingham, United Kingdom

234 EL NINO AND ITS EFFECTS ON AGRICULTURAL PRODUCTIVITY: ECONOMIC
IMPLICATIONS FOR AGRIBUSINESS IN THE IMMEDIATE REGIONS OF THE BRAZILIAN

MIDWEST

Claudio Eurico Seibert 1, Fernando Salgueiro Perobelli 2, F4bio Nobuo Nishimura 1, Djalma Ad&o Barbosa
Junior?
1Federal University of Rondondpolis, BrazikFederal University of Juiz de Fora, Brazil




PROCEEDING$2026 RSAI CONGRESS

RS08 Methods in regional science and urban

economics

08:30-10:30 Friday, 12 June 2026
Room E26/P3/E010 - La Basilica (3rd floor)
Chair Gabriel Karasek

112 AGGLOMERATION ECONOMIES IN A METROPOLITAN SCALE

Gabriel Karasek
Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil
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Hayama Kazuyoshi
Chuo School for the Deaf, Osaka prefectural, Japan

180 THE ROLE OF AGGLOMERATION DYNAMICS IN THE (EXTENSPZIRM) GROWTH
PROCESS: EVIDENCE FROM CHINA

Maria Adamakou, Dimitris Kallioras
University of Thessaly, Greece

211 REGIONAL TECHNICAL EFFICIENCY APPLIED TO BRAZILIAN MANUFACTURING: A
MULTIPLICATIVE ESTIMATOR BASED ON A SPATIAL STOCHASTIC FRONTIER

André Luiz Ferreira e Silva 1, Carlos Roberto Azzoni2, André L. S. Chaga3
1Department of Economics, Federal University of Para, BeléRA, Brazil 2Department of Economics, University of Sdo Paulo,
Brazil

380 SUSTAINABLE FOR WHOM? GENTRIFICATION IN A CENTRAL AND EASTERN EUROPEAN
CONTEXT
Judit Timar 1, Andras Trocsanyi 2
1ELTE Centre for Economic and Regional Studies, Institute for Regional Studies, Hungéupiversity of Pécs, Faculty of
Sciences, Institute of Geography and Earth Sciences,, Hungary

SS29 Megaprojects, Planning and Regional

Development

08:30-10:30 Friday, 12 June 2026

Room E26/P3/E011 - La Carolina (3rd floor)
Chair Maritza Areli Veldzquez -Villalpando

59 MEGAPROJECTS, PLANNING AND REGIONAL DEVELOPMENT IN MEXICO

Maritza Areli Veldzquez -Villalpando %, Crucita Aurora Ken Rodriguez 2
1Centro de Investigacion y Docencia Econémicas, A.C., MexXBeesidenta de la Mesa Directiva de la Asociacion Mexicana de
Ciencia Regional (AMECIDER), Mexico

188 PREPARING SPORT MEGEBVENTS FOR LOWCARBON TRANSITIONS:

UNDERSTANDING RESIDENTENTERED EMISSIONS RESPONSABILITY
David Gallegos-Meza!2, Marcelo Lufin 1, Levi Pérez2, Gonzalo Bravo3
1Universidad Catdlica del Norte, Chil@Universidad de Oviedo, SpairsWest Virginia University, USA

281 THE MEGAPROJECTS OF THE MEXICO PLAN AND URBAN SERVICES IN CITIES
Maritza Areli Veldzquez -Villalpando !, Rubén MaciasAcosta?, Beatriz Corina Minguer -Cestelos?, Ulises
Victor Genis-Cuevas
1Centro de Investigacion y Docencia Econdmicas, Mexiédniversidad Autdnoma de Aguascalientes, Mexic#lUniversidad
Autonoma de la Ciudad de México, Mexictniversidad Autonoma de Coahuila, Mexico

378 ACCESSIBILITY AND COMMERCIAL AGGLOMERATION AROUND THE MEXICZCITY
TOLUCA INTERURBAN TRAIN

Maurice Antonio Moreno Cedillo , Maritza Areli Velazquez Villalpando
Centro de Investigacion y Docencia Econémicas (CIDE), Mexico
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SS16 Regional development paths in Central Europe
08:30-10:30 Friday, 12 June 2026

Room E26/P2/E011 - Galapagos (2nd floor)

Chair Balazs Forman

12 THE ROLE OF UNCERTAINTIES IN REGIONAL DEVELOPMENT

Balazs Gydrgy Forman
John von Neumann University, Hungary

151 STRUCTURAL CHALLENGES AND THE GVC POSITIONS INCHHRENDENT REGIONAL
ECONOMIES: EVIDENCE FROM CENTRAL AND EASTERN EUROPE

Zoltan Gal*2, Bennour Med Hsin?
1University of Pécs, Hungan2ELTE CERS, Hungary
152 THE LIMITS OF UNIVERSITM.ED DEVELOPMENT IN PERIPHERAL REGIONS:

CHALLENGES OF INDUSTRY 4.0 IN CENTRAL AND EASTERN EUROPE
Zoltan Gal
University of Pécs, Hungary. ELTE CERS, Hungary

Coffee break

10:30-11:00 Friday, 12 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)

PARALLEL SESSIONS)

11:00-12:30 Friday, 12 June 2026
Venue: Building 26 (E26 z EARME)

RS16.2 Governance

11:00-12:30 Friday, 12 June 2026

Room E26/P3/E001 - El Panecillo (3rd floor)

Chair AT AOA 3 OAOEHEEAIT 6

172 REGULATORY CENTRALIZATION AND MUNICIPAL ANUTONOMY IN BRAZILIAN
SANITATION POLICY: EVIDENCE FROM THE CITY SAO CAETANO DO SUL

Mariana Assis, Barbara Ortiz
Universidade Federal do ABC, Brazil

174 INSTITUTIONAL CAPACITIES OF REGIONAL GOVERNMENTS IN CHILE

Cristian Leyton -Navarro
Universidad de O'Higgins, Chile
406 COORDINATING CIRCULAR TRANSITION ACROSS THE BALTIC STATES: THE BALTIC
CIRCULAR HOTSPOT AS AN EMERGING REGIONAL GOVERNANCE PLATFORM
Al AOA 3 OAOEHEEAT &
The Institute of Environmental Engineering, Lithuania
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RSO05.2 City development

11:00-12:30 Friday, 12 June 2026

Room E26/P3/E0Q07 - La Mitad del Mundo (3rd floor)
Chair Rodrigo Perez Silva

23 EDUCATION, HERITAGE AND CITY
Maria Isabel Villac 1, Carlos Marques?, Fernanda Araujo 1, Tomaz Ponce Dentinho 3, Claudia Nunes
1Faculdade de Arquitetura e Urbanismo | Universidade Presbiteriana Mackenzie, Bra2CIAUDFAUL; CAPRSCSFUL |
CIGPP, PortugatUniversidade dos Acores, PortugatUniversidade Federal da Amaz6niaBRASIL, Brazil

120 CAN THE UNEQUAL DISTRIBUTION OF URBAN GREEN AREAS CONTRIBUTE TO THE
INTRA-CITY WAGE GAP? AN ANALYSIS OF FOUR CITIES IN CHILE

Rodrigo Perez Silva
Department of Agricultural Economics, Pontificia Universidad Catélica de Chile, Chile

235 PRODUCING THE SEGREGATED CITY: URBAN DEVELOPMENT, WELFARE, AND UNEVEN
GOVERNANCE IN SANTIAGO DE CHILE

Gianinna Mufioz Arce
University of Chile, Chile

RS02.2 Regional and urban policy
11:00-12:30 Friday, 12 June 2026

Room E26/P3/E008 - El Quinde (3rd floor)
Chair Juliana Melo

267 REGIONAL DEVELOPMENT IN BRAZIL: TEMPORALITY OF REGIONAL POLICIES

Juliana Melo, Gisele Paiva
Universidade Federal do Tocantins, Brazil

340 WATER REUSE AND REGIONAL RESILIENCE UNDER CLIMATE STRESS: EVIDENCE FROM
PORTUGAL

Eleonora Santos
Centre of Applied Research in Management and Economics, Portugal

357 POWERING COMMUNITIES: AN INNOVATIVE METHODOLOGY FOR UNDERSTANDING
BARRIERS AND ENABLERS

Fany Yuvall, Vered Uziel?, Tal Yaron3
1Ben-Gurion University of the Negev, IsraekThe Jerusalem Multidisciplinary College, IsraeiFreelance researcher, Israel

RS27 Regional science and data science

11:00-12:30 Friday, 12 June 2026
Room E26/P3/E009 - La Compaifiia (3rd floor)
Chair Dimitris Kallioras

173 ESTIMATION OF SOIL ORGANIC CARBON USING GRAPH NEURAL NETWORKS AND

MULTIMODAL GEOSPATIAL DATA

Miguel Flores 12, David Donoso?, Mateo Soliz4, Ramén Mollineda 5

IMODES Group, Departamento de Matematicas, Facultad de Ciencias, Escuela Politécnica Nacional, EéBadoela Superior de
Ingenieriay Tecnologia, Universidad Internacional de La Rioja, Spéidepartamento de Biologia, Escuela Politécnica Nacional, Ecuador.
4Facultad de Ciencias, Escuela Politécnica Nacional, Ecugdostitute of New Imaging Technologies, Universitat Jaume |, Spain

181 SPATIAL DYNAMICS OF INTRAUROPEAN OUTWARD FDI: ANALYSIS AT THE
REGIONAL LEVEL

Dimitris Kallioras 1, Leonidas Doukissas?, Panagiotis Pantazis?, Yiannis Psycharis?
1University of Thessaly, Greec&Panteion University, Greece
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SS11 Between grassroots initiatives and public
policy: hybrid arrangements in urban food systems and

wellbeing in the Global South
11:00-12:30 Friday, 12 June 2026

Room E26/P3/E010 - La Basilica (3rd floor)
Chair Javier Cuestas-Caza

171 (9" 2)$ #/ .&)"'5214)/ .3 ). 15)4/83 &/ /$ 3934%
GOVERNANCE THROUGH URBAN AGRICULTURE

Erick Mena-Barragan !, Lucia Toledo?, Javier CuestasCaza, Oswaldo Viteri -Salazar!

1Departamento de Estudios Organizacionales y Desarrollo Humano, Escuela Politécnica Nacional, Ecud@arrera de
Administracion de Empresas, Facultad de Ciencias Econdémicas y Administrativas, Universidad de Las Américas (UDLA),
Ecuador

203 FOOD WASTE IN A UNIVERSITY CANTEEN: EMPIRICAL EVIDENCE FROM A PUBLIC
INSTITUTION IN ECUADOR
Amanda Cafiar Melo
Escuela Politécnica Nacional, Ecuador

239 FROM MEASUREMENT TO ACTION: A PRELIMINARY METHODOLOGICAL PROPOSAL
FOR ARTICULATING MEASUREMENT AND AWARENHSAESING IN INSTITUTIONAL

URBAN FOOD SYSTEMS IN ECUADOR

Lissette Bedoya Velasco!2, Amanda Cafiar Melo?
1Escuela Politécnica Nacional, EcuaddUniversidade Regional do Noroeste do Estado do Rio Grande do Sul, Brazil

RSAI Business Meeting

[ONLY FOR INVITED]

Lunch break

12:30-14:00 Friday, 12 June 2026
Venue: Terrace of the 2 nd floor of the EARME building (E26)

PLENARY SESSION V

14:00 - 15:30 Friday, 12 June 2026
Room: E26/P5/Auditorium 2 - Manuela Saez[Building 26, 5t floor]
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Chair Budy Resosudarmo (Australian National University, Australia)

Keynote Speech

~ . A historical review of regional convergence studies in Colombia

"”_»‘L Jaime Bonet

@_'! Centro de Estudios Econdémicos Regionales, Banco de la Republica, Colombia
L LARSA
4/

Coffee break

15:30-16:00 Friday, 12 June 2026
Venue: Terrace of the 4t floor of the EARME building (E26)

PARALLEL SESSIONS)

16:00-17:30 Friday, 12 June 2026
Venue: Building 26 (E26 7z EARME)

SS10 Social Housing, Urban Land Markets and Socio -

Spatial Segregation in the Global South
16:00-17:30 Friday, 12 June 2026

Room E26/P3/E001 - El Panecillo (3rd floor)

Chair Juan Eduardo Chica-Mejia

98 POPULAR HABITAT IN HYBRID TERRITORIES: A CASE STUDY OF COMUNA 18,
SANTIAGO DE CALI, COLOMBIA

Carolina Guardiola Lince
Universidad de La Salle, Colombia. Pontificia Universidad Javeriana Cali, Colombia

111 URBAN CENTRALITIES: THE URBAN HIERARCHY OF THE SAO PAULO METROPOLITAN
REGION

Gabriel Karasek
Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, Brazil

214 FROM QUANTITY TO QUALITY: SOCIAL HOUSING AND URBAN INEQUALITY

Juan ChicaMejia?, Nelcy Echeverria Castro?
1Universidad de Bogotéa Jorge Tadeo Lozano, ColomBidniversidad de La Salle, Colombia
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SS30 Governance, Development and Innovation to

Promote Well -being

16:00-17:30 Friday, 12 June 2026
Room E26/P3/E007 - La Mitad del Mundo (3rd floor)
Chair Crucita Aurora Ken Rodriguez

8

334

407

ADMINISTRATIVE CULTURE AND INNOVATION IN THE PUBLIC SECTORHE ISRAELI
CASE

Vered Uziel!, Chen Sharonit.2:3

1Jerusalem Multidisciplinary College, IsraekBen-Gurion University of the Negev, IsraeBSapir Academic College, Israel
GOVERNANCE AND WELBEING IN THE MUNICIPALITIES OF THE INTEROCEANIC
CORRIDOR OF THE ISTMO OF TEHUANTEPEC

Christian Martinez Olivera 12, Crucita Aurora Ken Rodriguez 3
1Secretaria de Ciencia, Humanidades, Tecnolégia e Innovacién, Mexddecnoldgico Nacional de México campus Instituto
Tecnolégico de Oaxaca, MexiciJniversidad Auténoma del estado de Quintana Roo campus Chetumal, Mexico

BRIDGING NATIONAL STRATEGY AND LOCAL ACTION: A MUNICIPAL INNOVATION
CENTER MODEL FOR SUSTAINABLE TERRITORIAL DEVELOPMENT IN LITHUANIA
vwAl AOA 3 OAOEHEEAT 6

The Institute of Environmental Engineering, Lithuania

RS18.2 Population and migration
16:00-17:30 Friday, 12 June 2026

Room E26/P3/E009 - La Compaifiia (3rd floor)
Chair Vicente Royuela

251

308

375

DEPOPULATION AND AGEING IN POLAND. CAN SOCIAL PROGRAMS STOP NEGATIVE
DEMOGRAPHIC TRENDS?

Tomasz Kossowski

! AAi - EAEEAxXxEAU 51 EOAOOCEOU ET 071 UT Adh o011 AT A

WILL THE GREEN TRANSITION DEEPEN REGIONAL DIVIDES? EVIDENCE FROM
MOBILITY INTENTIONS ACROSS EUROPEAN REGIONS

Sebastian Ritter, Vicente Royuela
AQRIREA Research Group. Universitat de Barcelona, Spain

UNDERSTANDING THE TYPOLOGIES OF RURAL STAYERS: EVIDENCE FROM RURAL
ALBANIA AND KOSOVO

Desjana Grymshi!2, Thomas Herzfeld 23, Dagmar Mithéfer 1

1Humboldt University of Berlin, Germany?2Leibniz Institute of Agricultural Development in Transition Economies, Germany.
3Martin Luther University Halle- Wittenberg, Germany
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SS04 Digital Transformation, Artificial Intelligence,
and Regional Development: Productivity,

Competitiveness, and Territorial Dynamics

16:00-17:30 Friday, 12 June 2026
Room E26/P3/E010 - La Basilica (3rd floor)
Chair Carles Méndez-Ortega

132 FROM ADOPTION TO IMPACT: EFFECTS OF ARTIFICIAL INTELLIGENCE ON
PRODUCTIVITY AND HETEROGENEITY IN THE SPANISH MANUFACTURING SECTOR

Carles Méndez-Ortega, Albert Miré Pérez, Joan Torrent -Sellens
Faculty of Economics and Business and i2T® Lab, Universitat Oberta de Catalunya, Spain

224 PARTICIPATORY AGRGBIOTECHNOLOGICAL COGREATION: ANCESTRAL WISDOM
AND ETHICS INTEGRATED INTO THE USE OF TECHNOLOGICAL TOOLS

Ana Parra
National Polytechnic School, Ecuador

305 DIGITAL TRANSFORMATION WITHOUT INCLUSION? DIGITAL CAPABILITIES AND
TERRITORIAL DYNAMICS OF REGIONAL DEVELOPMENT IN ECUADOR

Marco Oswaldo Santorum Gaibor , Mayra Del Cisne Carrién Toro
Escuela Politécnica Nacional, Ecuador

CLOSING CEREMONY

17:30-18:00 Friday, 12 June 2026
Room: E26/P5/Auditorium 2 - Manuela Saez[Building 26, 5 floor]

Final Speeches

Hiroyuki Shibusawsa " ET OATTE $8AI Carolina Guevara
President, Regional Science Dean of the Faculty of Chair, Local Organising Committe
Association International Administrative Sciences, Escuele and President, Ecuadorian Region

Politécnica Nacional (EPN) Science Network (RECIR)
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Thank you

The RSAI would like to thank all participants for joining the 15  t World
Congress of the Regional Science Association International.

Established in 1954, the Regional Science Association International
(RSAI) is an international community of scholars interested in the
regional impacts of national or global processes of economic and social

change.

The work of RSAI draws on the expertise of many different disciplines,
and this multi -disciplinary approach helps to facilitate new theoretical
insights for tackling regional problems. In turn, this provides an
increasing opportunity for academics withint  he Association to engage
more fully with planners and policy makers.

Building on a strong foundation of quantitative methods, regional
science is at the cutting edge of research into new model design for
regional analysis and impact assessment.

We hope you have found the conference informative and valuable!

RSAlI®

REGIONAL SCIENCE ASSOCIATION INTERNATIONAL




RSAI
JOURNALS
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Papers in JOURNAL OF THE

Regional Science

= ]
Association @
, P
International @

Papers in Regional Science (PiRS) is the official journal of the
Regional Science Association International. It encourages high
quality scholarship on a broad range of topics in the field of
regional science.

The journal publishes papers that make a new contribution to the
theory, methods and models related to urban and regional (or
spatial) matters.

PIRS is a fully operaccess journal and welcomes submissions from all authors. Please
see ourOpen Access Optionpage for more information on discounts and waivers. The
PIRS editorial team also handles an ad hoc financial scheme to cover the publishing
costs, when needed, for eligible authors with accepted manuscripts.

Papers in Regional Scien¢PIRS) is one of officials journals of th&egional Science
Association International. It encourages highquality scholarship on a broad range of
topics in the field of regional science. These topics include, but are not limited to,
behavioural modelling of location, transportation, and migration decisions, land use
and urban development, inter-industry analysis, environmental and ecological
analysis, resource management, urban and regional policy analysis, geographical
information systems, and spatial statistics.

The journal publishes papers that make a new contribution to the theory, methods,
and models related to urban and regional (or spatial) matters. The editors invite
submissions of papers that emphasize the application of theoretical frameworks,
methods, and models, developed specifically for the study of urban and regional
phenomena. They also welcome contributions to the understanding of regional
phenomena that employ theoretical frameworks and methods developed in other
fields.

https://www.sciencedirect.com/journal/papers -in-regional-science

Members of the Regional Science Association International are eligible for a 20%
discount on the article publishing charge.



https://www.sciencedirect.com/journal/regional-science-policy-and-practice/publish/open-access-options
https://www.regionalscience.org/
https://www.regionalscience.org/
https://www.sciencedirect.com/journal/papers-in-regional-science
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Regional: Science

Policy Practice

Regional Science Policy & Practice (RSPP) is the journal of
the Regional Science Association International that publish
high quality papers in regional science, assumed to be the
discipline that looks at people's and places interaction
within space; with sound, replicable and advanced methods;
suitable to generate robust evidences that are able to inform
effective policies for regional sustainable development.

RSPRs a fully openaccess journal and welcomes submissions from all authors. Please
see our Open Access Options page for more information on discounts and waivers. The
RSPP editorial team also handles an ad hoc financial scheme to cover the publishing
costs,when needed, for eligible authors with accepted manuscripts.

Regional Science Policy and Practice (RSiBR)ne of officials journals of theRegional
Science Association Internationalthat publishes highquality papers in regional
science, assumed to be the discipline that looks at people and places' interactions
within space; with sound, replicable, and advanced methods, suitable to generate
robust evidence that can inform effective plicies for regional sustainable
development. It welcomes papers from a range of academic disciplines and
practitioners, including planning, public policy, geography, economics, and
environmental science and related fields. Papers should address the intacke between
academic debates and policy development and applicatiorRSPP provides an
opportunity for academics and policymakers to develop a dialogue to identify and
explore many of the challenges facing local and regional economies.

RSPPpublishes high-quality papers targeted at informing the policy development
process leading to the formation of theoretically grounded regional policy. The editors
invite submissions dealing with the policy and practice of regional and local
development. @ntributions that are the outcome of collaborations between
researchers and policy and practice professionals are encouraged.

https://www.sciencedirect.com/journal/reqional -sciencepolicy-and-practice

Members of the Regional Science Association International are eligible for a 20%
discount on the article publishing charge.


https://www.regionalscience.org/
https://www.regionalscience.org/
https://www.sciencedirect.com/journal/regional-science-policy-and-practice

PAPERS

Ordered By ID Number
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LONGDISTANCE TRAILS AS VECTORS FOR LOCAL
DEVELOPMENT: EVIDENCE FROM BRAZILIAN COMMUNITIES

*ABNT AEEZAOR /1 OI AO 471 AU AA 31 OUAR | A/
05#23h " OAUEI

Abstract

This article investigates the impacts of longlistance trails on the generation of formal employment
in Brazilian municipalities. Recognized as green infrastructures that link nature tourism,
environmental conservation, and local economies, trails have beeromoted as instruments for
sustainable territorial development, but they still lack empirical verification in Brazil. To fill this gap,

a quastexperimental strategy combining Propensity Score Matching (PSM) and linear regressions
(OLS) was adopted, usig data from the 2022 Demographic Census, the 2017 Agricultural Census,
and RAIS (Annual Social Information Report) from 2023. The results reveal that municipalities with
trails show statistically significant increases in formal employment in the accommod®n, food
service, recreation, and culture sectors, even after controlling for socioeconomic and environmental
variables. The findings confirm that trails function as vectors for decentralized economic
revitalization, reinforcing their relevance as public policy capable of reconciling biodiversity
conservation and income generation at the local scale.

Keywords: Long-Distance Trails; Local Development; Propensity Score Matching (PSM); Nature
Tourism.

1. INTRODUCTION

Nature tourism has gained increasing relevance as a strategy for sustainable economic development,
especially in territories of high environmental quality and low urban density. In this context, long
distance trails emerge as green infrastructures capablef connecting communities, natural areas,
and cultural heritage, promoting lowimpact tourist flows and stimulating local economies. In Brazil,
the creation of the Brazilian LongDistance and Connectivity Trails Network consolidated this
instrument as public policy focused on the integration between environmental conservation,
territorial planning, and economic revitalization.

Despite the expansion of trails and their institutional recognition, quantitative evidence measuring
their effects on formal employment at the municipal scale is still scarce. National literature remains
largely descriptive, with studies concentrated on islated cases and qualitative analyses, leaving a
significant gap regarding the effective economic impacts of these infrastructures. While international
research points to significant gains in sectors such as accommodation, food service, and services
linked to the tourist experience, the Brazilian context lacks robust empirical assessments that allow
for inferring causal relationships.

Given this gap, this study investigates whether the presence of lowlistance trails contributes to the
increase in formal employment in Brazilian municipalities, with emphasis on the sectors most
directly related to nature tourism. To this end, a quasexperimental strategy combining Propensity
Score Matching (PSM) and linear regression models (OLS) is employed, using data from the 2022
Demographic Census, the 2017 Agricultural Census, and RAIS 2023. This methodological design
allows for comparing municipdities with and without trails based on similar socioeconomic,
territorial, and environmental characteristics, ensuring greater validity to the inferences.

By providing novel evidence on the economic effects of lordjstance trails in Brazil, this article
contributes to the debate on sustainable territorial development, highlighting the role of these
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infrastructures in linking tourism, environmental conservation, and productive inclusion. The results
offer relevant inputs for public policies aimed at consolidating the Brazilian Trails Network and
promoting community-based and environmentally responsileé local economies.

2. LONGDISTANCE TRAILS AND SUSTAINABLE LOCAL DEVELOPMENT

The search for more sustainable, inclusive, and territorially rooted economic models has increased
interest in the role of green infrastructures in the economic dynamism of rural areas. In the context
of nature tourism, longdistance trails emerge as instuments with low environmental impact and
high capacity for community engagement, connecting protected areas, cultural heritage, and small
local economies.

Beyond ecological corridors, these routes represent platforms for territorial innovation, capable of
integrating environmental conservation, tourism, income generation, and the valorization of regional
identities. The main theoretical and empirical perspetives on the role of longdistance trails in local
development are presented below, with emphasis on the economic, social, and environmental effects
observed in national and international experiences.

2.1 Long-Distance Trails in Brazil: The Brazilian Trails Network

Long-distance trails are configured as social and ecological infrastructures that promote leisure,
environmental conservation, and job and income generation. These paths, generally traversed on
foot or by bicycle, interconnect regions of environmental andandscape relevance, strengthening
nature tourism as a vector for rural economic diversification (Brakley & Bradshaw, 2022).

In countries with a consolidated trail system, such as the United States and Finland, such structures,
with low implementation cost and high social profitability, attract millions of visitors per year,
revealing the economic and cultural potential of hikiig tourism (Omena & Bregolin, 2020). Inspired
by these examples, Brazil created, in 2018, the Brazilian Lofystance and Connectivity Trails
Network (Rede Senderos), structuring biomes, local communities, and landscapes within a logic of
integration between conservation and development (Brasil, 2022).

Currently, the Rede Senderos has over 16,200 km registered, interconnecting 51 conservation units
and over 220 municipalities in all Brazilian terrestrial biomes (Servico de Informac¢des do Brasil,
2025; UOL, 2023). This expansion indicates the institutionaecognition of trails as a public policy
for territorial planning and an instrument for sustainable tourism. In addition to the ecological role,
the socioeconomic potential is evident: trails stimulate communitybased tourism, crafts, regional
gastronomy, and family hospitality, dimensions that consolidate hiking tourism as one of the most
dynamic forms of nature tourism (Rodriguez & Kastenholz, 2017).

2.2 Theoretical Perspectives on Territorial and Endogenous Development

The concept of local development, applied to the context of lor@tjstance trail tourism, requires a
theoretical approach that goes beyond conventional economic metrics. Amartya Sen (2000) defines
development as the expansion of human freedoms and individuahoice capabilities, a process that
should strengthen the autonomy and protagonism of local communities.

Sachs (2004) and MaNeef (1993) argue that sustainable and endogenous development combines
ecological rationality, social justice, and valorization of cultural identities, enabling the territory to
become an active agent of its own growth.

These principles connect with the logic of local productive arrangements (APL) and the economy of
proximity (Becattini, 1990; Cassiolato & Lastres, 2003), in which small productive units are
territorially articulated to generate social and economic innovaibn. In the case of trails, this
manifests itself in cooperation between guides, inns, artisan producers, and environmental
managers, a governance system that strengthens local resilience.

Authors such as Dallabrida (2012) and Moulaert et al (2005) add that sustainable territorial
development is based on the capacity of communities to amnstruct local solutions. Trails, by
stimulating community protagonism and collective learning, become nactical instruments of this
theory, functioning as laboratories for territorial innovation.
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2.3 Long-Distance Trails as Vectors of Economic Development

According to Pine and Gilmore (1999), the secalled "experience economy" redefines value in the
tourism sector, shifting focus from service consumption to the visitor's emotional and symbolic
engagement. Longlistance trails represent this transition, offéging immersive and identity-based
experiences that strengthen local economies and reinforce territorial belonging.

Nature tourism is one of the fastesgrowing sectors of global tourism (Bell et al, 2007; Hardiman &
Burgin, 2016; Tyvainem et al; 2014). The capital generated by visitors acts as an economic multiplier
(Manton et al, 2016), stimulating micreenterprises and service networks. Economic research by
Bowker and Bergstrom (2007) on the Virginia Creeper Trail (USA) demonstrates that trails can
generate millions of dollars annually and create hundreds of indirect jobs. Loomis (2005) quantified
recreation benefits in Colorado, highlighting the social and environmental value of these spaces.
Lawson (2022), in turn, used IMPLAN modeling in the study of the Great American Rarkil to
estimate regional economic impacts and income multipliers.

Lukoseviciute (2022) complements that the economic impact of trails should be analyzed
systematically, encompassing direct effects like visitor spending, indirect effects like local supply
chains, and induced effects like household consumption.

However, recent literature warns of ambiguous effects: in urban and metropolitan contexts, trails
and greenways can also trigger green gentrification, i.e., real estate valorization accompanied by the
displacement of vulnerable populations. Rigolon and Néeth (2020), Qi (2024), and Kim (2025)
show that projects like the High Line (New York) andhe 606 (Chicago) significantly raised property
values in surrounding areas. These cases demonstrate that the economic planning of trails must
consider social mitigation instruments, such as affordable housing, inclusive zoning, and urban value
capture, to ersure truly sustainable development.

2.4 Community -Based Tourism and Sustainability in Rural Contexts

Community-based tourism (CBT) emerges as an essential approach to understanding latigtance
trails. For Irving (2009) and Coriolano (2006), CBT values local protagonism, distributes benefits
equitably, and preserves cultural identities. In Brazil, varios trails, such as the Transespinhac¢o (MG)
and the Caminho das Araucérias (RSC), adopt this model, combining tourism with a solidarity
economy and participatory management.

Thus, CBT reinforces the endogenous and emancipatory character of trails, bringing them closer to
Latin American experiences of solidarity economy (Singer, 2002; Gaiger, 2013). The success of these
initiatives depends on mechanisms of participatory governace and community training, ensuring
long-term social and economic sustainability.

2.5 Job Generation

The concept of the circular economy (Ellen MacArthur Foundation, 2015) also applies to trails by
promoting consumption and production models based on reuse, low impact, and strengthening short
supply chains. In communities near trails, practices such as wi@ reuse, local gastronomy, and
bioarchitecture express forms of economic and ecological circularity.

From creation to maintenance and operation, trails generate opportunities, both directly and
indirectly, for employment at various stages of this process. In Brazil, the RBT highlights that
numerous protected areas, especially those near communities, halveen able to generate work and
income through the direct participation of local populations in activities related to tourism,
environmental management, and service provision (Rede Brasileira de Trilhas, 2018).

These effects are explained by mechanisms of local income multiplication, as visitor spending
spreads across various sectors such as: accommodation, food service, transportation, and crafts.
Generating horizontal productive linkages (Stynes, 1999; Dellet al, 2001).

In countries like Finland and Australia, welstructured trails drive the formalization of informal jobs
and the creation of new occupational niches (Fleischer & Felsenstein, 2000; Hardiman & Burgin,
2016). In Brazil, the experience of the Transcarioca Tila(RJ) confirms this pattern: in addition to
temporary jobs, there are lasting effects on small local businesses and the productive inclusion of
youth and women (Oliveria & Pereira, 2019).
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2.6 Stimulus to Small Businesses and the Creative Economy

Due to low cost and simple implementation, trails favor the emergence of smaltale ventures,
cooperatives, and family businesses. These ventures structure a creative rural economy, based on
culture, identity, and traditional knowledge (Ray, 1998; Bocceadl & Salerno, 2016).

In the European model, especially in the soalled EPaths, the design of the routes aims not only at
connection between countries but also at strengthening local economies through slow and
community-based tourism. According to the European Ramblers Assation, these trails were
created to stimulate communitybased tourism and the creative economy, valuing artisan
productions, typical gastronomy, and family lodging, thereby promoting slower, more intimate, and
authentic experiences (ERA, 2020).

In Brazil, this model was replicated in longdistance trails, such as the Transcarioca (RJ),
Transespinhaco (MG), and Caminho das Araucarias @8€) trails, where the stimulus to the trade of
artisanal products, local gastronomy, and homéased lodging hascontributed to productive
implementation and the valorization of traditional knowledge.

These activities also relate to principles of the solidarity economy (Singer 2002; Gaiger, 2013), by
prioritizing collective work and fair distribution of benefits. Thus, trails not only boost tourism but
also consolidate local productive networks with stong social density.

For Pereira et al (2024), regenerative tourism experiences promote the diversification of income
sources, reduce dependence on predatory activities, and reinforce community seliteem, central
aspects for sustainable development in rural territories.

2.7 Increase in Visitor Flow

In Brazil, the number of visitors in federal Conservation Units rose from 5.7 million in 2012 to 21.7
million in 2022, indicating a significant increase in demand for experiences in nature. This growth
has boosted the local economy, promoting the developmeof infrastructure and services focused
on ecotourism (Servigos e Informagdes do Brasil, 2023). This increase in trail visitor flow is a
consequence that evidences the development of lordjstance trails. The rise in demand reflects that
global trends invaluing this form of tourism have intensified over the years.

The increasing flow of hikers on trails like the Transcarioca (RJ) and the Transespinhaco (MG) has
been accompanied by improvements in tourism infrastructure, such as the creation of inns,
restaurants, and services. This dynamic has strengthened the loemlonomy and generated positive
indirect effects in attracting public and private investments.

International literature reinforces that trails act as mechanisms of tourism dispersal, decentralizing
flows and reducing pressure on mass destinations (UNWTO, 2023; Outdoor Industry Association,
2022). According to Baric et al (2016) weHlplanned trails dgnificantly increase destination
attractiveness, influencing tourist length of stay and income distribution in the territory.

The concept of slow tourism (Conway & Timms, 2010) also applies to this context: trails encourage
slow travel and deep experiences, redistributing benefits and promoting lovimpact environmental
tourism. Furthermore, the increase in visitors stimulates pubc investments in green infrastructure
and basic services, benefiting resident communities.

Although trails stimulate territorial valorization, caution is needed regarding the risk of excessive
dependence on tourism as the main source of income. For Smith (2015) and Milano et al (2019) the
intensification of tourism, without adequate managementgcan end up generating pressure on natural
resources and increasing the local cost of living. Thus, the balance between economic dynamism and
social sustainability must be constantly monitored.

2.8 Valorization of Rural Territory and Conservation with Economic Return

Long-distance trails show potential that goes beyond nature tourism. They act as a tool for territorial
valorization and as a vector for biodiversity conservation and cultural heritage. For Haesbaert
(2004), territory is a symbolic and material construction; therefore, nature tourism acts as a
mediator between economic value and cultural belonging.

According to Raffestin (1980), territorial valorization occurs when space is reappropriated by its
agents, and this reappropriation becomes productive. Trails, in this sense, convert marginalized rural
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areas into sustainable productive landscapes (Selman, 2012; Antrop, 2005), in which conservation
and economic use coexist.

Empirical studies reinforce this relationship: in the Jalapdo State Park and in the Piaui UCs, the
consolidation of trails led to an increase in family income and new local productive arrangements
(Kaizer et al, 2021; Silva & Sousa, 2023).

Tisdell & Wilson (2022) and Buckley (2019) demonstrate that tourism on trails can finance
conservation, creating an economic return from nature, a concept in which biodiversity becomes a
sustainable economic asset.

However, there are risks that deserve attention. Nepal (2002) and Eagles et al (2016) warn that
poorly planned tourism can cause environmental overload, rural gentrification, and displacement of
traditional practices. Thus, the success of trails depends anechanisms of adaptive management
and participatory planning (Mosedale, 2011; Lane, 2019), capable of balancing economic growth and
ecological preservation.

2.9 Long-Distance Trails and Environmental Conservation

Long-distance trails are also instruments for environmental management and ecological
connectivity. The planning of these routes focuses on biodiversity conservation and restoration of
fragmented ecosystems (Beier & Noss, 1998; Eagles et al, 2016).

In Brazil, ICMBIo recognizes trails as fundamental structures for the policy of ecological corridors,
articulating Conservation Units, private areas, and buffer zones (ICMBio, 2024). The National Leng
Distance and Connectivity Trails Network was created fahis purpose, integrating over 50 UCs and
promoting responsible public use (Brasil, 2022).

Well-planned trails function as multifunctional green infrastructures, combining leisure,
conservation, and education (Ruschmann, 1992). They help reduce the isolation of forest fragments,
favoring gene flow for fauna and stimulating reforestation practice, as occurs in corridor projects in
the Atlantic Forest and Cerrado (O Eco, 2025).

Internationally, the Trans Canada Trail and the Via Alpina are recognized as major ecological
corridors, while in Brazil the Transcarioca Trail restores connectivity between urban and petirban
forests in Rio de Janeiro (Rede Senderos, 2018).

Beyond ecological conservation, trails are infrastructures for climate adaptation, promoting the
recovery of native vegetation, water resource management, and leearbon economies (UNESP,
2022). In mountainous and coastal regions, they help in microclimatiregulation and reduce erosion
and vulnerability, contributing to SDGs 13 and 15. In Brazil, their integration into Payments for
Environmental Services (PES) programs has been tested in projects in the Atlantic Forest and
Cerrado (MMA, 2023).

Long-distance trails have also been recognized as infrastructure for environmental education and
scientific research (Hammer & Sievanen, 2019). They function as "living laboratories," in which
participatory monitoring practices and citizen science contribde to ecological data collection and
society's engagement in ecosystem conservation.

As highlighted by Pike, Dawley, and Tomaney (2010), the notion of territorial resilience helps to
understand how regions can adapt to external shocks while preserving their natural and cultural
resources. Longdistance trails, by strengthening local economs and ecological connectivity,
configure a concrete strategy for increasing resilience against climate change and socioeconomic
transformations.

2.10 Research Gaps and Future Perspectives

Despite conceptual and empirical advances, there is still a scarcity of quantitative studies that
measure in an integrated manner the economic, social, and environmental impacts of trails
(Hardiman & Burgin, 2016; Lukoseviciute, 2022). In Brazil, academi@roduction remains
concentrated in qualitative analyses and case studies (Irving, 2009; Cariolano, 2066), with little
application of econometric and spatial methods.
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There are also gaps in the economic valuation of ecosystem services associated with trails, such as
riparian forest conservation and carbon sequestration (Tisdell & Wilson, 2022), and in the analysis
of their contribution to territorial resilience and clim ate adaptation (IPCC, 2023).

The present study seeks to advance in this field by measuring, through empirical evidence, the
relationship between longdistance trails and local economic development, expanding the dialogue
between economics, environment, and territory.

3. METHODOLOGY AND DATA

This study aims to ascertain the economic effects of the presence of ledigtance trails on formal
employment in Brazilian municipalities. Unlike traditional large urban infrastructures, which affect
economic sectors in a concentrated scope and generatec@mous environmental impact, trails affect
specific economic sectors, such as tourism services, and are generally located in environmentally
sensitive or peripheral regions. To understand the contribution of these trails to formal job
generation, census dta, administrative records, and environmental and demographic indicators
were combined, using a quasexperimental design based on statistical matching.

The inclusion of these trails occurs based on criteria such as ecological relevance, landscape
connectivity, tourism potential, and community engagement, and not randomly. A Propensity Score
Matching (PSM) method was adopted to create a valid comparison ogip. PSM matches
municipalities with trails to municipalities without trails, but that share similar characteristics
through observable variables.

For the estimation of the propensity score, data from the 2022 Demographic Census and the 2017
Agricultural Census, both from IBGE, were used. Control variables included: log of population, log of
area, median age of the population, travel time to the stfegional center, presence in a metropolitan
region, percentage of establishments with family agriculture, and environmental conservation
indicators, such as reforestation, riparian forests, and slopes. Matching was done by nearest
neighbor, with replacemert. Matching quality was assessed both bytests (Table 1) and by the
graphical distribution of the scores (Table 1).
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Variable Before -- Before -- Difference After -- After -- Difference

Control Treated Before Control Treated After
(new) (new)

Log of Population (Ipop22) 9.42 9.84 0.42 9.81 9.84 0.03

Log of Municipal Area 6.21 6.20 0.01 6.20 6.19 0.01

(larea22)

Median Age 35.3 37.2 1.9 37.24 37.25 0.01

(idamedn2022)

Log of Travel Time to Sub 3.90 3.56 0.34 3.57 3.66 0.09

regional Center
(Iremoacsr)

Family Agriculture (%) 72.6 70.0 2.6 69.97 69.59 0.38
(agrfamp17)
Metropolitan Region 0.0365 0.0498 0.013 0.05 0.06 0.01
(metro)
Reforestation (%) 3.09 4.63 1.54 4.64 4.54 0.10
(reflnas17)
Riparian Forests (%) 3.19 4.68 1.49 4.36 4.69 0.33
(matacil17)
Slope Conservation (%) 4.82 6.33 1.51 6.34 7.03 0.69
(conencl?)
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The slope indicator refers to the percentage of establishments located in areas with steep declivity,
whose inclination limits conventional agricultural use and increases the need for conservationist
practices (operational definition from the 2017 Agriculural Census).
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All variables used in this study have official and public origins. Demographic variables such as log of
population and median age and territorial variables such as log of area, metropolitan region
belonging, and travel time to subregional center were extiacted from the 2022 Demographic Census
(IBGE) with standardized calculations for all municipalities. Environmental variables used in the
matching, such as reforestation (reflnasl7), riparian forest (matacill7), and environmental
connectivity (conectl7), are official indicators from the 2017 Agricultural Census, which respectively
measure: declared reforestation actions, presence of riparian vegetation in agricultural areas, and
adoption of practices favoring ecological corridors and biological flow in natwal fragments. Data
related to formal and sectoral employment, accommodation, food service, culture, and leisure were
obtained from RAIS 2023. Thus, all study variables are derived from standardized national public
statistics, ensuring comparability, traceaility, and statistical validity of inferences.

Furthermore, "ecological” variables like slope conservation (conencl7) used in this study refer to the
official environmental indicator from the 2017 Agricultural Census, which measures the percentage
of agricultural establishments that adopt actions focusd on maintaining natural corridors and
connection between vegetation fragments. That is, it is a functional landscape indicator that
expresses the ecological capacity of the territory to allow fauna and flora flow, not just the existence
of vegetation. T@ether with other environmental indicators like riparian forest (matacill7) and
reforestation (reflnasl7), this variable allows capturing the preexisting ecological quality of
municipalities, enabling an assessment of whether municipalities with trails & inserted in more
integrated and conserved landscapes.

The variable agrfampl7 represents the percentage of agricultural establishments classified as family
agriculture (official criteria of the 2017 Agricultural Census), used as a proxy for a socialhased
rural productive structure, relevant for the interaction between nature tourism, local production, and
endogenous development dynamics.

The indicator Iremoacsr represents the log of the mean travel time to the sulegional center
(minutes), obtained from the 2017 Agricultural Census database, used as a proxy for distance
friction/territorial accessibility.

Analyses were performed with the statistical software R Studio, using packages such as "Matchit" for
statistical matching (PSM) and the "stats" package for linear regression models (OLS). Matching was
performed using the nearest neighbor method, with replaement to ensure greater proximity
between treated and control groups. After matching, 104 observations were retained in the treated
group (municipalities with trails) and 110 in the control group.

Following matching, six multiple linear regression models (OLS) with crossectional specifications
were estimated, using employment indicators extracted from RAIS 2023 as dependent variables.
Dependent variables included total formal employment (lemptot23 and formal employment in the
sectors of accommodation, food service, culture, recreation, and travel agencies. The chosen
explanatory variable was the trails variable in all models, along with the same controls used in the
PSM.

To ensure result robustness, sensitivity tests were performed, including the Rosenbaum test to
assess sensitivity to unobserved biases, jackknife procedures by federative unit and by metropolitan
context to verify estimation stability, and placebo tests agplied to pre-treatment variables.
Additionally, a complementary spatial analysis was conducted, with the elaboration of Hotspot maps
integrating layers of trail density, slope conservation, and tourism employment, enabling a synthetic
visualization of the synergies between conservation and economic development in the studied
regions.

3. ANALYSIS OF RESULTS

3.1 Economic Impacts and Job Generation in Tourism Sectors

Figure 1 presents the comparison between the distributions of the logarithm of total formal
employment for municipalities with and without trails before and after matching by Propensity Score
Matching (PSM). Before matching, on the left, it is observed titae groups are unbalanced, although
visually the curves exhibit similar shapes. The graphical similarity occurs because most
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municipalities are concentrated in an intermediate range of values, and the density smoothing
method reduces the visual impact of extreme values.
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Despite the similar appearance, statistical summaries show substantive pteeatment differences:
municipalities with trails present considerably higher median and average values of formal
employment.

After matching, on the right, the distributions become practically overlapped, indicating that PSM
substantially reduced the initial imbalance and produced a control group with characteristics
comparable to those of municipalities with trails. This overlapeinforces that impact estimates based
on the matched sample are more appropriate for causal inference, minimizing selection bias.

The results obtained after matching indicate that the presence of longjstance trails is associated
with slightly superior economic dynamism among municipalities with equivalent socioeconomic
characteristics. Although the PSM balancing substantially redas previous structural differences
between groups, the density distribution of formal employment remains slightly shifted to the right
for municipalities with trails.

This pattern suggests that, even when controlled for observable factors, trails seem to contribute to
expanding the scale and diversification of local economic activities, especially in the service sector.
Municipalities that host trails tend to present geater specialization in activities associated with
nature tourism, recreation, accommodation, food service, and commerce focused on visitors.
Furthermore, the literature on tourism economics and territorial development suggests that green
infrastructures, like long-distance trails, function as vectors for articulating between small local
businesses, rural areas, and natural attractions. This miegnism may explain the persistence of a
formal employment differential after balancing, indicating that trails not only attract tourist flows
but also activate smalscale productive linkages, such as local transportation, guides, food service,
crafts, equpment maintenance, and specialized services in outdoor activities.

Thus, the economic interpretation of the findings reinforces that longlistance trails operate as
territorial assets capable of stimulating micredynamics of territorial development, especially in
regions where nature tourism and the valorization of envirmmental amenities play a strategic role
in the productive structure.

The subsequent econometric analysis deepens this mechanism by disaggregating the effects by
formal employment subsectors. The aggregate model, which estimates the impact on total
employment, did not show statistical significance, indicating that the mererpsence of trails does not
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alter the municipal economic base as a whole. However, when considering sectoral dimensions, the
effect becomes clear and substantive: sectors directly linked to tourism and environmental amenities
exhibit logarithmic coefficients between 0.396 and 0.411all highly significant (p < 0.001).

These coefficients indicate that municipalities with trails present substantially higher formal
employment in accommodation, food service, culture, and recreation, even after controlling for
demographic, territorial, and environmental variables. The resulf are presented in detail in Table 2

and synthesized visually in Figure 2, which comparatively evidences the magnitude of the estimated
effects for each subsector.
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Variables Total Accommodation | Food Service Culture Recreation
Employment

Trails . 0.441% 0.412* 0.405*
0.083 (0.072) 0.396* (0.089) (6.102) (0.095) (0.087)

log Population 0.221** (0.045) 0.153 (0.086) | 0.137 (0.075) | 0.198 (0.083) | 0.144 (0.091)

Area log -0.051 (0.032) -0.072 (0.061) | -0.048 (0.053) | -0.060 (0.055) | -0.052 (0.058)

;Z;“"y Agriculture | 519 (0.013) 0.026 (0.021) | 0.022 (0.018) | 0.028 (0.017) | 0.021 (0.016)

Slope Conservation 0.044 (0.025) 0.071 (0.028) | 0.063 (0.024)  0.069 (0.027) = 0.056 (0.029)

Riparian Forests 0.032 (0.019) 0.046 (0.023) | 0.040 (0.021) | 0.045 (0.022) | 0.039 (0.020)

Constant -1.295 (0.501) -1.021 (0.692) | -1.108 (0.641) | -1.205 (0.674) -1.090 (0.659)

Adjusted R2 0.372 0.881 0.794 0.758 0.731

N 214 214 214 214 214
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The results presented in Table 2 confirm that the presence of lordjstance trails exerts a positive
and statistically significant impact on the sectors most directly linked to nature tourism, such as
accommodation, food service, travel agencies, culturand recreation.

The lack of significance in the total employment model indicates that trails do not alter the entire
economic structure of municipalities but act in a sectoral and focused manner, reinforcing the
character of localized dynamism. The high values of adjust&#, between 0.75 and 0.88, demonstrate
high explanatory capacity and coherence among the models.

Efeitos estimados da variavel 'trilhas' nos setores de empreg
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The adjusted R? values, varying between 0.37 and 0.88, indicate strong explanatory capacity of the
models, especially in tourismintensive sectors like accommodation, food service, culture, and
recreation. These results reinforce that trails do not exert@impact on the total economic structure

of municipalities but clearly and substantively affect the subsectors directly associated with nature
tourism.

Figure 3 complements these findings by presenting the averages of formal employment per sector
for the treated and control groups. It is observed that, despite matching, municipalities with trails
maintain consistently higher levels of employment in the amommodation and food service sectors,
whose confidence intervals do not substantially overlap with the control groups. This pattern visually
confirms the magnitude and direction of the effects identified by the OLS models, reinforcing the

coherence betweereconometric estimates and the empirical behavior of the data.
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Figure 4 reinforces visually the estimated effect of trails on formal employment in the
accommodation sector, evidencing that municipalities with trails present higher average values and
narrow confidence intervals when compared to municipalities without tails. This result confirms
that the observed difference is not the result of random variation but of a consistent pattern
identified after matching by PSM and control of covariates. The robustness of the graphical
estimation also facilitates the substantre interpretation of the impact: the presence of trails does not
alter the entire municipal productive structure but acts in a targeted manner, specifically increasing
the dynamism of tourism sectors that directly depend on the presence of visitors. Thuthe
prediction with confidence interval consolidates the central argument of this study: longlistance
trails function as a mechanism for localized and selective economic activation, expanding formal
employment in experienceintensive tourism services.
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Predi¢&o de emprego em hospedagem por tipo de municipio
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3.2 Robustness, Sensitivity, and Heterogeneity of Effects

The evaluation of result robustness was conducted through propensity score matching (PSM),
ensuring compatibility between municipalities with and without trails. Six of the nine variables used
in the matching presented average differences less than 0.1 nfiguring satisfactory balancing. The
three unbalanced variables, agrfampl7 (family agriculture), matacill7 (riparian forests), and
conencl? (ecological connectivity), are associated with environmental dimensions, requiring
caution when interpreting the e®logical interaction of the results.

Although the imbalance limits direct causal inference, the variable agrfampl7 (family agriculture)
requires special attention. Municipalities with a higher proportion of family establishments tend to
present closer productive integration with local ecosystms, maintaining lowerimpact agricultural
practices and, frequently, being inserted in rural and nature tourism contexts. This territorial
configuration can potentiate the economic effect of trails, since the visitor finds in these spaces a
diversified offer of experiences, local food, agroecological products, rural hospitality, which expand
the tourist spending cycle and strengthen local economies.

Thus, family agriculture functions as an ecologicgiroductive mediator between tourism
infrastructure, trails, and sustainable local development. It represents not only a prexisting
environmental characteristic but also a social and economic asset thatnplifies the territory's
capacity to respond to investments in nature tourism.
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The correlation matrix (Figure 5) between environmental indicators (reforestation, riparian forest,
and ecological connectivity) is presented to verify the internal consistency of the ecological block
used. Unlike causal inferences, this stage does notend to demonstrate cause and effect but to
evaluate structural coherence between functional attributes of the landscape a common practice
in landscape ecology and conservation to validate underlying environmental quality (Beier & Noss,
1998; Eagles et a] 2016). Thus, the matrix operates as a complementary methodological verification,
justifying the joint use of these variables in PSM and the OLS models.

The results of the correlation matrix reinforce this environmental structural coherence: ecological
connectivity presents a positive and moderate correlation with reforestation and with the presence
of riparian forests, indicating that municipalities with forest restoration actions and greater riparian
protection tend, simultaneously, to present greater landscape ecological functionality. Therefore,
although not causal inference, these statistical patterns provide empirical support to the
understanding that these three environmental indicators operate in territorial synergy, justifying
their integrated use in spatial analysis and subsequent econometric models.

The effect size measured by Cohen's d =0.112 indicates a small magnitude but is statistically relevant
for territorial policies. Comparison between matching methods (nearest neighbor, full matching, and
optimal) and caliper differences (0.01z 0.20) demorstrated directional stability of the estimates,
confirming that the results are not dependent on specific algorithm adjustments.

Comparison between specifications with different sets of covariates (basic, intermediate, complete,
and inclusion of a metropolitan variable) maintained the general pattern of effects, reinforcing the
structural consistency of the findings. For the "travehgencies" outcome, logarithmic and square root
transformations stabilized the distribution and made the effect statistically significant, indicating
that the initial absence of significance stemmed from data asymmetry and not from the substantive
absenceof impact.

4A000 OAET £ OAA OEA OAI EAEOU AT A OOAAEIEOU 1 £
showed that a moderate unobserved bias would be needed to nullify the estimated effect, indicating
good causal robustness. The Jackknife test, applied bydéeative unit and by observations in
metropolitan areas, indicated reduced variation and high stability of the estimates, with average
values close to 41 thousand jobs (+4.4 thousand). Placebo tests, performed on prEeatment
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variables such as reforestation, riparian forest, and family agriculture, did not present significant
effects, which confirms adequate balancing between groups.

The variable conencl7, referring to slope conservation, which represents the percentage of protected
relief areas and preserved natural coverage in steep slope zones. The negative and-sigmificant
coefficient of this variable indicates that the presencef conserved slopes does not directly influence
the magnitude of the economic impact of trails, indicating that the effect occurs independently of
geomorphological and spatial constraints.

Finally, the heterogeneity analysis revealed a clear spatial pattern: trails generate a strong impact on
Al 1T Uil AT O ET T AOOT Pi 1l EOAT AOAAO j -metroglita® &d¢a®d OA T
the effect is practically null. The average nationalffect, therefore, masks a structural heterogeneity
between urban and rural contexts. Together, the robustness tests confirm that the results are
consistent, stable, and robust to methodological and spatial variations.

3.3 Trail Hotspot Maps: Connectivity and Sustainable Tourism
As a complementary analytical proposal, the elaboration of a trail Hotspot map is recommended,
resulting from the overlay of three layers:

1. Density of mapped trails;

2. Ecological connectivity;

3. Formal employment in tourism
This map visually synthesizes the spaces where natufgased tourism is most intense and most
connected to the ecological structure. Besides facilitating the interpretation of results, it serves as a
planning tool to identify priority areas for sustainablemanagement, incentive for family agriculture,
and local economic diversification.
The elaboration of the hotspot map results from the spatial overlay of three layers reforestation,
riparian forest, and ecological connectivity? in a GIS environment (R), using the municipality as the
unit of analysis. The product synthesizes prexisting ecological quality and allows verification of
whether the estimated economic effects emerge in contexts with greater ecological functionality.
The expected results are the identification of high synergy nuclei between conservation and
development (Hotspot) and transition zones where pressures on the territory demand more
balanced governance strategies. In practical terms, this map complements theonometric analysis,
spatially revealing the areas where rural sustainability and tourism converge.
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To validate the spatial consistency of the hotspot map, an aggregation by miaegions was
performed. The results indicate that areas such as Brasilia, Restinga Seca, and Foz do Iguacu
concentrate the highest synergy indices between ecological connectiyjtfamily agriculture, and
tourism. This configuration confirms the capacity of trails to act as vectors of territorial integration
and evidences that tourism sustainability manifests on a regional scale.

Although ecological connectivity is not, after matching, systematically superior in municipalities with
trails, the set of spatial evidence and the integrative synthesis of the environment (hotspots) indicate
that more functional landscapes constitute favimble contexts for trail qualification and for triggering

the estimated sectoral economic effects.

3.4 Territorial Heterogeneity and Public Policy Implications

The analysis of territorial heterogeneity confirmed that the effects of longlistance trails strongly
depend on the economic and urban context. The impact is strongly positive in metropolitan areas,
where the density of services, tourism infrastructures, ad economic interconnections amplifies the
job generation potential. In norrmetropolitan areas, the impact is practically null, reflecting the
absence of productive complementarities and infrastructure.

Figure 7 illustrates the magnitude of the estimated average treatment effects (ATT) and their
confidence intervals, evidencing the concentration of gains in urban and metropolitan territories.
While the aggregate national effect, ~2 thousand jobs, suggestsnodest impact, the breakdown by
territory type shows that this average value hides deep disparities.

Efeito Heterogéneo das Trilhas no Emprego
Impacto Massivo em Areas Metropolitanas vs. Zero em Néo-

MNio-Metropolitanas |—.—|
Metropolitanas ! |—.—|
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These results indicate that trails operate as vectors of economic dynamization in urban and tourist
ecosystems but not necessarily in isolated rural territories. The finding is coherent with the literature
on the experience economy and the territorializaton of tourism, according to which the profitability
of sustainable activities depends on the local capacity to absorb visitor flows and transform them
into income, services, and employment.

3.5 Environmental Dimension and Integration with Economic Development

Spatial distribution maps reveal critical geographical patterns for environmental planning. It is worth
noting that this section is not limited to consolidated trails but also considers potential elements
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associated with green infrastructure, such as landscape connectivity. That is, it analyzes not only the
presence of existing trails but also the environmental characteristics that could favor their expansion
and qualification.

Thus, integration with the study's core occurs when we relate such results to the estimated economic
effects: municipalities that present more robust environmental indicators, connectivity,
reforestation, riparian preservation, tend to coincide with areasof greater attractiveness for the
implementation or strengthening of longdistance trails. This overlap indicates that the
environmental dimension is not just a backdrop but part of the very mechanism by which trails
contribute to local income and employmat generation.

The environmental dimension deepened the understanding of economic results by revealing that the
efficiency of trails depends, in part, on the ecological quality of the territory. Spatial analysis shows
that trails are preferentially located in areas of hyh ecological connectivity (conencl17), reinforcing
the hypothesis that economic performance is associated with the prexisting environmental
structure.

The integrated reading of environmental indicators? reforestation (reflnasl17), riparian forest
(matacill7), and ecological connectivity (conencl7) reveals complementary spatial patterns that,
combined, support the interpretation of the integrative map.The simultaneous presence of
functional ecological corridors, continuous stretches of riparian vegetation, and recent forest
restoration areas suggests greater territorial ecological robustness in the central regions of the
analytical cut, favoring fauna tow, landscape functional connectivity, and ecological regeneration
capacity. Thus, these three indicators, when analyzed together, reinforce the hypothesis that
environmentally more structured landscapes constitute more favorable contexts for the qualifation

of long-distance trails and for the emergence of positive economic effects associated with nature
tourism.

Statistical analysis confirms and quantifies the strong relationship observed in the maps. The
correlation matrix reveals very strong and highly significant positive associations, p < 0.001, between
the variables:

1 Reforestation and Riparian Forest (r = 0.1758): The strong correlation indicates that forested
areas are directly associated with the presence of riparian forest. This suggests that replanting
efforts are frequently directed towards riparian areas, which $ an effective strategy due to
the multiple ecosystem benefits of riparian forests;

1 Reforestation and Ecological Connection (r = 0.631): Indicates a strong positive relationship,
demonstrating that investing in reforestation is an effective strategy to increase overall
landscape connectivity, making trails more ecologically integrated;

1 Riparian Forest and Ecological Connection (r = 0.608): The preservation of riparian forests is
also strongly related to connectivity, acting as natural corridors that link forest fragments,
facilitating species movement along watercourses.

The integrative map, Figure 8, consolidates this narrative. It offers a holistic and strategic view of the
landscape, synthesizing the three critical environmental dimensions. It reveals patterns that allow
categorizing the study area into priority zonesdr different management actions, crucial for planning
sustainable trail networks:

1 Environmental Experience Nuclei: The map clearly evidences epicenters where
environmental quality reaches its integrated high levels. These areas represent the main
functional ecological corridors of the region. For trails, locating routes that traverse or
connect to these nuclei guararges greater scenic value, biodiversity, and ecosystem health.
These zones should be the ultimate target of strict conservation policies, serving as genetic
banks and reference areas for the recovery of other sites;

1 Optimizable Potential Zones: Regions are identified where ecological connectivity is
maintained reasonably but is sustained by a fragile base, with native vegetation cover,
riparian forest, and reforestation efforts still incipient. These are areas of strategic
opportunity. Targeted and low-cost interventions, such as enriching riparian vegetation,
implementing fences for spring protection, and controlling invasive exotic species, have the
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potential to catalyze a significant improvement in overall ecological integrity, expanding the
high-quality trail network;

1 Critical Restoration Areas: The map equally clearly highlights extensive areas where the
three environmental indicators collapse simultaneously, configuring ecological voids or
severely fragmented landscapes. These zones represent the highest priority for largeale
restoration interventions. The implementation of new trails in these areas must be preceded
and accompanied by ambitious projects to recompose native vegetation, aiming not only at
creating green islands but at reconnecting these areas to the main identified corridors,
ensuring long-term ecological functionality.

These maps, besides providing a statistical portrait, are dynamic planning instruments. They guide
decisiornrmaking, indicating where to conserve, where to improve, and where to restore, enabling
public and private management to direct resources more effiently towards promoting a trail
network truly immersed in a functional and resilient landscape.

Distribui¢do do Reflorestamento

0

reflnas17

ISO
o 40

20

-10

Latitude

-20 0

-30

70 -60 50 -40

Longitude

&QECO®A O O T 1 AT OAT 3 AAT AOEI
31 OOAAq i AAT OAOAA AU OEA AOOEI O AAOAA 11 OE

4. CONCLUSION

This study evaluated the effects of longlistance trails on local economic development, with a focus
on municipal formal employment. The combination of Propensity Score Matching (PSM) and linear
regression models (OLS) allowed for identifying specific impzs of the presence of trails, controlling
for demographic, territorial, and environmental variables.

The results show that trails do not alter total formal employment but present positive, robust, and
statistically significant effects in the sectors directly linked to nature tourism, especially
accommodation, food service, culture, and recreation. This gfirms that trails function as vectors of
sectoral economic dynamization, stimulating small businesses and strengthening local productive
arrangements.

Environmental analysis reinforces this pattern: municipalities with trails present higher levels of
reforestation, preservation of riparian forests, and conservation of slopes, indicating that the
expansion of trails occurs in more conserved territorial catexts and that the relationship between
nature tourism and environmental valorization tends to be mutually reinforcing.
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The results also reveal territorial heterogeneity: the impacts are more expressive in metropolitan
areas and consolidated tourist areas, while isolated rural regions exhibit reduced effects, pointing to
the need for differentiated policies of support and galification.

In summary, the evidence demonstrates that longistance trails constitute green infrastructures
capable of integrating environmental conservation, tourism, and local development, acting in a
decentralized and sustainable manner. Their consolidation as plib policy depends on
strengthening community governance, integration with family agriculture, and enhancing the
environmental quality of territories.
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INTERNAL MIGRATION AND THE LABOR MARKET IN
NORTHEASTERN MEXICO: IMPACTS ON WEBEING AND
SOCIAL MOBILITY
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Abstract

Internal migration is a phenomenon closely linked to regional disparities in employment, income,
and living conditions. For example, in northeastern Mexico, migration patterns have been observed
among people from the central and southeastern parts of theuantry. This migration could be due to
the region's high employment rates and the presence of industrial sectors such as automotive,
metalworking, and mining.

One of the main topics of this study is to analyse the disparities not only in migration but also in the
subjective wellbeing and social mobility of migrants in this region. While many see migration to
improve living conditions, research shows that interral migrants are often found in unstable sectors
of the labor market. This includes informal, precarious jobs with limited access to social protection.
The overall objective of this research is to analyse the impact of internal migration on the wdiking
and social mobility of workers in northeastern Mexico. In this regard, the study seeks to: i) compare
income levels and job stability between internal ngrants and nonmigrants; ii) identify differences

in occupational mobility patterns; and iii) estimate the effect of multidimensional indicators of well
being among migrants.

The study is based on the analysis of microdata from the National Survey of Occupation and
Employment (ENOE) and the Population and Housing Censuses for the period 292020. The unit

of analysis is the population aged 15 to 65 residing in the Northeast gén. Internal migrants are
defined as individuals who reside in the state but lived in another federal entity five years prior. To
this end, an exploratory analysis of the sociodemographic and labor characteristics of migrant and
non-migrant populations is conducted, considering variables such as education, gender, age, sector
of activity, and income.

Keywords: Labor market, migration, wage discrimination.

1. INTRODUCTION

Internal migration has been one of the most relevant demographic and socioeconomic phenomena
for understanding the disparities between regions in Latin America, and particularly in Mexico.
Unlike international migration, internal migration has served as anechanism through which people
seek to improve their living conditions, primarily their economic weltbeing through employment
opportunities, but also to escape adverse contexts such as violence, poverty, or lack of services in
their own communities. It isunder this logic that studying internal migration allows us to analyze the
relationship between population mobility, subjective weltbeing, and the functioning of the labor
market, as well as to examine the regional inequalities that influence migratioredisions.

In the case of Mexico, it can be said that internal migration has undergone significant transformations
in the last five decades. Traditionally, migratory flows were characterized by movement from rural
to urban areas with greater economic and industrial gnamism. However, current patterns reveal
greater complexity, including movements between urban areas, metropolitan zones, and
displacements motivated by social and security factors (Campuzano and Rodriguez, 2025; Sobtino
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Figueroa, 2023). These changes may reflect transformations in the labor market, as well as uneven
regional development and new forms of territorial perceptions within the country.

Regarding to the Population and Housing Census Surveys (INEGI, 2010; 2020), millions of people
have changed their state of residence every five years, demonstrating the magnitude of internal
i ECOAOETT xEOEET - A@EAT 80 OAagdd byt 8eardhHdE Igettel 1&bQrO A O
opportunities and increasing income and quality life. Several studies show that employment is one
of the main factors explaining internal migration (Varela Llamas et al., 2017; Latadpez et al., 2024).

In that sense, mternal migration does not always guarantee better work conditions or highs levels of
well-being. For example, several studies identify that internal migrants often face precarious
employment and wage discrimination (Rodriguez, 2022; Rodriguez Garcia andjéayo Tellez, 2023;
Sobrevilla et al., 2025)

On the other hand, the relationship between internal migration and the labor market is reflected in
how migration flows contribute to the redistribution of the workforce among regions. Areas with
greater economic growth, for example, tend to attract workig-age populations, which can stimulate
local economic activity but also put pressure on labor markets and the provision of urban services.
At the same time, regions of origin may experience losses of economically active population, which
influences their productive, economic, and social dynamics (Juarez Diaz and Garcia Amador, 2025).
This research aims to examine the relationship between internal migration, labor market and
subjective well-being. It draws on recent research on population migration and uses microdata from
the National Institute of Statistics and Geography (INEGI), pactilarly the Population and Housing
Census Survey and the National Survey of Occupation and Employment (ENOE), Moreover, this
research seeks to contribute to the understanding of how migration dynamics influence perceptions
of well-being among the migrant ppulation.

Labor market and internal migration

Internal migration has been related to the territorial distribution of economic opportunities, since
the mid-20t century, for example, industrialization processes, with increasing urbanization, has
generate significant migratory processes flows toward cities and regions with greater economic
development (SobrinaFigueroa, 2024). While these patterns have persisted tsome extent over the
decades, more diverse dynamics are currently observed, including migration between cities and
mobility within metropolitan areas.

Currently, the labor market plays a central role in these dynamics. The search for employment, as
well as better wages or favorable working conditions, has been one of the main drivers of internal
mobility. It is under this logic that migration can be undestood as a strategy to improve income and
reduce inequality. However, evidence suggests that the integration of migrants into the labor market
does not always occur under favorable conditions, given that they may face wage discrimination
compared to localworkers and some research indicates that arrival of migrants can affects local
cohesion and exert downward pressure on wages (Rodriguez Garcia and Aguayo Téllez, 2023,
Sobrevilla Vazquez and Valdez, 2025).

Subjective well-being and the experiences of the migrant population

SubjectivewelAAET ¢ EO8 O A EAU AEI AT OEIT & O AOOAOOET «
lives. The concept of welbeing refers to how individuals evaluate their own quality of life. In the
case of internal migrants, these perceptions can bafluenced by their pre-migration expectations
and their experiences in their destination country.

Studies have shown that migration can have positive effects on wdleing when it allows individuals

to access better employment opportunities or increase household income. In contexts where
migration occurs due to insecurity or forced displacement, theseffects may be even more complex,
Quijas Cristerna & Hernandez Lopez, 2023).

As such, taking subjective welbeing into consideration makes it possible to have a broader
perspective on the outcomes of internal migration. Looking at migrant perceptions and experiences,
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as well as traditional economic indicators such as GDP per capita and employment rates, can provide
a more complete picture.

2. ECONOMIC PATTERNS OF THE NORTHEAST REGION.

AEA 11 OOEAAOO OACEIT 1T & -A@EAT EO & Oi AA AU OE
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job creation. Its proximity to the U.S. has helped to cremtan economic model based on export
manufacturing and the provision of specialized services.

This region accounts for 15.1% of the national territory, with 12.5 million inhabitants, which is
equivalent to 9.9% of the total population of the country (INEGI, 2020). Average annual population
growth rate (2010-2020) was 1.7%, higher than the nationagrowth rate of 1.2% (INEGI, 2023),
which was mainly explained by positive migratory flows during the intercensal period 2012020.

In 2020, the regional population had an average age of 30 years old, slightly higher than the national
average of 28 years. The region has an average schooling level of 10.6 years, higher than the country
average of 10.2 years, in terms of human capital.

The analysis of intercensal population growth shows that net migration into the region represents
30.0% of this growth or some 440 thousand people over ten years. This phenomenon puts the
Northeast among the regions with the greatest capacity to attract palation in the country.

Some of the factors that explain this dynamic are the high levels of urbanization, the wide availability
of basic services, the relatively low levels of poverty and marginalization, the diversified economic
structure, the high rates of labor formality, andthe better security conditions compared to the
national average.

The northeastern region has an urbanization rate of 91.3%, considerably higher than the national
level of 81.2%. This high degree of urbanization is explained by the concentration of population in
major metropolitan areas, including Monterrey in Nuevo LednTorreén and Saltillo in Coahuila; as
well as Tampico and Reynosa in Tamaulipas. Together, these urban areas concentrated more than
8.8 million people in 2020, representing 70.9% of the regional population.

The degree of marginalization as a multidimensional measure that combines indicators of education,
housing, income and territorial distribution (CONAPO, 2020), classifies the northeastern region in
the range of very low marginalization according to the indx for 2020.

In terms of income poverty, which measures the percentage of the population living below the
minimum consumption basket at the national level, 43.5% of the population was experiencing this in
the year 2022. The northeastern region recorded a level 13.7 psgntage points lower. Likewise,
multidimensional poverty, which considers not only income but also deprivations in health, social
security, food, housing and education, affected 19.6% of the regional population as opposed to 36.3%
experienced nationally.

AT 1T 1T EA OOOAT COE Al Of O1 AAOPET O OEA OACEI 1660
Al 61 6ouh AT A EOiI i AAOT AA8 )1 ¢mg¢th OEA .1 OOEAA
Product (GDP). Its productive structure is marked by the stmg presence of the secondary and
tertiary sectors, with 20.0% and 12.37% of respective national sectoral GDPs.

Within the secondary sector, manufacturing plays a central role, as approximately one out of every
four pesos generated by manufacturing nationwide is produced in the region. Notable activities
include machinery and equipment manufacturing, basic metal ingstries, petroleum and coal
derivatives production, and the food industry.

In the tertiary sector, the activities with the greatest relative weight include wholesale and retail
trade; transportation, postal services, and warehousing; and real estate and rental services of
movable and intangible assets. Additionally, the growingnportance of professional, scientific, and
technical services in recent years is worth highlighting.

As of September 2025, the employed population in Mexico reached 59.5 million people, of which
60.0% were men. The northeastern region accounted for 10.2% of this employed population,
equivalent to 6.1 million people, with a gender distribution similar to hat observed at the national
level.
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the employed population by more than 45.0% (14.8% versus 10.2%). As a result, regional GDP per
capita reached 280 thousand pesos (in constant 2018 prices) 2023, a figure 45.0% higher than the
national average.

Regarding job quality, 63.0% of the employed population in the region works under formal
conditions, a proportion significantly higher than the national average of 45.0%. This higher level of
formality is reflected in higher wages: while the average montlyl labor income at the national level
was 10,788 pesos in 2025, in the northeastern region this income is approximately 20.0% higher.
Finally, regarding security, two indicators are taken into account: perception of citizens and crime
incidence. According to the National Survey of Victimization and Perception of Public Security
(ENVIPE) 2025, 47.8% of the population in the region felt $ain their municipality or territorial unit,
compared to the national level, which was 34.4%. The crime incidence rate per 100,000 inhabitants
in the Northeast was 23.0% lower than the national average. In summary, these results indicate that
the region has relatively more favorable security conditions.

In summary, the analyzed demographic, social, economic and security indicators lead to the
conclusion that the northeastern region of Mexico presents structural conditions that favor
population attraction, positioning itself as one of the main developmemnpoles of the country.

3. MATERIALS AND METHODS

This research is focused by guantitative framework. Specifically, it utilizes microdata from the
Extended Questionnaire of the National Population and Housing Census for the study of migratory
movements, as well it collects data from the National Survey of Occupation and Employment (ENOE)
and the SeKReported Well-Being Survey (ENBIARE) with the purpose of examine the dynamics of
labor market and subjective weltbeing in the northeast region. In the case of quantitative approach,
it is justified by the need to examine patterns, trends, and associationsrtugh statistical techniques
that enable the objective measurement of the social phenomena under study.

In the case of migratory movements, the Extended Questionnaire of the National Population and
Housing Census constitutes one of the primary sources of information, it provides detailed data of
the origin region, residence, year of arrival and sociodemogréyic characteristics of migrants. From
this database, variables such as type of migration (internal or international), migratory intensity, age,
and sex structure of the migrant population, and educational attainment are constructed.

In relation to the labor market, the National Survey of Occupation and Employment (ENOE) provides
a continuous and periodic information on labor force status, type of occupation, economic sector,
income levels and employment characteristics. Complementayil the SelReported WellBeing
Survey offers indicators of subjective wetbeing, life satisfaction and perceived happiness. The main
variables can be observed in table 1, the methodological approach is correlational and descriptive.

4AAT AAQBT AT 11T CEAAT  AOAT Ax1 OE

A_nalythal Data source Main variables
dimension
Migratory Extended Questionnaire of the National Previous place of residence, state/country of
movements Population and Housing Census origin, year of arrival, age, sex, education

National Survey of Occupation and Labor force status, occupation, economic sector,
Labor market . . .

Employment (ENOE) income, informality
Subjective well | SeltReported WellBeing Survey Life satisfaction, happiness, affective balance,
being (ENBIARE) perceived achievements
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4. MIGRATION IN THE NORTHEAST REGION FROM OTHER FEDERAL ENTITIES

Internal migration in Mexico constitutes a structural phenomenon tightly linked to regional
inequalities, labor market dynamics, and demographic and social changes. Particularly, the
northeastern region has been a pole of population attraction given its dustrial base, and higher
level of relative economic development and its proximity to the United States of America,
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Table 2 shows the number of migrants originating from different entities during the periods of 2010
and 2020. The data evidence that there is a significant increase in migration from the south and
southeast of the country, particularly from Veracruz, Chiags, Tabasco and Puebla.

4 AAT AOkBAO 1T £ | ECOAT OO0 &EOI i OEA T1O00EAAG
i #1 AEOGET Ah 4A1I AOI EPAOh AT A . OAOT , Al
Federal Entity Migration 2020 Migration 2010 Growth rate 2010 -2020
Veracruz 92,640 46,804 97.93
San Luis Potosi 27,758 22,910 21.16
State of Mexico 16,018 11,184 43.22
Chiapas 15,014 3,310 353.6
Mexico City 14,274 13,226 7.92
Durango 10,043 8,807 14.03
Tabasco 9,481 3,108 205.05
Puebla 8,571 3,746 128.8
Oaxaca 8,377 4,436 88.84
Chihuahua 7,750 11,747 -34.03
Rest of the entities 58,274 42,270 37.86

31 O0OAAq / x1 Al AAT OAOEI 1 8

&oii AT AATTTTEA PAOOPAAOEOAh OEEO DPAOOAOT EO
lack of job opportunities, low incomes, and high levels of informality in their places of origin. In
particular, the northeast is home to industrial, man@acturing, and logistics activities that require
labor, which constitutes a powerful pull factor and offers better prospects for employment and

wages.
4AAT AT 6BOAO 1T £ T ECOAOQGETT O1F OEA 11 O0EA/
i #1 AEOET Ah 4A1T AOI EPAOR AT A . OAOGT |, Al
Federal entity Total Work - Family - Personal Security - Educational | Others
related related reasons related
Veracruz 92,640 65,155 16805 4715 731 2476 2,758
San Luis Potosi | 27,758 17,168 5785 2570 166 1324 745
State of Mexico | 16,018 9,107 2242 638 84 491 3,456
Chiapas 15,014 10,666 210 20 19 33 4,066
México City 14,274 7,903 2611 693 327 860 1,880
Durango 10,043 4,449 2676 1459 91 593 775
Tabasco 9,481 6,835 1722 373 122 183 246
Puebla 8,571 5,174 2053 407 23 600 314
Oaxaca 8,377 5,894 1394 481 11 422 175
Chihuahua 7,750 2,847 2408 838 272 395 990
Rest of the 58274 32,033 13,733 5317 1,598 2616 2977
entities

31 O0AAq / x1 Al AAT OAOEI 1T 8

Table 3 reveals that migration due to employment is especially high in states such as Veracruz, San
Luis Potosi, Chiapas, and the State of Mexico. This data reinforces the idea that migration responds
to a logic of integration into dynamic labor markets naheast. It is important to highlight that
northeast region, act as an absorption center for surplus labor from areas with lower productive
capacity and higher poverty rates.

Table 3 also shows that second most relevant motive for migration is the famihglated, which
evidences the importante of social networks in migratory processes. From a sociological perspectiva,
these networks reduce the costs and risks of migration, fditate acces to employment and housing,
and contribute to the reproduction of the migratory phenomenon over time. Educational, security
related, and personal motives, although less numerous, are equally relevant. Migration due to
security, present in entiies such as Veracruz, and Mexico City, suggests that violence and insecurity
function as push factor, reinforcing the social and structural dimension of internal migration.
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Likewise, migration for educational reasons reflects the concentration of higher education
institutions and training opportunities in the northeast.

Migration among the northeastern region.

In addition to analyzing processes toward the northeastern region it is fundamental to observe the
internal interactions among its constituent entities, as these dynamics allow for better understanding

of population flows at a regional scale. Table 4 accots for this interstate mobility and shows how
migratory exchanges between Coahuila, Tamaulipas, and Nuevo Ledn underwent relevant changes
between 2010 and 2020.

Specifically, the case of Coahuila stands out; in 2010, 2,699 people migrated to Tamaulipas, a figure
that decreased to 2,491 in 2020. This slight decrease may be related to transformations in the
economic and labor conditions of Tamaulipas, as well as security factors and the reconfiguration

of job opportunities in Nuevo Ledn, which has become more relevant as a center for attracting
national and foreign investment.

4AAl ARECBAOETT AiT1¢c OEA AT OEOEAO 1T &# OEA 1T
Year Entity / to Tamaulipas Nuevo Leon
2010 Coahuila 2,699 9,277
2020 Coahuila 2,491 6,468
Year Entity / to Coahuila Nuevo Leon
2010 Tamaulipas 2,455 9,235
2020 Tamaulipas 1,899 8,008
Year Entity / to Coahuila Tamaulipas
2010 Nuevo Leon 10,151 13,168
2020 Nuevo Leon 12,198 27,753

31 O0OAAq / x1 Al AAT OAOEI 1 8

In line with the other states, the table also shows a general decrease in migration flows from
Tamaulipas to Coahuila, falling from 2,445 migrants in 2010 to 1,899 in 2020. That reinforces the
idea of a relative loss of attractiveness for migrants to theate of Tamaulipas, this fact its possibility
due to security and safety. In contrast, Nuevo Leon has consolidated a central role in the migration
dynamics, with a significantly increasing of flows received from Coahuila and Tamaulipas. However,
Table 5, eveals that migration from Coahuila to other northeastern states are linked to work and
family reasons. The total number of people leaving Coahuila are 6,468, particularly migrating to
Nuevo Leon, the first reason is due to work (2,233) and the second &amily reasons (2,017).
Meanwhile, Tamaulipas and Nuevo Ledn exhibit the most intense migration flows within the region.
From Tamaulipas, 8,008 people migrate to Nuevo Leon, labor (3,137) and family (2,799). Also, Nuevo
Ledn consolidates its position as the main source of migratn to neighboring states, with 12,198
people migrating to Coahuila and 27,753 to Tamaulipas. In both cases, employment is the most
significant reason (6,335 to Coahuila and 14,582 to Tamaulipas), followed by family and personal

reasons.
4 AAIBA -ECOAOQETT 11 OEOGAO AiiT1¢c OEA AT OEOGEAO AT
Motivation Total I%/Z :)artl; d Familiar -related Personal | Security -rrelated Educational | Others
Coahuila
Tamaulipas | 2,491 880 665 266 249 332 99
Nuevo Leén | 6,468 2,233 2,017 1,352 18 133 715
Tamaulipas
Coahuila 1,899 976 689 126 - 43 65
Nuevo Leén | 8,008 3,137 2,799 1,177 71 458 366
Nuevo Leon
Coahuila 12,198 6,335 2,864 1,443 76 844 636
Tamaulipas | 27,753 | 14,582 6,067 2,146 2,305 1,762 891

31 O0OAAq / x1 Al AAT OAOGEI 1 8
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5. WELL-BEING, LABOR MARKET AND INTERGENERATIONAL MOBILITY.

The analysis of subjective wetbeing and intergenerational mobility in the Northeast region of
Mexico cannot be understood in isolation from the broader migratory dynamics that shape its
demographic and labor market composition. The Northeast has histoly functioned as one of
Mexico's principal poles of labor attraction, drawing internal migrants predominantly from states in
the south-center and Gulf regions of the country (Sorokin, 1927; Torche, 2021). This migratory flow
Is not merely a demographic penomenon but a mobility process in the deepest sociological sense:
individuals and households who relocate in search of better economic opportunities carry with them
a set of expectations, reference points, and intergenerational comparisons that direcghape how
they evaluate their own welkbeing (Nikolaev & Burns, 2014; Schuck & Steiber, 2018). The perception
of having surpassed (or failed to surpass) the socioeconomic conditions of the household of origin
constitutes a cognitive frame through which migants and nonmigrants alike assess the quality of
their lives, making the joint analysis of subjective welbeing and intergenerational mobility
particularly informative in a context of sustained internal migration. The following figures examine
these dimensions using data from the ENBIARE 2021, comparing the resident population of the
Northeast, the topfive states of migrant origin to the region, and the national average across multiple
indicators of life satisfaction, weltbeing domains, and perceivednitergenerational progress in
socioeconomic status, education, occupation, and standard of living (INEGI, 2021).

The radar chart (Figure 1) makes visible the structural shape of subjective webeing across ten life
domains, enabling a simultaneous comparison of the three groups. Two regularities stand out. First,
family life (PA3_06) is the highestscoring dimension for all groups ? national average 9.02,
Northeast 9.15, topfive migrant states 8.94> suggesting that family satisfaction functions as a floor
of well-being that is relatively insensitive to regional context. Second, public safety (PA3_11) is the
lowest-scoring dimension across all groups and exhibits the greatest integgroup variation: the
national average stands at 6.77, but the tefive migrant-origin states score only 6.44, while the
Northeast reaches 7.09.

This pattern is consistent with the geography of violence and insecurity in Mexico, where states such
as Veracruz, Chiapas, and Estado de México face more severe public security challenges. The
Northeast polygon is uniformly larger than both the national aerage and the migrantorigin states
across all ten dimensions, with particularly pronounced advantages in socioeconomic level (+0.32
vs. national), personal achievements (+0.30), personal relationships (+0.26), and future perspectives
(+0.24). The topfive migrant states, by contrast, present a profile that falls below the national
AOAOACA ET OAOGAT 1T &£ OEA OAT AEI AT GET10O0h xEOE O
OAOEOZAAQETT xEOE AEOU | Mn8ooeQh Gtod and iheg@kyo 1 F
characteristic of high-density metropolitan areas.
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The heatmap in Figure 2 ranks the 32 federal entities according to mean life satisfaction (PA1) and
displays three dimensions at the same time: general life satisfaction, socioeconomic wedling, and
satisfaction with future perspectives. The ranking show a north-south gradient: the five best states

in life satisfaction are all in the north or northwest of the country (Nuevo Leon (8.75), Coahuila (8.74),
Colima (8.68), Baja California Sur (8.68) and Nayarit (8.58)) while the worst scores are concentrated
in the southern and central states: Guerrero (8.11), Ciudad de México (8.12), Puebla (8.12) and
Oaxaca (8.14).

The three Northeast states, shown in blue, are located in the upper decile of the distribution for all
three dimensions, corroborating the advantage demonstrated in Figures 1 and 2. The future
perspectives dimension (especially) shows a clear geographic tpern in relation to the public safety
dimension, with a much lower variance across states (8.@8.70) than that observed for
socioeconomic weltbeing or safety in previous analyses, which indicates that optimism about the
future is more evenly distributed across the national territory.

But the Northeast continues to do better on this measure, with Coahuila (8.70) and Nuevo Leo6n (8.66)
achieving the highest scores in the country, and Oaxaca (8.00), Puebla (8.02), and Ciudad de México
(8.11) the lowest, all of which also fare poorly on theverall satisfaction and socioeconomic well
being measures, thus creating a consistent profile of multidimensional disadvantage. Scores on
future prospects for the top five migrant origin states are between 8.22 (Veracruz) and 8.40 (State of
México), allbelow the Northeast average, which may, at least in part, reflect the structural pessimism
associated with weaker labor market conditions and higher economic precarity in those origin
contexts.
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The stacked bar panel (Figure 3) reveals both the dimensiespecific structure of perceived
intergenerational mobility and meaningful regional differentiation. Across all groups, educational
opportunities (PI3) consistently show the highest proportion of perceived upward mobility 2
approximately 69% nationally and in the Northeast, and 68% in the toflive migrant states?
reflecting the generational expansion of schooling access in Mexico over recent decades.
Occupational position (P14) and socioeconomic atus (P12) follow, with roughly 54z58% reporting
improvement over their parents' generation. The most striking dimension, however, is standard of
living (PI5), which shows the lowest upward mobility perception and the highest downward
mobility: 22% of national respondents and 24.4% of those in the tofive migrant states perceive
their standard of living as worse than their parents', compared to only 16.4% in the Northeast.

This Northeast advantage in P15 is the largest regional difference observed in the entire panel and is
consistent with the region's relatively stronger labor market and wage levels. The "not yet
attempted" category in P14 and P15 (3.57.9%) captures respoments who have not yet been able to
make the intergenerational comparison, which may reflect younger cohorts still in early career
stages or persistent structural barriers to economic participation. Taken together, the panel suggests
that educational mobility has been broadly achieved across regions, but that this has not translated
uniformly into improvements in occupational standing or material standard of living, a decoupling
that points to structural barriers in the labor market and income distribution that educational
attainment alone has not been sufficient to overcome.
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The figure 4 reveals a clear and monotonic positive association between perceived upward
intergenerational mobility and subjective wellbeing across all three groups: individuals who
perceive their socioeconomic status as better than that of their parentsf origin report consistently
higher life satisfaction than those who perceive it as similar or worse. This gradient is present
nationally (Better: 8.55, Similar: 8.40, Worse: 7.77) but is most pronounced in the Northeast region,
where the gap between thos who perceive upward mobility and those who perceive downward
mobility reaches 0.94 points (Better: 8.79, Worse: 7.85), compared to 0.89 in the tdipe migrant
states and 0.78 nationally.

Two conclusions follow. First, the perception of intergenerational progress functions as a meaningful
correlate of subjective weltbeing regardless of region, lending empirical support to the idea that
mobility expectations and evaluations form part of thecognitive architecture of life satisfaction.
Second, the Northeast premium is not limited to absolute welbeing levels: even among those who
perceive downward mobility, Northeast residents report higher mean satisfaction (7.85) than their
counterparts in migrant-origin states (7.56), suggesting that regional context provides a buffer that
moderates the negative subjective impact of perceived status decline.
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Figure 5 shows the income distribution among three population groups: the local population in the
northeast region, migrants in the region, and individuals in their region of origia that is, people who
did not migrate but remained in their state. The resuk show that the mean income level is similar
across the groups, suggesting that migration does not substantially affect income improvement.
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Figure 6 reveals the percentage distribution of educational attainment of migrants in the northeast
region. It is important to note that most of the population arriving in the northeast region has only a
basic education, including technical and nospeciaized studies. This may also be related to the fact
that some job offers, especially in Coahuila and Tamaulipas, do not require high levels of human
capital, and that the migrant population is less specialized.
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Finally, Figure 7 examines income distributions by education level (fundamental versus
professional) and group. The results preset that among individuals with fundamental education,
median incomes are relatively similar across groups and remain at lower \lels, though income
dispersion is still evident. In contrast, individuals with professional education display higher median
incomes along with greater variability, particularly in the region of origin.
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Taken together, the figures 5, 6 and 7 indicate that educational attainment plays a more significant
role than migration status in shaping income outcomes. While migration does not appear to lead to
meaningful differences in median income, higher educatioms clearly associated with improved
income prospects and greater variability. Nevertheless, because most individuals are concentrated
in lower and middle education levels, overall income levels remain modest, and inequality persists
across all groups.

6. CONCLUTIONS

The study of internal migration is a complex issue that must be viewed from a multifaceted
perspective; that is, people decide to migrate not only for economic reasons but also for reasons of
well-being. In the case of the Northeast region, it has receivad increasingly large influx of migrants
from the south and central parts of the country.

Places like Veracruz, the State of Mexico, and San Luis Potosi, to name a few, have suffered imbalances
due to migration to other states. Likewise, these places exhibit low levels of wdideing (both social
and economic). The evidence drawn from the ENBIAR2021 suggest that across all indicators
examined (general life satisfaction, socioeconomic welleing, current life evaluation, and future
expectations) in northeast region occupy the upper decile of the national distribution. The
intergenerational mobility analysis adds an important explanatory layer to these findings. The
perception of upward mobility operates as a consistent and significant correlate of life satisfaction
across all three groups, with the gap between those who perceive improvement anbdose who
perceive decline reaching nearly one full point on the satisfaction scale in the Northeast, the widest
of all groups.

This advantage is not limited to a single area: the radar profile shows that the Northeast far surpasses
the average in all ten dimensions of life, with particularly marked gaps in socioeconomic status,
prospects, and satisfaction with life. Likewise, levs of satisfaction with family life confirm that
affective bonds are the most important component of subjective welbbeing, regardless of the
regional context.

In this sense, public policies can play an important role in addressing the asymmetries derived from
it. On the one hand, it is important to stress that policies in the receiving regions should be geared
towards strengthening infrastructure, access to adegate housing, and integration into the formal
labor market so as to ensure that migrants can sustain and enhance their wbking over time. Yet,

in the areas of origin, targeted investment in education, health services and local economic
development is needed to reduce structural inequalities.

Overall, the findings indicate that migration to the Northeast is motivated not only by economic
factors but also by higher expectations of quality of life. The association between perceived upward
mobility and life satisfaction underscores the importancef subjective aspects in migration decision
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making. The findings underscore the necessity to interpret migration as a multidimensional
phenomenon where economic, social and psychological factors converge.

Finally, a comprehensive assessment of regional disparities requires to understand the phenomenon
of internal migration from a welfare point of view. Together, objective conditions and subjective
perceptions can help policymakers and researchers more eagilidentify the mechanisms that
perpetuate regional advantages and disadvantages.
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CHARACTERIZATION OF DAILY MOBILITY AND EMPLOYMENT
SUBCENTERS IN THE SALTILLO METROPOLITAN AREA
THROUGH SPATIAL ANALYSIS
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Abstract

This research analyzes the spatial distribution of the economic activities in the Saltillo Metropolitan
Area in 2020, to identify its polycentric structure and the location of employment subcenters. Spatial
analysis techniques and Geographic Information Stems (GIS) are used, such as the National
Directory of Economic Units Statistics (DENUE), disaggregated by economic activity subsector. The
double threshold method is used to identify employment subcenters, analyzing their most relevant
aspects: number, ge and density. During the period of analysis were identified 12 subcenters of
employment, which aggregate a total of 7,402 economic units, with an estimated 128,075 employed
people and 82 subsectors of economic activity. The results show dynamism of gmnomic activities

of the metropolitan area.

Keywords: Metropolitan area, spatial patterns, employment subcenters, polycentric structure,
double threshold.

1. INTRODUCTION

In order to explain contemporary socioeconomic configurations it is fundamental to understand the
territory as a dynamic framework where actors, resources and productive activities interact. The
spatial and territorial dynamics have a direct impact on poplation distribution, daily mobility,
employment opportunities and urban structure (Harvey, 2009). In this sense, the territory is not only

a physical container for activities, but also a historical and social product in permanent
transformation, where ecoromic and labor relations are territorialized (Lefebvre, 1974).
Intermediate cities like Saltillo show the influence of territorial dynamics in the labor market
configuration, and also the functional specialization of urban space.

The study of employment subcenters has become relevant in the last decades as a tool to understand
patterns of decentralization, specialization and polycentrism within urban areas (Giuliano and Small,
1991). Thus, employment subcenters are understood as apal concentrations of economic activities
formed in a relatively small area. By their size, they have a strong impact on the generation and
absorption of the employment demand that they support. These points are called subcenters when
they are nodes of #raction of employment, not the primary center of employment generation, but

to an intermediate degree. The analysis of employment subcenters is based on the flows of labor
supply and demand and the degree of attraction or expulsion between different engyment
destinations. The employment subcentres analysis is conducted according to the flow of labour
supply and demand and the degree of attraction or expulsion between different employment
AAOGOET AGETT DI ET OO j38AT AEAUh ¢mgon 31T AOETT h ¢
These subcenters are important nodes of concentration of productive activities and specialized
employment and their identification allows to characterize the spatial distribution of labor
opportunities. The study of their location and hierarchy offers esg#ial elements for understanding
the structure of the labor market, territorial inequalities and the flows of mobility associated with
them (Garrocho and Campos, 2007). In territories that have shifted towards dispersed or polycentric
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urban models, the acknowledgement of these subcenters is essential to the design of public policies
oriented towards equity and competitiveness.

The Saltillo Metropolitan Area (ZMS, for its acronym in Spanish) is in the State of Coahuila. It has a
radial shape, relatively simple, with a single metropolitan center. The data available makes it possible
to identify the main actors supplying and demanthg labor, the main activity sectors in both the
supply and demand of employment, and the profile of the employment population according to its
education levels, monthly income, and the type of company that employs them (Orihuela and Sobrino,
2023). It is composed of the three municipalities: Arteaga, Ramos Arizpe, and Saltillo. It has a
population of 1,031,779 inhabitants, an occupied surface area of 31,117.8 hectares, and a population
density of 33.2 inhabitants/ha. Additionally, it has an urban populatia of 996,551 inhabitants and a
rural population of 35,228 inhabitants. Furthermore, it records a GDP of 123,627 million pesos and
a total of 229,314 employed persons (SEDATU et al., 2024).

This article aims to characterize the labor market in Saltillo through the modeling of employment
subcenters. This approach allows not only for the identification of the spatial distribution of
economic activities but also for an understanding of the tertorial logic that sustains their
functioning. In a context where productive restructuring and urban expansion continuously
reconfigure labor dynamics, addressing the phenomenon from a spatial perspective helps reveal
trends, inequalities, and the potentiabf the local territory. By modeling employment subcenters, this
OO0OOAU OAAEO O CATAOAOA A AT i DOAEAT OEOGA OAAAEI
economic and spatial dimensions of urban development.

To address the identification and modeling of employment subcenters within the metropolitan area,
the National Statistical Directory of Economic Units (DENUE) is utilized. This INEGI database records
the geographic location and characteristics of economiestablishments in Mexico. Based on this
source, Exploratory Spatial Data Analysis (ESDA) techniques are applied, understood as a set of
statistical and geographic methods that allow for the identification of patterns of concentration,
autocorrelation, andterritorial clustering of economic phenomena. These techniques facilitate the
detection of nonevident spatial structures and contribute to delimiting areas of functional
specialization and relevant employment nodes (Anselin, 1995).

Urban morphology - polycentric structure

The formulation of the New Urban Economics (NUE) in the 1960s, led by Alonso (1964), Muth (1969),
and Mills (1972), introduced a monocentric paradigm in which accessibility determined urban land
value (Balat, 2002, cited in Vargas, 2013). From the theoretl approach, individuals choose their
location by considering travel costs, assuming that proximity to the workplace reduces commuting
and increases the willingness to pay for rent (Vargas, 2013).

The models from this stage maintain that the Central Business District (CBD) concentrates economic
activity, such that population density and rents decrease as the distance from the center increases
(Alonso, 1964; ArribasBel and SanzGracia, 2014; Sobring 2025). This centrality was justified by
both accessibility criteria and advantages associated with fade-face contacts, market
concentration, and cultural elements.

Table 1, on the other hand, provides a clear visualization of the structural, analytical and functional
differences between the monocentric and polycentric models. Monocentrism is based on the classical
theory of New Urban Economics with authors such as é&tso, Muth and Mills who assume a single
center (CBD) that concentrates employment, services and rent. Polycentrism arises as an empirical
and conceptual response to the urban changes of the late 20th century.

In the latter, several subcenters have functional relevance, create their own rent gradients and
change mobility patterns. Similarly, analytical methods evolve from a first theoreticadeductive
approach to empirical strategies based on density thresholdgravitational models, network analysis,

or spatial clustering. This is a sign of a movement from theoretical abstraction to a territorial and
functional verification.
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Dimension Monocentrism (NUE) Polycentrism
Theoretical Alonso (1964); Muth (1969); Mills | Giuliano & Small; McMillen & McDonald; Roca et €
framework (1972).

Core assumption A single CBD concentrates employmen Multiple nodes with labor and functional relevance.
and services.

Key Mechanism Commuting costs and radial accessibility, Employment distribution, interactions between
nodes, and hinterlands.
Rent Prediction Descending radial rent/density gradient. | Multiple and 102iscontinuous gradients; rents
depend on proximity to subcenters.
Mobility CBDoriented flows; radially | Multipolar mobility; shorter average distance but
concentrated trips. higher O-D complexity.
Typical Theoretical spatial equilibrium models. Density thresholds, spatial clustering, network
Identification analysis, gravity models.
Methods
Typical Empirical | Historically concentrated cities validated | Cities with employment suburbanization; examples
Evidence in contexts with strong centrality. in the U.S., China, and Latin American cities.
Planning Analytical simplicity; policies focused on| Opportunity for decentralization, equity, and
advantages the center. sustainability; grater functional resilience.
Limitations It underestimates heterogeneity and can It requires inter-jurisdictional governance; it may
be anachronistic in contemporary| lead to spatial fragmentation and urban sprawl if
metropolises. not regulated.

Policy implications | Focus investments on the center anc Promote interconnected nodes, services, ani
implement transit-oriented development | multimodal transport; institutional coordination.
(TOD).

31 OOAAq ! OOET 060 1 x1 Al AAT OAQEIT 1T 8

In the Mexican case, scientific output has prioritized studies of specific cities with quantitative tools
to delimit subcenters (Sobrino, 2025). Suarez and Delgado (2009) and Montejafiscamilla (2015),

in a similar vein, conclude through gravity models ath network analysis that Mexico City exhibits a
polycentric structure, without losing the structural centrality of its historic core.

Overall, the Mexican literature shows the consolidation of polycentric structures and a tendency to
extend them to intermediate cities, sustained by different conceptual and methodological approaches
but with converging empirical bases. The debate is nonger about whether polycentrism exists, but
rather about criteria to define, measure and integrate it into contemporary territorial planning.

2. CHARACTERIZATION OF THE SALTILLO METROPOLITAN AREA

The Saltillo Metropolitan Zone (ZMS), made up of the municipalities of Saltillo, Ramos Arizpe and
Arteaga, is one of the most dynamic industrial centers in northern Mexico. The population of the
conurbation was over one million inhabitants, Saltillo beinghe main nucleus, according to the 2020
Population and Housing Census carried out by INEGI. This demographic concentration has been
closely related to the development of manufacturing activities, mainly in the automotive, metal
mechanical and auto parts setors, which generate production linkages and formal employment.
Saltillo municipality is the one with the highest demographic and economic weight within the
metropolitan. It has become a regional center for services, commerce and industry with almost
880,000 inhabitants (2020). For its part, Ramos Arizpe has experiendeaccelerated growth driven

by industrial parks and automotive sector companies, which is reflected in a high density of formal
employment. In absolute number of people, Arteaga is smaller, but complementary, as a place for
housing expansion, services andctivities related to light manufacturing and tourism (See Table 2).
According to the 2024 National Occupation and Employment Survey (ENOE; INEGI, 2024), it reflects
that the economic structure of the State of Coahuila is constituted mainly by the tertiary activities
with 57.3% of the employed population, while the commerceepresents 17.3%. The manufacturing
sector continues to be the main engine of metropolitan development, especially in the municipalities
of Ramos Arizpe and Saltillo. More than three quarters of the employed population are in formal
employment, but nichesof informality and self-employment persist, accounting for around onehird

of all labor positions according to the ENOE.
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With regard to income levels, the 2024 National Survey of Household Income and Expenditures
(ENIGH) (INEGI, 2025) for the state states that the average current income per household per quarter
is greater than 75,000 constant pesos. The metropolitan area merally has levels higher than the
state average in formal industryrelated areas, while periurban areas and selemployed worker
segments present greater gaps. Education, gender and type of occupation differences continue to be
crucial determinants of labour market insertion and economic mobility (See Table 2).

In summary, it is characterized by: (1) a solid industrial base that coordinates urban growth and the
labor market; (2) a growing tertiary sector linked to worker consumption and production chains; (3)
relatively high income levels in relation to the natimal average; and (4) the persistence of internal
inequalities in terms of labor distribution. These dynamics create challenges in terms of urban
planning, productive diversification and reduction of informality, and opportunities to increase
regional productivity and socioeconomic inclusion.

4 AAl AEABAAOARAOEOOEAO T £ OEA 3AT OEITT - AO
Indicator (2020 / 2022) Saltillo Ramos Arizpe Arteaga
Total population (2020 Census) 879,958 167,214 82,847
Estimated economic participation* ( ECE j Pen bPC( ECE j hemn t- AAEOI | Buv
Dominant economic base Manufacturing, Automotive Services, tourism, and
commerce, and services | manufacturing light manufacturing
Formal employment (ENOE| >75 % >75 % ~70 %
estimate / state-level baseline)
Estimate informality 25730 % 25230 % 30235 %
Average household current| Higher than the state| Consistent with the | Slightly below the state
income** average state average average
Strategic sector Automotive, metal | Automotive industry | Tourism,  agroindustry,
mechanical, services and logistics services
c 4EA %. / % ATAO 110 AEOACCOACAOA AAOA AU 1 Ol EAED/
AOAOACAOG AT A 1 AAT O AEAOAAOADEWOERIOA ® AD ADOBKA ENlT AK.A)
AT A 1 O1T EAEPAT AATTTI EA OPAAEAI EUAOQEI
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3. MATERIALS AND METHODS
As input, the identification of employment subcenters of the Saltillo Metropolitan Area for the year
2020 was carried out using the classification of economic activity subsectors applied by the National
Institute of Statistics and Geography (INEGI), baseoh the 2023 edition of the North American
Industry Classification System (NAICS) (INEGI, 2023). Besides, the doutiieeshold method was
adopted in their definition, based on the use of two reference thresholds, the first one related to the
magnitude of enployment, and the second one to the density of employment (Garrocho & Campos,
2007). Therefore, employment concentrations that exceed the established thresholds are considered
employment subcenters or highconcentration zones.
The main input used was information from the 2020 edition of the National Statistical Directory of
Economic Units (DENUE) (INEGI, 2020), as well as data from the 2020 Population and Housing
Census (INEGI, 2021a) and the Geostatistical Framework (INEGI, 202 for the study area. The
information was disaggregated at the economic activity subsector level, incorporating all activities
considered in the 2023 NAICS, as well as at the urban Basic Geostatistical Area (AGEB) scale.
The collected information underwent a normalization process for analysis using geostatistical
techniques. In defining the employment subcenters, the approach proposed by Giuliano and Small in
1990 (Garrocho & Campos, 2007) was used; among its advantagegdsimple application to urban
areas with polycentric structures, as well as its optimal conditions for application across different
regions in Mexico. Consequently, employment subcenters were defined as those areas or AGEBs that
record the following aspects:

An employment magnitude greater than the metropolitan area average plus one standard

deviation & An employment density greater than the metropolitan area average.
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The thresholds established for defining employment subcenters were operationalized using the
following arithmetic expression (Garrocho & Campos, 2007):
Ol 0dhmh

i) oM "Y"YO & ho
Where:
IEs = Local Specialization Index of the Subcenter s
Es, i = Employment of subcenter "s" in sector "i";
Es, t = Total employment of subcenter "s"
EST, i = Employment in sector "i"* across the study area subcenters;
EST, t = Total employment of the study area subcenters
To identify the different levels of diversification or specialization within the study area at the urban
1 %" 1 AOAT h OEA O,1T AAl 3DPAAEAI EUAOQEIT )1 AA@od j
by relating the percentage of employment in each sewr within an AGEB relative to the total
employment of the metropolitan area to the total employment of each AGEB, resulting in the
following arithmetic expression (Garrocho & Campos, 2007)

"00i OH®Oo ¥ O th—Yi‘Q
Where:

IES= Local Specialization Index of AGEB "s";

Es, = Employment of AGEB "s" in subsector "i"

Es, t= Total employment of AGEB "s"

EST, F Employment in subsector "i" across the study area AGEBs

EST, & Total employment of the study area AGEBs

The results indicate that values closer to one represent areas with greater economic diversification
or a broader presence of economic subsectors. Conversely, values closer to zero indicate a trend
toward economic specialization or low diversity of econont subsectors. Furthermore, to estimate
the employment volume per economic unit within the study area, the following ranges were defined,
as shown in the table below:

4 AAl A &B1 AA OAT CAO OiF AOOEI AOA Aipiiui AT O Ol
Employment Range 0-5 6-10 11-30 31-50 51-100 101 - 250 251 +
Employees 3 8 20 40 75 175 400

31 O0OAAqg ! OOEI 080 1T x1 Al AAT OAOEI T 8

For the 2020 case, the threshold for identifying employment subcenters was defined using the
following parameters:

Employment Magnitude = 2,179 jobs; Employment Density = 15.646856 jobs/ha
Furthermore, in addition to analyzing urban process dynamics, spatial analysis techniques based on
spatial econometrics were employed. In this case, Exploratory Spatial Data Analysis (ESDA) was
applied to the centrality values obtained for each AGEB in thstudy area. Using the spatial
autocorrelation tool (Global Moran's 1), this technique measures spatial autocorrelation based on
locations (AGEBSs) and feature values (centrality). By analyzing a set of features and an associated
attribute, it allows for an evaluation of whether the expressed pattern is clustered, dispersed, or
random (De Corso & Pinilla, 2017).
Moran's | refers to the distribution of a variable across space or territory and indicates the presence
or absence of spatial autocorrelation. It is considered a global statistic because it summarizes the
territorial distribution pattern of the phenomenon under study into a single value. This value ranges
from -1 to 1, allowing for an evaluation of whether the data is dispersed, randomly distributed, or
organized in a negative or positive manner. Consequently, it identifies a spatial dependence pattern,
which is reflected spatially through the formation of clusters or groupings (Pérez et al., 2022).
Additionally, it is supported by Local Indicators of Spatial Association (LISA), which identify spatial
clusters or groupings of the analyzed variable. This allows for the identification of favorable or
contradictory environments based on the clustering of specific number of features or AGEBs that
may share economic or interterritorial synergies (Buzai & Montes, 2021). The results show clusters
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where a state or territorial unit presents a high or low value for the variable, surrounded by others
exhibiting similar behavior, as well as spatial outliers or extreme values. The advantage of this
method is that it determines not only the existence ofatial autocorrelation but also its specific
location (Pérez et al., 2022).

It is important to clarify that spatial autocorrelation measures and analyzes the degree of
dependence between observations of a phenomenon in a geographic space. This can be quantified by
i AATO T &£ -TOAT80O ) 10 ' AAOUS Orix that spedifi€s Ehe €rdntddE O A
the relationship between neighboring observations. Positive spatial autocorrelation means
clustering of similar values in the geographic space or territory. However, a negative autocorrelation
suggests that the adjacentalues are more different than usual, which in spatial terms appears like a
checkerboard pattern (Bhatta, 2010).

Thus, the Local Moran's | Index of Spatial Autocorrelation was calculated with GeoDa 1.22.0.20 . The
variable of analysis was the centrality degree of each AGEB in the study area . The parameters of the
defined pseudo pvalue were calculated by computngE A D OT BT OOET 1T 1T & , 1 AA
reflected through 999 permutations to ensure reliable inference. In addition, the pseudo-yalue
threshold obtained was 0.05, which allowed to identify statistically significant clusters.

4. EMPLOYMENT SUBCENTERS IN THE SALTILLO METROPOLITAN AREA IN 2020

Note that the study area for the identification of employment subcenters for the year 2020 consisted

of a total of 428 AGEBs. Only 404 of them had available information and were used as the universe
for subcenter identification. The 404 units have 34,713 enomic units, an estimated 334,501

Al 1 TUAAOG AT A A O1 OAl DPI POl AGETT 1T £ wywhmpo DA
Metropolitan Area, the highest values are in the central part of the consolidated urban area, as well

as in a cluser in the southern part, with centrality ranges between 112.328846 and 222.760015.
These values illustrate a high concentration of economic activities as depicted in Figure 1.
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In the consolidated urban area, the highest values tend to behave in a dispersed manner, with a
staggered behavior of high and low values. The highest scores are in the central zone of the
metropolitan area, in neighborhoods such as Universidad, Los Maes$;, Insurgentes and part of
Republica Norte. Another cluster in a centenortheast direction is at Villa Olimpica, Villa Olimpica
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Oriente and La Salle. The third important group is located in the northeast of the neighborhood of
Francisco Villa and in Paraje de Los Pinos. On the other hand, it is interesting to note the similarity in
spatial behavior between centrality and the spatihdistribution of the different economic units, as
shown in Figure 2, where more economic activities are concentrated in the central area of the
consolidated urban zone. Throughout this analysis period, a total of 82 economic subsectors were
identified,inx EEAE OEA O2AO0AEI OOAAA T &£ cOl AROEAOh £
prevalent with 5,761 economic units.
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In the central zone of the consolidated urban area, an AGEB was found with 1,395 economic units,
estimated to employ 8,438 people and with a population of 1,495 inhabitants. Besides, it has 40
economic subsectors, thus, there is a high diversification otenomic activities. It is important to
point out that the values closer to 0 indicate areas with a greater economic specialization and those
closer to 1 indicate areas with a greater economic diversity regarding the behavior of the varying
degrees of econmic diversification for each AGEB within the metropolitan area. Such a behavior is
exemplified in Fig. 3.
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In addition, regarding the areas with the highest economic diversification, two zones of significant
dynamism are identified, corresponding to the central parts of Saltillo and Ramos Arizpe. Both areas
exhibit diversification values ranging from 0.414635 b 0.585366, which translates to a range of 34
to 48 economic subsectors. Furthermore, it is observed that the AGEBs following this trend
concentrate more than 100 economic units each. Furthermore, regarding the behavior of centrality
and employing spatialassociation techniques specifically the Global Moran's | Index a value of
0.462 was obtained, as shown in Figure 4. This result translates into the identification of several
spatial clusters of territorial units with similar values across the metropolitanarea in 2020. Another
relevant element to highlight regarding the behavior of the scatterplot is that the slope of the
regression line, formed with the abscissa axis, indicates the significance of the existing
autocorrelation. An intermediate spatial autoorrelation is identified, which refers to spatial units
clustered within the High-High, LowHigh, LowLow, and HighLow quadrants.
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Furthermore, regarding the clusters identified in the metropolitan area through the analysis of the
centrality variable? as shown in Figure 5 four types of clusters are identified: HighHigh, Low-Low,
Low-High, and HighLow. The most significant is the HigkHigh type, where four distinct groupings
are identified. The largest of these are located in the central zones of Saltillo and Ramos Arizpe; the
third grouping is identified in the Valles de las Flores Infonavit neighborhood (Saltillo), and the fourth
corresponds to the Fidel Velazquez and Torremolinos neighborhoods (Ramos Arizpe).
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Regarding the LowLow type clusters, 11 groupings were identified within the consolidated urban
area; of these, nine are located in the municipality of Saltillo, one in Ramos Arizpe, and another in
Arteaga. As for the LowHigh cluster type, seven groupingsvere identified, mostly located in Saltillo,
with two in Ramos Arizpe. Concerning the Higi.ow type cluster, three groupings were identified:
two located on the periphery of Saltillo's urban area and one in Arteaga. Regarding the characteristics
of each tuster identified in the metropolitan zone, as shown in Table 4, the most frequent is the Lew
Low type, present in 45 AGEBSs. This cluster has 123,415 inhabitants, representing 12.48% of the
urban population, and 1,918 economic units with 10,495 workers. # surface area covers 2,358.69
hectares, which is 9.8% of the total urban area.

In second place is the HigiHigh type cluster, present in 44 AGEBs with a population of 83,186
inhabitants, representing 8.41% of the urban population. This cluster concentrates 10,359 economic
units (29.84% of the total), which employ an estimated 107,43%eople (32.12% of the total),
covering an area of 2,558.07 hectares (10.63% of the total urban area).

4 AA AEABGAAOAOEOOEAO 1T £ AAT OOAT EOGU Al BOBAOO EI

Cluster Number Total Percentage | Total of | Percentage @ Total of | Percentage
type of AGEB’s | population economic employees

2020 units
High-High | 44 83,186 8.41 10,359 29.84 107,439 32.12
Low-Low | 45 123,415 12.48 1,918 5.53 10,495 3.14
Low-High |8 15,132 1.53 516 1.49 6,679 2.00
High-Low | 3 1,897 0.19 256 0.74 10,950 3.27
Non 304 765,383 77.39 21,664 62.41 198,938 59.47
significant
Total 404 989,013 100.00 34,713 100.00 334,501 100.00

In third place is the LowHigh type cluster, present in 8 AGEBs with a population of 15,132
inhabitants and 516 economic units (1.49% of the total), employing an estimated 6,679 people (2%
of the total) across an area of 343.41 hectares (1.43% of the urbanrface). In fourth place is the
High-Low type cluster, present in three AGEBs with a population of 1,897 inhabitants; it concentrates
256 units (0.74% of the total), employing an estimated 10,950 people over a surface area of 724.39
hectares (3.01% of tle total).

The identified employment subcenters in the metropolitan area are shown in Figure 6 and Table 5.
There were 12 subcenters, all of which met the criteria for high concentrations of economic units and
employees. These subcenters have a population of 43,03@habitants (4.35% of the total) and
concentrate 7,402 economic units (21.32% of the total). In addition, they use an estimated 128,075
persons (38.29% of the total) on a surface area of 3,021.52 hectares (12.55% of the total urban area).
The main subcenter is located in the central part of Saltillo, and consists of eight AGEBs with 30,201
inhabitants (3.05% of the total). It has 5,618 economic units (16.18% of the total) and employs an
estimated 72,349 persons (21.63%), and covers 1,304.Hectares (5.42% of the total). Of the
remaining employment subcenters, most are in Saltillo, totaling six in all. These concentrate a
population of 36,832 inhabitants (3.72% of the total), and 6,536 economic units (18.83% of the total),
with an estimated employment of 88,557 people (26.47% of the total) on an area of 1,787.84
hectares.

On the other hand, five subcenters are identified in Ramos Arizpe, comprising seven AGEBs with a
population of 6,142 inhabitants (0.62% of the total). These subcenters concentrate 827 economic
units (2.38% of the total), employing an estimated 33,765 peopl(10.09% of the total) over a surface
area of 1,090.11 hectares (4.53% of the total urban area).

Similarly, an employment subcenter was identified in Arteaga, comprising one AGEB with a
population of 56 inhabitants (0.01% of the total). It hosts 39 economic units (0.11% of the total),
employing an estimated 5,753 people (1.72% of the total) across aréace area of 143.57 hectares
(0.60% of the total urban area).
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Subcenter Number Total Percentage | Total of | Percentage | Total of | Percentage
of population economic employees
AGEB’s in 2020 units
1 (Main | 18 30,201 3.05 5,618 16.18 72,349 21.63
subcenter)-
Saltillo
2-Saltillo 1 904 0.09 273 0.79 3,824 1.14
3-Saltillo 1 26 0.00 83 0.24 2,707 0.81
4-Saltillo 1 2,591 0.26 170 0.49 2,336 0.70
5-Saltillo 1 1,007 0.10 83 0.24 4,009 1.20
6-Arteaga 1 56 0.01 39 0.11 5,753 1.72
7-Ramos 1 0 0.00 27 0.08 2,756 0.82
Arizpe
8-Ramos 3 5,160 0.52 603 1.74 7,587 2.27
Arizpe
9-Ramos 1 0 0.00 20 0.06 3,770 1.13
Arizpe
10-Ramos 1 0 0.00 127 0.37 16,093 4.81
Arizpe
11-Ramos 1 982 0.10 50 0.14 3,559 1.06
Arizpe
12-Saltillo 1 2,103 0.21 309 0.89 3,332 1.00
Rest of urban| 373 945,983 95.65 27,311 78.68 206,426 61.71
area
Total 404 989,013 100.00 34,713 100.00 334,501 100.00

5. SPATIAL BEHAVIOR DISCUSSION

Employment subcenters in the Saltillo Metropolitan Area are spaces where labor supply and demand
are concentrated. The dynamics of occupations and employment profiles reveal specific
characteristics, as well as the interaction between different subcentetsased on the daily movement
of workers. It is estimated that the concentration pattern of labor supply and demand also translates
into a concentration of daily worker mobility, as individuals move toward subcenters offering greater
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employment opportunities. This dynamic is captured in indicators such as employability,
unemployment, and underemployment rates, as well as labor mobility between subcenters (Sanchez,
2023; Sobrino, 2025).

The structure of labor supply and demand, determined by different sectors of activity, is the primary
cause of this mobility pattern, which is shaped by the location of job sources and the characteristics
of workers seeking employment. For these reasonsn iaddition to examining the structure of
occupations and employers, the analysis also considers the educational levels required by the labor
market, as well as employability, unemployment, and underemployment rates, alongside the daily
mobility of workers between subcenters (Albarran et al., 2023).

Employment subcenters in the Saltillo Metropolitan Area contribute to the regional economy by
generating wealth and creating jobs, although their impact in terms of Gross Domestic Product (GDP)
is limited. Nevertheless, these subcenters offer employmenttarnatives for those unable to secure
adequate work in the primary city, effectively reducing the distance between residence and
workplace. This leads to lower transportation costs and a higher quality of life for these residents.
Furthermore, the presenceof companies in these areas fosters local development by allowing
individuals to access resources without having to commute to the city center (Burboa, 2023).

The location of subcenters in small communities limits the number of available jobs, leading
companies in these areas to hire individuals from other populations, thereby generating a daily
mobility phenomenon. Even so, the number of people who commute toher locations to work under
conditions of underemployment is very low. Consequently, the availability of jobs in populations near
Saltillo helps prevent residents from leaving the region in search of employment, which often implies
migrating to the U.S. brder. However, the limited job supply and its insufficient quality compared to
the Monterrey Metropolitan Area cause that region to continue acting as a primary attraction hub for
migrants (Arzaluz & Zamora, 2021; Aparicio et al., 2022).

Challenges and limitations in the spatial location of employment subcenters

Employment subcenters contribute to the region's economic development through job creation and
income generation. However, they also face challenges that limit their expansion, such as low
educational levels among the population, insufficient or poorly maitained infrastructure, traffic
congestion, and the lack of a governance framework to coordinate different levels of government and
the public and private sectors. Additionally, a significant constraint is that the majority of these jobs
are temporary (Navarro et al., 2023).

The employment subcenters in the Saltillo Metropolitan Area did not arise from explicit decisions of
public policy makers. Rather, the phenomenon has been the subject of governmental attention for
over a decade, influencing the planning and operation of laed policies and programs. These efforts
seek to demonstrate the foundations, objectives, design, implementation, observed results and
effectiveness of the 2020 interventions, as well as a proposed set of indicators to evaluate its
performance (Trejo, 2@4).

The attention of the government is evidenced by the existence of urban planning mechanisms that
identify the generation and availability of jobs as key aspects for regional development, as well as the
formulation of programs that explicitly seek to contribute to the infrastructure and services that
sustain these subcenters. These interventions aim to support the development of transportation
infrastructure, public safety, health and education, since they are important to enhance job quality,
mobility dynamics and social cohesion between subcenters and distant municipalities. Thus,
government programs and projects at the state and municipal levels are analyzed to find areas that
require more attention (Lopez, 2023).

One of the subcenters with the highest job supply density is located in Ramos Arizpe, characterized
as a neuralgic hub for the region's economic activity. This subcenter concentrates various factories
and companies that generate a constant flow of employmeand personnel. The area's proximity to
the municipality of Saltillo has allowed the population of Ramos Arizpe to achieve better incomes and
a higher quality of life than in other municipalities in the region. This improvement is reflected in a
high Human Development Index (HDI). Despite this, the lack of upper secondary and higher
education institutions has forced the population to commute to the city of Saltillo to continue their
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academic training. These daily commutes have generated congestion that affects both the
population's quality of life and the region's productive processes (Orihuela & Sobrino, 2023).

6. CONCLUSIONS

Employment subcenters are areas featuring clusters of companies across one or more sectors where
production functions are concentrated, supporting the regional economy and absorbing a portion of
labor supply and demand. By 2020, the Saltillo Metropolitanr&a was a region where population and
economic growth had driven an increase in job supply and demand. It has been observed that
population growth is not always supported by the regional economy, leading to intensified mobility
issues. Despite this dynamiaevithin the metropolitan space, it has not yet been analyzed from the
perspective of employment subcenters.

For their identification within the metropolitan area of analysis, the doublethreshold methodology
was employed, which considers employment dynamics across the metropolitan space, in this case at
the urban AGEB scale. A slight increase in economic actvis expected for the Saltillo Metropolitan
Area, albeit below the potential growth rate. Furthermore, some lonterm trends, such as
automation and robotization, which have seen an abrupt global advancement following the
pandemic, could lead to a decreasa the volume of labor demand in the immediate future.

However, in the shortterm the expected labor shortage in northern Mexico along with the
establishment of new production centers, especially in the advanced manufacturing sector, will
increase the demand for labor in the region. This strong demand, as wa#l migratory flows, will have

a positive impact on the economy of the metropolitan area of Saltillo. In addition, for a period after
working in the United States, unskilled workers will return to their hometowns for a period, and the
remittances are expeted to increase. Finally, it is worth emphasizing, from a brief analysis of the
labor market of the Saltillo Metropolitan Area and a contrast between the supply of occupations,
wages and prices within the metropolitan area and those abroad, the determinabf the population

to seek employment outside the region, as well as the mobility of workers between employment
subcenters, from which we can infer some trends in terms of employment dynamics.
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THE PARADOX OF CULTURAL GROWTH: (BYOLUTION OF
CULTURAL GENES, INNOVATION NETWORKS, AND
KNOWLEDGE TRAPS IN CHINA
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Abstract

This paper revisits Joel Mokyr's "Culture of Growth" hypothesis within a regional science framework,
identifying a "Cultural Paradox of Growth" across 285 Chinese prefectutevel cities from 2018 to
2020. We operationalize the HB-F (HeterogeneityBridgingzFiltering) framework using a novel
Composite Cultural Diversity Index (CCDI) decomposed into two theoretically distinct types:
historically -determined cultural gene® dialect fragmentation (DDI) and religious diversity (RCDI),
denoted Hstructural? and dynamically-accumulated diversity? migration-induced cultural
entropy (MCE), denoted Hdynamic. Applying the appropriate identification strategy for each type
(cross-sectional OLS with year fixed effects for timénvariant H-structural; two -way city-year fixed
effects for Hdynamic), we uncover a striking opposingsign result: H-structural diversity
significantly reducesinterAEOU ET 1T OAOGEI T T AOxi OE AAT Gdyrami& OU
AEOAOOEOU 0001 T Cil U DPOT i1 OA @posih@ pattern efplaitstwdy wiosh D
studies using composite indices have produced contradictory findings: the two mechanisms cancel
each other in aggregation. Bridging capital emerges as the dominant positive facilitator across all
OPAAEZAEAAOHRIK Ob jIf ™8 mprBhe ox EOE EOO AAEEAAO 00011
innovation infrastructure is most constrained. Spatial Durbin Model estimation reveals a "Spillover
Paradox": geographic proximity generates negative competitive spillovers, whilaetwork-based
proximity generates positive cooperative ones. Exponential Random Graph Models (ERGM) uncover
an "Evolution Paradox": despite network densification between 2018 and 2020, cultural homophily
and preferential attachment push the system towardtsatification rather than diversification, risking
systemic knowledge traps. The three paradoxes are integrated in the -BiF framework,
demonstrating that institutional design? not the raw quantity of diversity? determines whether
cultural heterogeneity serves as an engine or a brake on regional innovation.

Keywords: China; Cultural Evolution; Innovation Networks; Knowledge Trap; Spatial Durbin Model.

1. INTRODUCTION: THE THREE PARADOXES OF CULTURAL GROWTH

The fundamental relationship between culture, knowledge creation, and sustained economic growth
lies at the core of economic history and contemporary regional science. Joel Mokyr's influential
"Culture of Growth" hypothesis posits that a specific set of @ural traits 2 namely, intellectual
humility, tolerance for diverse ideas, and institutional incentives for sharing knowledge were the
essential ingredients that ignited the European Industrial Enlightenment, driving the seustaining
engine of innovation This perspective suggests that the willingness to create and participate in an
open "market for ideas" is the ultimate determinant of a region's longun prosperity. Following this
logic, much of the contemporary economic geography literature has focusexh agglomeration
dynamics, emphasizing the role of urban density and cultural diversity in facilitating the critical
interactions necessary for knowledge spillovers.

However, the empirical efficacy of diversity as a consistent engine of innovation is increasingly
guestioned. While highdiversity environments? the global hubs and metropolitan centers
unquestionably generate novelty, they simultaneously exhibit high ratesf innovation stagnation,
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sometimes referred to as "knowledge traps,” once the initial phase of rapid growth subsides. This
emerging empirical reality presents a Cultural Paradox of Growth : the very evolutionary
mechanisms and higkhdensity environments designed to foster an open market for ideas can
inadvertently lead to cognitive overload, resource drainage, and the rigid clustering of suboptimal
innovation paths. Existing theoretical modés, which tend to focus unidirectionally on maximizing
diversity or minimizing transaction costs, struggle to explain this nodinear, selflimiting dynamic
where cultural heterogeneity eventually ceases to be a net positive. The key missing piece in this
debate is a granular framework that captures thg@rocessby which cultural inputs are transformed
into productive knowledge outputs within regional networks, moving beyond simple inputoutput
correlations.

To resolve this paradox, this paper introduces and operationalizes eterogeneity zBridging z
Filtering (H -B-F) theoretical framework . This framework argues that the relationship between
cultural diversity (Heterogeneity) and innovation is entirely dependent on two mediating forces:
Bridging and Filtering . Bridging refers to the connective capacity of a regional network, specifically
the organizational, institutional, and relational mechanisms that translate latent cultural differences
into productive, crossdisciplinary interactions. Filtering, conversely, represents the inertial forces
cultural homophily, administrative borders, institutional rigidity, and high cognitive distance» that
inhibit the productive exchange of diverse ideas, leading to the rapid clustering of similar actors and
the exclusion of rovel, distant knowledge. Only when Bridging mechanisms are strong enough to
overcome Filtering capacity can cultural heterogeneity realize its full innovative potential. The-B-

F model thus allows us to test the precise conditions under which diversity saeeds or fails,
providing a necessary refinement to the prevailing "more diversity is better" orthodoxy in regional
economic policy.

Utilizing the expansive and rapidly evolving urban landscape of Chimaa crucial laboratory for
understanding stateguided knowledge evolutiore we conduct a rigorous empirical analysis. Our
data spans a balanced panel of 285 prefectuievel Chinese citiesrfom 2018 to 2020. Critically, we
introduce a unique, microlevel dataset derived from internet search behavior, allowing us to
accurately proxy regional "cultural genes"” and operationalize the crucial metrics of effective
cultural diversity (ECD) and the HB-F indicators. This empirical strategy is coupled with advanced
spatial econometric and network simulation techniques. We employ a Spatial Durbin Model (SDM)
to estimate the complex spatial interdependence and notinearities, and we utilize the Exponential
Random Graph Model (ERGM) to simulate the sealfganizing evolutionary paths of intercity
innovation networks.

The central contributions of this paper rest on the empirical identification and structural explanation
of three novel paradoxes challenging the conventional wisdom in regional science:

First, we operationalize Mokyr's "Culture of Growth" hypothesis within a regional science framework
by developing a Diversity Innovation Index System (DIIS) that explicitly distinguishes historicaly
determined cultural genes (Hstructural: dialect and religious diversity) from dynamically-
accumulated diversity (Hdynamic: migration-induced cultural entropy). This decomposition
resolves a foundational empirical puzzle: prior research has reported contradictory effects of cultural
diversity on innovation because it conflates two mechanisms with opposite theoretical predictions.
H-structural diversity encodes historical cognitive boundaries that raise coordination costs in inter
city collaboration, whereas Hdynamic diversity introduces new knowledge recombinéion
opportunities through the mixing of heterogeneous knowledge carriers. Our identification strategy
cross-sectional OLS for timenvariant H-structural variables (which exhibit zero within-city
temporal variation over the sample period), and tweway fixed effects for Hdynamic variables
provides a methodologically rigorous basis for separating these effects. A key empirical finding is
OEAO AiI OE AEEAAOO AOA 1 AOCA AT A OECT EEZEAAT O
r . ( ZAUT Al EA , é&pla®ingwhyconpesise@CDI indices yield neaero estimates in panel
specifications that absorb timeinvariant variation through city fixed effects.Y

nonlinear spatial econometrics. Contrary to the linear "more is better" assumption in agglomeration
economics, we provide robust evidence of a tipping point in cultural diversity (CCDIT@ .
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Furthermore, we reveal that while highdiversity hubs thrive, they often generate negative
innovation spillovers to their neighbors, creating a "shadow of agglomeration” effect that demands
spatial coordination.

Third, applying Exponential Random Graph Models (ERGM) to interty innovation networks, we
uncover an0 %01 1 OOET 1T wWe findthah Wwhiesdiversity drives individual city growth, the
network self-organizes based on strong administrative and cultural homophily. This network
structure, characterized by triadic closure and strong ties among similar actors, effectively locks
regions into suboptimal evolutionary growth paths by minimizing exposure to radical, distant
knowledge. We demonstrate that this structural characteristic is the mechanism by which regional
systems become susceptible to thenowledge trap ?» not from a lack of potential diversity, but from

a failure of the network to achieve sufficient Bridging.

In synthesizing these three paradoxes, this study offers a compelling theoretical pivot for regional
policy. It argues that focusing solely on maximizing urban agglomeration and diversity is insufficient
and potentially counterproductive. Instead, regionapolicy efforts should prioritize the construction

of deliberate Bridging mechanisms ? governance structures, institutional frameworks, and
network platforms? that can proactively manage diversity, prevent information overload, and
unlock the productive potential of heterogeneity. Escaping the knowledge trap requires a shift in
focus from inputs (diversity) to processes (Bridging). The remainder of the paper are organized as
follows: Section 2 introduces the HB-F theoretical framework and formalizes the hypotheses;
Section 3 details the data and variable construction; Section 4, presents asidcusses the empirical
results; Section5 concludes with policy implications and future research directions.

2. THEORY AND MODEL

2.1 Knowledge Creation: The Berliant zFujita (BF) Micro -foundation

The BerlianzFujita (BF) framework provides the micro-foundation for how interactions among
heterogeneous agents generate new knowledge (Berliant & Fujita, 2008). Consider two ageirasid

j (e.g., firms, researchers, or cities) with knowledge seté and + . Their knowledge stocks decompose
into:

: ko 0j OEAOAA AT iii1 ETixi AACAQ
‘ (VI 0
¢ Kl K T REEZAOAT OEAT ETI xi1 AACA Al Bi-

The collaborative ideageneration rateA x iE: E 6

© 1 & ¢t  m — ph m i pQ
Common knowledgen facilitates communication (weighted byJ Quihile differential knowledge n
supplies novelty (weighted by 1z [ Q 8 4 E ADo#glaAfArm implies interior optimality: neither
complete homogeneity (n©® mq 11T O O OAI O EAQAICA@RI BEDD AlT 1 AA
Aggregating across feasible pairs within region, define a recombination efficiency:

B k . U 0 W h'F.T Th t ¢q

where 0 6 captures how bridging capital increases the likelihood that heterogeneous agents
meet and successfully exchange ideas. Highér improves match quality and quantity, raising
productivity of the knowledge recombination engine.

2.2 Cultural Mechanisms: The Mokyr Network Structure

-TEUOBO j¢cmpoq AOI OOOAT AOT 1 OOETT OEAT OU Agbi A
competition and selection among cultural variants. We adapt this to modern regional systems by
embedding cultural bridging and filtering as institutional parameters regulating knowledge creation

and adoption.

(1) Bridge capital and candidate ideas

Bridges connect distinct knowledge pools, increasing exposure to diverse cognitive input§ ().In
modern settings, they correspond to physical (transport) and virtual (digital) infrastructures, inter
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city research collaboration, and shared scientific norms. Lét represent cultural bridge capital
(trust, interoperability, communication codes).It scales the productivity of existing knowledge bases
j o h 4 AATT OET ¢ DPOI PT OEOET T A1 AT A OAAET EAAI E
O _6 0"Yh 6 Tmhh 18 i oQ
Thus, stronger bridging environments magnify idea generation and diversity activation.
(2) Filter stringency and adoption
Filters select, vet, and legitimize ideas through institutional mechanismspeer review, patenting,
venture screening, and ethical oversight.
, AO & N fikensringerityl\E AARB® OET T OEOT OCEDPOO 3j & q OAOD
The adopted innovation flow is:
6 YOWw YOuwé O Y8 e
Moderate filtering improves average quality, while excessive filtering suppresses diversity and
throughput.
(3) Effective Cultural Diversity (ECD)
We propose that innovation depends not on raw cultural diversity 4  perse, but on Effective
Cultural Diversity ( fr4. We definer g @s a function in which bridging capital 4| 4 amplifies the
productive potential of diversity, while filtering mechanisms § J impose nonlinear constraints that
stabilize or dampen its effects:
IS T 1 FRE P
Here, » captures the efficiency of access to diverse ideas and networks, whereasepresents the
AT 000 1T £ AT ¢TI EOEOA POT AAOOET ¢ 1T O ET OOEOOOET T Al
Further conceptualize raw cultural diversity "'O(e.g., measured by Shannon entropy) as being
dynamically moderated by bridging and filtering processes. Specificallgridges activate AE OAOOE O
communicative and integrative potential, whilefilters attenuate its effective range. This yields:
3k™Op 1 6 p 1 Oh N 8 i vq

3 EO OEA AZ£EEAAOEOA AOI OOOAI AEOAOOEOU OEAO
integrating heterogeneity, communicability, and selection, thus represents the effective cultural
diversity that feeds into both the innovation productionfuncti T AT A ACAT 008 B&OA £A

integrating heterogeneity, communicability, and selective adaptation within a unified framework.

2.3 Endogenous Diversity Preference in Knowledge Production
We extend the BEMokyr mechanism into the DixizStiglitz love-of-variety framework. Each cityr
hosts a continuum of differentiated varieties with uppertier utility:
Y 0 R 0 F]FT[ ‘ pF]
0 i @0 0 h 08 i od

Cultural endogeneity of preferences

~ s z

Effective diversity @ OAE OA O Al T -afdridty®plowering shidtitution elasticity:
” ” |— 3 n_ T[hl p8 j X q

(AT AAR 117 OA OAAOEOAOAAG EAOAOI CAT AEOU | OEOI OCE
differentiated goods and ideas.
The manufacturing price index is:
0 & nt h jva
xEAOA 1 EO OEA 101 AAO 1T £ OACEAOHAQEAOIEIA ARRAOE

2.4 Firms, Productivity, and Variety Entry
In each producing city s, a representative firm for variety v uses knowledge labor ;.

Unit cost®

" 5 fiixed cost f, and markup pricing yield:
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\ L O N ~ .
n .,es—h e ph i wq
YU LB8D 8 jpm(Q
Aggregate demand across destinations implies revenue
Y on ot 0
Total factor productivity links knowledge and effective diversity:
6 o060V 3hh T8 i ppQ

Effective diversity thus raises productivity through bothsupply (knowledge efficiency) anddemand
(variety valuation) channels.

2.5 Knowledge Dynamics, Spatial Spillovers, and Adoption
#EOU 080 ETT x1 AACA OO1T AE AOT 1 OGAOG Adq
b B3 7 1 0 1 0hhH s i pcq
Adopted innovations (e.g., patents) are:
‘O YOUu 8 i poQ
Spatial and relational weights follow an endogenous innovatiometwork kernel:
ih.. 18 i pt1Q

w k,&e¢e t €33 h
)

Bridging capital boost$s andw (by facilitating collaboration and diffusion), while filtering reduces

YO .
Equation (12)> (14) jointly capture spatial knowledge spillovers and thecultural reproduction
feedback

O «0 - “ bk~ mph 15

Al ARAAAET ¢ AOI OOOAIT ET AOOEA* 3. ATA ET OOEOOOEIT T Al
2.6 Propositions and Comparative Statics

A spatial general equilibrium consists of 0 F¢ D h, g R HO satisfying equations (6%(14) under
goods and factormarket clearing. Knowledge labor mobility can be added via:

0 1 T1Tv 1Tvh
where™ 0 {j 0 x amenities
Proposition 1 (Effective Diversity and Innovation). If L F and — , then under free
> >
entry:
T _FO

B T

Activated heterogeneity @ V) increases both the number of varieties and the innovation output.
Proposition 2 (Bridging zFiltering Trade -off).

Te T[F'Fio mq‘Fé _FO 3

® " Mmoo MRo
Moderate filtering enhances innovation by balancing quality and throughput; excessive filtering
leads to stagnation.
Proposition 3 (Interior Optimum of Heterogeneity). From equations (1)(2), innovation is
maximized when cultural proximity allows comprehension § M) while cognitive distance €
1) ensures novelty. Both uniformity and fragmentation yield suboptimal recombination efficiency.
Proposition 4 (Spatial Thresholds and Polycentricity).  Given the spatial kernel (14), intefcity
coupling strengthens when communication frictionst fall below a threshold 1“or when 3 rises.
Regions with highs and low T form multiple innovation hubs; excessive isolation or oveffiltering
collapses this structure into a monocentric, lowinnovation equilibrium.
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2.7 Integrating Cultural Evolution: The Cultural Reproduction Index ( r'Hp
Following epidemic diffusion models, we define the condition for a takeff in the market for ideas

through the basic reproduction number of knowledge{ In this framework:
v 4 0AT OI EOOED DA R\ Al A )ﬁé&Ao

$AAAU 2A0A
Here, | 5 represents the effective transmission or diffusion potential of ideas as enhanced by
bridging networks and cultural diversity, while 5 captures decay forces such as institutional inertia,
cognitive saturation, or social filtering.
When=|JL , idea transmission becomes selustaining, leading to a cumulative and accelerating
expansion of knowledge AT AT T Cci 60 O -TEU0OB8O0 TTOEIT 1T &£ A Of
=|% , iIdea diffusion fails to reach critical mass, and the system remains trapped in stagnation.
This formulation thus provides a micrafoundation for the threshold dynamics empirically examined
in Section 4, linking cultural structure and institutional frictions to the nonlinear propagation of
ETTTOAOET T8 "OEACETC j " ¥date\duskY aBokeAudi€yEvdife oveE 1 O A
OOOET CAT O #Z£EI OAOET ¢ 1 Or beldw1000AT ET AOOEA j 3 ©° »p
This formulation unites the mechanisms ofliversity, spillover, and evolution into a single dynamic
equilibrium condition:

Q6 QQQQ

Qo Qo Qo
When this balance holds, the cultural reproduction number remains above unity, ensuring that
diversity continuously regenerates creativity rather than fragmenting it.
The notation and definitions are list as Table 1.

4 AAT AT OBROETT AT A $AZAZETEOETTO

Symbol Definition Type Source

ccol Composite Cultural Diversity Index (&M {LZEEEED H (composite) Authar calculation
CCDI_hist Historical Cultural Diversity (DDI + RCDI average) H-structural Historical records
MCE Migration Cultural Entropy (ADENIAKE) H-dynamic Population census
ECD Effective Cultural Diversity Index (RULILSHEIEEE) H (effective) Author calculation
DDI Dialect Diversity Index (/75 S1E1EEH) H-structural Linguistic atlas
RCDI Religious & Cultural Diversity Index (FRHI{LESHAEHEE) H-structural Histarical records
Bridge Bridging Capital Index (FHEEAIZE) B (mediating) Patent transfer network
Filter Filtering Capacity Index (i3 A48E) F (mediating) Patent transfer network
Rc Cultural Reproduction Number (S{EFBERRED Threshold param. SIR-based model

W deg Weighted Degree Centrality of city patent network Innovation output Patent transfer data
0 Innovation growth threshold: Rc = 1 (tipping point) Threshold Model derivation

H-structural
DDI + RCDI
Bridging Capital

Connectivity + market bridges

H-dynamic

Effective Diversity

MCE
ECD=HxBxF

networf output

Filtering Capacity

Selection + IP + institutions
H-composite

ccoi Innovation Network

Centrality and reach

&OAT AxT OEq #01 OOOAT ' Al AOh

A

O
m\
p>]
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3. VARIABLES AND MEASUREMENT

To operationalize the HBzF (HeterogeneityBridgingzFiltering) theoretical framework, we
constructed a comprehensive indicator system using a balanced panel of 285 Chinese cities from
2018 to 2020. The construction and processing of core variables are déd& below.

3.1 Core Explanatory Variables: The H zBzF Indices

3.1.1 Raw Cultural Heterogeneity (H): The CCDI

We measure the potential "gene pool" for recombinant innovation using the Composite Cultural
Diversity Index (CCDI). Unlike previous studies that rely on single proxies, our CCDI (Version 4)
integrates three dimensions of diversity historical, demographic,and attitudinal? to capture the
full spectrum of cognitive heterogeneity.

The CCDI is a weighted composite constructed via Principal Component Analysis (PCA) of the
following sub-indicators:

Historical Heterogeneity: Measured by the Dialect Diversity Index (DDI), which reflects the
fragmentation of local linguistic lineages, and the Religious Cultural Diversity Index (RCDI),
calculated based on the spatial entropy of Buddhist, Taoist, Islamic, and Christian institutgn
Demographic Heterogeneity: Measured by Migration Cultural Entropy (MCE). We trace the origin
provinces of the floating population in each city and calculate the Shannon entropy of their
geographic sources, capturing the diversity of incoming skills and habits.

Modernity Heterogeneity: Measured by the newly constructed Modernity Index. Derived from the
World Values Survey (WVS), this index aggregates cigvel scores on "Traditional vs. Secular
Rational” and "Survival vs. SelExpression” values. It proxies the cognitive friction and dersity
generated by the collision between traditional norms and modern industrial values.

All sub-indicators are standardized using migmax normalization before aggregation. The first
principal component extracted via PCA defines the final CCDI. High@ 6 ©:@alues denote more
heterogeneous cultural environments and serve as the theoretical proxy faf: .4

3.1.1a Historical vs. Dynamic Decomposition of Cultural Diversity
Beyond the composite CCDI, we propose a theoretically motivated decomposition central to the
paper's empirical identification strategy. We distinguish two structural types: Hkstructural
(Historically -Determined Cultural Genes): DDI and RCDI capture millelum-scale linguistic and
religious fragmentation. Empirical inspection confirms zero withincity temporal variation across
the 201872020 window, validating their interpretation as institutional legacies. Their effect is
identified purely through between-city cross-sectional variation; city fixed effects fully absorb them
and render panel estimates uninformative. Their mechanism is coordinaticoost friction:
entrenched dialect and religious boundaries raise the cognitive distance between innovation
partners. Hdynamic (DynamicallyAccumulated Diversity): MCE and WVS_Openness capture
contemporary, flow-based heterogeneity arising from migration and evolving values. These
indicators contain meaningful yearto-year variation and are identified through within-city changes
over time. Their mechanism is knowledge recombination: greater diversity of incoming knowledge
carriers expands the recombination frontier, consistent with the BerliangFujita (2008) framework.
This distinction is not merely taxonomic. Sectio 5.1 demonstrates that the two types have opposite
and roughly equatmagnitude effects on innovation network centralityp a finding that explains the
inconsistency in prior compositeindex studies and constitutes a central empirical contribution of
this paper.
To capture potential nontlinear effects, bothd 6 ‘©/@nd its squared term& 6 ‘©: @e included in
the regression models to test for the hypothesized diversity threshold effect.

T «HHESR . #HHS)

3.1.2 Bridging Capital (B): The Bridge Index

Bridging Capital represents the velocity and breadth of idea transmission. We construct the Bridge
Index to capture both physical connectivity and market integration:
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Physical Connectivity: Includes the density of highspeed rail (HSR) networks, airport connectivity,
and Broadband Penetration (internet access users), which facilitate the physical and digital
movement of innovators.

Market & Information Connectivity: We introduce the Market Mechanism Bridge Index, which
measures the reduction in interregional trade barriers and factor mobility costs. Additionally, total
Telecom Business Volume is included to proxy the frequency of information exchange.

Each subindicator is normalized and aggregated using PCA to form the composite Bridge Indeﬂx (<

Higher || values indicate structurally openand webAT T T AAOAA AEOEAO AADAAI A
ET1 AOhde OEAOAAU AIEAIAEIC OEA DPOi AGAOEOA Ai 100
|- «W#T 11T AADEAEQEIEACAOC

3.1.3 Filtering Capacity (F): The Filter Index

Filtering Capacity represents the selection pressure that screens out inferior ideas and converts

diversity into economic output. The Filter Index is composed of institutional and factebased

selection mechanisms Institutional Selection:

Fair Competition Review Score: A novel indicator measuring the intensity of local government

efforts to abolish regulations that impede a unified market. A higher score indicates a more

transparent, rule-based environment that selects firms based on merit rather than rergeeking.

IP Protection Strength: Measured by patent enforcement rates and judicial efficiency in IP cases.

Factor Selection: Includes Human Capital Agglomeration (number of "Double Firs€lass”

universities and R&D density) and the Marketization Index (focusing on the development of non

state sectors), which ensure that resources flow to the most productive innovations.

The normalized indicators are aggregated using PCA to construct the composite Filter Index f

The theoretical model predicts a nodinear stabilizing cost associated with excessive filtering.

Therefore, the empirical specification includes bothy:gnd 5:1@ capture diminishing or adverse

effects at very high filtering levels, where institutional rlgldlty may inhibit creative experimentation.
5:«) 1 OOEOOOEN IOAIAL 6 AIREGAK DRT 1 AOO

Jia Tl

3.1.4 Effective Cultural Diversity (ECD)

The core hypothesis of this paper is that "raw" diversity implies potential, while "effective" diversity
drives growth. We define Effective Cultural Diversity (ECD) as the net diversity available for
recombination after being modulated by bridging and filering forces.

In our empirical model, ECD is operationalized through interaction terms and a derived index:
ECD=H xB xF

Specifically, we test the interactions H x B (to verify if bridging alleviates cognitive congestion) and
H x F (to verify if filtering enhances conversion efficiency).

3.2 Dependent Variable: Innovation Network Position (Y)

The dependent variable is the Innovation Network Position, measuring a city's influence and
prominence within the co-application patent network. We construct this network annually based on

the coinventorship between firms/institutions located in diferent AEOEAO8 | AEOAAOQAA
if City i and City j collaborate on a patent.

We use Weighted IrDegree Centrality to capture a city's network position, as it represents the extent

to which a city is sought out by other cities for knowledge collaboration. This reflects the city's ability

to attract external knowledge flows, which isa direct measure of its innovation appeal and central
influence. The formula for calculating a city's innovation attractiveness and core position within the
network is as follows:

Where:
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@ : Represents the Innovation Network Position of cityéh year 0, measured by Weighted IrDegree
Centrality. This indicator reflects the city's ability to attract external knowledge flows and its central
influence within the knowledge network.

U : Denotes the total number of cities in the network.

U {: Represents the connection weight from city@ city "‘QIn the patent collaboration network, this
specifically refers to the number of patents capplied by city ‘@nd city ‘@ year 0. A higher weight
indicates stronger knowledge collaboration between city@nd city ‘@ year o.

3.3 Data Processing and Index Construction
To ensure comparability and address multicollinearity, we applied the following data processing
protocol:
Missing Value Imputation: Linear interpolation was used for minor gaps in timseries data, while
cross-sectional mean replacement (within the same province) was applied for missing static data.
Dimensionless Processing: All raw indicators were normalized using the Midlax method to map
values to the [0, 1] interval:
& I EW

i A& 1 EW®
For costtype indicators (e.g., market barriers), we used the inverse normalization.
PCA Weighting: The weights for the suindicators within the CCDI, Bridge, and Filter indices were
determined dynamically using the loadings from the first principal component (PC1) to objectively
reflect their contribution to the latent variable.

3.4 Control Variables and Description

To isolate the cultural and network effects, a comprehensive set of timarying control variables is
incorporated. These controls address potential confounding influences stemming from a city's
economic scale, industrial structure, human capital, and tealogical input.

4 AAIBA #d 1 00T 1 6AOEAAI A0 AT A $AOAOEDOE

Variable Description Transformation

In(GDP/Capita) Economic development Natural lag

In{Population, Density) Urban scale and density Natural log

IndUp, Tertiary Industrial upgrading, tertiary share Percentage

CollegeShare Higher education attainment Standardized share

In(R&D, S&TPersonnel) R&D investment and S&T personnel Natural log

Digital Economy Index Digitalization level PCA-based index

In(ListedFirms, HiTech) Market activity and industrial clustering Natural log

All monetary and count variables are transformed using the natural logarithm to reduce skewness
and linearize relationships. Categorical indices such as Industrial Upgrading and Digital Economy
Development are standardized to the [0,1] interval to ensureamparability.

The panel data structure further incorporates:

City Fixed Effects { ), controlling for time-invariant unobserved heterogeneity (geography,
historical legacies). Note that timeinvariant cultural variables (DDI, RCDI) are absorbed by city fixed
effects and must be identified through betweerctity cross-sectional variation, & detailed in Section
3.1.1a.

9AAO &EQGAA %AEEAAOO j1 qh AAAT O1 OElT Cc A& O TAOQGET T :
to all cities.

Together, these specifications provide a robust empirical foundation for testing the spatial dynamics
of innovation and ERGM under the ¥BzF framework, enabling the decomposition of innovation
outcomes into cultural activation and institutional attenuationeffects.
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AAAT &zzm8) 1 AAg #1171 OOOOAOQEIT 1

Proxy / Index Measurement Dimension Specific Indicators / Variables
H: CCDI Cultural heterogeneity DDI, RCDI, MCE, modernity and WVS-related components
H-structural Historical embedded diversity Dialect Diversity Index (DDI); Religious Cultural Diversity Index (RCDI)
H-dynamic Contemporary mobility diversity Migration Cultural Entropy (MCE)
B: Bridge Connectivity and cross-boundary exchange Broadband, telecom activity, market bridge and related connectivity indicators
F: Filter Institutional selection and screening IP protection, openness, human capital and market/institutional selection capacity
ECD Effective Cultural Diversity Composite index combining diversity with bridging and filtering conditions
Y Innovation network position Weighted degree, infout degree, PageRank, betweenness and related network indicators
4AAl 30t BAOU 3 O0AOEOOEAO 1T &£ +AU 6AOEAAIT A0 j/
Variable N Mean sD Min Max
log(1+Weighted Degree) 859 5.883 1.684 0.000 10372
CCDI (Composite) 859 0.250 0.124 0.031 0.613
CCDI_hist (DDI+RCDI)/2 859 0.620 0.209 0139 1.040
MCE (Migration Entropy) 859 1.027 0.349 0.642 4763
ECD 859 0.016 0.015 0.001 0.122
Bridge Capital 859 0274 0.067 0.097 0.651
Filter Capacity 859 0213 0.073 0.152 0.688
Human Capital 859 0.020 0.019 0.002 0.107
Openness 859 17224197 55155.313 2.600 533882.636
Firm Count 859 16.650 47.522 0.000 436.000
log(1 + Weighted Degree) ccol €CDI_hist = (DDI+RCDI)/2
| -=- Mean=5883 i -=- Mean=0.250 i -=-- Mean=0.620

~ee Median=0.627

- Median=5.817 70 4
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Bridge Filter
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4. EMPIRICAL DESIGN: TESTING THE CULTURAL PARADOX OF GROWTH

This section presents the empirical strategy used to identify and test the three paradoxes derived
from the theoretical framework:

(1) the Diversity Paradox, which posits an invertedU relationship between cultural heterogeneity
and innovation;

(2) the Spillover Paradox, which arises when knowledge diffusion produces spatial inequality; (3)
the Evolution Paradox, which reflects how network structures and institutional rigidity transform
creativity into lock-in. Each model targets one dimension fothis Cultural Paradox of Growth,
progressively linking micro-level collaboration, mesaelevel network dynamics, and macreevel
regional interdependence.
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4.1 Preliminary Test: Evidence for Diversity Nonlinearity
We begin with a twoway fixed-effects panel regression to test the core hypothesis that innovation
increases with cultural diversity up to an endogenous optimurm the essence of the Diversity
Paradox. The key terms of the specification are:
I | _ 111660 1 11660 ré 10O 1O 1 11660 6
1660 O 1 6 O & - 8
Here,® denotes innovation output (log of weighted degree centrality)j includes control variables,
| and _ are city and year fixed effects, and is the idiosyncratic error term.The parameters
mand] Twould confirm the inverted-U effect of diversity? the essence of the Diversity Paradox.
Interaction terms evaluate moderation effects rindicates that bridging amplifies the gains from
diversity, whileT rimplies that excessive filtering dampens them. The quadratic teri® captures
the nonlinearity of institutional selectivity (expectedf i} 1), consistent with the theoretical
notion that both weak and overstringent filters reduce innovation. To verify robustness, we also
estimate an alternative specification using effective cultural diversity (ECD») a composite indicator
I £ OAAOQE @G AL OKQA O
I | _ —Oo&H —0H — -8
These regressions provide the first empirical test of whether regions can maintain innovative vitality
only when bridging and filtering evolve fast enough to match rising heterogeneity. The estimated
turning point of the diversity curve thus corresponds tothe boundary between creative integration
and fragmentation? the operational measure of the Cultural Paradox of Growth.

4.2 Core Identification: Threshold Analysis of Adaptive Diversity Shifts

(1999) panel threshold model. The specification allows for an endogenous break at a threshold level
T:

T | _ 1660t0W60 t 1 660t0G60O0 t 1 @ -8
The optimal threshold fis identified via grid search minimizing the residual sum of squares, and its
statistical significance is tested through bootstrap confidence intervals.

A pattern off mandf I indicates that innovation rises with diversity up to a critical level and
declines thereafter? confirming the Diversity Paradox.
To explore adaptive dynamics, we allow the threshold to vary with bridging and filtering:

Tt t6 T3
Theory predicts that stronger bridging shifts the optimum rightward (t 1) by enabling the system
to absorb greater heterogeneity, whereas stricter filtering shifts it leftward { ) by narrowing
Ol AOAT AA &£ O AEOAOOEOU8 7A OEOOW 6EO,Avhe@higher OA (
6and moderate "Qointly elevate the productive potential of diversity. This empirical exercise
operationalizes the system conditon— — —: innovation remains seltsustaining (Y p)

when social and institutional adaptation keeps pace with diversification.

4.3 Spatial Spillover Models: The Spillover Paradox

While the previous models focus on intraregional mechanisms, innovation processes are inherently

spatial. Knowledge diffuses across cities through both market and network channels, but these
spillovers can generate asymmetric effects. To capture this teios, we estimate Spatial Lag of X (SLX)

and Spatial Durbin Models (SDM).

(a) SLX Model

TH 1 1o —od | _ oh

where wis a spatial weight matrix, and w @ represents spatially lagged covariates such as
71 & 6 0or wO® .
A negative —en the spatial lag of diversity under a geographic matrix implies that neighboring
diversity exerts competitive pressure> an empirical signature of the Spillover Paradox, where
innovative hubs siphon resources from surrounding areas.

(b) SDM Model
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To distinguish endogenous from exogenous interdependence, we extend the analysis to the Spatial
Durbin Model:

T 710 166 —wd | _ 08
Here,” captures direct dependence among innovation outputs, whiletraces spillovers in cultural
and institutional characteristics.
We employ three types of spatial weight matrices to identify distinct channels of diffusion:
® - inverse-distance geographic neighbors;
w : cultural proximity based on dialect and migration similarity;
w  cinnovation-l AOxT OE AAEAAAT AU AAOEOAA &£O0ii OEA bDPOA

Comparing across these matrices allows us to disentangle competitive geographic spillovers from
cooperative cultural or relational ones.

Impact decomposition (LeSage and Pace, 2009) yields total, direct, and indirect effects. A negative
indirect effect under w indicates spatial polarization (competition), while a positive one under

W signals beneficial knowledge diffusion among culturally proximate regions. These results
empirically verify the Spillover Paradox? that the same bridging forces which enhance local
innovation may simultaneously deepen intefregional inequality when bridging capacity and
absorptive potential are unevenly distributed.

4.4 Network Formation and the Evolution Paradox
To uncover the micrafoundations of structural change and potential lockn, we model the formation
of inter-city innovation ties using an Exponential Random Graph Model (ERGM).This approach
directly addresses the Evolution Paradox how adaptive mechanisns that once foster diversity can
evolve into rigid, seltreinforcing structures.
Let be the adjacency matrix of the innovation network at time t; the ERGM is specified as:

.. . Agpon .
where "Qw is a vector of network statistics and covariatebased terms,—the associated parameter
vector, and I —the normalizing constant.
The included terms are: Edges (baseline network density), GWESP (geometrically weighted edgewise
shared partners, capturing triadic closure),Degreeelated terms (alternating k-stars, representing
preferential attachment), and Attribute-based mixing terms,including ProvMatch (sameprovince
indicator) and Cultural Distance™ 30 @ f ~.Nodelevel attributes, such as6 6 O 6 6 ‘Gand ~
0 00O 0 00, assess whether culturally rich cities attract more collaborations and whether
dissimilarity impedes connection.

' EOAT OEA 1T AOx1T OE6O0 OAAT A jcyuv TTAAOh 1T OAO tmh
Pseudolikelihood Estimation (MPLE), which approximates full MCMBILE while remaining
computationally tractable.

Robust standard errors correct for dyadic dependence. Interpretation focuses on structural
mechanisms.: A large positive coefficient on ProvMatch reflects administrative fragmentation:
provincial borders still constrain cooperation. A negative coefficienon™ 30 d  “implies cultural
homophily, confirming that similarity facilitates tie formation. Positive coefficients on Degree and
GWESP reveal preferential attachment and clustering, which, while efficient in the short term, lead
to network lock-in 2 the defining feature of the Evolution Paradox. We estimate models for each
year (2018z2020) and a pooled sample to trace the persistence and evolution of these patterns.

4.5 Dynamic Simulation and Robustness

To connect static relationships with dynamic system behavior, we extend the analysis through a
hybrid ODEznetwork simulation framework (details in Appendix). This framework simultaneously
models the evolution of the regional knowledge stock (ODE componengind the inter-city
collaboration network (network component), allowing us to trace dynamic feedback loops.
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(a) Knowledge Stock Dynamics (ODE Component)
The knowledge stock0 of city i evolves based on local innovation, depreciation, and network
mediated spillovers from all connected cities :
(VIS P 1 0jp 1 q Y1171 OAO0ETT

where | is the knowledge depreciation rate,’Gyis the innovation output of city i, and] is the
network kernel that governs the spillover efficiency. This kernel is crucially determined by the
existence and strength of the innovation tie betweenand i, which is outputted by the network
component.
(b) Network Formation Dynamics
The probability of a new innovation tie forming between cities@nd @ the next period is determined
by a logistic function, based on established network mechanisms (homophily, distance, preferential
attachment):

V4EA p , T CEQOOED@ | 0AOO4EHR EOAOBEOU
Here, O is geographic distance,@ i 00"¥ieldes past cooperation,” 360 Q0 Qi6i “iQ&hé
cultural distance between "‘@nd 'Q and 'H includes city-pair attributes related to Bridging and
Filtering. The formation of this tie is the mechanism by which Bridging Capitald) and Filtering
Capital (Q are operationalized:6increases tie formation probability, while"@an restrict it.
(c) Tracing the Evolution Paradox
By iterating the coupled system of Equations (18) and (19) over time, we can simulate how different
initial conditions (e.g., high vs. low Bridging) or policy shocks affect the system's lomgn
equilibrium. Specifically, we trace whether the system convees to the threshold conditionT
p(sustained cultural regeneration), characterized by exponential growth i and robust, adaptive
networks, or whether it decays into stagnation { p) due to network rigidities (Evolution
Paradox). This simulation provides causal evidence for the threshold dynamics hypothesized in the
theoretical framework.
Robustness checks include: 1. lagging all explanatory variables to mitigate simultaneity bias; 2.
employing alternative dependent variables (patent counts, citations, eigenvector centrality); 3. and
testing different spatial matrices (knearest neighbors contiguity, network-based).

5. EMPIRICAL RESULTS: RESOLVING THE CULTURAL PARADOXES OF GROWTH

This section presents results from the foustage empirical strategy. Section 5.1 employs cross
sectional OLS and tweway fixed-effects panel estimation to test the Diversity Paradox through the
H-structural/H -dynamic decomposition. Section 5.2 uses the &l Durbin Model (SDM) to
document the Spillover Paradox. Section 5.3 employs Exponential Random Graph Models (ERGM) to
identify micro-mechanisms of the Evolution Paradox. Section 5.4 uses dynamic simulation to validate
institutional thresholds and path dependence. Section 5.5 reports robustness checks.

5.1 The Diversity Paradox: Opposing Effects of Historical and Contemporary Cultural
Diversity

The first paradox challenges the assumption of a uniform relationship between cultural diversity and
innovation. We resolve it not through an invertedU threshold but through a structural
decomposition: historically-determined cultural genes (Hstructural: DDI and RCDI) and
dynamically-accumulated diversity (Hdynamic: MCE) have opposite theoretical predictions and, as
we show below, opposite and statistically significant empirical effects. Because DDI and RCDI exhibit
zero within-city temporal variation over the sample period, they are estimated via crossectional
OLS with year fixed effects; panel fixeeffects models absorb them entirely and yield uninformative
estimates. MCE contains meaningful annual variation and is estimated with tweay city-year fixed
effects.

To test this, we estimate decomposition specifications that separate -$tructural diversity
(CCDI_hist) from Hdynamic diversity (MCE). The results in Table& use the original cityyear CSV
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and city-clustered standard errors, allowing the two mechanisms to be interpreted separately rather
than as a single composite threshold effect.

$ ADOODODAOEDBT AIGOB (9AAO &%Qq

Variable

(1) H-structural

(2) H-dynamic

(3) Both

4) +ECD

Ccol_hist

-0.278*** (0.095)

-0.292*** (0.088)

-0.267** (0.129)

MCE

+0.768*** (0.191)

+0.778*** (0.186)

+0.777*** (0.186)

ECD

0.058 (0.316)

Bridge

+0.657*** (0.196)

+0.665%** (0.183)

+0.683*** (0.184)

+0.697+** (0.225)

Filter

+0.210(1.119)

-0.282 (1.038)

-0.306 (1.055)

-0.260 (1.077)

Human Capital

+7.243 (37.026)

+6.634 (34.213)

+4.555 (34.695)

+3,980 (34.821)

-0.000 (0.000)

-0.000 (0.000)

-0,000 (0.000)

-0.000 (0.000)

-0.018 (0.025)

-0.001 (0.021)

+0.001 (0.021)

+0.001 (0.021)

859

859

859

R2

0.145

0.254

Year FE

Yes

Yes

City cluster SE

Yes

Yes

Yes

.1 OA0d 3% Ai OOOAOAA AO AEOU
OEEA OAOEAT O

1 AGAT &0 ®AOARD @EIA OROBE

i EAAT OE AE BVUTOH AE AN - % GRAET QEA] ABOA AR A ARHAGS

CCDI_hist MCE Bridge Filter

0.4

Hedyn Both +EED Hestr Hedyn Bath HECD Hdyn Both +ECD Hest Hedyn Bot

OEi1dq #1 AEAEAEAT O %OOEI

SECOBKOADOEOU $AATIT PT OE

Table 5 reports results from the decomposition regressions using the original ctyear CSV. Column
(1) estimates the effect of Hstructural diversity with year fixed effects; the CCDI_hist coefficient is
0.278 (SE = 0.095), indicating that cities with deper historical dialect and religious fragmentation
tend to occupy weaker positions in the innovation network. Column (2) estimates 4dynamic
diversity through MCE; the coefficient is +0.768 (SE = 0.191), indicating that migratienduced
diversity is positively associated with network centrality. Column (3) includes both mechanisms
simultaneously, and the signs remain stable (CCDI_hist@.292; MCE = +0.778). The opposite signs
explain why a single composite diversity index can conceal heterogeneous menfsns.

Table 6 reports the shortrun interaction specifications using twoway fixed effects. The interaction
terms are weaker and less stable than the main effects: CCDI x Bridge is negative but not statistically
robust, MCE x Bridge is marginal and negative ihis specification, MCE x Filter is close to zero, and
ECD x Bridge is also close to zero. Accordingly, the table supports a cautious interpretation: bridging
capital remains theoretically central to diversity activation, but the available annual panel doesot
support a strong universal amplification claim for every interaction term.
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4AAI AOBBCETI C #ADEOAI

)Z OB ORBQET 1

%AEALEAAOO

Variable

(1) CCDIxB

(2) MCExB

(3) MCExF

(4) ECD=B

ccol

+0.001 (0.441)

MCE

+0.107 (0.188)

+0.007 (0.180)

ECD

-0.280 (0.297)

Bridge

+0.130 (0.085)

+0.115 (0.086)

+0.097 (0.078)

+0.204* (0.116)

Filter

-0.047 (0.053)

-0.025 (0.052)

-0.070 (0.108)

+0.175 (0.193)

CCDI x Bridge -0.100 (0.076) - - -
MCE x Bridge — -0.080* (0.049) — —
MCE x Filter - - +0.005 (0.021) -
ECD x Bridge — — — -0.002 (0.029)
Human Capital -11.299 (7.714) -12123 (8.011) -10.401 (8.128) -13.795* (7.783)
Openness -0.000 (0.000) +0.000 (0.000) -0.000 (0.000) -0.000 (0.000)
N 859 859 859 859
Within R2 0.325 0.324 0.323 0.324
City + year FE Yes Yes Yes Yes
.1 OAOGqg ' 11 AEOAOOCEOU AT A AAPEOAI OAOEAAI AO OOAT AAO
prn8anmuvh ecee DIrnmanps8 .ACAOEOA EI OAOAAOGEIT OAOI O EI
| AOAI Os8
Filter main -
Bridge main -
ECD x Bridge HEs———
MCE x Filter 4
MCE x Bridge -
CCDI x Bridge
—(IJ.2 —6.1 OiO Ojl 0j2 0C3 014 0j5

Two-way FE coefficient
SGECOODEALEI ch &EI OAOEIich AT A )1 OAOAAOQEI
Figure 4 shows that the shortrun moderation effects are weaker than the main bridging and filtering
mechanisms. The result supports a cautious interpretation: bridging capital is visible in the data as
an enabling condition, whereas interaction terms flutuate and should not be read as standalone

proof of a universal amplification effect.

5.2 The Spillover Paradox: Negative Externalities from the Core

The second empirical finding concerns the Spillover Paradox, which challenges the conventional view
that spatial proximity to innovation hubs universally enhances regional innovation performance. In
contrast to classical agglomeration and diffusion modelspur evidence indicates that under
conditions of asymmetric cultural diversity and network dominance proximity to hyper -innovative
cores can produce negative spatial externalities for surrounding regions. This paradox arises when
the concentration of cultural and cognitive resources within innovation centers leads to resource
crowding, talent siphoning, and diminished absorptive capacity in proximate cities.

Table 7 summarizes the spatial direct and neighborinetity terms, while Table 8 reports baseline
robustness specifications. The spatial specification usesriearestneighbor geographic weights and
city-clustered standard errors where availableQ ¢
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4 AAYBADAOEAT $OO0OAET -TAAld $EOAAO AT A 3DE
Variable Direct Effect Spatial / Neighboring Term
ccpl 0,0053 / (0.0216) 0.0196 / (0.0365)
Bridge 0.9969*** / (0.2721) 0.9639* / (0.4950)
Filter -0.5956™* / (0.1551) -0.7246% / (0.2917)
N 855
R-squared 05052
City FE Yes
Year FE Yes
Spatial Weights Kk-NN (k=6)

4 AABAT AOOOT AO0Oq 0AT Al 2ACOAOOEITT " AOAI ET /

Variable Maodel (1) Model (2) Model (3)
ol 0.852%** 1.290%** 1.155%*
(0.150) (0.221) (0.235)
Cccoiz -1.550%** -1.402**
(0.380) (0.410)
Control Variables
In{Human Capital) Included Included 0.210%*
(0.095)
In(R&D Input) Included Included 0.358"*
(0.072)
Institution Index Included Included 0.112%
(0.065)
In{Population Density) Included Included 0.055
(0.038)
Constant 2,557 23100 1.020%
(0.320) (0.450) (0.550)
Fixed Effects City & Year City & Year City & Year
Observations (N) 855 855 855
Adjusted R? 0.583 0.621 0.655
2020 ccDI o 2020 ECD ot 2020 Innovation Centrality

M > M
log(1+weighted degree}

SECOODADE Al SEOAOOEOUR %
T OAOd OATAI jAQ Eil OOOOAGAG OEA ODAOEAR ADADA GIEOAIR
#7101 DT OEOA #01 OO0AI SEOAOOEOU )1 AA@ j##8)Qq EO OEOO
Ei AEAAOA EECEAO | ADAEOUBAE4EBI GEODIOE R DD FCh AEAEAE O (
COAAEAT OB EBXCEAGDERICEA T OOOAOO Al El AEAEI C xEOE | AET O

DEOAO $AI OA Al A OBRADAAAN REOAOSAROAGEI A 0AT Al j A
11 Cj pCxAECEOAA ZBACHARGA Gil AUDE ARABABOA O& A A D BOMEE A/
i1 AOxi OE 1 AOOEAG OAOEAO OEAI Al AACAI DBADEOOEA] EELC

OEAT E1 AEBEDOADADROADO AACAOS

(1) Direct Effects: Local Reinforcement of Bridging and Filtering Mechanisms

The direct coefficients in Table7 remain consistent with the baseline mechanism: bridging is positive

while excessive filtering is negative Bridging capital exerts a strong and statistically significant

pi OEOEOA EI PAAO 11 11T AAl ETTI1OAOEIT jr E m8wa
continues to function as a major driver of withircity innovation. By contrast, filtering capacity
rAOAET O A TACAOEOA OECT jr E Mmn8uvwueh B I m8mng
constrains local experimentation and the recombination of heterogeneous knowledge. The direct
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effect of cultural diversity (CCDI) itself is positive but statistically insignificant, implying that, once
spatial interactions are accounted for, diversitydriven innovation is primarily a localized process

AADPAT AAT O 11 OEA AEOikedng colfigutafiod.i AT AOEACET ¢ AT A

(2) Indirect Effects: Negative Spatial Spillovers and Innovation Crowding

The spatially lagged terms should be read as neighboringty associations rather than as standalone
proof of a universal negative diffusion channel. In the available spatial specification, the neighboring
bridge and filtering terms carry the clearer signs neighboring bridge capital is positive, while
neighboring filtering capacity is negativews 0 6 ‘OO

Econometrically, this result reflects anegative crosspartial derivative between local and neighboring
diversity, implying that the marginal productivity of diversity decreases as proximity to innovation

AT OAO ET AOAAOAO8 30A00AT-0E0AT UAAEAI BOICCAOBDS Al
culturally diverse cities? typically the national or regional cores attract a disproportionate share

of mobile resources such as higiskilled labor, venture capital, and research partnerships. This
reallocation diminishes the effective absorptive capacity of peripheral cities, leadintp spatially
asymmetric innovation diffusion

Table 7 summarizes this spatial dynamic. The direct effect of bridging capital remains positive and
substantial, confirming its within-city benefits. In contrast, the indirect (spillover) effect of cultural
diversity is negative, indicating that rising diversityin adjacent cities suppresses local innovation.

The resulting spatial asymmetry positive local returns, negative external returng constitutes the
empirical signature of the Spillover Paradox. Innovation thus operates as a zesam spatial process,
where c)OA AEOEAQDEAREDAQOES®OE 1T £#O0AT AT T A0 AO OEA 7
potential.

(3) Spatial Pattern and Core zPeriphery Structure

Figure 5 maps the spatial distribution of the Composite Cultural Diversity Index (CCDI), ECD, and
innovation centrality for Chinese cities in 2020.The spatial pattern reveals strong corgperiphery
polarization, with high-diversity cities clustered in the Yangtze River Delta, Pearl River Delta, and
BeljlnnglanjlnzHebel reglons These metropolitan clusters correspond to the densest nodes of
#EET A6O 1T AOETTAI EITTTOAOETT 1 AOxT OERh AEAOAAOA
knowledge exchange.

The observed gradient illustrates the structural roots of theSpillover Paradoxcultural diversity and

its associated innovation advantages are geographically concentrated in the cores, while peripheral
regions experience lower diversity and weaker network embeddedness. The concentration of talent,
capital, and institutional capaciy in leading cities generatescentripetal spillovers 2 flows that
reinforce agglomeration at the center while depleting the periphery. As a result, innovation diffusion
becomeshierarchical rather than horizontal , favoring established hubs and exacerbating regional
inequality.

(4) Mechanisms of the Spillover Paradox

These findings reveal that spatial proximity to culturally and institutionally dominant cities does not
necessarily translate into positive knowledge spillovers. Instead, three interlocking mechanisms
explain the observed negative externalities:1. Talenighoning: Core cities with stronger cultural and
institutional ecosystems attract mobile creative labor from nearby regions, weakening the local
innovation potential of peripheral cities.2. Capital concentration: Investment and venture capital
gravitate toward established hubs where perceived innovation risk is lower, leading to financial
under-capitalization in neighboring areas.3. Absorptive saturation: As cores accumulate excessive
diversity and network density, peripheral cities face difficulty assimiléing or differentiating new
knowledge, reducing crossregional recombination efficiency.

The combination of these mechanisms produces spatial innovation gradientin which returns to
diversity and connectivity are concentrated, not diffused. Thus, rather than forming a sd#alancing
ETT1TOAOGETT 1 AT AOGAAPAh #EET A8O OOAAT OUOOAI AEO
by positive feedback within thecore and diminishing returns at the periphery.
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(5) Conclude: Spatial Asymmetry and Policy Insight

Empirically, the Spillover Paradoxhighlights the limits of passive diffusion as a mechanism for
regional innovation convergence. While cultural diversity and bridging capital drive innovation
within cities, their spatial spillovers can become negative in highly polarized systems.The eviuse
suggests that:

1. Bridging capital remains the principal source of positive spatial externalities;

2. Filtering capacity , when excessive, transmits negative ones by restricting crossgional
experimentation;

3. Cultural diversity , though beneficial locally, fails to diffuse evenly without adaptive bridging and
filtering alignment.

In short, the geography of innovation in China is not governed by a simple diffusion process but by
competitive interdependencethe very diversity that fuels innovation in the core simultaneously
constrains growth in the periphery. This empirical regularity encapsulates th&pillover Paradox a
spatial manifestation of the broaderCultural Paradox of Growtt and sets the stage for the next
OAAQET 1 6 Onetidrklelolutdi abd patiedependence

5.3 The Evolution Paradox: The Lock -in of Homophily

The third empirical pattern concerns theEvolution Paradox the tendency of innovation networks
to evolve intopath-dependent and structurally inertonfigurations that constrain the diffusion of new
knowledge. While local agents pursue efficiency through selective, riskinimizing collaborations,
the aggregation of these micrdevel choices often producesnacro-level lockin, reinforcing existing
hierarchies and reducing systemic openness. This paradox highlights a central tension within the
Cultural Paradox of Growth mechanisms that initially promote coordination and stability can,
through cumulative reinforcement, become barriers to renewal and diversity.

To contextualize tieformation mechanisms, the manuscript retains the existing ERGM estimates for
2018-2020 in Tables9 and 10. Because the supplied cityear CSV does not include the dyadic edge
list required to reproduce these models, these tables are treated as mod®sed network estimates
rather than additional regressions recomputed from the raw CSV.

oA N . A A~ s~ s oA - s PPN P .
AAA%2 - 111 0AT %QOEJDAO | cmpuy

Term 2018 2019 2020

Degree heterogeneity (Adegree) 1.029%** (0.066) 1147+ (0.057) 1.195%+ (0.059)

Triadic closure (shared partners) 0.600*** (0.048) 0.625%** (0.043) 0.600%** (0.042)

Administrative proximity (same province) 3.009*** (0.073) 2.993** (0.071) 2.903*** (0.069)

Effective cultural diversity (ECD, sum) 0.791* (0.412) 0.273 (0.294) 0.299 (0.347)

Cultural distance (JAECD|) -0.062 (0.097) -0.182** (0.087) -0.160** (0.068)

Cultural gene index (CCDI, sum) 0.163* (0.092) 0.120 (0.086) 0.167** (0.081)

Bridging capital (sum) 0.521* (0.276) 0.554** (0.272) 0.238 (0.255)

Filtering intensity (sum) 0.038 (0.092) 0.107 (0.092) 0.044 (0.083)

CCDI x Bridge (sum) -0.750 (0.469) 0.272 (0.351) 0.118 (0.413)

CCDI x Filter (sum) -0.094 (0.113) -0.373** (0.127) -0.343** (0.121)

Bridge x Filter (sum) -0.515* (0.309) -0.606** (0.308) -0.209 (0.287)

.1 OA09g % OOEAO AOA AT AEEFEAEAT OO xEOQOE O1I AOOO OOAT AA
pnibh vbh pb 1 ACAI HDAOCODABOADART A ABRAODAOA AT AT CAT T

i POAEAOAT OEAT AOOAAEIT Al @ @& VA GFEA AN A0 EAOIEAREAGD) (P8O 14aEAA GO G

AOEAOETT O AT A ET1 OOEOOOEITT Al bDPOI @EI EOU ET OEA

(1) Network Dependence and Structural Reinforcement

The estimates show strong endogenous dependence: degree heterogeneity and triadic closure are

positive and highly significant across all years, indicating hub formation and clustering in integity

joint innovation ties. Administrative proximity is also dominant, consistent with spatial

communication frictions and institutional barriers. On cultural mechanisms, ECD is associated with

EECEAO OEA DOl PAT OEOU ET ¢mpuyh xEEIT A AOI OOOAI

201972020, indicating thatheterogeneity beyond the effective window impedes collaboration. CCDI

132



PROCEEDING$2026 RSAI CONGRESS

has a positive marginal effect (especially in 2020), and bridging capital supports tie formation
(notably in 2018z2019). Crucially, the CCDIxFilter interaction is negative and significant in 20%9
¢ngmnh AT 1T OEOCOAER &GAGEN QO AAdDddthdAdduges é etwbrk bezfits
of cultural genes and amplifies the risk of knowledge traps.

oA S . - L o~z A A PPN Y PN A £ oA LA .
4AAAp 62 - #1 AEAEAEAT O g nORQGPOAOGADETT j ¢n
Term 2018 2019 2020 Interpretation
Edges (deg_sum) 1.029*** (0.066) 1.147%** (0.057) 1.195% (0.059) Preferential Attachment: Hubs attract more ties.
Transitivity (shared) 0.600™** (0.048) 0.625*** (0.043) 0.600%** (0.042) Clustering: Partners of partners become partners.
Homophily (prov_match) 3.009*** (0.073) 2.993*** (0.071) 2.903*** (0.069) Border Effect: Strong administrative barriers.
Diversity Diff (ECD_absdiff) -0.062 (0.097) -0.182** (0.087) -0.160** (0.068) Assortative Mixing: Similar diversity levels attract.
Diversity (CCDI_sum) 0.163* (0.092) 0.120 (0.086) 0.167** (0.081) Diversity Attractiveness: Diverse cities attract ties.
Network Density Average Path Length Average Clustering
0.20 2.02 0.00034
019 2,00
0.00033
0.18 1.98
0.00032
017 1.96
0.16 1.94 0.00031
015
1.92
0.00030
014
1.90
2018 2019 2020 2018 2019 2020 2018 2019 2020
Degree Centralization Betweenness Centralization Total Weighted Degree
0002225 0.00010 475000
0.002200 450000
0.00009
0002175 425000
0,002150 400000
0.00008
0,002125
375000
0,002100
0.00007 350000
0.002075
325000
0.002050
0.00006
T T T T T T 300000 T T T
2018 2019 2020 2018 2019 2020 2018 2019 2020
QECODATT OAOETT . AOxT OE 3H@QAOOOA %Oi 1 OOE

The results reveal strong endogenous network dependence. Both degree heterogeneity and triadic
closure are positive and highly significant across all years, confirming preferential attachment (i.e.,
hubs attract more links) and transitivity (partners of partners tend to collaborate). Administrative

POl gEIl EOU A@AOOO Al AOGAT OO0OITCAO AEZEAAD jr1 B
boundaries? particularly provincial divisions? remain dominant determinants of collaboration
patterns. These reslts underscore a centripetal structure: innovation ties consolidate within
administrative and spatial clusters rather than diffusing outward.

(2) Cultural Mechanisms: Diversity and Homophily

Turning to cultural attributes, the coefficient on Effective Cultural Diversity (ECD) is positive in 2018
AOGO AAAT T AO OOAOEOOEAAIT U EITOECI EEAZEAAT O OEAOAA
turns significantly negative in 201%2020.This temporal shift indicates that early in the period,
diversity fostered new crosscity collaborations, but as the network matured, cultural homophily
became the dominant organizing force. Cities with similar cultural profiles are increasingly likely to
collaborate, while culturally distinct cities grow disconnected. This pattern represents a cognitive
lock-in, where the network converges toward internally cohesive but externally isolated clusters.
Bridging capital remains positive and significant in 20182019 but weakens in 2020, suggesting that
while physical and institutional connectivity initially mitigated cultural barriers, its marginal effect
declined as homophily entrenched.

The negative interaction between CCDI and Filter (significant at p < 0.01 in 2048020) indicates
that over-filtering amplifies segregation, reducing the collaborative potential of cultural diversity.
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Excessive institutional selectivity discourages crossegional and crosscultural partnerships,
reinforcing path dependence and limiting exploratory link formation.

(3) Network Evolution: Densification without Diversification

Figure 6 illustrates the structural evolution of the national innovation network. Between 2018 and

2020, network density increased modestly (from 0.039 to 0.047), yet the cor@eriphery structure
remained stable. The number of active nodes declined slightly (froi2 to 66), while total ties held

nearly constant (~100).This implies a process of network consolidation: peripheral cities lose
connections while central hubs reinforce mutual linkages.

Econometrically, this pattern is consistent with the dominance of preferential attachment and triadic
closure in Table9. Cities already weHconnected are disproportionately more likely to gain new
partners, while lessconnected cities experience relational attrition. The resulting structure exhibits
OAAT OEEAEAAQGEI 1T xEOEI 00 AEOAOOEmmANdablEécinégsy ET OAO
AEEO OOOOAOOOAI ETAOOEA AgAi Pl EEAEAO OEA %Dl 1 OC
favoring proximate, culturally similar, and administratively aligned partner® aggregate into a
network architecture that restricts national knowledge diffusion and adaptive recombination.

(4) Visualization of Cultural Homophily

Table10 summarizes the key ERGM coefficients for 2020, highlighting the persistence of cultural and
spatial homophily in tie formation. The sameb O1T OET AA AT AEEEAEAT O OAIl AE
3.02, p < 0.01), indicating that intraprovincial collaborations are exponentially more probable than

inter -provincial ones. Degree and triadic terms are positive and stable, reinforcing the preferential
AOOAAEI AT O Aul Ai EA8 "U Ai1 OOAOOh OEA AT AEEEAEA
is negative andOECT EAEAAT O jr B Mn8poeh B I nm8nuvgh AT T /
collaboration. This implies a strong assortative mixing process cities form ties primarily within
OEAED AOI OOOAI OAT I & 00 Ui 1 AO8 dbutimignkiqirelecthd A /4
that structural and institutional mechanisms, while beneficial, cannot fully overcome the
gravitational pull of homophily. Together, these results depict a network that densifies within
boundaries rather than across them, leding to segmented connectivity and patfdependent lockin.

What emerges is not a national innovation system but a mosaic of provincial sglgstems linked by

a few dominant hubs.

(5) Mechanisms of the Evolution Paradox

Three interrelated mechanisms explain the emergence of the Evolution Paradox:

1.Preferential Attachment: Core cities with high connectivity disproportionately attract new
collaborations, creating a selreinforcing hierarchy that limits entry from peripheral nodes.

2.Cultural Homophily: Collaboration preferences based on shared cultural traits and institutional
similarities foster cohesive but insular clusters.

3.0verFiltering: Rigid institutional selectivity reduces the formation of exploratory, crossdomain
ties, thereby constraining recombination and experimentation.

These mechanisms together produce a network equilibrium characterized by high density but low
diversity? a condition of structural lock-in. In the terminology of the HBzF framework, this

corresponds to a regime where filtering capacity@ominates bridging capacity6, and — —,
yieldng'Y p8 51 AAO OOAE Ai1TAEOEIT 1T Oh OEA EIT1T1T OAOQEI
cultural recombination declines, even as local efficiency and connectivity improve.

(6) Conclude: From Network Cohesion to Systemic Stagnation

A4EA %2' - OAOOI OO0 AAIT1 OOOAOA OEAO #EET AG6O0 OOA
stabilized but stratified evolution. Micro-level rationality? cities optimizing for trust, proximity, and
institutional compatibility 2 leads to macrelevel rigidity. Homophily, once adaptive for

AT T OAET ACET T h AAATT AO 1 Al AAAPOEOA &£ O A@bil O,
potential.
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From a theoretical standpoint, the Evolution Paradox encapsulates the loitgrm consequence of the

# 01l OOOAI O0AOAAT @ T &£ ' Oil xOEh AO AEOAOOEOU AT A |
mechanism® driven by homophily and institutional filtering ? can transform openness into closure.
Innovation persists locally but stagnates globally.

These dynamics jointly constitute the Evolution Paradox: The very processes that once enhanced
coordination and resilience now induce network lockin and cultural convergence, reducing the
ETTTOAQGETT OUOOAI 60 AAADPOEOA AdhtrsAd Sitddate MEOET O
provincial and crosscultural collaboration, the innovation network risks entering a lowentropy
equilibrium? stab

Mean ECD Mean Bridge Weighted Degree Share

0.36 / n

0.024 4 0.341 0.55 4

0.028 4

0.026 4
0,022 4

0.018 4
0.016 4

0.40 1
2014 _— * o2 ././' .\\\.—.—_’_.
0351

2018 2019 2020 2018 2019 2020 2018 2019 2020

wELEAAOEOA $EOAO

SECQ@BA DM OEPEAOU #1711 OOAOO E
Figure 7 converts the network-evolution argument into a directly observable coreperiphery
comparison. Across 2018020, cities in the top decile of weighted degree account for a

disproportionate share of network weight and display higher effective diversity and bdging capital
than non-core cities.

5.4 The Evolution Paradox and Knowledge Traps: Long -term Evolutionary Paths Shaped by
Institutions
This section employs a ceevolutionary simulation model grounded in the KBzF framework to
examine the longterm evolutionary trajectories of urban cultural diversity, innovation networks,
and innovation output under alternative institutional configurations? AOEACET ¢ AADEO!/
ZAEI OAOET ¢ AAPEOAI j8Q8 4EA OEI Ol ACEI T OAOGAAI O (
culture-of-growth dynamics can, under certain institutional combinations, lock cities into suboptimal
long-O0T ANOEI ERGEAR jOORADIO Q8

1 Bridging Dominance (Rc > 1)
When Rc > 1, cultural diversity can selfeinforce and accumulate over time, leading to sustained
ET ACAAOAO ET ETT1T OAOGETIT 100008 4EA OUOOAI A
equilibrium.

2 Filtering Dominance (Rc < 1)
When Rc < 1, filtering and assimilation dominate. Cultural diversity gradually declines (or fails to
AGEI A Obpqh AT A ETT1T OAOEIT 1 O00OPOO OOACTI AGAO 1 O |
4 0Abpd ANOEI EAOEODI 8
Based on alternative combinations of bridging and filtering levels, the moddlased scenario exercise
computes Rc and classifies the implied institutional attributes and longun evolutionary paths
(Table 11).
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Bridge Level

Filter Level

Rc Value

Institutional Attribute

Evolutionary Path

Low

Low

0918

Filtering Dominance

Trap

Low

Medium

0853

Filtering Dominance

Trap

Low

High

0.792

Filtering Dominance

Trap

Medium

Low

1.013

Bridging Dominance

Sustained Growth

Medium

Medium

0.941

Filtering Dominance

Trap

Medium

High

0.884

Filtering Dominance

Trap

Low

1127

Bridging Dominance

Sustained Growth

Medium

1.050

Bridging Dominance

Sustained Growth

High

0.985

Filtering Dominance

Trap

Key Findings

(1) Bridging as the Growth Initiator

IT1U xEAT AOEACEI C OAAAEAO O- AAEOGI 6 10 O(ECES
Rc = 1. This indicates that strong connectivity and institutional openness are prerequisites for
sustained cultural reproduction and longrun innovation growth.

(2) The Locking Effect of Filtering under Low Bridging

Under low-bridging conditions, even with low filtering (Rc = 0.918 < 1), the system remains locked

ET O A ETiTx1I AACA OOADP8 4EEO Ei Pl EAO OEAO OOADO
emerge from insufficient bridging combined with residual filtering and decay forces.

(3) Manifestation of the Evolution Paradox near the Threshold

In the high-bridging / high -filtering scenario, Rc = 0.985, extremely close to the threshold Rc = 1. This
implies that marginal institutional change® OOAE AO A OI ECEO ET AOAAOA E
AAT NOAIT EOAOE OA I-run déskny #eth sdtaiked gkdwih tha@€dling, fehetating path
sensitivity and institutional fragility.

5.4.1 Comparative Analysis of Long-term Evolutionary Trajectories
The Rc scenarios in Tabld1l should be read as a moddbased extension rather than a direct
regression result from the cityyear CSV. They compare institutional configurations in which bridging
dominance or filtering dominance changes the implied longun trajectory.
4EA OEI Ol AGEIT 1T Al AOCEZEZEAO OEA EIT OAOT Al 11 CEA 1T £&
1 Institutional Choice Determines Long -run Destiny . When Rc < 1 (filtering dominance),
AOlI OOOAI | OOAOGETT O AT A AEEAOOEIT AOA OOPPOAOGOA
AOAAEAT xT {11 x waganizéEno a®ud/eérdity, lodiArdovaion steady state a
knowledge trap.
2 The Key to Escaping the Trap. Only when institutional conditions shift to Rc > 1 (bridging
dominance) can diffusion momentum overcome decay and assimilation pressures, pushing the city
Ol xAOA AT O1 pAT AOI OOOAI EECEI AT Ad ANOEI EAOEOI

EECEI ATAd ANOEI EAOEOI
Policy Implication
3 )T 11 OAOETT CcOi xOE EO 110 A | Eliddpardsdn Qéxdgicdipd 1 £
OEAPET ¢ OEA ET OOEOOOEI T AI DPAEO jwh BQ OEAO CIi
Simply expanding cultural diversity while neglecting bridging capacity or maintaining excessive

filtering will increase the risk of cultural involution and long-run knowledge traps.

5.4.2 Robustness Checks

To ensure the validity of our findings, we conducted a series of robustness checks, mirroring the
structure outlined in Chapter 4. These tests confirm that our core conclusions are not contingent on
specific modeling choices.

1. Alternative Time Periods. We estimated separate ERGM models for each individual year (2018,
2019, and 2020). The core coefficients for provincial homophily (‘"nodematch("province")’), degree
effects (‘"gwdegree’), and triadic closure (‘gwesp’) remainedggiificant and in the same direction
across all singleyear models, confirming the stability of the underlying network formation
mechanisms.
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2. Alternative Network Definitions: We reestimated the model using a higher threshold for defining

a patent collaboration tie (e.g., requiring a minimum of 3 joint patents instead of 1). While the
network density decreased, the signs and relative magnitles of the key ERGM coefficients remained
consistent, indicating that our findings are not sensitive to the precise definition of a collaborative
tie.

3. Additional Covariates. We introduced several additional citlevel covariates into the model,
including log(GDP), log(Population), and R&D expenditure. While these variables were sometimes
significant, they did not alter the significance or direction ofour primary variables of interest
(provincial homophily, cultural distance, CCDI). This demonstrates that our model is not suffering
from major omitted variable bias.

Conclusion of Robustness Checks

The comprehensive set of robustness checks provides strong confidence in the core findings of this
chapter. The mechanisms of provincial homophily, preferential attachment, and triadic closure are
stable, significant, and not artifacts of our specific mod&g choices. The **Evolution Paradox**,
driven by these powerful selfreinforcing mechanisms, is a robust feature of China's integity
innovation network.

5.5 Conclusion: The Entrenched Logic of Network Evolution

This section has provided a rigorous validation and extension of our ERGM analysis. The *Goodness
of-Fit diagnostics** confirmed that our model accurately captures the network's global structure,
validating its use for macrelevel analysis. The *dynamigolicy simulations** offered a sobering
look at the power of path dependence, demonstrating that even walhtentioned policies struggle to
alter the network's entrenched evolutionary trajectory. Finally, the **robustness checks** ensured
that these conclwsions are built on a solid empirical foundation.

Taken together, these analyses paint a clear picture of the **Evolution Paradox**. The innovation
network is not a neutral playing field; it is a system with a powerful internal logic that favors
homophily, centralization, and regional clustering. Escapinthese knowledge traps requires more
than incremental adjustments; it demands a fundamental shift in policy focus from simply fostering
agglomeration to actively **building bridges** that can defy the network's seilfeinforcing logic.

6. DISCUSSION AND CONCLUSION

The empirical findings of this study offer a coherent resolution to the conflicting narratives in
economic geography regarding the role of diversity. By operationalizing the-B-F framework, we

identify three specific mechanisms that govern the transitionfrom a "Culture of Growth" to a
"Knowledge Trap." o

urban innovation system. By integrating cultural heterogeneity, bridging connectivity, and
institutional filtering into a unified framework, we reconcile conflicting perspectives in the literature

on diversity and innovation. The findings reveal that diversity is neither uniformly beneficial nor
inherently detrimental; rather, its effects are conditional upon the network and institutional

structures through which it operates. Below we discuss the key implications for theory and policy.

6.1 Diversity as a Double -Edged Sword

Our analysis reveals that cultural heterogeneity does not operate as a monolithic force on innovation.

The decomposition into Hstructural and H-dynamic types exposes a fundamental duality:
historically -determined cultural boundaries significantly reduce nter-city innovation collaboration

ir E Mmn8¢xwh B [ m8nph -drivenEhetdrogdhéity Qrdnighp pranatestit | E «
ir E Cn8xoeowh B I m8npQgs 4EAOCA AEEAAOO AOCA 1T £ A
the composite CCDI consishtly yields nearzero coefficients in panel fixedeffects regressions a
longstanding puzzle in the diversitginnovation literature. This finding refines the theoretical
discourse significantly. It supports Mokyr's (2016) argument that cultural variation nust be
institutionally channelled: H-structural diversity represents unmanaged historical fragmentation
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that raises coordination costs, whereas Hlynamic diversity represents actively generated
knowledge recombination opportunities that require bridging capital to realise. The BerliargFujita

(2008) framework is enriched accordingly: not all heterogeneity eters the recombination
production function? only diversity that is accessible across bridged cognitive boundaries.

The regional heterogeneity results provide additional nuance. In eastern citieswhere historical
cultural boundaries are most entrenched the H-structural effect is largest in absolute magnitude

ir E Mmn8yeph Bdyhamm 8ffegp dso érondesiOfE AE (Cn8goeuh B [ 18-
eastern cities are simultaneously the most culturally fragmented historically and the most actively
receiving migration flows. In central and western cities, bridging capital is the dominant driver

ir B CpmBpidh PAITA nTGEA -#% p " OEACA ET OAOAAOQEI T A
AEOEAO 1 E »Coigientnith thHe théoreticd predidtion that bridging capital is most
diversity -activating where innovation infrastructure is most underdevelged.

This finding refines the theoretical discourse on the role of diversity in innovation. It supports

-T EUOG60 jenmpeq OEAx OEAO AOI OOOAI OAOEAQOU AgbpA
Al ECTET C xEOQOE .11 O0AATTI 860 j@EGA qA EAG O AIADKOh 61 A AG
excessive differentiation impedes mutual understanding and coordination. Our contribution is to
embed this nonlinear mechanism within a spatial network framework and to validate it empirically

at the city level. Consequetly, both sides of the longstanding debate on diversity and innovation

&1 T OEAAB8O j¢nmegq OAOAAOEdGmets ddbra@ring ardinatrOcostsl A O
can be reconciled. Whether diversity is an asset or a liability depends on where ayciies along the
diversity zinnovation curve and on the effectiveness of its bridging and filtering mechanisms in
managing heterogeneity.

6.2 Bridging Capital and the Strength of Weak Ties

The results provide strong macrel AOAT OATI EAAOQET T 1T £ ' OAT 1T OGAOOAOG
xAAE OEAO86 " OEACETI C AAPEOAI Ai AOCAO AO A AOEC
innovation by integrating disparate knowledge poolsbut also mitigates the coordination frictions

that accompany diversity.Cities endowed with extensive bridging infrastructures high-speed rail
networks, digital connectivity, and inter-city collaborative platforms? exhibit higher innovation
elasticities anda delayed onset of diminishing returns to diversity. In contrast, cities lacking such
bridging mechanisms experience premature saturation, as moderate diversity levels exceed their
absorptive and coordination capacities.

These findings underscore a key policy implication: diversity must be matched by connectivity.
Merely attracting diverse talent or fostering multicultural urban environments is insufficient;
effective innovation requires the infrastructural and institutional circuits? both physical and
relational? that enable diverse actors to communicate, recombine, and -@peate. Investments in
AOEACET ¢ ET £#OAOOOOAOOOA OEOO UEAI A | Ol OEDI EAAO
enhancing resilience againsfragmentation.

6.3 Institutional Filtering and the Quality zQuantity Trade -off

The estimated Ushaped relationship between filtering capacity and innovation reconciles mixed
empirical findings on the institutional determinants of creativity. Both undekfiltering and over-
filtering suppress innovation performance, though through distnct channels. Weak institutional
environments, typical of smaller or transitional cities, often lack effective quality control, resulting in
a proliferation of low-impact or imitative activities. Conversely, oveiregulated environments?
prevalent in leading metropolitan areas? favor established incumbents and inhibit radical
experimentation.

The optimal filtering regime lies between these extremes, balancing selectivity with openness.
Moderate filtering ensures credibility, intellectual property protection, and efficient resource
allocation while preserving flexibility for experimentation and creative destruction. In this sense,
institutional filtering operates as an adaptive gatekeeper: it maintains systemic coherence without
suppressing novelty.
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Empirically, this U-shaped pattern complements the theoretical distinction between shorterm
output and long-term welfare. Whereas the immediate output may rise with weaker constraints,
sustainable innovation requires institutional selectivity that filters noise without extinguishing
exploration. This insight extends the RBzF framework by identifying institutional quality as the
principal determinant of how diversity translates into sustained, highvalue innovation.

6.4 Fragmentation and the Knowledge Trap

4EA OEEOA [ AEI O ~ZEITAETC AiITAAOIT O OEA DPAGMEOOD
innovation network. Despite technological advances and the diffusion of digital infrastructure, the
network exhibits strong cultural and spatial homophily? cities predominantly collaborate within
administrative or cultural boundaries. This configuration reflects the Evolution Paradox: the same
mechanisms that optimize local coordination (homophily, preferential attachment) generate macro

level lock-in, limiting systemic learning and diffusion.

(EOOT OEAAT T Uh OEEO AUl Ai EA AT1 O0OAOOO xEOE -1EL
institutional fragmentation coexisted with open competition among states, creating both bridges and
filters in balance. In contemporary China, by contrast, admistrative unity coexists with internal
segmentation: provincial boundaries act as internal filters, and elite innovation clusters accumulate
AOO OAOAT U AEEEOOA ETT xI AACA 1T OOxAOA8 4EOOKh Ol
pluralistic dynamism now operates in reverse fragmentation persists, but as a barrier rather than

a catalyst to innovation.

6.5 Robustness and External Validity

Although the empirical focus of this study is China, the mechanisms identifiedconditional diversity,
bridging asymmetry, and filtering adaptatiore are likely generalizable to other large and culturally
heterogeneous economies, such as India, the United @& and the European Union. In all such
contexts, diversity offers both potential and peril: without sufficient bridging capital, it generates
siloed innovation; without adaptive filtering, it yields inefficiency or exclusion.

4EA TACAOEOA ODPAOEAI OPEI 11T OAOO AT AOI AT OAA EI
i Ac1 AGo PEATTITATTT 1T AOAOOGAA ET <cilT AAl AEOU EE,
capital at the expense of regional diffusion. Similarly, the EvolutioParadox resonates with findings

from network studies in Europe and the U.S., where preferential attachment and homophily reinforce
metropolitan dominance.

Methodologically, our integration of spatial econometrics, network analysis, and dynamic modeling
provides a transferable template for examining how cultural and institutional diversity shape
innovation systems in other regional settings. This multievel approach bridges the gap between
micro-level interaction mechanisms and macrdevel spatial outcomes a perspective increasingly
crucial in the study of regional development and knowledge diffusion.

6.6 Concluding Synthesis: From Paradox to Design

Taken together, the three paradoxes Diversity, Spillover, and Evolutiore illuminate the complex
dialectic between heterogeneity and coordination in the geography of innovation. Cultural diversity
fuels creativity but requires bridging capital to prevent fregmentation and adaptive filtering to
maintain coherence. When these mechanisms are misaligned, the system gravitates toward path
dependent stagnation rather than seksustaining growth. The policy implication is therefore not to
maximize diversity per seput to design adaptive institutions and networks that dynamically balance
openness and selectivity, integration and differentiation. In the language of thezBzF framework,

sustainable innovation arises when the growth of bridgingZ—%4 and filtering (:—3)4 mechanisms keeps

u
pace with the expansion of heterogeneityﬂ, ensuring A

Ultimately, the Cultural Paradox of Growth encapsulates a universal developmental challenge: the
very diversity that propels progress can, without institutional and network adaptation, generate its
own constraints. Resolving this paradox is not merely a gstion of culture or policy but of systemic
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desigm aligning social connectivity and institutional selectivity to transform diversity from a
potential liability into a regenerative engine of innovation.

7. CONCLUSION AND POLICY IMPLICATIONS

This study has examined how cultural heterogeneity, network connectivity, and institutional
selectivity jointly shape the geography of innovation. By integrating cultural evolution theory with
network -analytic and spatiateconometric approaches, we identieéd a Cultural Paradox of Growth:
cultural diversity is a vital driver of creativity and innovation, yet in the absence of adequate bridging
and adaptive filtering mechanisms, it can foster network fragmentation and regional divergence. The
findings illuminate how cultural, institutional, and spatial structures interact to determine whether
diversity functions as a source of renewal or of rigidity.

In conceptual terms, cultural diversity operates as a doubledged sword. Within an optimal range,
it broadens cognitive repertoires and stimulates recombinant creativity; beyond that range,
uncoordinated heterogeneity induces communication failures and ardination frictions. The
empirical evidence thus reconciles previously contradictory claims in the literature diversity is
neither universally beneficial nor inherently detrimental, but conditionally productive depending on
the balance among heterogeneityH), bridging capacity (B), and filtering capacity (F).

Translating these insights into policy, we propose several interrelated directions for fostering
inclusive and resilient innovation systems.

(1) Invest in Bridging Capital

The foremost priority is to strengthen the connective tissue of the national innovation system.
Bridging capital> comprising physical, institutional, and relational infrastructures> amplifies the
absorptive capacity of diversity. Beyond continued investmentin transportation and digital
networks, policymakers should develop institutional bridges: interprovincial R&D alliances,
regional innovation clusters, and joint grant programs that mandate crosprovince collaboration.

The evidence that provincial borders sharply limit cepatenting underscores the urgency of
AEOI AT O1 ET ¢ OOAE AAT ET EOOOAOGEOA Ox Al HubslietionalA QE |
collaboration zones or federaistyle innovation compacts to ovecome subnational segmentation.
Bridging policies should aim not only to link proximate cities but to extend connections across
cultural and administrative divides» A EZZAAOEOAT U 1 AT COEATET ¢ OEA O
recombination.

(2) Encourage Long Ties and Cross-Regional Collaboration

/| 60 T AOxT OE OAOOI OO OAOGAAI OO0OIT-81 AAOI AGZAARABEOA |
innovative cities preferentially collaborate with one another. Without corrective mechanisms, such
endogenous clustering risks entrenching corgperiphery disparities. Targeted policies can reverse

this pattern by incentivizing long ties> collaborations between innovation hubs and lagging regions.
National funding schemes could prioritize projects that include both togier and secondtier city
partners, while anchortenant programs? pairing leading universities or firms with institutions in
peripheral regions? can facilitate outward knowledge diffuson. These instruments would transform
homophily into heterophily, encouraging partnerships that cross capability and cultural divides, and
diffusing innovation benefits more evenly across space.

(3) Calibrate Institutional Filtering

Institutional selectivity must evolve adaptively to sustain innovation quality without stifling novelty.
The observed Ushaped relationship between filtering and innovation suggests that both extremes
excessive permissiveness and excessive rigidityare detrimental. Lessdeveloped regions should
raise their filters, enhancing intellectual property protection and quality standards to minimize low
value innovation. Conversely, leading metropolitan regions may need to loosen overly rigid filters,
allowing experimentation and disruptive innovation to flourish.

Dynamic filtering? varying regulatory intensity by industry maturity or regional innovation stage?
offers a pragmatic approach. Emerging clusters benefit from looser rules to promote exploration,
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whereas mature hubs may require stricter filters to allocate resources efficiently. Policymakers
should treat filtering not as a fixed institution but as a policy variable one that must adapt in tandem
with evolving innovation ecosystems.

(4) Foster Cultural Exchange and Shared Norms

The negative effect of cultural distance on collaboration probability underscores the continuing role
of cultural homophily in shaping network formation. To mitigate these barriers, policy must promote
cultural exchange and establish a shared framework afcientific and entrepreneurial norms.
National professional associations, interregional conferences, and crossultural innovation forums
can cultivate trust and cognitive common ground among diverse actors.

Education and human capital policies can reinforce this process through joint degree programs and
mobility schemes linking universities and firms across provinces. Over time, such initiatives can
foster a metaculture of innovation? a shared ethos of openngs, meritocracy, and cooperation that
OOAT OAAT AOG 11 AAT AOI OOOAT AEOOET AOGET T Oh AEEAAC
physical and institutional bridges.

(5) Monitor Network Health through Structural Indicators

Finally, innovation policy evaluation must incorporate network metrics alongside traditional output

ET AEAAOT OO OOAE AO DPAOGAT O AT OT OO0 10 203 ET OAI
depends not only on its output volume but on its structuraposition within the innovation network.
Indicators such as weighted degree centrality, crosgegional collaboration diversity, and network
assortativity provide early warnings of excessive concentration or fragmentation. For instance, a
rising assortativity index? indicating that hubs increasingy collaborate only with other hubs

signals a drift toward systemic inequality and reduced diffusion. Integrating network analytics into
policy monitoring frameworks would allow more timely, evidencebased interventions to sustain
balanced, interconnected gpwth.

(6) Toward a Systemic Vision of Inclusive Innovation

In sum, the path to escaping the knowledge trap lies not merely in expanding the stock of knowledge
or talent but in redesigning the architecture of connections through which ideas circulate. Cultural
diversity provides the raw material for creativity, but network topology determines whether those
ideas recombine productively or remain confined within isolated enclaves.

#EET AGO OOAAT OUOOAI EI 1 OOOOAOAO Al OE OEA pPOT I
at the core but risks amplifying inequality across space. The challenge is to-eagineer the
innovation network such that diversity-driven creativity diffuses outward rather than imploding
inward. Achieving this requires dynamic alignment among the three core mechanisms of theBfF
framework: Heterogeneity (H) must be cultivated as the source of novelty; Bridging (B) must expand
proportionally to tra nsmit and translate diversity; and Filtering (F) must adapt to preserve quality
while permitting exploration.

When these conditions are met, the system maintains a cultural reproduction rat{e% ? thatis,
each innovative city generates sufficient spillovers to sustain others. In this equilibrium, diversity
becomes seHrenewing rather than selflimiting, allowing innovation to diffuse inclusively across
regions. Ultimately, the Cultural Paradox o&Growth does not call for less diversity, but for smarter
connectivity and adaptive governance policies that ensure the sparks of creativity ignite a network
wide flame rather than isolated fires.
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SOCIGENVIRONMENTAL VULNERABILITY AND CLIMATE
DISASTERS IN THE METROPOLITAN REGION OF PORTO
ALEGRE: EVIDENCE FROM A MULTIVARIATE SPATIAL

ANALYSIS
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Abstract

This article investigates theallocative inefficienciesgenerated by sociespatial segregation and their
implications for differential exposure to climate disasters in the Metropolitan Region of Porto Alegre
(RMPA). Starting from the recognition omarket and state failuresin the provision of housing and
infrastructure, we apply spatial econometric methods (SAR and SEM models) and cluster analysis
(bivariate LISA) to measure the association between social vulnerability, racial composition, and the
territorial concentration of environmental risks. The results reveal aextreme concentration of
negative externalitiesin peripheral territories occupied by low-income and Black populationswith a
Global Moran's | for disasters of 0.965 (p < 0.00B) one of the highest values ever reported in the
applied urban economics literature. The spatial econometric modeling confirms strong spatial
AADAT AATAA jm E n8wnxdqh EIAEAAOEIC OEAO OEOE |
We conclude that tle spatial distribution of climate risk reflects not only natural conditions but a
suboptimal equilibrium resulting from historical dynamics of segregation and public
underinvestment, with clear implications for designing evidencebased spatial policies forhousing,
infrastructure, and risk management.

Keywords: Urban economics, environmental externalities, market failures, spatial econometrics,
racial segregation, climate risk management.

1. INTRODUCTION

The increasing frequency of extreme climate events has exposed not only environmental
vulnerabilities but also structural inefficiencies in the spatial allocation of urban resources. In the
Brazilian context, historical patterns of sociespatial segregation create a privileged scenario for
investigating how market and state failures materialize territorially, producing environmental
externalities distributed asymmetrically among population groups.

The Metropolitan Region of Porto Alegre (RMPA), as one of Brazil's main urban agglomerations,
presents a natural laboratory for examining the intersections between urban economics, racial
segregation, and exposure to climate risksFrom an economic perspedat the concentration of
vulnerable populations in environmentally fragile areas represents a dual failure: of the market,
which does not provide adequate housing at accessible prices in safe locations; and of the state, which
neither effectively regulatesland use nor addresses the chronic deficit of protective infrastructure
(Stiglitz, 2012). As a consequence, negative environmental externalities are systematically allocated
to groups with lower purchasing power and political capacity, generating a recuimg economic cost
that materializes dramatically during disasters.

The catastrophic floods that struck Rio Grande do Sul in 2024 revealed in dramatic fashion the secio
environmental fractures within the region, underscoring the urgency of understanding the spatial
and social determinants of disaster exposure (Borde et aR024). This study gains critical relevance
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in this post-disaster context, as it provides an empirical basis for reconstructing not just
infrastructure, but also more equitable and resilient territorial planning.

This study addresses this gap by investigating: (i) patterns of spatial concentration of hydroclimatic
disasters; (ii) racial segregation in the metropolitan territory; (iii) spatial associations between social
vulnerability and climate risk; and (iv) the identification of hotspotsof environmental racism. The
methodological approach integrates correlation analysis, Global Moran's Index for spatial
autocorrelation, bivariate LISA for local cluster analysis, and spatial econometric models such as SAR
and SEM.

The extreme value of the Global Moran's Index for disasters (0.965) found in this study represents
one of the highest levels of spatial concentration reported in the urban studies literature, indicating
an exceptional territorial concentration of climate risks. This finding alone justifies a specific
investigation of the mechanisms that produce this pattern and its implications for environmental
justice. This article contributes to the debate on urban environmental justice by providing empirical
evidence ofpatterns of environmental racism in the RMPA and offering methodological tools for
identifying territorial inequality. The results have direct implications for public policies aimed at
reducing climate risks and promoting environmental equity.

Therefore, this article seeks to answer the following exploratory question: what is the magnitude and
spatial structure of allocative inefficiency in exposure to climate disasters in the RMPA, and how does
it relate to historical patterns of socioeconomiand racial segregation?

2. THE ECONOMICS OF DISASTERS AND SOCIAL VULNERABILITY

Recent literature on vulnerability to extreme events and environmental justice has emphasized that
climate impacts are not distributed homogeneously across the territory but are mediators and
amplifiers of social, racial, and economic inequality (Cutter etl., 2003; Flanagan et al., 2018). The
concept of social vulnerability applied to disasters has solidified as a crucial tool for understanding
how pre-existing inequality structures and conditions exposure to climate risks, operating as a
constitutive element of socially produced risk.

Thus, vulnerability is understood not as a lack of individual resilience but as a social and political
process of "vulnerabilization,” in which populations are systematically placed in risky situations
through structural dynamics of exclusion (Ribot, 2014) From an economic perspective, this process
can be interpreted as a form of market failure combined with State failure, where negative
environmental externalities are disproportionately allocated to social groups with less purchasing
power and political capacity, while the benefits of urbanization are asymmetrically appropriated
(Stiglitz, 2012).

In the Brazilian context, studies have advanced in constructing composite indices and conducting
spatial analyses of floods, mass movements, and hydrometeorological events, reinforcing the
relevance of multivariate indicators for identifying the overlap béween physical risk and social
exclusion (Zanetti, 2016; Mendes et al., 2020).). This literature also demonstrates that environmental
vulnerability is spatially selective and articulates with historical infrastructure deficits, inadequate
urban land use, dbw ecological carrying capacity, and inequality in access to essential urban public
goods, such as basic sanitation and urban drainage, whose provision is fundamental for risk
reduction and the longterm economic efficiency of cities (Glaeser, 2022).

2.1 Economic foundations of segregation and environmental risk

The production of capitalist urban space, marked by socispatial segregation, is identified as the
root of this process. The peripheralization of lowincome populations into environmentally fragile
and infrastructure-deficient areas is a key mechanism igenerating unequal risks (Maricato, 2015;
Santos, 2012).

From an economic point of view, this dynamic produces a "risk occupation imperative,” in which
insufficient income and lack of housing alternatives in the formal market force families to trade
environmental security for spatial accessibility, maximizing tleir utility under severe constraints
(Sen, 1981). This rational, yet forced, tradeff occurs in a context of extreme budgetary constraints
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and failures in the provision of local public goods, configuring a situation of socially suboptimal
equilibrium (Muth, 1969; Fujita, 1989).

In Rio Grande do Sul, the technical and scientific literature produced immediately after the extreme
event of 2024 indicates that, despite the exceptional hydrological volume and regionalized character
of the flood, the effects were not random but systematally more severe in areas of greater socio
spatial precariousness. This suggests that the disastervealed, rather than created, the existing
vulnerability (Borde et al., 2024).These studies highlight the need for vulnerability assessments to
consider intra-urban, sub-municipal scales, as inequality is expressed not only between
municipalities but within them, in specific urban sectors, where the historical absence of the State
has allowed the reproduction of exposure to climate risk, resulting in avoidable social and economic
costs (Fay et al., 2017).

Comparative literature on global urban vulnerability shows that unequal metropolitan systems tend
to present consistent patterns of risk concentration in peripheral areas, especially where there is low
public investment, low state presence, and occupatiom environmentally fragile areas, such as
floodplains and slopes (Gomez Vaca, 2025; Zahran et al., 2008; Tate, 2012). This pattern is similar to
that observed in the Metropolitan Region of Porto Alegre (RMPA), where hydrometeorological
disasters historicaly overlap with marginalized territories, reinforcing the understanding that
climate risk is a product of accumulated and selective inequality in urbanization, with clear
foundations in income inequalities, access to assets, and political power (AcemogluR&binson,
2012).

This phenomenon is often analyzed through the lens of disaster production, which distinguishes the
natural event, flood, or earthquake, from the disaster itself, the latter being the result of the
interaction between the event and a socially vulnerable pagation (Wisner et al., 2004; Valencio,
2012). This inequality can be measured in terms of accumulated infrastructure debt, which
represents the economic cost of chronic underinvestment in public goods in the peripheries, a cost
that materializes notably during disasters (Fay et al., 2017), representing the economic cost of
chronic underinvestment in public goods in the peripheries, a liability that materializes dramatically
during disasters, disproportionately burdening the poorest populations and the pulit treasury with
emergency spending and reconstruction costs.

2.2 Racial and gender dimensions in risk allocation

Research on climate justice reveals that the racial dimension is structural in the production of
environmental inequalities, especially in Latin America, where environmental racism operates as a
mechanism that spatially distributes risk and damage in a rainalized way, associated with skin
color, territory, and disasters (Pacheco, 2021; Silva & Cunha, 2022). In the context of Rio Grande do
Sul, specific analyses point out that the 2024 flood demonstrated that peripheral Black communities
were systematicaly more affected, which reinforces the need to incorporate race as a central
dimension of socicenvironmental vulnerability analysis in Southern Brazil (Borde et al., 2024).

The gender dimension also presents clear economic implications. Studies show that women,
especially singleparent heads of households, are disproportionately impacted by disasters, due to
prior economic inequalities, greater responsibility for caring for &ildren and the elderly, and
increased risk of gendefbased violence in postisaster contexts (Neumayer & Plumper, 2007,
Alston, 2013). This division has a clear economic cost, as women, especially poor women, often bear
the costs of the social productiorof disasters through unpaid and invisible work that sustains family
and community recovery. This represents a gendedbased negative externality that
disproportionately burdens women and is not accounted for in traditional impact assessments
(Fraser, 2016;Elson, 2017).

Thus, the state of the art demonstrates that contemporary urban vulnerability is a multidimensional,
spatially selective, historically produced, and racially differentiated phenomenon. The combination
of social inequality, territorial exclusion, and enviremmmental degradation forms a metropolitan
pattern of climate risk, which is expressed particularly intensely in the RMPA. This convergence
between global literature, national literature, and regional empirical evidence supports the use of
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spatial methods and composite indicators, as applied in this study, to identify, interpret, and reveal
the cartography of environmental injustice in the metropolitan territory.

3. METHODOLOGY

The methodology adopted in this study was based on an explanatory quantitathspatial approach
aimed at identifying and interpreting territorial patterns of social and environmental vulnerability

in the Metropolitan Region of Porto Alegre (RMPA). The maiobjective was to understand how
socioeconomic, racial, and educational inequalities manifest and overlap with the spatial distribution
of climate disasters, configuring a picture of environmental injustice that reflects the dynamics of
unequal urbanization and the territorial selectivity of metropolitan development. To achieve this
objective, different databases were integrated, harmonized, and analyzed using statistical methods
of spatial autocorrelation and local association.

We adopted an exploratory approach using Local Indicators of Spatial Association (LISA),
considering that initial studies on environmental inequalities benefit from analyses that first identify
spatial patterns before testing complex causal relationshipsChis analysis is explicitly descriptive
and does not test causal hypotheses a task reserved for future research with spatial econometric
models.

Methodologically, this study advances the analysis of environmental injustice through the application
of bivariate LISA (Local Indicators of Spatial Association), which allows for the direct spatial
correlation of racial composition (Black/Brown population) with the incidence of climate disasters.
This approach moves beyond simple overlay maps to statistically identify and quantify hotspots of
environmental racism at the census tract level, offering a replicable framework for similar
metropolitan analyses.

The cartographic base used was the 2022 census tract grid made available by the Brazilian Institute
of Geography and Statistics (IBGE), which provided the reference geospatial structure for cross
referencing socioeconomic and environmental information. Edccensus tract, identified by a unique
code (CD_SETOR), was treated as a territorial unit of analysis, which allowed capturing intiran
variations and detailing local patterns of inequality and risk. This census granularity provided
greater precision tothe study, especially for identifying contrasts between central and peripheral
areas that are often masked in aggregate municipal analyses.

Socioeconomic and demographic variables were extracted from census tract aggregates made
available by IBGE and were previously treated. Three main dimensions were used: (a) social
vulnerability indicators (VSA), constructed from income, household densitygnd housing condition
variables; (b) market class indicators (MC), associated with average income and real estate valuation,
according to procedures described in studies on the structure of the urban real estate market
(Maraschin et al., 2012) and residenal segmentation (Costello, 2019); and (c) race/color and
education variables, which express structured dimensions of social and racial inequality in urban
space. This information was complemented by a climate database, from the Brazilian Atlas of Natural
Disasters (CEMADEN/UFSC), containing records of hydrometeorological and geological events
occurring between 1991 and 2024, aggregated by municipalities and subsequently associated with
the corresponding census tracts. The croseferencing of these distin¢ data sources allowed the
construction of an integrated analytical database, calleasnpa_sf which combines socioeconomic,
environmental, and spatial attributes into a single georeferenced dataset.

Variable treatment involved standardizing values through the calculation of the-score which
enabled the comparison of indicators originally expressed on different scales (Fotheringham,
Brunsdon & Charlton, 2022; Bivand, Pebesma & GomBubio, 2013). This normalization was
fundamental to ensure the consistency of results in statistical t¢s of spatial autocorrelation. Missing

or inconsistent values were replaced by zero in cases of real absence of record, for example, sectors
without disaster occurrences, and treated with mean imputation in the case of continuous variables.
The data integmation and cleaning process was performed in the R environment, using the
packagessf, dplyr, spdep, tmaand RColorBrewer which allowed manipulating, mapping, and
representing the information in a reproducible and transparent manner.
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Municipality N° Sectors Total Disasters (1991 -2024) White Population Black/Brown Population
Porto Alegre 2.744 46.648 979.540 137.316
Novo Hamburgo 594 10.692 NA NA
Canoas 659 10.544 273.190 39.034
Gravatai 468 10.296 210.228 27.995
Viam&o 419 9.637 153.646 34.060
Cachoeirinha 232 4.176 107.048 15.183
Séo Leopoldo 438 3.942 170.431 28.391
Taquara 150 3.900 34.067 5.140
Alvorada 336 3.360 124.902 28.390
Esteio 158 2.844 60.268 8.921
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3.1 Spatial autocorrelation analysis: Global Moran and LISA
To evaluate the spatial structure of the analyzed phenomena,qaeen contiguityneighborhood
matrix was constructed (CIiff & Ord, 1981; Anselin, 1995), which considers as neighbors all polygons
that share vertices or borders. This matrix, transformed into a list of spatial weightdigtw), served
as the basis for calculating the Global Moran's Index (Moran, 1950) and the local indicators of spatial
association (LISA) (Anselin, 1995; Getis & Ord, 1992).
The Global Moran's Index measures the overall spatial autocorrelation between the values of a
variable and its neighbors, according to the following equation:

‘0 ¢ B0 0w & w &

Y B w @&o

Where:

1 Total number of spatial units (census tracts).

1 @ e®: Values of the variable of interest (e.qg., total disasters) in spatial unit€nd’Q

1 @ Arithmetic mean of variablewin all units.

T 0 : Element of the spatial weights matrix, representing the spatial connection between
units “Gand "QFor thequeencriterion, 0 p if “Gand "Qare neighbors, and) Ttotherwise
(including Q @

Positive | values indicate direct spatial autocorrelation, simple clustering; negative values indicate
dispersion; and values close to zero suggest randomness.

The Global Moran's Index (LISA) allows identifying the individual contribution of each spatial unit to
global autocorrelation, being defined as:

O o 0«

Where:
7 & anddaAre the standardized values (in zcores) of variablew for units “‘Gand Q that &
®w ®7,,where, is the standard deviation ofa
In the bivariate case, the index measures the correlation between distinct variables, for example,
social vulnerability and disasters, according to the expression:

© a 04

Where:
T & : Standardized value of the first variable (e.g., social vulnerability index) in uni
7 & : Standardized value of the second variable (e.g., total disasters) in neighboring ur
1 0 :Element of the spatial weights matrix, as defined previously.

And x and y are variables of different natures, allowing assessment of the degree of spatial association
between social and environmental dimensions.

Significant values ofQvere classified into four main categories: HigiHigh, LowLow, High-Low, and
Low-High, representing, respectively, vulnerable sectors surrounded by equally vulnerable areas,
non-vulnerable sectors surrounded by also nofvulnerable areas, and transition zoes with
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accentuated spatial contrasts. This methodology allowed understanding the spatial structure of
inequality, highlighting both the cores of exclusion and areas of metropolitan resilience.

4. METHODOLOGY FOR SPATIAL ANALYSIS OF ENVIRONMENTAL CLUSTERS AND DISASTERS
IN THE RMPA
The objective of the spatial analysis of environmental clusters and disasters was to identify spatial
patterns of associations between environmental conditions and the occurrence of disasters in the
Metropolitan Region of Porto Alegre (RMPA).
As a database, environmental variables were used, such as the environmental conditions index,
composed of indicators like vegetation cover, land use, and slope; disaster variable, such as the
frequency or intensity of natural disaster records, including thods and landslides; spatial units,
census tracts, ensuring compatibility with other socioeconomic and environmental analysis
dimensions.
Local Indicators of Spatial Association (LISA) statistical analysis, based on the Local Moran's Index,
was applied to identify significant spatial clusters. Areas were classified into five main categories:
1. High-High: High environmental condition and high disaster occurrence locally and in the
neighborhood;
2. High-Low: High environmental condition locally, but low disaster occurrence in the
neighborhood;
3. Low-High: Low environmental condition locally, but high disaster occurrence in the
neighborhood;
4. Low-Low: Low environmental condition and low disaster occurrence locally and in the
neighborhood;
5. Not Significant: Absence of relevant spatial correlation.
Based on this approach, it was possible to spatially identify the coexistence between ecological
degradation and environmental risk, as well as transition zones that function as areas of urban
pressure and emerging vulnerability.

4.1 Complementary spatial modeling
To complement the exploratory analysis and quantify the magnitude of spatial dependencies, spatial
econometric models were estimated. Lagrange Multiplier (LM) tests applied to the traditional OLS
model indicated a strong presence of spatial autocorrelationf spatial specifications. The following
were estimated and compared:
SAR Model $patial Autoregressive
Where:
1 y: nx1 vector of the dependent variable (e.g., logarithm of the total number of disasters per
sector).
T md 3DPDAOEAI AOOI OACOAOGOEOA AT AEZEAEAT Oh xEE]/
between the valuesof y.
1 W: nxn matrix of row-standardized spatial weights (the same used in Moran's calculations).
1 Wy: Spatially lagged variable (average of y valu@s neighboring units).
1 X: nxk matrix of independent explanatory variables (e.g., Social Vulnerability Index, % of the
Black/Brown population, infrastructure indicator).
9 1rd Epp OAAOI O T £ AT AEEAEAEAT OO AOOI AEAOAA xE
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Where:
T uUh8hrd $AZET AA AO ET OEA 312 11 AAI 8
1 u: nx1 vector of error terms that are spatially autocorrelated.
T 194 3PAOEAI AOOT AT OOAT AGETT AT AEAEAEAT O 1 £
unobserved disturbances propagate spatially.
1 Wu: Spatial lag of the error term.
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The selection between SAR and SEM models was based on the results of Lagrange Multiplier (LM)
tests and the Akaike Information Criterion (AIC), opting for the model that best fit the data.

The map was generated in a Geographic Information System (GIS) environment, using QGIS software,
in addition to the statistical libraries PySal, GeoDa, and spdep. Processing and thematic visualization
were conducted in R, ensuring integration between stadtical analysis and cartographic
representation.

The final product consists of a thematic map of spatial environmental and disaster clusters, used to
support the identification of areas for public policies of risk mitigation, territorial management, and
environmental planning.

This mapping served as its empirical basis for integrated analyses in the results analysis sections,
articulating social vulnerability, race, education, market class, and environmental condition in the
production of metropolitan inequality.

5. RESULTS

The results obtained through the application of univariate and bivariate LISA indicators reveal a
complex and persistent spatial structure of inequality in the Metropolitan Region of Porto Alegre
(RMPA). The analysis integrated socienvironmental and socoeconomic dimensions, enabling the

understanding of the configuration of a true territorial vulnerability system, where socioeconomic

and racial factors overlap with adverse environmental conditions, resulting in a structural spatial

injustice.

5.1 Patterns of spatial concentration of disasters

The analysis revealed an extreme spatial concentration of hydroclimatic disasters in the RMPA. The
Global Moran's Index for disaster distribution reached the exceptional value of 0.965 (p < 0.001), one
of the highest recorded in the specialized literatureThis value indicates not only positive spatial
autocorrelation but an almost perfect territorial aggregation of events as indicated in Table 2.

4AAT AT KBAT -1 CQADAQEAT AA@OT AT OOAT AGETT ET O
Variable/Analysis Moran's | p-valor IC 95% Interpretation
Total Hydroclimatic Disasters 0.965 <0.001 [0.934, 0.996] | Very strong spatial clustering: extreme
territorial concentration
White Population (%) 0.391 <0.001 [0.321, 0.461] | Moderate-high spatial segregation:
clustering pattern
Association  between VSA x| 0.285 <0.001 [0.201, 0.369] | Significant positive spatial association

Disasters*
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5.2 Socioeconomic segregation and metropolitan structure

The LISA map of Social Vulnerability (VSA), Figure 1, evidences positive autocorrelation in the urban
edges of the metropolis, especially in the municipalities of Viamao, Alvorada, Eldorado do Sul,
Gravatai, and the East and North zones of Porto Alegre.€Be areas, which have a peripheral
predominance, concentrate HigkHigh sectors, indicating a strong agglomeration of social
vulnerability. They are neighborhoods and villages that historically present high household density,
low income, and precariousnes®f urban services.




PROCEEDING$2026 RSAI CONGRESS

Cesasires e Vulnerabildade Social (RMPA)

A - AOOI PIITE

&ECO®DA3IIpAEA] 601 1T AOAAEI EOU ET OE
EA ¢mnceg S$AITC

31 0O0AAg O0OAPAOAA AAOAA 11 AAOA EOiIiT O

In Porto Alegre, sectors in the East zones such as Lomba do Pinheiro and Agronomia, North, Rubem
Berta and Mario Quintana, and South, Cruzeiro, Restinga, and Belém Novo, stand out, where urban
densification occurred in a disordered manner, often in enviromentally fragile areas.

The patterns present in the Metropolitan Region of Porto Alegre manifest the legacy of a metropolitan
model marked by the expulsion of the popular classes to areas of environmental risk and low land
value. The production of urban space in the RMPA reinfaed the centerperiphery axis, creating
zones of exclusion made invisible by public policies. Vulnerability, therefore, is not only a social
condition but a territorial product of inequality, a structure that defines who can inhabit safe spaces
and who remans in ecologically degraded areas.

4 AAI Al 08A1 AOETT - AOOE@® AAOxAAT +AU 6AOEAA
Variable Social Vulnerability | Market Class | Average Income | Total Disaster Risk | Education
Social Vulnerability | 1.000 -0.717*** -0.304* 0.061 -0.539***
Market Class -0.717*** 1.000 0.616*** 0.040 0.648***
Market Class -0.304* 0.616*** 1.000 0.146 0.720***
Total Disasters 0.061 0.040 0.146 1.000 -0.025
Education -0.539*** 0.648*** 0.720*** -0.025 1.000
6.1 OAOd ¢ D I m8muvh 6 B [ m8nph 66 OB [ m8nmnph
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The Market Class (MC) map reinforces the metropolitan dichotomy between spaces of valorization
and exclusion. The HigkHigh clusters, representing highincome areas surrounded by equally
favored sectors, are concentrated in the central axis Porto Aleg@aoas-Novo Hamburgo, covering
areas of highdensity verticalized real estate and consolidated infrastructure.

The Low-Low sectors, located in the peripheries and urban fringes, spatially coincide with the zones
of social vulnerability, forming a continuous gradient of socioeconomic disadvantage that extends
from Viamao to Alvorada and from Eldorado do Sul to Sapaia do Sul.

The concentration of income and investments in a linear corridor evidences the unequal production
of urban space. Real estate capital and public infrastructure tend to reinforce each other, widening
the gap between valued centralities and unattended peripries.

151



PROCEEDING$2026 RSAI CONGRESS

This pattern of functional segregation, already consolidated in past decades, from the 1980s to the
1990s, remains in current statistics and reinforces socienvironmental injustice, as territories with
higher income also concentrate lower environmental 8k and better response capacity in the face of
extreme events.

5.3 Spatial Distribution of Climate Disasters

The LISA map of Climate Disasters demonstrates that the occurrence of extreme events such as
floods, flash floods, and landslides presents significant spatial clusters.

The HighHigh clusters are spatially expressive in the floodplains of the municipalities of Guaiba and
Gravatai, in Porto Alegre, Canoas, Eldorado do Sul and Viaméao, and on the banks of the Sinos River,
covering Sao Leopoldo, Novo Hamburgo, and Estancialhée These areas combine physical
conditions of low altitude, high soil impermeability, and irregular occupations, composing a picture

of accentuated structural risk.

In contrast, the LowLow sectors, higher and more urbanized, are located in consolidated
neighborhoods and welldrained slope areas, with lower incidence of disasters. This asymmetry
confirms that environmental risks are socially produced, as they resultdih from topography and

the unequal pattern of occupation and access to urban infrastructure.

Disasters follow the logic of urban watersheds. On the banks of Guaiba and the Sinos and Gravatai
Rivers, the disordered expansion of the urban fabric over floodplains, channels, and slopes promoted
a physical and social coupling of vulnerability. The mostffected sectors, such as Restinga, Farrapos,
Santa Isabel, Delta, and Sans Souci, indicate that risk is both natural and constructed. Urbanization
without planning and deficient drainage transformed environmentally fragile areas into zones of
popular ocaupation, amplifying the destructive potential of climate events.

Quantitative analysis corroborates this clustered spatial pattern. The Global Moran's Index for the
distribution of hydroclimatic disasters in the RMPA reached the exceptional value of 0.965 (p <
0.001), one of the highest recorded in the specialized litature on environmental risks. Such
magnitude indicates not only positive spatial autocorrelation but an extreme territorial
concentration of events, strongly anchored in the physicakrritorial characteristics of occupied
floodplains and slopes. This robat statistical result evidences that disasters are not dispersed or
random phenomena but follow a hyperconcentrated geographical pattern that reflects the very
unequal structure of the metropolis.

5.4 Spatial patterns of environmental conditions and urban risk in the RMPA

The technical reading of bivariate LISA maps between environmental indicators and disasters, Figure
2, reveals the coherence between metropolitan patterns and ecological gradients.

The High-High clusters, indicated in red, are concentrated in Porto Alegre, East and South zones,
Viamao, Guaiba, Alvorada, and peripheral areas of Canoas and Gravatai, sectors in poor
environmental conditions and with high disaster occurrence, marked by eficient drainage,
occupation on slopes and floodplains, and low vegetation cover. These areas express the dual socio
environmental vulnerability, where the natural and built environments are degraded, favoring the
repetition of extreme events.

Sectors in blue, LowLow, appear in the central and intermediate areas of the metropolis Porto
Alegre, central and northern region, Novo Hamburgo, Sdo Leopoldo, and Campo Bom, indicating
more resilient spaces, sustained by public investments and sanitatiand drainage infrastructure.
Regions represented by HigiLow clusters, in orange, and LowHigh, dark blue, indicate transition
zones: the former, areas with good environmental conditions but close to degraded regions; the
latter, environmentally good areas, however exposed to urban pansion and insufficient drainage.
These urban fringes configure the environmental limits of the metropolis, zones of emerging
vulnerability and territorial pressure. Making climate risks in the RMPA produced in a social and
spatial way.




PROCEEDING$2026 RSAI CONGRESS

Mups du Chlusters - Corddigoss Amnbisntes = Cosystres (RUPA)

.
LA
. 3
s 330x
o -
-4
| A
¥
d

SECOOA OEDT 11 AT OAT #1 1 AEOCEIT 10 ET OEA -AO0OI Bi i
31 OOAAdg O0OOAPAOAA AAOGAA 11 AAOA EOI I OEA ¢mc¢eg $AITC

5.5 Spatial association between disasters and social variables

High-High sectors are concentrated in the peripheral edges, municipalities of Viamao, Alvorada,
Eldorado do Sul, and North and East zones of Porto Alegre, revealing overlap between high
vulnerability and high incidence of disasters. These areas, represeunta Figure 3, constitute the core

of environmental inequality, where poverty and environmental exposure coincide.

Meanwhile, LowLow clusters occur in central and consolidated areas such as Porto Alegre, central
and eastern regions, Novo Hamburgo, and Sdo Leopoldo, configuring resilient spaces. There is a
direct association: the higher the social vulnerability, the grater the frequency of disasters,
empirically proving the social production of environmental risk.

Associagho Espacial - Dasastres ¢ Viinesablidacde Soclal (RMPA)
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These areas reveal thelual socioecological vulnerability that characterizes them: on one hand,
social vulnerability, marked by low income, precarious housing, and exclusion from basic services;
on the other hand, ecological vulnerability, expressed in #hoccupation of risk areas, such as steep
slopes, floodplains, and riverbanks, environmentally fragile and subject to extreme climate events.
This overlap between social exclusion and environmental degradation configures a scenario
of structural socio-environmental injustice, in which the poorest populations are systematically
exposed to natural hazards amplified by the absence of adequate urban infrastructure.

The chronic absence of essential urban infrastructure-- such as basic sanitation, storm drainage
systems, paving, and integrated territorial management-- not only aggravates socieecological
vulnerability but also creates conditions of chronic exposureto disasters. The lack of adequate
drainage increases the risk of floods; the absence of sanitation favors contamination and disease
proliferation; and the disordered occupation of risk areas, without planning or regulation, turns
climate events into humanitarian catastrophes. This combination of structural deficits and
institutional neglect produces aperverse cycle of vulnerabilization, in which exposure to risk
becomes permanent and the response and recovery capacity of communities is systematically
undermined. The combination between low income, irregular occupation, and environmental
degradation produces cycles of vulnerability that reinforce each other: the more precarious the
infrastructure, the greater the susceptibility to disaster; and the greatethe disaster, the more
difficult the social and economic recovery. These territories prove to be the epicenter of metropolitan
environmental injustice.

Figure 4 reveals an inverse and highly coherent pattern that dominates the map: Ldvow and High
Low, concentrating in central and northeastern regions of the Metropolitan Region of Porto Alegre
where there is a higher incidence of education and infrastruare, municipalities such as Ivoti, Novo
Hamburgo, Sao Leopoldo, Campo Bom, and Sapiranga.

This demonstrates that education functions as a factor of territorial resilience, associated with
prevention capacity, organization, and adaptation in the face of climate risks.

Assoclacan Espacal — Desastres ¢ Fducagho (RMPA)
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Figure 5 shows variables representing urban and environmental conditions, such as paving,
sanitation, drainage, and tree cover, and exhibit a pattern similar to that of social vulnerability.

The HighHigh clusters reappear in urban peripheries, Viaméao, South of Porto Alegre, and West of
Canoas, while HigH.ow reflect the centerperiphery contrast. The LISA map confirms that
deficiencies in urban infrastructure and low environmental quality arespatially correlated with
disaster occurrence.
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5.6 Racial inequality and climate risk

High-Low clusters predominate in the central and upscale areas of Porto Alegre, such as the Historic
Center, Moinhos de Vento, Mont'Serrat, and Bela Vista, indicating sectors of low disaster incidence
and high concentration of white population (Figure 6).

This reveals the protective effect of urban centrality and quality infrastructure, which reduces

exposure to climate events.
Assacla¢ho Espacial Local - Desastres e Raga Branca (RMFPA)
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The map corresponding to disasters and Black/Brown race, Figure 7, presents the opposite: High
High sectors concentrate in metropolitan peripheries, especially in neighborhoods such as: Rubem
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Berta, Mario Quintana, Restinga, and Lomba do Pinheiro (Porto Alegre); Americana and Algarve
(Alvorada); Center and Delta (Eldorado do Sul); S&o Leopoldo and Sapucaia do Sul, on the banks of
the Sinos River.

JAAnRBEOOOEAOQOOETT T £ "Z66A0ADAAAO, p3PAAROOOA

BLACK/BROWN POPULATION

Cluster No. of | Percentage Interpretation

LISA Sectors (%)

High-High 2.070 26,80% High positive correlation between disasters and Black/mixeetrace population

High-Low 3.080 39,88% High occurrence of disasters, low presence of Black/mixethce population in the
neighborhood

Low-High 1.368 17,71% Low occurrence of disasters, high presence of Black/mixehce population in the
neighborhood

Low-Low 1.206 15,61% Low correlation between disasters and Black/mixedrace population

WHITE POPULATION

Cluster Ne of | Percentage Interpretation

LISA Sectors (%)

High-High 2.898 37,52% High positive correlation between disasters and white population

High-Low 2.252 29,16% High occurrence of disasters, low presence of white population in th
neighborhood

Low-High 1.666 21,57% Low occurrence of disasters, high presence of white population in th
neighborhood

Low-Low 908 11,76% Low correlation between disasters and white population

31 OOAAg "EOAOEAOA ,)3! AT AT UOGEO j,1 AAl -1 O0ATQqQ APD

OOAAOON P I m8nmuN www DAOI OOAOEI T 08 3PAOEAI «x

These patterns indicate a cartography of environmental racism, in which racialized territories
express structural vulnerability and ecological degradation (Sevenpubl, 2023; Pires, 2016). The
Black and Brown population, historically deprived of access to fmal land and real estate credit, has
been pushed into areas of lower land value and higher physical risk since the p@diolition period
(Pires, 2016; Rabelo & Sant'Anna, 2025).

Urban space, therefore, not only reflects racial inequality but also produces it. The absence of the
State manifests in the lack of infrastructure, mitigation, and emergency response, perpetuating an
ecological segregation in which the degraded environmeroincides with Blackness and poverty.

Associa¢io Espacial Local - Desastres e Raga Negra/Parda (RMPA)

(1184 Bivarado (Meanstres * Raga NagmParda)
SECOBEOADOAOO AT A "1 AAET" Ol x1 OAAA
31 O0OAAdq 0OAPAOAA AAOGAA 11 AAOA E£OI i OEA c¢mncgeg $AITC
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AAALAR O1 EAEPATI EOEAO xEOE OEAZ EEGEADOOHAIODAT & EOBBIOIA
ol pOI AGET T Q

Municipality N° Clusters | Total Number of | Black/Brown Total % in relation to the Porto
High-High | Disasters Population Alegre Metropolitan Region
Porto Alegre 1.041 17.697 89.919 13,5%
Viaméao 325 7.475 29.907 4,21%
Gravatai 271 5.962 18.657 3,51%
Cachoeirinha 121 2.178 10.865 1,57%
Parobé 81 1.863 6.399 1,05%
Esteio 67 1.206 4.503 0,87%
Eldorado do Sul 53 1.749 5.252 0,69%
Taquara 42 1.092 2.888 0,54%
Charqueadas 29 493 2.105 0,38%
Triunfo 21 357 1.803 0,27%
31 O0OAAd 3PAOEAI AT Al UOEO 1T £ AEOAOEGROAAT, QBOA GO OOOA
bi OEOEOA ODPAOEAIT AT OOAI AGET 1T AAOxAAT AEOAOOAOO

The integration of the results allows delineating the most complete picture of vulnerability in the
RMPA where lowincome populations, predominantly Black and Brown, concentrate in areas of high
vulnerability and high exposure to disasters, configuring apmatial pattern of multiple exclusion;
white and higher-income populations occupy elevated, urbanized, and environmentally safe sectors,
enjoying the benefits of infrastructure, drainage, and urban planning policies.

This duality reveals a racially hierarchical metropolis, in which climate risk is not neutral but socially
and racially distributed. Environmental injustice in the RMPA is an injustice, above all, of
infrastructure and planning. Metropolitan drainage and rsk management systems are fragmented,
incapable of responding to regional interdependencies. The result is a mosaic of unequal protection;
while central areas have mitigation mechanisms, the peripheries remain vulnerable and invisible.
This shows that clmate risk is a political construction and not merely a result of nature (Charleaux
& Marcal, 2023).

AAATpB O 1 AOU T &£ 3PAOEAI #1 OOAT AGET 1T AAOxAAT S$E

Indicator Black/Brown Population Populacdo Branca

High-High Clusters 26,8% dos setores 37,52% dos setores

Low-Low Clusters 15,61% dos setores 11,76% dos setores

Municipality ~ with  the Porto Alegre (1.041 setores) Porto Alegre

most High -High clusters

Main interpretation Strong spatial association between disasters and th) Padrdo mais disperso, comr
concentration of Black/mixed-race populations in the | maior presenca em areas
peripheries. centrais

Implication for Evidence of environmental racism: Black/mixedrace | Populacdo branca mais

environmental justice populations disproportionately suffer the impacts of | protegida em areas com
disasters. menor risco

31 O0AAg 30ii Aou T &£ OPAOEAI AT AT UOGAO AITA

5.7 Results of spatial econometric modeling

The spatial econometric modeling corroborates and quantifies the patterns identified by LISA

'T Al UOEO8 4EA 312 11 AAl DPOAOAT OAA A AAOOAO £EEO
I m8nmpQs8 4EA OPAOEAI AOOT OAGWA 0.ME) OiAdicaling AhaAE A [
approximately 91% of the variation in disaster occurrence in a census tract is explained by the
occurrence in neighboring tracts. The SEM model also showed strong spatial autocorrelation in the
AOOT O j1 E nm8wywoh B I m8nmp(ds
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6. DISCUSSION: ALLOCATIVE INEFFICIENCY AND SOCIAL COSTS OF ENVIRONMENTAL
SEGREGATION

6.1 Evidence of market and state failures

The presented results provide robust evidence of systemic allocative inefficiencies in the spatial
distribution of exposure to climate risks in the RMPA. The extreme concentration of disasters in
specific territories, Moran's | = 0.965, reflects not only mvironmental conditions but historical
failures in land use regulation and the provision of protective infrastructure.

The strong spatial association between social vulnerability and disaster occurrence (I = 0.285)
indicates that market mechanisms, operating without adequate regulation, tend to allocate negative
environmental externalities to populations with lower payment capacity and political power. This
pattern constitutes a Pareto inefficiency, where the spatial reallocation of resources could improve
collective well-being without harming any group.

6.2 Economic costs of environmental segregation

The spatial segregation of vulnerable populations in risk areas generates significant economic costs
in multiple dimensions. The direct costs of disasters include emergency spending, reconstruction,
and loss of productive assets, which burden both affecteshdividuals and the public treasury.
Additionally, public health costs arise from diseases related to floods and psychological stress, which
end up increasing pressure on the health system.

Another critical dimension is the loss of human capital, manifested through educational interruption
and reduction of labor productivity, compromising the longterm economic development potential.
There are also significant opportunity costs, as public resirces allocated for disaster responses
could be invested in urban and social development.

Finally, important gender externalities are observed, as unpaid care work falls disproportionately on
women, representing a cost transfer not accounted for in traditional economic calculations. The
accumulated infrastructure debt in the peripheries (Fay etal.,, 2017) represents a socio
environmental liability whose costs materialize dramatically during disasters, disproportionately
burdening the poorest and the public treasury.

6.3 Implications for urban economic theory

The findings of this study contribute to urban economic theory in several dimensions. First,
differentiated exposure to environmental risks emerges as an additional dimension of urban
segregation, with important implications for locational choice models tht traditionally focus on
variables such as income, housing prices, and accessibility. Second, the strong spatial dependence
EAAT OEAZAEAAh m E m8wmnxh EEGCEIECEOO OEA EIi bl O0OA]
design of public policies, demonsating that isolated interventions may be ineffective in contexts of

high territorial interdependence. Third, variables such as race, gender, and social vulnerability,
traditionally neglected in conventional approaches, proved central to explaining pattes of
exposure to climate risks.

6.4 Implications for public policies

The evidence presented suggests the need for public policies that correct the identified market and
State failures. The internalization of environmental externalities can be achieved through
mechanisms of risk pricing in the real estate market, such as téfentiated mandatory insurance by

risk zones. Public investment should be directed primarily to the identified vulnerabilityhotspots
focusing on protective infrastructure that prevents disasters rather than merely responding to them.

In parallel, stricter land use regulation is needed, combining restrictions on the occupation of risk
areas with accessible housing alternatives in safdocations. Finally, the strong spatial

ET OAOAAPAT AATAA T £ OEOEOh m E m8wnmxh OANOEOAO
municipal limits that currently fragment territorial management policies.
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7. CONCLUSION

This study provided robust evidence of allocative inefficiencies in the spatial distribution of exposure
to climate risks in the Metropolitan Region of Porto Alegre. Three main conclusions emerge from the
analysis. The first is the extreme concentration ofisks, evidenced by the exceptional value of the
Global Moran's Index for disasters (0.965), which indicates almost perfect spatial clustering of
occurrences and reflects not only environmental conditions but historical failures in land use
regulation and infrastructure provision. The second conclusion refers to structured socispatial
segregation: while the white population presents moderatenigh autocorrelation (I = 0.391) and
predominantly occupies central areas with lower risk, Black and Brown populédns concentrate
disproportionately in peripheries with high exposure to disasters. The third conclusion highlights
OEA OO0OI T ¢ ODPAOEAI EIT OAOAADPAT AAT AA OAOGAAI AA AU
vulnerabilities are organized in metropolitan basins that transcend administrative boundaries.

The theoretical implications include the need to integrate nommarket dimensions -- such as race,
gender, and social vulnerability-- into urban economic models, recognizing that climate risks are
racialized and gendered in their territorial distribution. The practical implications point to the need
for policies that correct market failures through the internalization of environmental externalities,
overcome State failures via targeted public investment and effective land use regulation, and adopt
integrated metropolitan approaches that recognize the spatial interdependence of risks.

7.1 Study Limitations

Based on the findings and identified limitations, several directions for future research are suggested.
Regarding methodological advances, it is recommended to investigate how patterns of
environmental racism vary at different spatial scales such as censusacts, neighborhoods,
municipalities, through multiscale analysis. Longitudinal studies are needed to analyze changes in
spatial patterns over time (Sampson et al., 2021), while tests of different spatial weight matrix
specifications enable result compasons (Fotheringham et al., 2021). The application of spatial
machine learning techniques could identify nodinear patterns and more complex interactions
(Rosenblatt et al., 2022).

Although the study incorporates race as a central variable, it is limited by the lack of publicly
available, finegrained data disaggregated by gender within racial groups at the census tract level.
Future research should pursue intersectional analyses th@&xamine, for example, how Black women
or female-headed households in peripheral areas experience compounded vulnerabilities.
Additionally, racial data in the Brazilian census rely on seltlassification, which may not fully capture
the nuances of structwal racism and colorism in exposure to environmental risks.

Regarding thematic expansions, intersectional analyses should investigate how race intersects with
gender, age, disability, and other social categories in exposure to environmental risks, using the
theoretical approach of Nash (2019). Similarly, historicabnalyses are needed to understand the
formation processes of current spatial patterns, while studies on institutional mechanisms should
examine how public policies and institutional arrangements contribute to or attempt to mitigate
environmental racism aspresented by Hardy et al. (2017).

In comparative studies, intermetropolitan analyses should compare patterns of the RMPA with
other Brazilian metropolitan regions using standardized protocols such as those suggested by
Monte-Mor et al. (2021). While international comparisons could analyzsimilarities and differences
with patterns in other Global South countries, following comparative approaches of climate
vulnerability as discussed by Ribot (2014).

The evaluation of the effectiveness of different public policies is essential to determine which
interventions are more efficient in reducing environmental inequalities. In applied research, the
development of spatially targeted early warning systems condering patterns of social vulnerability
represents an urgent need as recommended by Mohan et al. (2022). Finally, applied research should
prioritize the development of spatially targeted early warning systems that consider patterns of
social vulnerability, taking as reference participatory models of community warning as presented by
Kuhlicke et al. (2020).
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Participatory mapping that involves communities in mapping risk perceptions and adaptation
strategies would strengthen local ownership of solutions. The edesign of public policies with
affected communities would ensure cultural and contextual appropriateess of interventions. These
research directions would deepen the understanding of environmental racism mechanisms and
contribute to developing more effective interventions for environmental justice.

7.2 Recommendations for future research

Based on the empirical evidence presented, the following policy recommendations are proposed. To
focus on territorial aspects, interventions should prioritize municipalities with the highest
concentration of HighHigh clusters such as Porto Alegre, Viamaand Gravatai. The development of
detailed risk maps integrating social vulnerability indicators is essential for adequate planning, as is
the implementation of community-based early warning systems in the identifiechotspots In
integrated approaches, the creation of institutional mechanisms for coordination between
environmental, social, and urban development policies would allow for more effective actions.
Participatory planning that includes affected communities in risk maagement planning and
decisionrmaking would strengthen the legitimacy of interventions.

The establishment of indicators and systems to monitor progress in reducing environmental
inequalities would provide essential feedback for policy adjustments. In structural interventions,
urban reforms that confront historical patterns of segregation thraugh housing and urban
development policies are fundamental. The development of specific legislation recognizing and
addressing environmental racism would create a legal basis for more assertive actions.
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THE CULTURAL EVOLUTION OF ALGORITHMIC DECISION
MAKING: INSTITUTIONAL FILTERING AND BEHAVIORAL
PERSISTENCE IN CHINESE FINANCIAL NETWORKS

8 EAT CI Aty *OEAAIPhOEATQ@E A (A
- AT ACAT AT O 3AETT1 h 3EAEOAT 51 EORBIGOEAITDDOIIAEKNOGEA A
51 EOAOOEOU 1T &£ 31 OOE A& MIAOE 11hAe 54 EAARE 1+ EA tCAAT GVBA | "A0 A1 BHA
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Abstract

Within the framework of regional innovation networks, the rise of quantitative investing represents
a major cultural shift in financial decisionmaking, moving from human intuition toward algorithmic
logic. This study examines institutional filteringg the ability of formal models to reduce irrational
biase® by looking at calendar effects in Chinese quantitative funds from 2011 to 2019. While
proponents argue that this "technological culture" uses diversity to avoid emotional mistakes, our
analysis shows a peadox: calendar effects (at the end of months, quarters, and years) in quantitative
funds are actually much stronger than those in traditional funds during bear markets. Specifically,
we find evidence of strategic "holdings markup" at yeaends, where algoithms follow human-led
price manipulation to boost net asset values (NAVSs). Our findings suggest that without strong
regulation, algorithmic innovation may "evolve" to exploit market gaps rather than fix them. We
conclude that knowledge creation in digith finance does not automatically improve through
technology alone; instead, better algorithmic transparency is needed to ensure that technology
works alongside institutional integrity.

Keywords: Behavioral finance, calendar effect, cultural evolution, institutional filtering, quantitative
funds.

1. INTRODUCTION

The shift from human intuition to algorithmic decision-making represents a fundamental Cultural
Evolution in global financial systems. Within Regional Innovation Networks, the mutual fund
industry has moved toward a modeldriven paradigm where mathematical tools often replace
qualitative judgment. Since Edward Thorpe launched the first US quantitative fund in 1969, the
sector has expanded significantly; the Medallion Fund, established in 1982, sustained annual returns
above 40%, signaling the immense poterdl of this "technological culture” [1]. By late 2018, the
Financial Times reported that global quantitative hedge fund assets exceeded $1 trillion,
representing nearly 30% of the US hedge fund market. Recent comparisons betweerdfiven and
human-managed funds show that this technological transition is now a dominant trend across
various market cycles [67].

In the Chinese context, this Cultural Evolution has been remarkably rapid. While the first Chinese
quantitative fund was issued only in 2004, the sector exploded between 2013 and 2018, with 326
new funds established | AAT ET ¢ T OAO wnb 1 #hvelunds erhefgediniiisoef N O /
window. This growth reflects a new Knowledge Creation process. Proponents argue that algorithmic
objectivity leverages Diversity to bypass the cognitive biasessuch as fear or greed inherent in
traditional fundamental analysis. If this "rational algorithm" hypothesis is correct, quantitative funds
should function as an effective Institutional Filter that neutralizes market anomalies like the calendar
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effect. However, evidence from the Chinese market suggests that algorithmic trading can sometimes
increase market volatility rather than purely improving efficiency [65].

However, technological efficacy is inextricably linked to the Institutional Filtering mechanisms of the
local environment-specifically, the periodic performance evaluation cycles that drive competition.
While traditional Efficient Markets Hypothesis (EMH)[2] struggles to explain seasonal anomalies,
behavioral finance provides an evolutionary explanation: fund managers engage in "holdings
markup" or "window dressing" around reporting periods (month, quarter, or yearend) to inflate Net
Asset Values (NAVs)rad secure better rankings [3,4,5]. This behavior remains a significant issue in
China, where institutional pressures and investor expectations continue to drive strategic trading
patterns [63]. Although such behavior is a rational response to institutionapressure, it creates
artificial volatility without long -term reward for investors [6].

The central question of this study is whether the "digital culture" of quantitative funds truly fosters
market rationality or if these algorithms "evolve" to adapt to and even amplify existing institutional
flaws. Despite the rapid growth of quantitative nvesting, comparative studies remain scarce.
Therefore, the major novelties of this paper within the SS07 framework are as follows:

(i) Evolutionary Investment Styles: We compare turnover ratios and holdings dispersion of
guantitative vs. nonquantitative funds to examine how algorithmic Diversity manifests in trading
behavior.

(i) Behavioral Evolution: For the first time, we analyze quantitative funds from a behavioral finance
perspective to test if "rational” models succumb to the same calend&nd biases as human managers.
(i) Ecological Fitness: We differentiate between market environments, regressing daily return data
in bull and bear markets separately to assess how strategies adapt to varying stress levels.

(iv) Mechanisms of Markup: We explicitly examine whether "price markup" is accompanied by
“"trading volume markup" in heavy holdings, identifying the specific drivers of NAV changes.

We employ a GARCH(1,1) model to capture the complex seasonality in returns and volatility [7,8].
The remainder of this paper is organized as follows: Section 2 reviews the literature on algorithmic
evolution; Section 3 compares institutional characteristics; Section 4 and 5 provide empirical tests of
the markup behavior; and Section 6 concludes withmplications for Institutional Filtering and digital
financial governance.

2. LITERATURE REVIEW

In this section, we review the academic discourse through the lens of Cultural Evolution and
Institutional Filtering, focusing on quantitative strategies, equity seasonality, and fund manager
behavior within institutional networks.

2.1 The Cultural Evolution of Quantitative Strategies

Quantitative strategies represent a technological shift in Knowledge Creation, evolving from
foundational financial theories such as MM, CAPM, and APT [9,10,11]. Entering the 21st century, the
“"technological culture" of fund management has integrated advaed computational tools, including
genetic algorithms, neural networks, fractal theory, and machine learning [225]. Unlike traditional
managers who prioritize in-depth qualitative research on unique firms, quantitative managers focus
on attractive factors across a high Diversity of stocks, relying on computdrased models for
systematic execution [16].

Proponents argue that this algorithmic culture offers a significant evolutionary advantage by
leveraging Diversity to track more stocks than humanly possible, thereby reducing management
costs [17]. More importantly, it is theorized to act as a rational Istitutional Filter that minimizes
human emotional impact and cognitive biases [18,19,20]. By exploiting shelived market
inefficiencies through highfrequency trading, quantitative funds represent a more "objective" stage
of financial evolution [21,22]. However, critics like Gray [23] note that these models may ignore
gualitative firm-specific features and face "fitness" challenges as historical relationships change,
necessitating continuous model updates. While recent literature focuses on portfolio optization
and forecasting [2428], comparative studies between quantitative and norguantitative "cultures”
remain statistically inconclusive regarding their risk-return superiority [29].
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2.2 Equity Return Seasonality as an Institutional Adaptation

Equity return seasonality, first documented by Kelly [30], reveals persistent behavioral patterns that
challenge the Efficient Markets Hypothesis (EMH). Extensive research on morgbarter-year-end
effects shows abnormal returns at these "institutional nods" [31,32]. Significant upward shifts in
small-cap stocks [33] and stocks with high institutional ownership [34] at yearends suggest that
seasonality is a byproduct of institutional behavior.

Beyond standard calendar turns, anomalies such as the January effect [35,36], holiday effect [37], and
index-rebalancing effects [40] have been observed globally [43,44,45]. Two primary evolutionary
explanations exist for these patterns: (1) Taxoss sellng, where investors realize losses before year
end [41]; and (2) Window Dressing, where institutional players adapt their portfolios to meet
reporting requirements [42]. While some effects like the January anomaly appear to be fading with
increased marketefficiency [46,47,48,49], the institutional pressure to manage appearances remains
a potent driver of seasonality.

2.3 Fund Return Seasonality and Institutional Filtering

Within Regional Innovation Networks, mutual funds are the primary actors whose behavior is
shaped by Institutional Filtering (i.e., performance evaluation). Research shows that equity funds
significantly outperform the market on the last day of the year, my to underperform on the first day

of the next a clear signal of temporary NAV inflation [3]. This behavior is driven by the sensitivity
of fund flows to performance rankings [50,51] and the competitive incentive to maximize
management fee revenues [52354].

Carhart et al. [4] provide the definitive evidence of "holdings markup": fund managers execute last
minute aggressive purchases of existing holdings to inflate quarteand and yearend prices. This
behavior is most pronounced among toganked funds with the greatest incentive to protect their
positions. Recent findings confirm that such "institutional adaptation” persists across Europe and the
USA [55,56], manifesting as NAV inflation among mutual funds and hedge funds{&0]. Despite this
extensive literature, a critical gap remains: few studies have investigated whether the "algorithmic
culture” of quantitative funds? purportedly free from human emotion? succumbs to the same
institutional pressures and engages in identical "markup” behaviors [61,62]. Thisgper addresses
this gap by testing the "rationality” of quantitative models under the stress of Chinese market
evaluation cycles.

Recent studies have begun to focus on how algorithmic trading evolves within emerging markets,
particularly its interaction with local institutional environments. Zhang et al. (2024) show that in
China, the behavior of equity funds is closely linked to fuhflows and investor expectations. This
suggests that institutional pressures often force funds to adopt strategic behaviors that may bypass
the original logic of their quantitative models [63]. Furthermore, the rise of algorithmic trading has
not eliminated market controversies. Zaharudin et al. (2022) note that these technologies do not
function in isolation but are subject to systemic risks and biases that often reflect human decision
making [64].

The practical impact of this evolution is seen in market stability and performance. Yang et al. (2025)
provide evidence that algorithmic trading can increase market volatility rather than simply
improving liquidity or efficiency [65]. This is particularly true in China, where institutional investors
create shortterm price pressure to meet performance targets, a behavior observed even during
major index adjustments [66]. As the industry moves toward more complex algorithmic governance,
comparing the performance of Atdriven and humanmanaged funds across different market trends
[67] is essential. Such insights help in designing better regulatory frameworks to prevent strategic
anomalies, like the yeatend holdings markup found in our research.

3. ANALYSIS OF DATA AND INSTITUTIONAL ENVIRONMENTS

3.1 Data Sources and the Ecosystem of Quantitative Funds

Our research data is retrieved from the Wind Financial Database, the primary provider of financial

ET OAT 1 ECAT AA ET OEA #EET AOA 1 AOEAO8 7EOEET OEA
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quantitative fund ecosystem is categorized into three strategic "species™: active funds, index
enhanced funds, and hedge funds. By the end of July 2018, the landscape was dominated by 222
quantitative active funds (RMB 64.47 billion), followed by 93 indexenhanced funds (RMB 36.16
billion) and 24 hedge funds (RMB 3.13 billion). Given that quantitative active funds provide the most
direct evidence of how Atrtificial Intelligence influences trading culture without the rigid benchmarks
of index funds, they sere as our primary research object.

The 201172019 sample window is specifically selected as it represents the foundational evolutionary
decade of algorithmic integration in the Chinese capital market. This timeframe provides a stable
institutional observation period to examine the Cultural Evolution of investment behaviors without
the confounding noise of pos2020 extreme exogenous shocks, such as the global COXD
pandemic and subsequent radical shifts in market microstructures. During this decade, quantitative
funds completed a full cyat of "Ecological Adaptation," growing from nascent digital experiments to
significant institutional players. This period encompasses multiple buland-bear transitions, offering

a robust sample of 1,955 trading days an ideal span for testing how technologial Diversity
interacts with ingrained Institutional Filters in a relatively controlled regulatory environment.

3.2 Market Cycles as Selective Environments

Our research spans from December 27, 2010, to January 8, 2019, a period that provides a diverse set
of Selective Environments for examining algorithmic behavior. To assess the Ecological Fitness of
guantitative models, we categorize this timeline into dishct market stages:

Bull Markets (Growth Phases): May 2014 to May 2015; March 2016 to January 2018.

Bear Markets (Stress Phases): Late 2010 to April 2014; June 2015 to February 2016; February 2018
to early 2019. This segmentation allows us to observe whether algorithmic "rationality" persists
across different institutional climates or if it succumbs to he same behavioral pressures observed in
traditional funds during market stress.

3.3 Sample Selection and Institutional Constraints

To ensure the maturity of the "algorithmic culture,” we include quantitative funds only after they
have been operational for at least one year. All sampled funds were issued before 2018. Furthermore,
we account for the Institutional Constraints set by theChina Securities Regulatory Commission
(CSRCQC): equity funds must maintain a stock investment ratio of no less than 80%, while hybrid funds
operate below this threshold. These regulatory boundaries influence the "evolutionary path" of fund
portfolios. The longitudinal growth of our research sample is detailed in Table 1.

4 AAIBAOPARAO T £/ NOAT OEOAOEOA AOIZAGD YA OEA AT A

Year-end 2010 2011 2012 2013 2014 2015 2016 2017 2018
sample quantity 6 11 16 19 22 25 43 70 124
Number of equity funds 1 1 2 2 3 3 11 20 34
Number of hybrid funds 5 10 14 17 19 22 32 50 90

3.4 Performance Evaluation Framework and Algorithmic Adaptation

To evaluate the Ecological Fitness of quantitative active funds, we utilize the daily returns of the
sampled funds and compare them against the CSI Hybrid Fund Index and CSI Equity Fund Index.
These benchmarks, compiled by the China Securities Index Cotd.L encompass over 2,000
constituent funds, predominantly representing the "traditional culture" of nonquantitative active

i AT ACAi AT 068 ' EOAT OEAO OEA | AEI OEOU 1 &£ #EET AB8O
Hybrid Fund Index serves as te most critical baseline for our comparative analysis of institutional
behavior.

As the inflation of NAVs is so small, in order to facilitate calculation, we define:
R =(n NAVs -In NAVs,)*100

1)
R+ is the inflation of fund i on trading day't, NAVS. is net asset value of fund on time t, and

is NAVs of fundi on day t-1.
If fund | pays dividends on day, it is subject to exrights processing.

NAYV,

Sit-1
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R,t:(ln NA\éi,t_lﬁ NA\éi'I_l-D))*lOO (2)
D means the pesunit dividend of fundi on dayt.

We get R (the average of3+). AR represent the daily return of overall quantitative funds.

During our research period, there are 1955 trading days. The descriptive statistics 4R and the
daily return of the 2 indexes are in Table 4.

4 AATSBAQAOEDOEOA OOAOEOOEAO T £ ABAOACA OAOOO]

Whole period In bull market In bear market
Trading days 1955 736 1219
Mean 0.008 0.162 -0.085
Std 1.457 1.046 1.650
Skewness -0.913 -0.241 -0.871
Kurtosis 8.010 5.680 7.047
Jarque-Bera 2316.71 227.39 985.60

4 AAISBAGAOEDOEOA OOAOEOOEAO T £ AAEI U ET &£ AOE

Whole period In bull market In bear market
Trading days 1955 736 1219
Mean 0.016 0.117 -0.047
Std 1.017 0.739 1.149
Skewness -0.549 -0.246 -0.474
Kurtosis 5.395 6.251 4.555
Jarque-Bera 565.412 331.45 1607.64

4 AA BAOBROEDOEOA OOAOEOOEAO T £ AAEI U ET &£ AOE

Whole period In bull market In bear market
Trading days 1955 736 1219
Mean 0.008 0.156 -0.081
Std 1.411 1.023 1.594
Skewness -0.790 -0.156 -0.756
Kurtosis 7.796 5.851 6.887
Jarque-Bera 2077.11 252.28 883.53

Descriptive statistics reveal a distinct Ecological Adaptation in quantitative fund performance. While
algorithmic strategies outperform CSI benchmarks in bull markets, they show less resilience under
market stress. Overall, the 'algorithmic culture' exhilis no inherent superiority in Knowledge
Creation over traditional management. This performance gap in bear markets suggests that rather
than serving as an Institutional Filter, quantitative models are highly sensitive to Institutional
Pressures, potentialy driving the strategic behavioral biases examined in this study.

3.5 Comparative analysis of characters between quantitative funds and non -quantitative
funds

In order to find out whether there are difference in investment styles between quantitative funds and
non-quantitative funds, we choose some characters of funds to analysis.

As most proponents of quantitative funds argue that computer programs are more sensitive to
emergencies, and can exploit shoifived inefficiencies of the market, the turnover ratio is examined
here as a proxy for the frequency of Knowledge Creation withithese algorithmic networks.We test
turnover ratio per year of quantitative funds and norquantitative funds to test whether quantitative
funds can grasp more market opportunities through their technological Diversity..

We define:

Tr:max('I; ,1; )/AS(3)

T means the turnover ratio of a fund per year;

Tsmeans the total income from selling stocks of a fund in one year;
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Tomeans the total costs of buying stocks of a fund in one year;

Asmeans the average market value of stocks held by the fund in 4 quarters of a year.

Considering most funds need several months to build their positions after they are issued, we only
analyze the turnover ratio of a fund after more than one year of its establishment. This ensures we
are observing the stable Ecological Adaptation of the fanhrather than its initial setup phase. For
example, if a fund is issued in September 2014, we bring the turnover ratio of the fund after 2015
into our sample, so the quantitative funds that we can analysis is less than that in Table 1.

We choose all norguantitative active funds in Chinese A share market to compare with quantitative
funds. This reflects the competition between different "species” of management within the same
Regional Innovation Network. The numbers of quantitative fundand non-quantitative funds in our
research periods are as Table 5 shows.

4 AAIBAOLWAAOC T £ NOAT OE @A@EICRE OEOO AGA AEGT AG 1A O A

Year 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018
Number of quantitative funds 6 11 16 19 22 25 43 70
Number of non -quantitative funds 314 367 427 478 523 612 837 1013

We compare the turnover ratio per year of quantitative funds with that of nomuantitative funds.
and the results are in Table 6.
4AAAIBAED AOAOACA OOOTT OAO OAOET b &AM AU ADED AIOE OO A0
2011 | 2012 @ 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Average turnover ratio of non -quantitative funds 330 [ 298 406 480 |7.73 |582 |457 |498
Average turnover ratio of quantitative funds 309 1348 | 479 | 738 |803 | 6.02 | 506 |6.33

In most years, the average turnover ratio of quantitative funds is higher than that of nequantitative
funds, but the gap is not big.

The average turnover ratio per yearbetweenthe two groupswere comparedwith independentt-
test, set a significant level of p<0.05.The results are in Table 7.

4 AAIBAT A ADABRBRKOOCO OAOOI 60 T £ 0001 T OAO OACRDARABOAAREOK

Year Levene test of T testof mean value
variance equation
F Sig t df Sig(bilater | Mean Standard
al) difference | error
difference
2011 Equal variances assumed 0.057 0.811 -0.196 318 0.845 -20.818 106.100
Equal variances not assumed -0.224 5.254 0.832 -20.818 93.116
2012 Equal variances assumed | 2.884 0.090 0.777 376 0.438 49.712 64.016
Equal variances not assumed 0.450 10.187 0.662 49.712 110.472
2013 Equal variances assumed | 0.232 0.630 1.121 438 0.263 102.236 91.200
Equal variances not assumed 1.155 12.791 0.269 102.236 88.498
2014 Equal variances assumed | 5.823 0.016 3.059 495 0.002 257.702 84.257
Equal variances not assumed 2.293 18.773 0.034 257.702 112.397
2015 Equal variances assumed | 1.327 0.250 0.235 543 0.815 30.302 129.142
Equal variances not assumed 0.202 22.294 0.842 30.302 149.999
2016 Equal variances assumed | 1.823 0.177 0.201 635 0.841 19.716 98.118
Equal variances not assumed 0.165 25.292 0.870 19.716 119.608
2017 Equal variances assumed | 0.010 0.920 0.912 878 0.362 48.600 53.312
Equal variances not assumed 0.915 46.459 0.365 48.600 53.108
2018 Equal variances assumed | 8.352 0.004 2.617 1083 0.009 134.829 51.517
Equal variances not assumed 1.845 75.526 0.069 134.829 73.079

Only in 2014, the turnover ratio of quantitative funds is significantly higher than that of non
guantitative funds. In other years, there is no significant difference between the 2 groups(under 5%
significance level).

In general, quantitative funds do not show the characteristics of higher trading frequency, so we do
not believe that quantitative funds can grasp more market opportunities than noguantitative
funds. This lack of significant difference in trading frequency suggests that the Ecological Fitness of
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quantitative funds in China is not driven by higher trading frequency, but rather by other institutional
factors

It is generally believed that quantitative funds using mathematical models and computer programs
can track more investment targets, construct a broader portfolio. We also test whether this opinion
Is right. The numbers of quantitative funds and nomuantitative funds are as table 5 shows.

We use the number of holdings, and the ratio of top 10 heavy positions in the fund to analysis. The
data comes from the information disclosed in the fund annual report.

In each year end, the average number of holdings of the 2 groups are as Table 8 shows.

4 AAISREN AOAOACA 1061 AAO T &£ ET1TAETCO 1T £ Ol
2011 2012 2013 2014 2015 2016 2017 2018
non-guantitative funds 60.62 62.53 | 54.44 56.78 52.15 72.81 61.00 48.38
guantitative funds 104.33 | 93.10 | 12294 | 224.16 | 18959 | 196.60 | 171.28 | 143.01

The average number of holdings held by quantitative funds is significantly bigger than that of non
qguantitative funds in each year. We also use SPSS software to test the difference of the 2
groups(under 5% significance level). The test results are in Tabi

4 AATBRT @A DABRIOIOCO OBAEADIOOAG A £ ET 1 AETCO AAOxAAT NOA
)

NOAT OEOAOEOA &£O01 AC
Year Levene test of | T test of mean value
variance equation
F Sig t df Sig(bilate | Mean Standard
ral) difference | error
difference

2011 | Equal variances assumed 1.506 0.221 1.436 318 0.152 51.543 35.906

Equal variances not assumec 1511 5.215 0.189 51.543 34.112
2012 | Equal variances assumed | | 3.113 0.078 1.899 376 0.058 33.04310 | 17.403

13

Equal variances not assumec 1.431 10.331 0.182 33.043 23.093
2013 | Equal variances assumed | | 49.149 0.000 3.617 441 0.000 48.055 13.284

Equal variances not assumec 1.595 15.180 0.131 48.055 30.125
2014 | Equal variances assumed | | 222.258 0.000 11.478 495 0.000 167.380 14.583

Equal variances not assumec 3.046 18.047 0.007 167.380 54.944
2015 | Equal variances assumed | | 175.645 0.000 11.149 543 0.000 137.436 12.327

Equal variances not assumec 3.057 21.062 0.006 137.436 44.955
2016 | Equal variances assumed | | 124.851 0.000 10.823 635 0.000 123.794 11.438

Equal variances not assumec 3.862 24.173 .001 123.794 32.057
2017 | Equal variances assumed | | 108.642 0.000 12.187 878 0.000 110.273 9.049

Equal variances not assumec 4.835 42.467 0.000 110.273 22.809
2018 | Equal variances assumed | | 75.581 0.000 11.749 1083 0.000 94.632 8.055

Equal variances not assumec 6.391 73.342 0.000 94.632 14.808

The table above shows from 2013 to 2018, the number of holdings of quantitative funds is
significantly higher than that of nonquantitative funds(under 5% significance level).

The number of holdings does not reflect the overall picture of fund holdings dispersion. We also use
the ratio of the whole market value of top 10 heavy positions in a fund to further investigate. The
average proportions of the top ten heavy positions inund asset of quantitative funds and non
quantitative funds in each year are as Table 10 shows.

4AAT MEAnxETT A 1 AOEAO OAI OA T &£ O0i D pn EAAOU DI
2011 2012 2013 2014 2015 2016 2017 2018

non-quantitative funds 49.93% | 48.76% | 52.24% | 51.69% | 51.80% | 52.13% | 56.55% | 56.77%
guantitative funds 42.72% | 41.34% | 36.19% | 32.11% | 30.64% | 27.88% | 32.96% | 33.02%

The table above shows the value ratio of top 10 heavy positions in the fund of quantitative funds is
lower than that of non-quantitative funds. We use SPSS software to test the difference of the 2
groups(under 5% significance level), and the results are imable 11.
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4 AAT B 1pAA D AGRIOIOO OAOOI 00 T £#/ AGAOACA OAI OA OAOQET 1T & «
NOAT OEOAOE O AN @&l BOOADBOA T EOT AO
Year Levene test of | T test of mean value
variance
equation
F Sig t df Sig(bilate | Mean Standarderror
ral) difference difference
2011 Equal variances assumed 3.351 0.068 | -1.538 318 0.125 -7.21 4.688
Equal variances not assumed -0.868 5.058 | 0.425 -7.21 8.311
2012 Equal variances assumed | 9.915 0.002 | -2.022 376 0.044 -7.415 9.915
Equal variances not assumed -1.178 10.189 | 0.266 -7.415 -1.178
2013 Equal variances assumed | 4.542 0.034 | -4.794 441 0.000 -16.048 3.347
Equal variances not assumed -3.282 15.499 | 0.005 -16.048 4.890
2014 Equal variances assumed | 11.519 | 0.001 | -6.410 495 0.000 -19.577 3.054
Equal variances not assumed -4.138 18.554 | 0.001 -19.577 4.731
2015 Equal variances assumed | 7.215 0.007 | -6.563 543 0.000 -21.157 3.224
Equal variances not assumed -4.923 21.954 | 0.000 -21.157 4.297
2016 Equal variances assumed | 497 0.481 | -7.578 635 0.000 -24.242 3.199
Equal variances not assumed -6.147 25.260 | 0.000 -24.242 3.944
2017 Equal variances assumed | 3.008 0.083 | -10.328 878 0.000 -23.591 2.284
Equal variances not assumed -8.613 44.931 | 0.000 -23.591 2.739
2018 Equal variances assumed | 9.364 0.002 | -12.141 1083 0.000 -23.021 1.896
Equal variances not assumed -9.476 76.786 | 0.000 -23.021 2.429

The table above shows that except for 2011 and 2012, the proportion of the value of the top ten heavy
positions in all the stocks held by quantitative funds is significantly lower than that of the nen
quantitative funds (under the 5% significance level).

We can conclude that the holdings of quantitative funds is indeed more diversified than that of the
non- quantitative funds in most research periods.

4. CALENDAR EFFECTS TEST ON QUANTITATIVE FUNDS

If NAVs are inflated at calendaends, we could find abnormally high returns on the last day of a
month, quarter and year, and significantly negative returns on the first day of a month, quarter and
year. We run the following OLS indicatowrariable regresson:

AR = c #,YEND +YBEG #QEND ,#QBEG , +MEND , #IBEG, )

YENRjs a dummy variable, and"ENR =1, where tis the last trading day of a year, otherwise =NR=0.

Similarly, QEND and MEND gre 1 on the last trading day of a quarter that is not a year end, and the
last day of a month that is not a quarter end, respectively. Otherwise, they are zero.

We use GARCH (1,1) model to adjust the regression residuals.

atzz g+ ﬁtz-l& 1 IZQ (5)

For comparison, we run the regression again with the daily inflation of CSI Hybrid Fund Index and
CSI Equity Fund Index. The results of the regression are reported in Table 12.

4 AAT & AoccOAOOET T OAOOI 00

c b, b, b, b, b, b,
Panel A: in the whole period
Quantitative funds -0.029 0.758 0.121 0.579 0.675™ 0.192 0.213
CSI Hybrid Fund Index -0.007 0.563 -0.035 0.432 0.485™ 0.119 0.169
CSI Equity Fund Index -0.020 0.850 -0.035 0.572 0.677* 0.184 0.238
Panel B: in bull market
Quantitative funds 0.041 0.460 1.121 0.434 0.879** 0.240 0.010
CSI Hybrid Fund Index 0.035 0.324 0.577 0.289 0.580*** 0.097 0.022
CSI Equity Fund Index 0.046 0.440 0.971 0.391 0.855*** 0.191 -0.0009
Panel C: in bear market
Quantitative funds -0.102** 1.126** -0.889*** 0.733 0.434* 0.113 0.471*
CSI Hybrid Fund Index -0.073** 0.868** -0.778*** 0.698** 0.316 0.156 0.411*
CSI Equity Fund Index -0.095** 1.303** -0.979%** 0.811 0.409 0.166 0.534*
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Table 12 shows that in the whole research period:(1)Quantitative funds underperform non

quantitative funds. (2)On|y/’4 (QBEGcoefﬁcient) can pass the significance test.
In bull market: (1) At calendar quarteryear begins, the daily returns of quantitative funds and the 2
indexes are all positive and even greater than those at calendar quartgear ends respectively. The

2-day return reversal pattern doesn't appear. (2) Oly b, (QBEG coefficient) can pass the significance
test.

In bear market:(1) On the last day of a year and the first day of next year. There is a strong {dayy
return reversal pattern on quantitative funds and the 2 indexes. The return reversal of quantitative
funds is stronger than that of CSI Hybrid Fund Indexbut weaker than that of CSI Equity Fund Index.
(2) At calendar month-quarter begins, the daily returns of quantitative funds and the 2 indexes are

all positive. (3)For all the 3 regression equations,b1 b, and %s can pass the significance test. among

them, the significance of’»and?: are much stronger than that ofs.

From the table above, we can conclude: (1) In the whole research period and bull market, turn of the
month effect, turn of the quarter effect and turn of the year effect on quantitative funds and nen
quantitative funds are not significant. (2) In bear marlet, only around the calendar year ends, we can
see a strong tweday return reversal pattern on both of quantitative funds and nomuantitative
funds. (3)Compared with significant calendar quartetyear effect in both bull and bear markets in
previous literature[4][57], the calendar effect on funds is disappearing.

We define R=2% a5 the level of the twaday return reversal pattern, and we can g€t for
quantitative funds and the 2 indexes.

Considering the different proportion of stock assets between stock funds and hybrid funds, equity
funds have higher proportion of stocks in their assets than hybrid funds and stock prices fluctuate
more than bonds. So, CSI Equity Fund Index has a great®piday return reversal than CSI Hybrid
Fund Index on the calendar year ends in bear market.

At the ends of different years in bear market, quantitative funds contain different numbers of equity
funds and hybrid funds. We construct a fundamental fungortfolio that with the same proportions

of hybrid funds and equity funds as quantitative funds.

_ aN N,
E f - e Y, -Rrh
We define R =R /\‘q ' /\l g (6)

ER.¢ means the expected return reversal of the fundamental fund portfolicﬁ“e means the return
reversal of CSI Equity Fund Indeﬁh means the return reversal of CSI Hybrid Fund IndeX® is the
average number of equity funds in quantitative funds Nnis the average number of hybrid funds in

guantitative funds and Nojis the average number of quantitative funds.

We can get the return reversal level of a fundamental fund portfolio with the same proportions of
hybrid funds and equity funds in quantitative funds around the yeaend in bear market.

The return reversals of quantitative funds, the 2 indexes and the fundamental fund portfolio are as
Figure 1 shows.
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Compared with the 2 indexes, the twalay return reversal pattern around yearends on quantitative
funds is closer to that on CSI Equity Fund Index. It is greater than that on CSI Hybrid Fund Index and
the fundamental fund portfolio.

We can conclude calendatyear-end effect on quantitative funds is stronger than that on the overall

of hybrid funds. The evidence suggests that the deployment of algorithmic strategies does not serve
as an Institutional Filter to mitigate calendarend anamalies. On the contrary, the intense twalay
return reversal observed in quantitative funds during bear markets indicates that algorithmic
models may exhibit Strategic Behavioral Biases under market stress, amplifying rather than reducing
the 'Portfolio Markup' phenomenon compared to their fundamental counterparts.

Fund managers may not inflate NAVs only on the last trading day of a month, a quarter and a year.
The inflations and following reversal of NAVs may last several days across period ends. In order to
better reveal the inflation and reversal trend, we comparelaily average return of quantitative funds
with daily returns of CSI Hybrid Fund Index and CSI Equity Fund Index on 5 days before and after
period ends.

The average daily return of quantitative funds and the daily returns of the 2 indexes on 5 days before

and after yearends, quarterends and monthends in bull market are showed in Figure 4.
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If fund managers inflate NAVs continuously on a few days before calendands, abnormally high
daily return should last several days and reach the highest on the last trading day. Also following
return reversal should last several days, and we can obserabvious negative returns on the first
day at period-begins.

The figures above show that, in bull market, among the 10 trading days around quartgear ends,
for quantitative funds and the 2comparitions, daily returns on the first and second days of a quarter
and a year are even higher than those on the last tradimfay of a quarter and a year respectively. On
the first day of a month, although the returns are lower than those on the last day of a month, they
are still positive, and the whole return of the first 3 days at monthbegins is even higher than that of
the last three days at monthends.

In bull market, we find no evidence that the enef-quarter positive return is related to the beginning
of-quarter negative return.

Similarly, the average daily return of quantitative funds and the daily returns of the 2 indexes on 5
days before and after yeatends, quarterends and monthends in bear market are showed in Figure
5-7.
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Figure 5 shows that in bear market, among the 10 trading days around yeands, returns of
guantitative active funds and the 2 indexes all rise gradually and keep positive since 3 days before
year-ends, and returns decline significantly after turn of yearsEspecially on the first day of a year,
their returns fall to the lowest point of the ten trading days. Calendar yeaend effect on funds is
significant.

Quantitative funds underperform CSI hybrid fund index on trading days not around perieends in
bear market, but they can outperform CSI hybrid fund index on the last 3 days before calendar year
ends. The 2day return reversal pattern on quantitative fundsis more intense than that on CSI hybrid
fund index, but weaker than CSI Equity Fund Index.

On trading days at the beginning of a month, returns of quantitative funds and the 2 indexes are
higher than those at the end of a month .there is no evidence that fund managers Manipulate stock
price to inflate NAVs before the calendar month ends.

On the last trading day of March, June and September, returns of quantitative funds and the 2 indexes
all reach the highest among the 10 trading days. On the following first and second days of a quatrter,
returns of quantitative funds and the 2 indexes don' all recede to negative. Referring to the

regression value of?BEG and QBEG can't pass the Significance test above. we conclude there is little
evidence that fund managers inflate their NAVs.

We also use the fundamental fund portfolio constructed above to compare with quantitative funds
around year-ends in bear market. According to the proportion of equity funds and hybrid funds
included in the portfolio at each yearend, we calculate returns éthe portfolio on the five days before
and after yearends in bear market.

The average daily return of quantitative funds and the return of the fundamental fund portfolio on 5
days before and after yeatends in bear market are showed in Figure 8.
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The figure above shows that turrof-year effect on quantitative funds is more intense than that on
fundamental funds.

Returns on the 10 days around perioeends show that in bear market, only around the calendar year
end, abnormally 2day reversal pattern can be observed. Generally speaking, quantitative funds can
get total 150 bps positive returns on the last 3 days of year, but lose 206 bps on the first 2 days of
next year.

Our granular analysis reveals a stark asymmetric volatility around yeaends in bear markets:
quantitative funds harvest a cumulative 150 bps in abnormal returns over the final three days of the
year, only to suffer a 206 bps 'reversal shock' during therit two days of the subsequent year. This
net loss suggests that the Ecological Adaptation of quantitative funds in China is hindered by the
short-termism of performance-ranking pressures.

5. EQUITY TRANSACTIONS OF QUANTITATIVE FUNDS AROUND CALENDAR YEWERS IN
BEAR MARKETS

Section 4 shows that only turn of year effect on quantitative funds is significant in bear market.
Fluctuation of NAVs of funds should be caused by the fluctuation of stock prices. So, we further
investigate heavy stock performances of quantitative fundsrothe last day of a year and on the first
day of next year in bear market.

We assume compared with the amount of a stock held by a fund, the trading volume of such stock
traded by this fund on one day is very small, and, on the last day of a year and following first day of
the next year, the amount of each top 5 heavy stock ofitand keep the same as the annual fund report
disclosed. we calculate the average return of top 5 holdings of each quantitative fund and compare it
with the daily return of the quantitative fund itself, if the average rise of top 5 heavy stocks is
significantly higher than the inflation of the fund itself on the last day, we can conclude that
guantitative fund managers adopt the strategy of manipulating prices of their heavy stocks to inflate
NAVSs at yearends. If a stock is suspended on each of the 2 day® choose the stock with the next
highest percentage in the fund to replace it.

We construct a t statistic to test whether the average return of top 5 heavy stocks of a quantitative
fund is significantly higher than the inflation of the fund itself at calendar yeaends and is
significantly lower than he inflation of the fund itself o the following first day of the next year.

t= (R, _FR)/S\/T’](7)

Rameans the average return of top five heavy stocks of a quantitative funBiris the return of the
quantitative fund itself. Sis the standard deviation of % = And " is the number of quantitative
funds. Usmg t test, we can judge whetheRa is significantly higher or lower than = \We further

define R, is the average return of top 5 heavy stocks in all quantitative funds an'EF is the average
inflation of all the quantitative funds themselves.
The results of the ttest are reported in Table 13.
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The last day of a year The first day of a year
Data R, F R-F t Data R, F R-F t
2010-12-31 2.55 2.05 0.50 2.60** | 2011-1-4 1.05 1.19 -0.14 1.04
2011-12-30 1.99 141 0.48 3.53** | 2012-1-4 -2.10 | -1.89 | -0.21 -0.74
2012-12-31 2.13 1.19 0.94 3.52% | 2013-1-4 -0.36 | -0.46 | 0.10 0.41
2013-12-31 0.75 0.46 0.29 2.37* | 2014-1-2 0.14 0.51 -0.37 2.35**
2015-12-31 -1.00 | -1.17 | 0.17 1.87 2016-1-4 -7.47 | -7.20 | -0.27 1.72
2018-12-28 0.62 0.26 0.36 2.88* | 2019-1-2 -1.64 | -1.23 | -0.41 2.04*
Mean value 1.17 0.70 0.47 Mean value -1.73 | -1.51 | -0.22
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Table 13 shows that in bear market, on the last day of a year, for top 5 heavy stocks, the average-year
end rise is 117bps, compared with 70 bps of quantitative funds. And the average ydaginning drop

is 173 bps, compared to a 151 bps average drop of gutitative funds. This significant discrepancy
suggests that quantitative fund managers selectively leverage their heavy positions to facilitate NAV
inflation, a strategy that appears more pronounced during bear market cycles. We can conclude the
2-day return reversal on top 5 heavy stocks is more intense than quantitative funds.

On each last trading day of a year, top 5 heavy stocks of quantitative funds outperform quantitative
funds. While on 5 of the 6 first trading days of a year, top 5 heavy stocks of quantitative funds
underperform quantitative funds.

The result of ttest shows that on 5 of 6 trading days at yeaends, top 5 heavy stocks of a quantitative
fund perform better than the quantitative fund itself significantly. While only on 2 of 6 trading days
at year-begins, top 5 heavy stocks of a quanttive fund underperform the quantitative fund itself
significantly.

We can conclude that in bear market, on the last day of a year, inflation of quantitative funds is mainly
caused by rise of their heavy stocks, while on the first day of next year, there is little evidence that
deflation of quantitative funds is caused byeturn reversal of heavy stocks. Literature [35] shows
that fund managers manipulate the prices of their heavy stocks to inflate NAVs on calendards. We
predict quantitative fund managers also mark up by this way.

At calendar yearends, if quantitative fund managers manipulate the prices of their heavy stocks, with
the rapid rise in prices, trading volumes of heavy stocks will also be enlarged. We structure a portfolio
that include top 5 stocks of each quantitativdund and use intraday data to find out whether the
inflation and trading volume of the portfolio shift upward sharply before the market is closed.

We define:

RENDt:é k(a i pk,i,ts Nk,i/ a, Reio 3N<j)/6 (8)

it is the average inflation of the portfolio on the last days of a year at the time poift

Rt is the price of stocki in the portfolio at time t on trading day k;

k=1, 2, 3... 6; representing the 6 calendar yeands.

t =9:30, 9:40, 9:50 ... 15:00; representing different time point on d&y. And the time interval is 10
minutes.

Pio js the close price of stock on the day before dayX .

Niijs the amount of stocki held by the portfolio on day k. We get it from fund annual reports.

Sod. Paie® Nl @ Ruio N is the inflation of the portfolio on trading day K at timet.

Similarly, we can gePBEQ, it means the average deflation of the portfolio on the first day of a year at
time t

We describe the trends ofRBEG and REND in figure 9.
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The figure above shows that in bear market, on the last day of a year, the inflation of the portfolio
keeps rising since the opening of stock market. After 14:40 pm, the slope of the curve becomes
steeper and the inflation reach the highest before the clesof the market. The evidence shows that
the prices of top 5 heavy stocks of quantitative funds rise significantly near the close of the market,
and the closer to the market closes, the greater the inflation is.

On the first day of a year, since 9:30am (opening of the stock market), the prices of top 5 heavy stocks
keeps falling. At around 11:20 am, there is a slight rise. Compared wiREND, the trend ofRBEG js
more stable and doesn't decline sharply before the close of the market.

The figure shows that a surge in prices of top 5 heavy stocks in the last 20 minutes. It indicates the
existence of active buying behavior of quantitative funds intended to affect the close.

We also can get:

VEND=Q (8 \../ aVi:)/6 )

Vit means the trading volume of stocK in the portfolio within 10 minutes before time point t on

trading day k.
1=9:40, 9:50...15:00. Representing different time point on da¥§, and the time interval is 10 minutes.

The trading volume of stocki before 9:30 is added tQ"ikoso,

Vier s the total trading volume of stocki on day k.

a Vi QVeir is the proportion of trading volume within 10 minutes before timet in the total trading
volume of the portfolio on dayKk.
VENR s the average proportion of trading volume per 10 minutes in the total trading volume of the

portfolio on the whole last day of a year.
Similarly, we can get:

VBEG=84 (4 V\../ &V.:)/6 (10)
On a smooth trading day, the proportion of trading volume per 10 minutes in the whole day of the

portfolio should be basically the same. We draw out the trend of the proportion to find whether
trading volumes of heavy stocks increase suddenly near the c®f the market. and the trends of

VEND and VBEG are described in Figure 10.
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The figure shows that, on the last day of a year in bear market, a late burst of trading in the last 30
minutes and the closer to the market closes, the greater trading volume of top 5 heavy stocks is.
Trading volumes in the last half hour can reached ab©30% of the whole day. While on the following
first day of a year, compared withVEND, the curve of VBEGis much smoother, the trading volume of
top5 heavy stocks increased slightly near the close.

This intraday trajectory reveals a classic "Marking the Close" pattern. The synchronized surge in both
price (Figure 9) and trading volume (Figure 10) provides robust evidence of Strategic Trade
Execution. Instead of serving as objective market stabilizersthese quantitative models are
synchronized by the same institutional pressures, leading to a concentrated behavioral burst before
the market call auction.

Burst of trading coincides with strong price increases near the close indicates that quantitative funds
manipulate close price of their heavy stocks to mark up at calendar yeands in bear market.

The evidence also shows the-Bay return reversal across yeatend is not symmetrical. The Inflation

of heavy stock prices at yeaend is more significant than the deflation at yeabeginning. Compared
with the urgency of raising prices of heavy position sicks before yearend, the motivation of
quantitative funds to sell stocks on the first trading day at yeabeginning is much weaker. Fund
managers can sell stocks they have bought on several trading days after the yead.

Quantitative models may hold the same heavy position stocks as nguantitative funds and window
dressing of nonquantitative funds may cause the Zlay return reversal of quantitative funds. But
guantitative funds have more diversified holdings and the 2lay return reversal should be weaker
than non-quantitative funds. A more credible explanation is that quantitative funds managers also
mark up actively.

While quantitative models are often perceived as neutral technological tools, our results suggest they
do not escape the Institutional Pressures inherent in the Chinese fund industry. The intense reversal
shock observed implies that the "algorithmic cultue" is hindered by the shorttermism of
performance-ranking, where quantitative managers actively manipulate heavy stocks to maintain
ecological fithess within the competitive innovation network.

6. SUMMARY AND CONCLUSION

Contrary to the common belief that quantitative funds are purely objective, this paper reveals that
they also engage in "holdings markup" at the end of the calendar year in the Chinese market, similar
to traditional fundamental funds. In fact, we find thathe turn-of-the-year effect is even stronger for
guantitative funds than for their non-quantitative counterparts. While both types of funds appear to
enhance portfolio performance at yeatend to gain better ranking® driven by the "tournament
effect” of institutional evaluations? this study documents specific mechanisms and implications for
quantitative funds that have not been explored in previous literature.

First, we provide evidence that the calendar effect on equity funds in China is changing. Unlike the
persistent patterns found in earlier studies, traditional anomalies like the January effect and Holiday
effect are largely disappearing, indicating an immvement in market efficiency. We find that the turn
of-the-year effect now only appears significantly during bear markets. During our research period,
neither the turn-of-the-quarter nor the turn-of-the-month effects were significant, suggesting that
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