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El Futuro de la Humanidad es Urbano 

• Adaptabilidad
• Agua
• Drenaje
• Oxigeno
• Movilidad
• Urbanidad
• Naturaleza
• Dimensión 

Humana







Sistemas 
Ribereños 
Desierto Sonorense

Agua para la 
Naturaleza y su 

Gente



Y tu que haces cuando llueve?



Image source: www.epa.gov
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Escorrentía es un Problema --> 
Agua de lluvia es un Recurso



Nuestra definición: 
“estructuras  construidas 
con sistemas naturales y 
vivos que proveen 
servicios ambientales, 
como captura, limpieza e 
infiltración de 
escorrentías; disminución 
de isla de calor y un trafico 
cortés”

www.watershedmg.org





Watershed Restoration
Enhance infiltration and recharge to restore our watersheds

Along Upland Arroyos

Across Floodplains

@ Homes, Churches, 
Schools, & Businesses Along Streets



1. Collection

2. Conveyance

3. Infiltration

Passive Systems – An Overview















Recursos de Casa y Calle – Hermosillo, Son. 
(280 mm/año)

Demanda Estimada Anual de Agua 
Municipal:
Uso Total = 250lts/persona/día x 
4personas/casa x 365 días= 
365,000 lts/año

Uso en Parques y Jardines (~20 Arboles 
regionales; 20 arbustos; plantas de 
acento) = 338,820 lts/año

Oferta potencial de agua de lluvia:
• Techo, 75m2 = 18,900 lts/año 
• estacionamiento, 8m2 = 1,792 lts/año
• Jardines, 22m2 = 2,464 lts/año 
• Total = 23,156 lts/año

• Cosecha Pluvial en 1,500m2 = 
336,000 lts/año 

• + Agua Gris! (~10,000 – 15,000 lts)
• + Condensación de AC! (~750 – 2,000 lts)





650m2

Vol (L) = A (m2) x Precip (mm) x Coef Fricc (0.9) // 650 x 600 x 0.9 = 351,000litros



Capacidad de un Sistema Pasivo –
Diseño para eventos pico 

Planee para un evento de 25 – 50 mm de 
precipitación

Volumen (litros) por cada 25mm de lluvia = área del techo 
(m2) x (mm) x 0.9 (coef)

…
Ejemplo: 100m2 x 25 mm x 0.9 = 2,250L por cada 25mm 

de lluvia 



28Banco de Desarrollo de América del Norte



29Banco de Desarrollo de América del Norte

Basin
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Modificación de Leyes en el Estado de Sonora y
De Reglamentos Municipales Relacionados:

INICIATIVA DE LEY (CONGRESO DEL ESTADO DE SONORA)

La inclusión del concepto de Infraestructura Verde dentro de la Ley 254 de
Ordenamiento Territorial y Desarrollo Urbano, así como de la Ley del Equilibrio
Ecológico y Protección al Medio Ambiente; permitirá generar el Marco Jurídico
para que los Municipios modifiquen los Reglamentos correspondientes
relacionados.



Decisión

Herramientas Liderazgo

Convocatoria

Visión



Saltillo, Coahuila. México 
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Resources
https://watershedmg.org/learn/resource-library
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Resources
https://watershedmg.org/learn/resource-library
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Resources
https://watershedmg.org/learn/resource-library
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Resources
www.implanhermosillo.gob.mx
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Joaquin Murrieta-Saldivar PhD
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Tel. 520.396-3266 x 13
e-mail: jmurrieta@watershedmg.org

Muchas 
Gracias
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Adriana Zúñiga Terán, PhD

I work at the Udall Center for Studies in Public Policy. I 
work with stakeholders and community partners to 
answer questions related to water security, urban 
resilience, and environmental justice, by focusing on 
greenspace/green infrastructure. 
I am originally from Monterrey, Mexico. I did my 
undergraduate studies on architecture at ITESM in 
Monterrey. 
I hold two advanced degrees from the UArizona: 

• a master of architecture degree with a 
concentration in design and energy conservation

• a doctoral degree in arid lands resource sciences 
with a minor in global change. 

Assistant Research Scientist, University of Arizona

Email: aazuniga@arizona.edu
Address: 803 E First St. Tucson, AZ 85719

mailto:aazuniga@arizona.edu
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NADBank Seminar #5: Urban Green Infrastructure
December 7, 2021

Green Infrastructure for Stormwater Management in 
Hermosillo, Mexico: Soil Recondition and Site Design 

Blanca González, Adriana Zuniga, Bo Yang, Joaquin Murrieta, 
Guadalupe Peñúñuri, Eduardo Hinojosa, Kassandra Soto, Irene Pineda

Presented by: Adriana Zuniga, PhD
Assistant Research Scientist, University of Arizona

aazuniga@arizona.edu
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Green infrastructure and urban resilience

Green infrastructure is increasingly promoted to curb the impact of 
urbanization and enhance resilience.1

Houston, TX after hurricane Harvey in 
2017. Paved surfaces increase flooding 
and heat.

Green infrastructure combines green-gray-blue 
infrastructures to manage stormwater and reduce flooding

1: Staddon et al. (2019). Contributions of green infrastructure to enhancing urban resilience. Environmental Systems and Decisions.
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Problem statement

Challenges for the broad-scale implementation of GI include:

• Lack of design standards that are generalizable, yet context-specific to 
capture the unique properties of the site (e.g., soils).1

• Continuous maintenance.

Importance of considering soils in the design of GI:

• Soil conditions affect the likelihood of plant establishment and the level of 
stormwater infiltration. 

• Ideal soil properties facilitate maintenance.

1: Zuniga-Teran et al. (2019). Challenges of mainstreaming green infrastructure in built environment professions. Journal of Environmental Planning 
and Management.
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Purpose of this study

To develop a landscape design methodology 
that considers soil properties for stormwater 
infiltration and soil enhancements for plant 
establishment to facilitate the maintenance of 
vegetation. 
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Methods

Case study of an interdisciplinary effort that integrated soil studies with 
landscape design for the city of Hermosillo, Mexico. 

Binational project funded by CAZMEX (UArizona + CONACYT)



7Banco de Desarrollo de América del Norte

Hermosillo, Mexico

Hermosillo is a leader in GI-
related policies:

• Design standards – design 
manual for GI.

• Plant palette – guidelines 
for native plants that do 
not require irrigation (less 
maintenance).
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Background on soil studies

A collaboration between GIZ, IMPLAN, ITSON, 
UNAM (2018-2019) determined the preferred 
location of soils with suitable soil conditions for 
infiltration in Hermosillo:

• Enough land area to infiltrate and redistribute 
stormwater.

• Good drainage conditions

• Far from urban infrastructure

• Physical and chemical soil filtration capacity
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• 43 sites identified.
• 5 sites are located on the foothills of 

Cerro Colorado – NW of the city.
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LAND TENURE – The City owns a 22 ha
parcel north of site P4. Land donated 
by developers (3%) for parks.

SOILS - Site has similar soil conditions 
(pH, CE, DA, texture) than P4 – ideal for 
stormwater infiltration.

PLANNING - Part of the greenbelt 
planned for the City of Hermosillo.

JUSTICE - Adjacent to a low-income, 
peri-urban area – deprived of 
greenspace.

Site selection
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Soil experiments (UNAM)

• Lab experiments with biochar and bonechar – soil enhancements.
• Experiments to improve the moisture retention capacity of soils and 

filtration of pollutants.
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Landscape design methodology (UArizona)
Site

UArizona’s Landscape design studio class 
worked on the design of a park for 
stormwater management.

Cerro Colorado, Hermosillo, Sonora
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Landscape design methodology (UArizona)

• 4 groups of MLA graduate students worked on 
the design of the park during the spring 
semester of 2021, directed by Prof. Bo Yang.

• Stakeholders reviewed the projects virtually 
(Zoom) – providing input for the programming 
of the park project (needs, uses, soil 
conditions).
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Site analysis – flows, connectivity, vegetation
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Design concepts
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Landscape designs
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One final landscape design

During the fall 2021 
semester, graduate 
student, Irene Pineda, 
worked on the 
combination of 4 
designs to produce one 
final landscape design, 
with the input of 
stakeholders.
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One final landscape design – El Mercado

El Mercado

Cooking areas for vendors
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One final landscape design 

Relaxing areas

Bird-watching areas

Stormwater terraces
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One final landscape design 

Bike & pedestrian paths with an outdoor sculpture museum

A Monarch butterfly sanctuary
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Visit to the site – a new reality

• Marketing interests drove developers to implement informal sport fields by 
clearing up the landscape.

• They bulldozed the site, destroying the desert landscape and compacting the 
soils, regardless of the natural drainage systems or soil properties.
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Visit to the site – a new reality

• The open space has become an illegal dump site, posing a health hazard to the 
adjacent communities and to the ecological systems.
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Visit to the site – a new reality

• Time series of site conditions from 2019 to 2021
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Visit to the site – a new reality

• Ecoparque visit – lack of maintenance, safety concerns, and increased vandalism.

Shade structures have been stolen Isolated bikeway lacking maintenance Toilets have been stolen
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Lessons learned

• Landscape design, planning for GI, and its implementation must be expedited 
in periurban areas of rapidly growing cities (greenbelt concept).

• There is a need for constructions plans – be ready for funding opportunities.

• Partnering with the private sector (e.g., developers), becomes critical to 
coordinate efforts that can result in more resilient and sustainable outcomes. 

• Engaging the adjacent communities in the planning of GI may prevent 
vandalism, illegal dumping, destruction of desert landscape  - may act as 
guardians of the site. We propose employment of neighbors in the 
maintenance and stewardship of parks.
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Urban Science Theory – Urban environment

Social 
environment

Biological 
environment

Built 
environment

Market 
environment

Business 
environment

Political 
environment

1: Romer, P. (2013). The City as the Unit of Analysis. Paul Romer Blog, 2013.

”The urban environment 
that humans are so busily 
creating is many things: 

• a biological environment, 
• a social environment, 
• a built environment, 
• a marketing environment, 
• a business environment, 
• a political environment. 

Paul Romer, 20131
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Conclusion

Social 
environment

Biological 
environment

Built 
environment

Market 
environment

Business 
environment

Political 
environment

Greening initiatives must 
consider all types of 
environments within the 
urban environment.

Resources are needed to 
engage all stakeholders in 
greening efforts, including 
adjacent communities.

Urban planning in
Hermosillo (and other 
rapidly growing cities) must 
expedite engagement 
efforts.
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¡Muchas gracias!

Adriana Zuniga
aazuniga@arizona.edu
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Seminario Online #5 UMI-NADB: Infraestructura Verde Urbana 

Retos y Oportunidades Urbanas
de la Infraestructura Verde

Arq. Guadalupe Peñúñuri Soto





Sequía
Estrés hídrico
Islas de Calor
Deforestación
Pérdida de biodiversidad
Inundaciones urbanas
Contaminación atmosférica
Expansión Urbana baja densidad y monofuncional
Movilidad mayormente motorizada
Reducción de espacio público …



Momento Eureka!
( Aha moment! )



Infraestructura Verde





Uso de suelo y vegetación de acuerdo a imágenes satelitales LANDSAT 

BID-NADBANK-IDOM (2016) 

1996 2016 



Escenarios Plan de Acción al 2050

Escenario tendencial 

14,000 millones de Dólares 



Escenarios Plan de Acción al 2050

Escenario intermedioEscenario tendencial 

14,000 millones de Dólares 8,500  millones de Dólares 



Escenarios Plan de Acción al 2050

Escenario intermedio Escenario optimo Escenario tendencial 

14,000 millones de Dólares 8,500  millones de Dólares 4,600 millones de Dólares 



Norma   Técnica   de 
Infraestructura Verde









Aplicaciones Urbanas

















Mirador y huertos urbanos

Refugio de aves

Distrito de innovación y Banco de Ideas 

Regeneración Urbana y de vivienda

Revitalización de Centro Comercial e Histórico













IMPACTO ESPERADO

Forestación; 

captura CO2

disminución islas 

de calor.

Difusión cultural

de etnias.

Eco-turismo y

cultura 

ambiental.

Captación de 

470 m3 de 

escorrentía.

3,400 U.E. y 

Distrito de 

Innovación.

1 2 3

4 5

1

2

3

4
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IV en PAC centro Ciudad Esponja

ESCALABILIDAD

























@LupitaPenunuri
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Expositor Sergio Müller

Título del Seminario: Proyectos de Infraestructura Verde / Green Infrastructure Projects
Sesión No: 5

Fecha: Dec 7 2021
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Parque Central
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September 2018 / September 2021
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Slow it. Spread it. Sink it!

11
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BRN: SONORAN FIELD COURSE 2021
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WMG: Fall 2021 Water Harvesting Design Certification

22
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colectivo.caminantes.del.desierto

caminantes.del.desierto

CCdelDesierto

colectivo@caminantesdeldesierto.org

mailto:colectivo@caminantesdeldesierto.org

