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• Parts of the West have 
already warmed more 
than 2 °F compared to 
average 20th century 
temperatures 

• The Southwest is 
among the most rapidly 
warming regions in the 
world 

map from M. Hoerling, NOAA; Slide courtesy of J. Overpeck 
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• Reduced runoff 
• Earlier snowmelt 
• Decreased 

streamflow 
• Warmer summers 
• Reduced snowpack 

and soil moisture 
• More frequent, 

longer, and severe 
droughts 
 



• Runoff reduction of 14-
18% = Storage 
reductions of 3-40% 

• Target releases from 
Glen Canyon Dam being 
met 17-32% less often 
than during 1950-1999 
period 

• Compact would be 
violated if runoff 
decreased by only 5% 



• Tribes are more 
vulnerable to climate 
change impacts than non-
tribal communities  

• Reservations established 
typically located in 
extreme environments 

• In Southwest, tribes are in 
semi-arid regions with 
lower rainfall and limited 
water supplies 
 

 



• Defined and permanent 
residency force indigenous 
communities to live 
sustainably under the stress of 
encroaching urban growth and 
short- and long-term climate 
change 

• Lack and need for 
– Access to clean water  
– Management of water 

resources 
– Water infrastructure 
– Defined Indian water rights  
– Protection of springs and water 

sources that are spiritually and 
culturally important 

 

 



• Have a culture, tradition, 
and self-identity based on 
the land and sacred 
places 

• Water/environment is 
sacred and have many 
water-
based/environment 
based religious practices 

• Livelihoods and cultural 
resources based on 
environment 

 



• Most studies focus on Alaska 
and Canada indigenous 
communities 

• Redsteer (2010) discusses 
severity of droughts with 
Navajo elders from 
manifestation of climate 
change  

• Redsteer (2011) tracks 
increased mobility of sand 
dunes 

• ITEP documents tribal CC 
efforts 

• Nevada CC research on NV 
tribes 
 

In an Alaskan village, 
a Shishmaref house 
undermined by 
coastal erosion 

This image cannot currently be displayed.

Aerial photo showing 
dust blowing across 
NE across the Navajo 
Nation  

 



This image cannot currently be displayed.

Truckee River Basin (Warwick et al., 1999) 

This image cannot currently be displayed.







1. Focused discussions on important water issues 
2. Shared understanding of the system (Physical, Human, 

Drivers and Constraints) 
3. Joint acknowledgement of what is NOT reasonable or 

convenient 
4. Builds TRUST and OWNERSHIP : 

• “The DSS is not seen as a black box, everybody’s 
concerns went into it” 

• “The DSS project has been like a micro-cosmos for 
consensus building” 

5. Engagement of stakeholders and managers before decisions 
are made:  

Understanding   Actions & Behavior Change 
 



Together develop future 
management plans 

Understand local water 
resources and systems 

Use climate change projections, 
develop future scenarios 



80% were aware of climate 
change and observed changes 

in their environment 
80% 

20% 

73% believed climate change 
is happening and humans 
play a role in climate change 

93% expressed their priority for 
climate change action at the 

national level (Gautam et al. 2013) 

Surveys with tribal members indicated 

73% 

27% 





 

19 

73% 59% 73% 



Expert Cognitive map based on literature 
review 



Temperature increase
Reduced snowpack
Increased drought frequency

Climate 
Change

Less water in upstream reservoirs

Less in-stream flow in Truckee river 

Reduced inflow to Pyramid Lake

Increased demand for water; more 
expensive to buy water rights

Less purchase of agricultural water rights

More irrigation water diversion to Fallon

Reduced spring flow in fans and 
wetlands

Drier soil

Reduced ranching opportunities

Reduced vegetation 

Drought tolerant Invasive 
weed in spring-fed wetlands

Increased water quality concern in the Truckee River

Increased alkalinity, total dissolved solids in 
the Lake

Impacts on  fish spawning
Reduced biodiversity
Invasive Species
Changes in migratory patterns of fishes and 
wildlifes

Increased flood intensity 
and frequency

TMDL and mercury 
problem in the lake

Reduced economic and cultural opportunities: Livelihood assets impacted

1 2 3

Urban growth

Urban growth

Damage to agriculture, utilities,
fields, fences, 
powerlines, and bridges

Non-point source 
pollution



PLPT position of 
power increased over 
the 20th century as a 
result of partnerships 
and federal 
intervention on 
behalf of the tribe 



• Changes to the hydrology of Pyramid Lake could have serious 
implications for two important fish species (eg. ecological 
preferences for spawning, migration, and habitat) 

• Temperature 

• Water quantity 

• Water quantity 

• And other variables  



• Developed a video on 
the year-round 
migrations and 
spawning habitats of 
the Cui-ui & LCT in 
Pyramid Lake 

https://www.youtube.com/watch?v=1sBAYBMeRFs  

 

https://www.youtube.com/watch?v=1sBAYBMeRFs


• LCT habitats require a 
specific temperature 
and depth →  

• Cui-ui depend on 
environmental cues to 
begin their migratory 
spawning → 

• Cui-ui spawning 
requirements for 
incubating eggs → 

• Warmer temperatures 
could force LCT out of 
their usual depth range 

• Changes in river flow and 
temperature may prevent 
cui-ui from migrating up 
the Truckee River to 
spawn 

• Changes in Truckee River 
quality and quantity could 
decrease the longevity 
and survival of newly 
hatched fry  
 



• Discussion of our research 
• Presentations on 

management plans for cui-
ui, rangelands & pelicans at 
Anaho Island 

• Participatory brainstorming 
exercises 

• Environmental, water & 
ecological challenges facing 
Pyramid Lake 

• Management alternatives 
and solutions to these 
challenges 

 

 



Categories of Problems ID’d 
• Land cover & environment 

changes Habitat loss 
• Water Quality 
• Water Quantity 
• Legal Aspects/upstream issues 
• Management 

Issues/Governance 
• Individual’s Behavior 
• Sensitivity to Cultural 

Resources 

Initiatives for Management 
Alternatives & Solutions 

• Legal 
• Restoration 
• Water Conservation 
• Education & Outreach 
• Community Organization 
• Emergency Response 

Protection 
 



• Many problems identified were non-
environmental, tied to management, 
governance, and social issues 

• Educational outreach and cultural sensitivity 
were brought up during both exercises 

• Solutions were categorized into initiatives 
• Participants cited a need for better outreach 

to and collaboration with upstream river users 
and managers 
 



• Historical records for elevation date back to 1927 (Blue line) 
• Model outputs begin Oct. 1957 when Truckee River flows first recorded  
• Model outputs for elevation (Red line) are lower than historical records 
• A correction factor epsilon (0 < ε ≤ 1) was included with evapotranspiration 

Et to account for missing inputs (e.g., local stream flows, surface runoff, etc 
 



• A range of future climate scenarios were developed 
from the model in order to reflect changes over the 
next century to 
– Percentage of Truckee River flow 
– Mean temperature 
– Precipitation 

• Important to remember that these are hypothetical 
scenarios which “mimic” historical records of river flow 
since 1957 

• Scenarios will become more robust as downscaled 
climate data from other projects becomes available 
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• Developing long-term water management 
strategies collaboratively with Leupp 

• Partnership between the University of Arizona 
and the Navajo Nation 

Objectives: 
1. Understand available water 

resources and infrastructure for 
Leupp 

2. Integrate climate change impacts, 
variability, drought, and water 
demands into water management 
planning  

3. Work with and for community 
members to find viable alternatives 
and trade-off solutions to problems 



• Knowing your watershed 
• Climate projections 
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Temperature Prediction 2040-59 



Low water levels in Lake 
Powell 

Navajo water 

This image cannot currently be displayed.

Navajo homes 

Dust storm in 
Tuba City 





Tribe Start 
Date 

Partner Partici-
pants 

Output Water 
Management 
Planning? 

Pyramid Lake 
Paiute Tribe 

2009 Tribal 
Environment
al Dept. 

Tribal 
Chairman, 
Council, 
Environment
al Managers, 
Community 
Members, & 
Other Tribal 

Video, 
Extension 
Manuscript, 
2 Journal 
Publications, 
2 Videos 

Yes 

Navajo Tribe 2012 Tribal Water 
Dept. 

Tribal 
Manager, 
Chapter 
Leaders 

Water Atlas, 
Climate 
Translation. 
Climate 
Video 

No 



• Tribes have urgent need to prepare for and respond to climate 
change impacts and to do so in a way that considers cultural 
and traditional values.  

• For AIAN, who have often been left out of discussions, it is 
also important that adaptation planning be participatory and 
transparent.  

• Outreach and partnership must include tribes from the 
beginning and before project/proposal, requires time in 
building relationship, trust, & partnership, and work must be 
tailored to tribe’s needs on their timeline! 

• Tribes are resilient and there is an opportunity for tribes to 
consider climate change impacts in water negotiations, water 
management, and agricultural planning & management 
 
 



CLIMATE IMPACTS ON PUBLIC LANDS 
Four Corners Focus – AZ, CO, NM & 
UT 
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