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El Futuro de la Humanidad es Urbano

* Adaptabilidad
* Drenaje

_ - * Oxigeno

et | "« Movilidad
* Urbanidad

e ;ga-.fl:fj”/% *ﬁ“‘mm;m{n_ * Naturaleza

= [T

* Dimension
VIERE






Y

ARIZONA

\1$anta Cruz Watershed / RCSOW

4 17 7
\m\/ Phoenix v e

5 7

o

4

F‘"‘* L 'c’/ﬁSan Pedro Watershed‘ )
Nogales3 i
SONORA £/>' g4
15
i
Gulf / Rio Sonora Watershed L
Of / 7 g ¢
California
Hern.osillo
), ;
'Y
- 9
v 1 '\\
H f . N eroica Guaymas
K‘, : " ; \\? 12I,5 2|5 Miles b,
‘ Y




Sistemas
Riberenos

ARIZONA

&
- h‘,ﬁ.;\ " W
)
5
-,

San Pedro Watershed |

SIS TN ;*

%

7,

2

SONORA

BV Y Y
Agua para.la
Naturaleza y su

Gulf
of

California

ern osillo ¥

0 12.5 25 Miles

f '\\! 1 |




gue haces cuando llueve?

SERGIO MULLER



Impacto Urbano
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Image source: www.epa.gov
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Escorrentia es un Problema -->

Agua de lluvia es un Recurso

FLOW
.

el -




Nuestra definicion:

“estructuras construidas
con sistemas naturales y
Vivos que proveen
servicios ambientales,
como captura, limpieza e
infiltracion de
escorrentias; disminucion
de isla de calor y un trafico
cortés”

www.watershedmg.org



SHALLOW GROUNDWATER
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. mountain front

water table

roots

shallow groundwater

cottonwood

impervious bedrock Pima Association of Governments




Watershed Restoration

Enhance infiltration and recharge to restore our watersheds

@ Homes, Churches,

Schools & Businesses Along Upland Arroyos

., River Restoralion Virien
< Santa Cruz River FlowinW Tucson




Passive Systems An Overview
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RAIN GARDENS CREATE AN EARTHWORKS SPONGE

—~——

Ny
Swale conveys water
rom downspout

to basin

“/,/ t // Rock armored

overflow
spillway

Berm and
armored slope

\ ~ -  "',l J “"‘ ~
- \‘\‘h i i R ’,‘K‘a : AR ' .

"‘{ W //p'\ i
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WA’\ "-i ’ '
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Plantlng

terrace B

) ST kE 1 Fibrous root
. Mulched bio-retention basin development

Natlve soil

Organic mulch is applied to basins, 2 - 4 inches thick, to help infiltrate more water, reduce
evaporation of soil moisture, and replenish nutrients in the soil.
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e Casa y Calle — Hermosillo, Son.

(280 mm/afio)
otencial de agua de lluvia: Demanda Estimada Anual de Agua
cho, 75m2 = 18,900 Its/afio Municipal:

estacionamiento, 8m? = 1,792 lts/afio  Uso Total = 250lts/persona/dia x

Jardines, 22m? = 2,464 Its/afio gzsrggga::(ﬁ;:;ix e 5=
Total = 23,156 Its/afio ’

. Uso en Parques y Jardines (~20 Arboles
2 _
Cosecha Pluvial en 1,500m* = regionales; 20 arbustos: plantas de

336,000 Its/afo acento) = 338,820 Its/afio

+ Agua Gris! (~10,000 - 15,000 Its)
+ Condensacion de AC! (~750 — 2,000 lIts)

(s,

Te— oup
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L 102,040;
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Departamentgj -
e

i
| 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 —
Diseno para eventos pico

Planee para un evento de 25 - 50 mm de
precipitacion

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

Ejemplo: 100m? x 25 mm x 0.9 = 2,250L por cada 25mm
de lluvia
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' e Jrac 1 Montessori < )jatershed
= ¢ Water Education ’ — roup
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17.54 ft

|

Area: 862.33 ft?
Perimeter: 133.39 ft

(49{ 406511
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Modificacion de Leyes en el Estado de Sonora y

De Reglamentos Municipales Relacionados:

INICIATIVA DE LEY (CONGRESO DEL ESTADO DE SONORA)
| o , N

CONVOCATORIA ABIERTA
AL PUBLICO EN GENERHL

ushts SON. l ‘(/
| VIE 17 DE MARZD 201 /UU
\

uTg TECIOLUGICUT]E NOGALES
l

[]SILLU SDN

MIEREUL'ES’Z! DE MARZO 2017 A LAS 11:00

lfBREGl]I{ 3

l WES 24 DE MO™
TSOF

La inclusion del concepto de Infraestructura Verde dentro de |la Ley 254 de
Ordenamiento Territorial y Desarrollo Urbano, asi como de la Ley del Equilibrio
Ecoldgico y Proteccion al Medio Ambiente; permitira generar el Marco Juridico
para que los Municipios modifiquen los Reglamentos correspondientes
relacionados.
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(((’ g.t.rsh.d Gat Involved | Contribute

anagement
cy & River Run
p Network

e —

roup

Resource Library

)

Banco de Desarrollo de América del Norte



Resources @&

https://watershedmg.org/learn/resource-library

Sonoran Desert
Green Infrastructure
Resource Library

~ atershed
(((! ganagement

= roup

A Playbook for Transportation
Projects in Pima County
American Rivers Communities

Banco de Desarrollo de América del Norte
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https://watershedmg.org/learn/resource-library
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1, CUT 3/8°-1/2" DEEPER THAN ROAD SURFACE ELEVATION.
2. ALL CURB CORES SMALL BE MADE BY A LICENSED CORING COMPANY.
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. Y. Joaquin Murrieta-Saldivar PhD
.. Cultural Ecologist
(s - it Watershed Management Group
anagementi “ . Tel. 520.396-3266 x 13
roup e-mail: jmurrieta@watershedmg.org




Adriana Zuniga Teran, PhD

Assistant Research Scientist, University of Arizona

| work at the Udall Center for Studies in Public Policy. |
work with stakeholders and community partners to

answer questions related to water security, urban
resilience, and environmental justice, by focusing on

greenspace/green infrastructure.

| am originally from Monterrey, Mexico. | did my
undergraduate studies on architecture at ITESM in
Monterrey.

| hold two advanced degrees from the UArizona:

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

 adoctoral degree in arid lands resource sciences

with a minor in global change. , , _
Email: aazuniga@arizona.edu

Address: 803 E First St. Tucson, AZ 85719



mailto:aazuniga@arizona.edu

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

Blanca Gonzalez, Adriana Zuniga, Bo Yang, Joaquin Murrieta,
Guadalupe Penunuri, Eduardo Hinojosa, Kassandra Soto, Irene Pineda

Presented by: Adriana Zuniga, PhD

Assistant Research Scientist, University of Arizona
aazuniga@arizona.edu

NADBank Seminar #5: Urban Green Infrastructure
December 7, 2021



Green infrastructure and urban resilience

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

Houston, TX after hurricane Harvey in Green infrastructure combines green-gray-blue
2017. Paved surfaces increase flooding infrastructures to manage stormwater and reduce flooding
and heat.

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



Problem statement

Challenges for the broad-scale implementation of Gl 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 Gl:

* 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.



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.




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)




Hermosillo, Mexico

Hermosillo is a leader in GI-
related policies:

Design standards — design

manual for Gl.

Plant palette — guidelines

for native plants that do
not require irrigation (less
maintenance).



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



e 43 sites identified.
 5sites are located on the foothills of
Cerro Colorado — NW of the city.



Site selection

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.

10



Soil experiments (UNAM)

* Lab experiments with biochar and bonechar — soil enhancements.

 Experiments to improve the moisture retention capacity of soils and
filtration of pollutants.

11



Landscape design methodology (UArizona)

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

Cerro Colorado, Hermosillo, Sonora

12



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).

13



Site analysis — flows, connectivity, vegetation

14



Design concepts

15



Landscape designs

16



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.

17



One final landscape design — El Mercado

El Mercado

Cooking areas for vendors

18



One final landscape design

Relaxing areas

Bird-watching areas

Stormwater terraces

19



One final landscape design

Bike & pedestrian paths with an outdoor sculpture museum

A Monarch butterfly sanctuary

20



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.

21



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.

22



Visit to the site — a new reality

e 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 Gl, 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 Gl 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

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

Business
) environment

a biological environment, Built Market

e 3social environment, environment environment
a built environment, Biological

* a marketing environment, SR

e a business environment,
a political environment.

Social @
environment

Political
environment

o
Paul Romer, 20131

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

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.

Business
) environment

Built Market
environment environment

Biological
environment

Social @
environment

Political
environment
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iMuchas gracias!

Adriana Zuniga
aazuniga@arizona.edu
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Escenarios Plan de Accion al 2050

Escenario tendencial

14,000 millones de Dolares

Escenario intermedio

8,500 millones de Dolares
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Norma Técnica de
Infraestructura












Aplicaciones Urbanas
























Refugio de aves

Miradory huertos urbanos

Regeneracion Urbanay de vivienda

Distrito de innovacién y Banco de Ideas

Revitalizacion de Centro Comercial e Historico


















IMPACTO ESPERADO

‘ Forestacion;
captura CO,
disminucion islas
de calor.
Difusion cultural
de etnias.
Eco-turismo y
cultura

ambiental.

Captacion de
470 m3 de
escorrentia.
3,400 U.E.y
Distrito de

Innovacion.




ESCALABILIDAD

IV en PAC centro Ciudad Esponja




































RPS

SOCIEDAD
CREATIVA

Guadalupe Penunuri Soto
Directora Ejecutiva

Office +52 6624382655
Mobile +52 6629488472

lupita@rpscreativa.com
@LupitaPenunuri

Blvd Kino #309 Torre de Hermosillo Piso 15 Ote
Col. Country Club, Hermosillo, Sonora, México
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