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1. Cities in Drylands



Drylands

41% of the land @ Q) M © (d)
area in the world?

Drylands:?
 Hyperarid
e Arid

e Semi-arid
e Subhumid

Water scarcity?

(Reynoldé et@h2007)

o -
(1 Reynolds et al. 2007; 2: Saflrel et aI 2005; 3: Liu et al 2007)

Scientists = Coupled social-ecological system3
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Social-Ecological Systems

Social, economic, and political settings (S5)

1

Resource Governance
/ system (RS) system {55}\
A% . \ /
Users
units (RU) ——» |nteractions () —€———> tu}
Outcomes (O)

{

Related ecosystems (ECO)

Fig. 1. The core subsystems in a framework for analyzing social-ecological systems.

(Ostrom 2009)
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Cities in Drylands
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« Rapidly expanding?

e The drier the land,
the larger the
fraction of
population will be
living in urban
areas?®

Change in world rural and urban population (%) from 1950 to 20302
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Cities in Drylands

The growth of cities in drylands:

» Alters the biogeochemical
cycles?!

Tucson, Arizona
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2. Climate change projections for
cities in drylands
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Climate Change

Climate change projections for
drylands?®:

Increase in temperatures

More prolonged droughts

More frequent severe storm -
events Tucson, Arizona
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Climate Change

Increase in temperatures:

 EXxacerbates the urban heat island effect
e Poses a serious health risk to people living in hot regions
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Urban heat island effect \\
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Climate Change

Prolonged droughts:

Groundwater Is an
Important water
source for cities in
drylands

Climate change
threatens water
security in arid lands

RECHARGE AREA o

Unfcuﬂfinad
/ aqun‘ar\

Confining bed

J |

www.pinelandsalliance.org
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Climate Change

More frequent severe storm events:

Produce flooding

Damage the urban
Infrastructure

Decrease water quality
— nonpoint source
pollution
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Drainage Systems in Drylands

Low frequency Iin rain events makes it cheaper to repair
urban infrastructure than install drainage system
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Nonpoint source pollution

Definition: Pollution that comes from different sources

i
Gity Streets Rural Homes

’ ; - 'ﬁ" 'hl—h |: ¥ |‘.-- I
Nonpoint
Sources

Animal Feedlot
Suburban Development

water.epa.gov

Water flow across paved streets pick up oil left by
vehicles, resulting in polluted runoff
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Sustainability in Cities

Cities provide opportunities for sustainability*
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Greenspace
Definition:

Public outdoor space dominated by vegetation
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Green Infrastructure
Definition:

Areas dominated by ‘{\*‘ ‘
vegetation and covered by ! e Qﬂ,w' ,,,F
natural pervious surfaces g
where rainwater is directed
for retention/detention
allowing water infiltration
Into the aquifers in the
place (in situ).

,1-:"1' J ——
. i

Green infrastructure in the University of Arizona
main campus

Green infrastructure considers the water cycle
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Greenspace

Greenspace In rural vs. urban environments

UNDEVELOPED s> URBAN
Natural System Conditions
High plant cover Low plant cover
Low runoff production High runoff production
Low nutrient export High nutrient export
R S PG ONE TP S Pew [0 I . | .
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Human System Conditions
Low population density High population density
Sparse social networks Dense social networks
Highly visible ecosystem services Low visibility ecosystem services

(From NSF Proposal by Meixner et al. 2015)
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Green Infrastructure

Runoff with green infrastructure vs. without

Precipitation

l <

- Precipitation
>

(From NSF Proposal by Meixner et al. 2015)
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Through slope, curb cuts, and detention basins,
rainwater is infiltrated into the aquifer, while
providing a greenspace for the people International Water
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Green Infrastructure

T f - it

Boulevards may function as green Curb cuts, slope, and swales are
infrastructure combined to direct rainwater to small
basins - infiltration areas
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Green Infrastructure

Circles at street
Intersections slow
down traffic and
prevent flooding

International Water
Security Network

N —



Green Infrastructure

There are multiple opportunities for developing green
Infrastructure in cities

Slope of paved areas Infiltration areas Slope of paved areas
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Green Infrastructure

There are multiple opportunities for developing green
Infrastructure in cities

Street in Hermosillo after a rain event
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Green Infrastructure

Greenspace can be
modified so it can function
18th Street Wash as green infrastructure:

e

L Silverlake Park

—

1. Identify the natural
drainage systems

Project Area

2. Delineate the project
area

: 3. Design

retention/detention
areas and basins
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ONE ROCK DAM

1. Always position grade control structures at meander crossovers.

~

Pool = Erosion

Green Infrastructure

It is Important to consult with experts

2. Placement at crossovers maintains natural erosion and deposition patterns.
L i e

before implementation NI

RS e S o Pool = Erosion
Crossover = Deposition PROFILE

3. Always maintain channel cross section to protect banks.
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1. Layout 3:1 slope over upland headcut.

E e 2 I~ o

2. Layback slope, compact soil, scatter seed.

: i
¥ lower pour-over headcut pour-over
splash e S owers .
I S / [V height of headcut pour-aver] :
ap rﬁ_)n spl;sh apron ’__/ i
a P S

3. Cover new slope with cobble mulch.

4-6x height of headcut

. © 2010 C5 Aa
dmnemmmnemnammmnemnnameneh 2-3% height of headrut

* Use only in low
energy headcuts (NOT
in-channel headcuts!)

4, Time and precipitation will produce plant cover. International Water

Security Network
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Green Infrastructure
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Photo from Conserve 2 Enhance Grant Workshop 2015



Green Infrastructure
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Photos from Conserve 2 Enhance Grant Workshop 2015 \



Green Infrastructure
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Photos from Conserve 2 Enhance Grant Workshop 2015



Green Infrastructure

Opportunities for community
Interaction

International Water
Security Network
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Green Infrastructure & Climate Change

 Drought
 Recharges aquifers?
e Reduces run offl
* Increases water quality

e Increased temperature
e Reduces temperatures in cities?
 Alleviates the urban heat island effect?!

 More frequent severe storm events
* Reduces flooding risk*
e Prevents damage to urban infrastructure

Coupled social — ecological systems?® International Water

Security Network
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Social-Ecological Systems

Social, economic, and political settings (S)

1

Resource Governance
system (RS) system (GS)

't T

units (AU) - |nteractions (I) <+——>

|

Outcomes (O)

i

Related ecosystems (ECQ)

Fig. 1. The core subsystems in a framework for analyzing social-ecological systems.

(Ostrom, 2009)

My
dissertation
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Greenspace & Wellbeing

Greenspace improves human wellbeing:
e Physical health?:
* Provides opportunities for
recreational activities
e Improves air quality

e Mental health?;
» Reduces stress, noise, and
overcrowding feelings

Santa Crui River Park

e Social health3:
* Provides opportunities for social
Interaction

International Water
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Conclusions from Dissertation?
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Sabino Canyon — Coronado
National Forest

(1: Zuniga-Teran 2015)

Walkable neighborhoods with
access to greenspace:

Improve wellbeing in urban
residents.

Enhance conservation
support.

Increase the number of users
of greenspace.
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Social-Ecological Systems

Postdoctoral
Research

Social, economic, and political settings (S)

1

Resource Governance
system (RS) system (GS)

't T

units (AU) - |nteractions (I) <+——>

|

Outcomes (O)

!

Related ecosystems (ECQ)

Fig. 1. The core subsystems in a framework for analyzing social-ecological systems.

(Ostrom, 2009)
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4. Research Project



Research Project

Green infrastructure as a climate change adaptation strategy
In Hermosillo, Mexico

Adriana Zuniga-Teran and Rolando Diaz Caravantes

METHODS:

1. Analysis of vegetation abundance
and temperature

2. Stormwater management and
vegetation abundance

www.sodahead.com

Hermosillo, Sonora

3. Survey to the residents
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Research Project

METHODS

SECTION 1: Analysis of vegetation
abundance and temperature

» Vegetation abundance: Normalized
Difference Vegetation Index — NDVI!

_ (NIR - Red)
NDVI= (NIR + Red)

International Water

Security Network
(1: Halper et al. 2012) N



Research Project

METHODS

SECTION 1: Analysis of vegetation
abundance and temperature

» Vegetation abundance: NDVI

e Temperature:

1. Above canopy — Landsat
thermal band with
emissivities from NDVI!

2. Below canopy — HOBO Data
Loggers

(1: Halper et al. 2012)

onsels

www.instrumart.com

HOBO Data Logger
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Research Project

METHODS
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S
o
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SECTION 2: Stormwater management

1. Using a Digital Elevation Model
(DEM)* identify flood-risk areas

2. ldentify flood-prone areas in the
city — GIS shapefile!

3. Spatial analysis between flood
prone areas and vegetation
abundance - NDVI

International Water

Security Network
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Research Project

METHODS

SECTION 3: Survey of the residents

Thermal comfort?

Mood?

Perception of crime3
Wellbeing -12-ISFHS*
Experience flooding during
rainy season

abkowpdhE

»

International Water
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(1: Shashua-Bar et al. 2012; 2: Yin et al. 2012; 3: Zuniga-Teran 2015; 4: Ware Jr et al. 1996) \



Research Project

METHODS

Figure 2. Water catchment zones and water supply schedules

e Spatial analysis — GIS?

e Statistical analysis — SPSS3
» Bivariate correlation
* Analysis of variance
(ANOVA)

Water catement 2ones &
Water supply schedule
I (o Victorio - Alernoon
La Victorin = Moming
B Mesa del Serd - Afternoon
B Mesa del Seri - Moming
Bagotes « Aflermoon
Bugotes « Morming
¥ Willard = Afwernoon
Willard = Morming

0128 15

= e Kilumeters

Spatial analysis example in Hermosillo!

International Water
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Research Project

HYPOTHESES:

1. Areas that have a higher level of vegetation (NDVI) will be related to
lower temperatures

2. People who live in areas with higher level of vegetation will report
higher levels of thermal comfort, better mood, less crime in the
neighborhood, and better health

3. Areas that have higher level of vegetation will be correlated with
fewer and smaller areas affected by floods

4. People who live in neighborhoods with higher level of vegetation will
report less floods in their neighborhood

International Water
Security Network



Research Project

BROADER IMPACT:

1.

Green infrastructure can act as a climate change adaptation strategy
— temperature, droughts, storm events

Green infrastructure can mitigate climate change:

e \egetation — carbon sink

 Enhanced thermal comfort - walking & biking — less use of car
 Less energy load for HVAC systems in buildings

Increase water security — replenish aquifers, enhance water quality
Improve quality of life in cities — comfort, mood, crime, wellbeing

Provide habitat for species — ecosystem services

International Water
Security Network



www.watersecuritynetwork.org
www.twitter.com/water_network

The Project is funded by Lloyd’s Register Foundation, a charitable foundation

helping to protect life and property by supporting engineering-related education,
public engagement and the application of research.

For more information, see:
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http://www.lrfoundation.org.uk/
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