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Reconstructed flows In the RIo
Grande Headwaters

Rio Grande near Del Norte, Colorado
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ecent Conditions




ElI-Nino Southern Oscillation (ENSO)

El Nino SST Anomaly Pattern In North Pacific
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Ocean Circulation Patterns:

Pacific Decadal Oscillation (PDO)
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Rio Grande Basin (1971-2011)

* Average temperature increased by 0.7°F per decade
 Twice the global average
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Weather vs. Climate
(Southwestern U.S.)

Baseline 1971-2000
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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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“Climate change
undermines a
e Z T T basic assumption

I that historically
has facilitated
management of
water supplies,
demands, and
risks.”
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Stationarity assumes that the
statistical properties of hydrologic
variables in future time periods

will be similar to past time periods RECLAI\/IATION



The “Scenario Funnel”

Conceptual Representation of the Uncertain Future of a System, Also Known as “The Scenario Funnel’
Adapted from Timpe and Scheepers, 2003.
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Phanerozoic Climate Change
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Temperature (degrees C)
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lce Age Temperature Changes
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Basin Study Program

Basin
Studies

Baseline Assessment
of risks and impacts

Determine
Imbalances in Water
Supply & Demand

SECURE Guidance
Development

D

Specified Areas

Water Delivery

Hydropower

Recreation at BOR facilities
Fish & Wildlife Habitat

Endangered, Threatened or
Candidate Species

Water Quality

Flow & Water dependent
ecological resiliency

Flood control management

SECURE

Stakeholder

engagement SECURE Studies

Develop adaptation SECURE Feasibility
strategies Studies

Understand
risks in a Applied
landscape science tools
context

Supporting
resource
managers

Landscape Conservation
Cooperatives
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Processes depicted in General
Circulation Models

Atmospheric-Ocean General Circulation Model (AOGCM) Inputs
Ozone layer

Solar energy
Upper-level winds

Atmospheric chemistry
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Predictions vs. Projections

Prediction vs. Projection

Projections a

Decades Centuries

Initial Value Problem

®The COMET Program
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Carbon Dioxide Concentrations Associated
with modeled Emission Scenarios

Simulated CO, Emissions Scenarios
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Global Temperature Correlation with
Atmospheric Carbon Dioxide
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Carbon dioxide cclmcentrations from ice core records

Temperature record from Jouzel et al. (2007, Science)
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Temperature Increases for Various Emission Scenarios

A2 High emissions scenario

Projected
temperature
INCreases
over the rest
of the
century

wees  A1B Middle emissions scenario

B1 Low emissions scenario

No additional CO2

20th century

2100
IPCC /The COMET Program




Climate Model Runs With/Without Greenhouse Gases
Global Temperature Anomalies, 1890-1999
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Scale Refinements in Assessments by the
International Panel on Climate Change (IPCC)

Elevation on Global and Regional Climate Model Grids

|
Climate Change 2007: The Physical Science Basis. Working Group | Contribution to the Fourth Assessment Report |
of the Intergovernmental Panel on Climate Change, Figure 1.4. Cambridge University Press.




Development of Projections of the Future Climate
and Hydrology of the Upper Rio Grande Basin

APRLIEE  General Circulation -
1950-2099 Model (GCM) Post processing bias
correction of flows

(224 hydrographs)

Operations model
(URGSIM)

Variable

Infiltration Impacts to water

deliveries, flows, and
reservoir levels.

Capacity
Model

(VIC)




Uncertainty

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

Credit: Guy and Rod

p—

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



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 1st SWE (%)
2070s-1990s, Ensemble-Median

-------------
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Percentage Change

Percentage Change

Projected Impacts to Flow Timing

Rio Grande near Lobatos

Rio Grande at Elephant Butte Dam

Percentage Change

Annual Dec-Mar

*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
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.

The GCM'’s used in
the IPCC’s 5th
Assessment Report
have a finer spatial
resolution, and seem
to depict an increase
INn monsoonal
precipitation.
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Rio Grande at the Colorado-New Mexico
State Line (Lobatos Ga e)

Annual average flow (cfs)

Ensemble median flow (cfs)

Rio Grande near Lobatos, Colorado

Median (5 year average)
All runs
80% of runs
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5-Year Average of ensemble median flow
Rio Grande near Lobatos, Colorado
by Emission Scenario
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Monthly average flow (cfs)
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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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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

*06,200 acre-feet per year of water that must be
consumed in the Middle Rio Grande Valley.
*Has been used to supplement municipal,
iIndustrial, agricultural, tribal, and environmental

supplies.
*Is projected to be more reliable than the native

supply




Native (at Otowi) and SJC Water Availability in Rio
Grande 2040 Compared to Historic by GCM Grouping
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Futures 2040:

The Metropolitan Transportation
Plan for the Albuquerque
Metropolitan Planning Area
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The Southwest’s variable hydrology
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Average Daily Maximum Temperature (F)

Change in average daily maximum temperature in 2040 (2025-2055) vs 1950-1999

Month

Developed by Alex Epstein, US
Dept. of Transportation Volpe
Center, for Futures 2040
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Clangz in 2rezipizetion {inches)

Change in average monthly precipitation in 2040 (2025-2055) vs 1950-1999

Developed by Alex Epstein, US
Dept. of Transportation Volpe
Center, for Futures 2040
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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



Feedbacks and Cascading Impacts

Las
Conchas
and its

aftermath



Overall Changes Projected in Southwestern
Hydrology

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

« 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



Basin Study Program

Basin
Studies

Baseline Assessment
of risks and impacts

Determine
Imbalances in Water
Supply & Demand

SECURE Guidance
Development

D

Specified Areas

Water Delivery

Hydropower

Recreation at BOR facilities
Fish & Wildlife Habitat

Endangered, Threatened or
Candidate Species

Water Quality

Flow & Water dependent
ecological resiliency

Flood control management

SECURE

Stakeholder

engagement SECURE Studies

Develop adaptation SECURE Feasibility
strategies Studies

Understand
risks in a Applied
landscape science tools
context

Supporting
resource
managers

Landscape Conservation
Cooperatives
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Thanks for joining
me in thinking
about insoluable
problems.

If you aren’t part of
the solution, you
are part of the
precipitate!
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