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FOCUS 
Interdisciplinary approach: hydrology / urban 

planning / regulation / utility management / 
remote sensing  

to analyze and explain 
Water & wastewater and urban interactions 

Implications for policy and management.



1. TUCSON METROPOLITAN REGION



Population
980,263 in Pima County

520,116 in City of Tucson

23,828 km² = 5,888,000 ac

Annual rainfall 30.5 cm = 12.0 in 
(metro area)





2000
5 M habitantes

Fuentes: AZ Councils of Governments

Evolution of Urban Corridor

2010
7 million habitants

2030 
12M habitantes

The growth scheme follows the megalopolis transportation routes.

2050 
16M habitantes



• 14 % private land

• 86 % public land

Private

State Trust Land

Wildlife Refuge 

Bureau of Land Management

Forest Service

Indian Reservation

Local or State Parks

Military

National Parks

Other

Land Status in Pima County



2. URBAN MODELS,WATER & WASTEWATER



More than 100 years ago, the Santa Cruz River flowed nearly year-round 
through Tucson.

Human activities and natural events (drought) in the late 19th led to its 
decline

Now it flows only as the result of floods or sewage effluent
Groundwater pumping has led to a major decline of the riparian habitat.

2.1. water resources

1940 1975



Surface water: from the Colorado River to the Central Arizona Project
recharge & banking

Groundwater
domestic wells: the non regulated slot

Wastewater
AND

Reclaimed Water
Water Harvesting
Stormwater Recharge

2.1. water resources



Groundwater Flow and Water Level Changes in Eastern 
Pima County  

Source: Arizona Water Atlas

Groundwater Elevation Decline 1940-1995

Groundwater



Central Arizona Project CAP: $3.6 Billion; 1.5 MAF/Yr (1850 
Hm3/yr) Colorado River



Avra Valley Recharge Project
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Water Supply: 
Tucson Area Water 

Providers





Wastewater networks

1986-1989

1986

1989





THE EXPANSION PROCESS OF THE URBAN 
AREA: Oro Valley, Marana and  Sahuarita. 

2.2. Urban Typologies



Hartfield & al. 2013

The Tucson metropoltan region expansion(1984-2010)



2. 3 REGULATIONS & NORMS 



2.3. regulations & norms : surface & groundwater

Allocation of surface water is determined by the doctrine of 
Prior Appropriation: “First in Time – First in Right” “Senior vs. 

Junior” rights.

Until the Gold Rush water law in the West developed within 
the context of Spanish water law (priority of the community 

vs. the individual) and English water law (riparian water 
rights – water running through an individual’s property was 

theirs to use).

Farmers settling in the West used mining principles for 
irrigation rights.

Groundwater – the “American Rule” of reasonable use.



Rita 
Ranch

Oro Valley

Marana

Dove Mtn.

Tucson

Sahuarita

2. 4. FOUR URBAN MODELS



1984

2010

$535
K

$126
K

2.4. Sintesis : 4 modelos urbanosLower Oro Valley



Rita Ranch (Tucson, Pantano Wash)

1984

2010



1984

2010

Dove Mountain (Marana) & Rancho Vistoso (Marana)



3. SCENARIi FOR PUBLIC POLICY



The dilemma



4. CONCLUSIONS



Final comment and future researchs

Significant scientific, technical and governance 
challenges.

• Disconnection Between Water and Urban Growth

• Need to Integrate Private Actions into Public Policy

• Increasing Governance Challenges

• Need for More Sophisticated Choices 

• Significant Data Collection Needs

• Multi-disciplinary Skills
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