
Climate Change and 
Implications for Hydropower 
and Water Resources

Midwest Electric Consumers Association –
Annual Meeting, December 6, 2022



Climate Change – What is it?
• Earth’s Greenhouse Effect and its 

sensitivity to CO2, CH4, other gases
• Human influence on these gases
• Aligns with the global warming 

that we have observed
• Atmosphere is well mixed across 

the planet  good correlation with 
global to local warming

• Jet stream and “local” (e.g., 
Missouri Basin) precipitation 
pattern responses remain uncertain





Reclamation Approach 
to Climate Change
• SECURE Water Act

• WaterSMART Financial 
Assistance / Basin Studies 
(Vulnerability Assessments)

• Adaptation / Operationalizing 
Climate Change

• Community of Practice



How do we look at climate change?
• Consider high-quality climate and 

hydrology evidence (paleoclimate 
indicators, observed records, 
climate and hydrology 
projections)

• Recognize what information is 
relevant to a given decision

• Recognize high-quality still means 
variable reliability and certainty

• Translate into planning 
assumptions and apply risk 
management



Where we’re 
more confident
• Warming air and water 

temperatures 
• Rising seas
• Increasing Precipitation Extremes 

(warmer air holds more moisture)
• Rising rain/snow elevation
• Shrinking mountain snowpack
• Shifting snowmelt timing and 

runoff seasonality
• Precipitation fate: more 

evapotranspiration, less runoff

Courtesy: 
Ken Kunkel, North 
Carolina State 
University

Presenter Notes
Presentation Notes
https://nca2018.globalchange.gov/chapter/1/#fig-1-2



• Columbia-Pacific Northwest: 
Increased Variability Recent 
years have seen record 
rainfall, peak runoff, 
temperatures, 
and drought throughout the 
region, stressing operations 
and ability to meet demands.

• California-Great Basin: 
Decreased Snowpack and 
lower, summer streamflow 
and increased water 
temperatures are impacting 
habitat for endangered fish

• Lower Colorado Basin: 
Record Drought Prolonged 
drought has resulted in 
record-low storage levels on 
Lake Powell and Lake Mead, 
key hydropower generators 
for much of the Southwest.

• Missouri Basin: Increased 
Flood Events In June 2022, 
devastating floods in 
Montana destroyed homes 
and transportation
infrastructure, including the 
North Entrance Road to 
Yellowstone National Park.

• Upper Colorado Basin: Shifts 
in Streamflow Regime Earlier 
peak streamflow has stressed 
water supply in summer 
months, increasing likelihood 
of water conflicts.

• Arkansas-Rio Grande-Texas 
Gulf: Record Temperatures 
This area is experiencing high 
temperatures, which are 
projected to additionally rise 
by 4 to 10° F by the end of 
the 21st century, increasing 
reservoir evaporation.

Science and Planning
Climate Change Impacts by Basin



Where we’re 
less confident
• Average-annual precipitation

• Observed variability is large – hard 
to detect significant trends

• Model projections vary a lot –
simulating our jet stream response 
to global warming is difficult and 
uncertain. 

• Based on models’ consensus: bet 
wetter towards Canada, bet drier 
towards Mexico…

• …and remember that given 
warming, some precipitation 
increase will be necessary to break 
even with respect to runoff

Changes in average annual condition from
1970-1999 to 2040-2069



e.g., Upper Missouri 
Basin results

Regions Map.
The impacts of different future scenarios on snowpack and hydrology in each of the defined 
regions are illustrated in Figure 7. The figure to the right shows range of projected changes based 
on future scenarios assuming that any one of these scenarios is a plausible future condition.

Impacts. Range of projected change in peak (max) snowpack (%, top left), timing 
of median annual natural streamflow (days, top right), November - March natural 
runoff volume (%, bottom left), and July - September runoff volume (%, bottom 
right) across four regions within the study area.

From 2019 Upper Missouri Basin Impacts Assessment & 
2021 Missouri Headwaters Basin Study



Warming Implications for Hydropower
• Generation reliability: Warmer air  more rainfall goes to 

evapotranspiration from the landscape rather than runoff 
droughts occur more often  stress on hydropower generation

• Infrastructure O&M: Warmer air  warmer water temperatures 
O&M impacts (e.g., warmer “cooling water” for power plants) … 
but droughts may provide opportunity to realign outages to 
potentially reduce outage impacts during times when hydrology is 
more favorable

• Warmer “cooling” water also has efficiency implications for Thermal 
electricity generation



Warming Implications for Water Resources
• Water Delivery Reliability:

• Water Supply Decreases: Warmer air  more rainfall goes to 
evapotranspiration from the landscape rather than runoff  droughts 
occur more often  more frequent water use restrictions

• Water Demand Increase(?): Warmer air  opportunities to grow warmer-
climate crops and/or farm through longer growing seasons  increased 
irrigation water demands

• Environmental Compliance:
• Ecosystem Impacts: Warmer air  warmer water  impacts on aquatic 

habitats and species sensitive to water temperature increases
• … Combined impacts could affect water & power scheduling



Current Drought and Reservoir Conditions



Current Drought and Reservoir Conditions



East Slope Water Conditions

Presenter Notes
Presentation Notes
Reclamation has two large water supply and power generation projects on the East Slope of the Rockies – the Colorado-Big Thompson Project in the north, and the Fryingpan-Arkansas project in the south.
Both projects derive most of their water supply from collection systems on the uppermost reaches of the Colorado River and its tributaries, which divert the water through tunnels under the continental divide.
Because these projects are on the highest reaches of the Colorado River, noticeable impacts of drought are more driven by year-to-year hydrology, rather than the longer-term hydrologic trends affecting the larger reservoirs further down on the Colorado River.
This past year there were some drought impacts, but they were not as significant for the collection systems of both of these projects.  The projects were somewhat impacted, but not outside the bounds of other historical below-average years.
Complexities in how these systems operate create a less clear connection between hydrology and power generation impacts.
Power generation on the Colorado-Big Thompson Project is somewhat directly connected to the amount of trans-basin diversion; however there are a number of operational factors that affect that amount of diversion beyond simple hydrology.
Federal power generation on the Fryingpan-Arkansas Project is limited to a single pumped-storage powerplant at Mt. Elbert.  
This powerplant serves as an energy storage device – it pumps water to an upper reservoir when the demand (and therefore cost) of energy is low, and then generates power by releasing that water back to the lower reservoir when the demand and cost of power is high.
Due to the pumping/generating nature of this plant, generation is relatively disconnected from hydrology, and largely driven by other factors (things like cost of transmission, cost and availability of power for the pumping cycles of the plant, and so on).





Fryingpan-Arkansas Power Generation

Presenter Notes
Presentation Notes
As you can see in this slide, power generation at the Mt Elbert pumping-generating facility is essentially disconnected from the amount of water diverted from the Fry-Ark collection system through the Boustead tunnel (project's tunnel under the Continental Divide).
Generation is driven primarily by other factors such as transmission costs, market prices (both for purchasing power for pumping, and selling power for generation), and plant maintenance.
Plot generated through WY2021. For WY2022, Mt Elbert Generation for 22 is 246,967 MWhr, Boustead tunnel diversion for 22 is 51,685 Ac-ft.



Presenter Notes
Presentation Notes
Colorado Drought Impacts – Wildfire 

Climate change has had a significant negative impact on wildfire activity across the western United States, including in CO
Three of the largest wildfires in CO history burned in 2020; A total of 700,000 acres burned across CO in 2020 with devastating impacts to local communities 
These fires not only significantly impacted local communities, but also threaten water supplies 
The Cameron Peak Fire, CO’s largest fire in history, burned over 200,000 acres, impacting hundreds of structures, and forcing widespread evacuations 
The East Troublesome Fire burned nearly 200,000 acres and presented direct impacts to Reclamation facilities on the Colorado-Big Thompson Project, forcing outages of the project's water and power operations
It’s my understanding at one point these massive fires were burning only ten miles apart; We are certainly thankful for the men and women who worked tirelessly to contain and manage these historic wildfires and protect our communities best they could
These fires not only disrupted Reclamation’s continuity of operations but also present potential long term increased O&M costs for debris and sediment management 
We greatly appreciate Reclamation’s partnership with the Northern Colorado Water Conservancy District as we navigate wildfire impacts to the Colorado-Big Thompson Project
The Northern Colorado Water Conservancy District has assumed a leadership role in post fire remediation efforts, investing considerable time and resources, including the installation of debris booms aimed at protecting water supplies 
As climate change continues to accelerate wildfire activity, Reclamation is reacting by actively developing an optimized wildfire management program, focusing on increasing the resiliency of our watersheds, expanding our professional network in the wildfire community, and investing in research and development related to mitigating impacts caused by wildfire

Photos (clockwise from top left- NBC News article on 2020 CO fires; ECAO map to provide context of impacts of fires within their AO; East Troublesome fire impact to Reclamation, CO river headwaters; East Troublesome fire impact to Reclamation, CO river headwaters)



Lake Powell Full, 2000 Lake Powell 31% Capacity, August 2021
(24% Capacity on November 27, 2022)

Colorado River Drought

17

Presenter Notes
Presentation Notes
Key Points:
2000 (Mead & Powell combined about 95% full)
2000- August 2021 Powell has dropped 133 ft 
August 2021 – current has dropped another ~ 25 ft (3553 -> 3528) as of 11/29/22



Colorado River 24-Month Study



Reclamation Approach to Drought
We are leveraging multiple tools 
to address drought in the West, 
including:

• New water supplies
• Improved reservoir operations
• Hydropower optimization
• Water management improvements
• Water reuse
• Planning and science



Presenter Notes
Presentation Notes
Through WaterSMART, Reclamation works cooperatively with states, tribes, and local entities to plan for and implement actions to increase water supplies through investments to modernize existing infrastructure and to give attention to local water conflicts. 

WaterSMART includes cost-shared funding for on-the-ground projects and planning activities. 

Projects information at: WaterSMART - Data Visualization Tool (arcgis.com)



Questions?



Granby 
Reservoir 
Water 
Storage 
2022
• More water is being stored 

in Granby Reservoir due to 
the Adams Tunnel 
Maintenance and other 
related projects.



Carter 
Reservoir 
Water 
Storage 
2022
• Extra water was stored 

in Carter Reservoir in 
anticipation of 
maintenance work 
starting in August.  



Horsetooth 
Reservoir 
Water 
Storage 2022

• Not as affected by the 
maintenance operations.

• Reasons:
1. 70% quota
2. Demands have been normal
3. Some rain occurred in the 

system.





East Troublesome Fire Recovery Efforts
• Pre-existing Debris Removal
• (next slides) Boom placement at Willow Creek and West Portal 
• Sediment basins 
• Hillslope Erosion Control – Aerial mulching and seeding, contour 

falling of trees, waddles
• Streambank Stabilization and Overflow Channels 
• Road & Bridge Protection 
• Flood Control 



Willow Creek Reservoir Debris Boom Installations

• Debris boom locations



West Portal Debris Boom Installation

• Debris boom location
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