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Research desigh & methods

* Eco-hydrological dynamics
— Land-cover/land-use modeling
— Ecosystem physiological metrics
— Ecosystem service modeling
— Characterize sources and variability of recharge
— Quantify pumping and surface withdrawals

— Estimate hydrologic state over time, link to ecological
conditions

e Social-institutional dynamics
— Documentary analysis
— Institutional analysis
— Semi-structured interviews and focus groups
— Workshops



Study watersheds

* Sonoran Desert, grassland, desert scrub, riparian forests, upland oak-conifer forests
* Climate: monsoon-dominated Rio Sonora, bimodal precipitation - San Pedro
® Urban growth, military, mining, ranching

* San Pedro Riparian National Conservation Area (SPRNCA); Ajos-Bavispe Reserve
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Rio San Pedro - Mexico
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Yuma

Maricopa

Pinal

Cochise

August 7th, 2014

32.4 acre-feet of copper leaching
solution

Rio Bacanuchi: Headwaters of Rio
Sonora

More than 20,000 people affected,
not including Hermosillo City
Hundreds of millions of pesos of
estimated damages



adjacent San
Miguel basin:
CUCURPE

B+ Concerns for re-opened
" mining operations.

* Extreme aridity.

* Low livestock

®  productivity.

** « Obstacles for launching
other economic
opportunities.




OPODEPE

Inadequate roads,
communication
networks.

Notably rural.

Large number of ejidos
in the San Miguel Basin



SAN MIGUEL
HORCASITAS

1 2=8i] ¢ Rural-urban

competition.

B * Intra-rural competition

(private vs communal)

P ¢+ Issues to supply water

for domestic use.

* Land monopolies by a
few in the ejidos.

* Poverty in general.



SAN MIGUEL WATER BALANCE 1974-2012
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Hydrology linked to Ecosystem Services:
Emerge from the Social-ecological System

Institutions
(eg government, protection
organizations, legal structure)

A
|

r monetary or

Benefit
)n-monetary)

(eg health,
wellbeing,
tourism)

N

Service

(eg clean water,
flood
attenuation)




Dominant Species

Arid Adapted Native Riparian

Salix

Tamarix spp. Prosopis velutina Populus fremontii gooddingii

& |




Agent-Based Modeling (ABM) Approach

Social

vim

Hydrological Ecological



Upper San Pedro Watershed Social-
Ecological System

Water availability

Ecosystem services
(drought, flood,

(provisioning, regulating,

seasonality) y Human < cultural/aesthetic)
Dimensions
Groundwater

pumping, Land cover,

wastewater mining,

discharge urbanization,

invasive species

\ 4 Riparian vegetation \ 4
>

Hydrology l¢ Ecology

Evapotranspiration



Available Data

Social, Economic

Land Management

Census Tracts

Ownership

Pastures

Cochise County GIS data (S)

— Comprehensive Plan
— Zoning
— Growth Area Boundaries

Additional GIS data

Mining, copper prices

Ecological

Land Cover

Ecosystem Services
Mapping

Hydrology

Groundwater Model
(MODFLOW)

Wet/Dry River Mapping
FAO Soils

Automated Geospatial
Watershed Assessment Tool
(Runoff and Erosion)



Example Social Data

Land Ownership

Bl 5™

B oo

B Forest Service
B NP

0 private

B state

B gjido

County/ International

: Pastures Land Management
Boundaries



Land Cover GIS Data

1973 1986 1992 1997 2010

Bl Grassland [ ] Agriculture || Barren
B Oak Woodland ! Desertscrub Il Urban .1 Clouds ('92 and '97 only)
0 Mesquite Woodland Il Riparian [l Water

Source: San Pedro Geodata Browser



Probability-Impact for Social-Ecological
Systems (SES) Scenario Assessment

Potential for impact on SES

Low

High

High-value, low-

Ft. Huachuca

Low water crops closure
Probability replace grains
of
Occuring Rapid invasion of firouuegnhct
High non-native 9 y

grasses

increases with
climate change

22



Scenario Development (Jan. 2013,
2014 workshops; 2015 planned)

High Probability

Low Impact High Impact

Low Probability



Thanks

Chris Scott
cascott@email.arizona.edu

http://aquasec.org/wrpg/research-
projects/ecosystem-resilience/



