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Overview
Extremes in temperature and precipitation are increasing
Damaging floods, prolonged drought, and destructive wildfires are occurring more frequently
These challenging water supplies, agriculture, Tribal communities, and ecosystems
We describe how both the press of climate change and the pulse of extreme events are
shaping water management in the Colorado River Basin.

It All Began with Scenario Planning Workshops
Colorado River Conversations Project:
https://ccass.arizona.edu/colorado-river-conversations-project
Three workshops from 2019-2020 to examine the types and impacts of potential intersecting
and/or overlapping extreme events in the Basin
Participants developed a series of near-term actions that could help increase resilience in the
built and natural environment

Development of “Nightmare” Scenarios
Participants identified a range of regionally relevant climate-related extreme weather events
and trends of concern

Intensifying Heat Waves

Diminished Snowpack

Long-Duration Drying
(sustained declines in runoff
efficiency)

Extensive Wildfires

Short-duration intense wet
and dry system shocks

Amplified wet and dry swings
(climate whiplash)

Declines in Monsoons

Colorado River Basin Context
Current water management frameworks, policies, infrastructure, and socio-economy systems
were built on assumptions that the range of variability in the future would be comparable to
the past.
We are continuing to learn that such assumptions are not accurate

The Press and Pulse Extreme Events

Exploring Extreme Events of Concern
We explored what is known and how it is known for each of the seven climate-change-related
extreme events of concern identified during the scenario planning workshops through
addressing the following questions:
1. What are the underlying physical mechanisms of this climate-change-related
extreme event of concern?
2. What impacts could be brought on by this change?
3. How is the research community studying this change and what can be said about
the extent in which this change is linked to climate change drivers, both now and in
the future?

1 - Intensifying Heat Waves
With overall increases in global temperatures, heat waves in the future will be hotter and
record high temperatures are expected to progressively increase.
Physical Mechanisms
Heat waves are generally associated with high-pressure systems that trap and force air
downward. With increases in global temperatures, heat waves will be hotter, and record
high temperatures progressively increase.
Impacts
From a water management perspective in the Colorado River Basin, heat waves drive up
water demands for power production for air conditioning and for agricultural and urban
irrigation.
Linkages to Climate Change
In the Colorado River Basin, extreme heat events are likely to increase in frequency,
magnitude, and intensity, but the range and peaks are uncertain, especially as circulation
changes may enhance heat waves beyond what thermodynamics alone would suggest.

2 - Diminished Snowpack
Snowpack provides important seasonal storage of water supplies by capturing cold-season
precipitation and releasing it gradually throughout the warm season. Changes in snowpack
have implications for water management by shifting the timing and magnitude of river runoff,
reservoir storage, groundwater replenishment, and supply availability.
Physical Mechanisms
Several mechanisms alter the spatial extent and depth of snowpack, including the amount
of precipitation in the cool season, the temperature on the ground when precipitation
occurs, evaporation rates, runoff timing, and the whether precipitation falls as rain or snow.
Impacts
Reduced snowpack leads to water scarcity, groundwater overdraft, tree mortality, increased
fire risk, and diminished reservoir storage.
Linkages to Climate Change
Climate change has already diminished, and will continue to diminish, the amount of water
that is held in snowpack.

3 - Long-Duration Drying
(sustained declines in runoff efficiency)
Runoff efficiency is a framework to examine how streamflow is being altered by temperature
and related factors, separate from precipitation.
Physical Mechanisms
In the Colorado River Basin, upwards of 80% of water that falls as precipitation returns to the
atmosphere through evapotranspiration (transpired by plants or evaporated from soil and
water). As a result, a small change in evapotranspiration rates, which is driven by higher
temperatures, can lead to significant reductions in streamflow and reduced soil moisture.
Impacts
Runoff efficiency appears to be declining overall, resulting in escalating concern about the
reliability of Colorado River supplies. These changes can be thought of as a steady press on
the system, resulting in impacts that can cross management thresholds and lead to more
acute impacts.
Linkages to Climate Change
There is more confidence associated with rising temperatures and the implications for runoff
efficiency and resulting river flows than there is with the changes in the precipitation
component of reduced runoff.

4 - Extensive Wildfires
Nearly all ecosystems in the Colorado River Basin have co-evolved with periodic, if not frequent,
wildfire, and some major forest types are dependent on wildfire for perpetuation. However, the
incidence of large fires has been increasing.
Physical Mechanisms
Several complex climate-related mechanisms are responsible for increased frequency and
intensity of wildfires across different ecosystems in the Colorado River Basin. Direct drivers
include increased temperatures, which increase drying and reduce snowpack, while
lengthening the fire season and changes in precipitation and wind.
Impacts
Wildfires may permanently alter the landscape when ecosystems cannot fully recover and
have synergistic impacts with other categories of events (e.g., long-duration drying,
precipitation intensity that leads to flooding).
Linkages to Climate Change
The 2017 4th National Climate Assessment (Vol. 1) indicates with high confidence that the
incidence of large forest fires in the western United States and Alaska has increased since the
early 1980s and is projected, with medium confidence, to increase.

5 - Short-duration intense wet and dry system shocks
During the scenario planning workshops, participants raised the concern that there would be an
increase in the number of short-duration, intense system shocks in the Colorado River Basin.
These were defined as either extremely wet years (e.g., brought on by intense precipitation
events, longer-duration events, or higher frequency of storms) or, alternatively, a devastating dry
year.
Physical Mechanisms
Several related mechanisms can lead to wetter or drier system shocks: 1) Precipitation
intensity increases and 2) Rapid onset drying (flash droughts).
Impacts
In general, the mechanisms that underlie these short-duration intense system shocks suggest
that as warming increases, short-duration intense wet system shocks will also increase along
with possible impacts. Less is understood about flash droughts.
Linkages to Climate Change
Uncertainties remain.

6 - Amplified Wet and Dry Swings
Concern about more frequent and/or intense wet and dry periods is amplified further if swings
between the two types of extremes happen in rapid succession. At the scenario planning
workshops, this concern was described as multiyear dry spells broken by a couple of very wet
years, and the prevalent concern was whether, in a warmer climate, these swings would become
more frequent or rapid.
Physical Mechanisms
In a warmer climate, more intense wet extremes and a higher frequency of dry extremes (e.g.,
longer dry periods driven by warmer temperatures and increasing evaporative demand) are
more likely to occur.
Impacts
The intensification of wet and dry swings has the potential to upset an already precarious
balance between reservoir water storage for droughts and reservoirs as flood control
management mechanisms .
Linkages to Climate Change
Investigations of these swings is an emerging field of study.

7 - Declines in Monsoons
The North American Monsoon is a core feature in the seasonal precipitation patterns over the
Lower Basin, and the southerly portion of the Upper Basin, with summer precipitation peaking
between July and September, and accounting for over 70% of the annual rainfall for portions of
the Basin.
Physical Mechanisms
Research shows that monsoons are becoming more ‘thermodynamically dominated’, meaning
increased moisture in the atmosphere will create more extreme precipitation events, although
events may occur less frequently.
Impacts
The delayed or reduced monsoon precipitation patterns may also magnify the impacts of
other events such as droughts or wildfire.
Linkages to Climate Change
Worse-case scenarios suggest a more variable future with a greater range in season lengths
from year to year with precipitation events becoming more intermittent, but more extreme.

Conclusions
Climate change shifts the odds of extreme events by applying a steady press on the system, but it
also is changing some of the mechanisms that drive variability and day-to-day weather patterns.
This combination is leading to more extreme conditions (pulses) with the potential for more
significant water management impacts.
Thinking about future conditions in this way is likely to be most helpful to water managers and
planners by providing context for building “what if” scenarios and understandings of where the
greatest future climate-related risks may be.
We also hope this work elevates the questions the research community could explore to further
understand extreme climate-related events most concerning to Colorado River Basin decision
makers.

Thank You For Your Time
Questions?

