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The Rio Grande, 2012
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Elephant Butte Reservolir
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Loss of Pin~on Pines

Summer 2002 May 2004
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Jemez Mountains — Ponderosa Pines
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Las Conchas Fire




Watershed Conditions after Las Conchas Fire

..and only a
small amount

of rain
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Phanerozoic Climate Change
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Temperature in Central Greenland
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Weather vs. Climate
(Southwestern U.S.)

Raseline 1971-2000
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Climate models
and their
depiction of the
causes of
recent
changes.

Separating Human and Natural Influences on Climate

Observations Human and Natural
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The blue line shows how global average temperatures would have changed due to
natural forces only. The red line shows the effect of human and natural forces as
simulated by climate models. The black line shows actual observed global average
temperatures. As the blue line indicates, without human influences, temperature
over the past century would actually have first warmed and then cooled shightly.



Temperature Trends in the Upper Rio Grande Basin - Mountains

Mountains: Mean Monthly Change in
Tmax (°C), 2001-2010 vs. 1971-2000
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Temperature Trends in the Upper Rio Grande Basin - Valleys

Valleys: Mean Monthly Change in
Tmax (°C), 2001-2010 vs. 1971-2000
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Stationarity Is Dead:
Whither Water Management?
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Stationarity assumes that the
statistical properties of hydrologic
variables in future time periods
will be similar to past time periods

“Climate change
undermines a
basic assumption
that historically
has facilitated
management of
water supplies,
demands, and
risks.”
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WaterSMART Basin Study Program

RECLAMATION e Basin Studies
Managing Water in the West

SECURE Water Act Section
9503(c) - Reclamation
Climate Change and Water

2011

SECURE Reporting on
Risks / Impacts / Strategies /
Feasibility

(Coordinated through West-
Wide Climate Risk Assessment)
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Climate Change Analysis

iRt General Circulation . .
1950-2099 Model (GCM) Post processing bias
correction of flows
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Study Partners:

ey Reclamation Office of Policy,
( altlatna. ) Technical Services Center, and

Albuquerque Area Office

Sandia National Labs (Jesse

@ Sandia National Laboratories Roac h)

« U.S. Army Corps of Engineers
(Ariane Pinson)

US Army Corps

of Engineerse
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Basin-mean Climate Projections:
Warmer, similar precipitation

Annual Total Precipitation Annual Mean Temperature
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Future Climate:
Basin-Distributed Snow (2070s):

Change in Mean April 15t SWE (%)
2070=-1990=, Ensemble-Median
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Projected Impacts to Flow Timing

Rio Grande near Lobatos Rio Grande at Elephant Butte Dam

Percentage Change
Percentage Change

*Decreased annual runoff throughout
basin

*Some regions have increased cool
season runoff and reduced warm season
runoff

Competing Questions

*Floods - Increased storage needed
: «Storage — greater need to store for
Annual Dec-Mar summertime/dry season
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Summer Monsoons...?

Some evidence suggests that the summer monsoons on the Rio Grande may

intensify under warmer conditions.
Available climate models are not yet able to simulate the monsoons accurately, so

this remains a significant unknown.
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Models Project Reduced System Inflows

San Juan Tributary Flows in Colorado
Rio Grande Headwaters in Colorado (Source for transbasin diversion into Rio Grande System)
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Model-Projected flows at key locations in study area

Rio Grande at Otowi
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Models Project Increases in Demand: Agricultural,

Riparian, and Reservoir Evaporation

Potential Ag ET in the Middle Rio Grande Potential Riparianl ET in the Middle Rio Grande
including the Jemez River including the Jemez River
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Models Project Decreases in Reservoir Supply

Heron Storage El Vado Storage
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San-Juan Chama Trans-mountain Diversion

*96,200 acre-feet per year of water that must be
consumed in the Middle Rio Grande Valley.
*Has been used to supplement municipal,
Industrial, agricultural, tribal, and environmental
supplies.

*|s projected to be more reliable than the native

supply




Model Projections of Storage in Heron Reservoir

Simulated Heron Storage January 1 of Each Year
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Starting in about 2005, less than 90% of runs
start the year with sufficient storage for a full

initial allocation RECLAMATION




Percent of Years Projected to have a Full Allocation at the
Start of the Year.

Exceedance Probabilities for January 1st Storage at Heron by Period  Full allocation

==='1975-2004 Observed All years

— 1951-1999 URGCIA ~ 99% of years

— 2020-2029 URGCIA ~ 75% of years
2050-2059 URGCIA ~55% of years

— 2090-2099 URGCIA ~39% of years
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Summary of Projected Impacts on
Water Management Systems

 Water Infrastructure, Operations, and Delivery

« Hydropower Generation

 Flood Control Operations

 Water Quality

 Fish and Wildlife Habitat

« Endangered Species

 Flow- and Water-Dependent Ecological Resilience
 Recreation

« The Rio Grande Compact

RECLAMATION



Water Infrastructure and Operations,

and Water Delivery:

« Thereduced surface-water inflows to the Upper Rio
Grande system describe above, coupled with
Increased irrigated agricultural and riparian
vegetation demands, Is projected to result Iin
decreased reservoir storage throughout the system,
with commensurate impacts on water delivery.




Groundwater Recharge

e Groundwater receives less primary impact from
climate change than surface water, but decreases In
surface water availability may lead to increased
reliance on groundwater supplies.
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Hydropower Generation:

Lower flows and lower reservoir
levels associated with climate
change are projected to lead to
less hydropower generation.
The projected decrease is
substantial, from an initial
generation within the Upper Rio
Grande system of around 15
MW, the rate drops almost 50%
to around 8 MW by the end of
the century, with most of the
decrease coming during the
months of May through
September
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Flood Control Operations.:

 Extreme flows are projected to become more
extreme with climate change, and thus flood control
operations would occur more often going forward.




Water Quality:

 Concentrations of nitrogen, phosphorus, suspended
solids, and salt, may increase in the future under
projected warming scenarios in response to
Increased evaporation rates for surface water and
Increased “flashiness” resulting from more intense
monsoonal precipitation capable of washing a
greater volume of pollutants into the river.
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Fish and Wildlife Habitat, including
Endangered Species Act (ESA) Listed Species
and Critical Habitat:

 Climate change is projected to cause a reduction of
available water in the Upper Rio Grande system. This
reduction in water is expected to make
environmental flows in the river more difficult to
maintain, and reduce the shallow groundwater
available to riparian vegetation. Both of these
Impacts have implications on the habitat of fish and
wildlife in the Upper Rio Grande riparian system.
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Flow and Water-Dependent Ecological Resiliency:

 Ecological and human systems within the basin
already operate close to thresholds related to
available water supply. In the future, if water
supplies decrease and demands increase, water
availability thresholds may be crossed, and key
systems may undergo regime shifts. It is possible
that some systems in the basin have already
undergone regime shifts.

e RECLAMATION



Recreation:

e Water-based Recreation at Reclamation reservoirs,
and river-based recreation, including whitewater

rafting and fishing, may be negatively impacted by
the projected decreases in flows.
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Model Simulation of Compliance under the Rio
Grande Compact:

 Colorado is modeled to utilize its ability for priority
administration to assure its obligations are met
under the Rio Grande Compact. This results in
signhificant impacts to modeled irrigated acreage.

« New Mexico would need to take additional
management actions in order to meet its obligations
under the projected conditions. A number of
methods were modeled showing how NM might meet
those obligations, including decreases in irrigated
agriculture, decreases in the area of riparian forest,
or lining of the river. A combination of these and
others methods would likely be used by New Mexico

to achieve compliance. RECLAMATION



Hypothetical Scenarios: Methods to achieve
compliance under the Rio Grande Compact

New Mexico's Rio Grande Compact Balance
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Agricultural Reduction Scenario:

Ag Reduction Scenario
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Maintenance of Compliance through Agricultural Reduction

Ag Area, Cochiti to Elephant Butte including the Jemez River New Mexicos Rio Grande Compact Balance with Ag Reduction
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Maintenance of Compliance through Bosque Reduction

Riparian area Cochiti to Elephant Butte New Mexicos Rio Grande Compact Balance
(not including the Jemez River) with Riparian Area Reduction
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Maintenance of Compliance through Concrete River Lining

Percent Rio Grande lined Cochiti to Elephant Butte New Mexicos Rio Grande Compact Balance
(no lining of the Jemez River) with River Lining
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Overall Changes Projected in Model Runs

e Our usable, manageable water supply will
decline, especially winter snowpack;
Monsoons remain a significant unknown.

o Our water supply will be subject to increased
variability and uncertainty.

 There will be changes in spatial and temporal
distribution of water.

 Feedbacks can lead to cascading impacts (as
recently seen in New Mexico).

« Everything is confounded by all of the other
things that humans do.

RECLAMATION



Uncertainty

Taking action
under
Uncertainty
Involves
risk...but so
does taking no
action.

Credit: Guy and ROCj(

HE ONLY HAD ENOUGH MONEY FOR ONE,
AND FOR THE LIFE OF HIM HE COULDN'T

REMEMBER THE DIFFERENCE.



Next Steps: Development of Adaptation and Mitigation
Strategies, in partnership with local water-management
entities, through the Basin Studies Program

 |dentification of Resilience thresholds (tipping
points)?
 Enhancement of resilience through increased
storage?
 Enhanced conservation and water-use efficiency?
 Prioritization of water uses:
« Maintenance of irrigated agriculture?
e Tribal water uses?
e Urban development?
 Environmental preservation and endangered

species?
RECLAMATION
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Thanks for your attention
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