
Addressing Uncertainty By Integrating 
Paleohydrology & Climate Projections In 

Management Models

Greg Pederson1*, Justin Martin1, Marketa McGuire2, Jordan 
Lanini2, Dan Broman2, Patrick Erger2, Subhrendu Gangopadhyay2

1U.S. Geological Survey |  2U.S. Bureau of Reclamation 

*gpederson@usgs.gov

mailto:gpederson@usgs.gov


Flow & Management Scenarios for Operations Planning
Paleohydrology

☔ Extends observational hydrology records providing sequences of natural drought and flood 
events that have occurred

☔ Provides year-to-year scenarios and the more problematic “megadroughts”

Model Based Projections
☔ Combines coupled GCMs and Hydrology Models to produce future runoff scenarios
☔ Provides estimates of potential future flow based upon realistic water balance estimates 

from modeled future temperature and precipitation.

• Paleohydrology Integrated with Projections
☔ Combines natural hydroclimatic variability with future water balance trajectories
☔ Provides design droughts or floods for planning (i.e. 1930s drought +2℃ warming)
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Some Drawbacks
Paleohydrology

☔ May not provide needed spatial or temporal resolution of an events 

☔ Can be viewed as potentially unrepresentative of the future* 

Model Based Projections

☔ Sensitive to compounding errors or biases stemming from downscaling to weaknesses of the hydrological 
models (i.e. different models give different results)

☔ Though projections of temperature change are fairly robust, models do poorly with precipitation change at 
regional and especially local scales.

• Paleohydrology Integrated with Projections

☔ Blends the above stated uncertainties

☔ However, it high-grades the strengths of both methods (i.e. natural variability + warming experiments)

Supports planning improving network operations, but still doesn’t provide a crystal ball on what to 
do tomorrow or next spring… 
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P.L. 111-11, Subtitle F, SECURE 
Water Act, Section 9503

Reclamation Climate Change and Water Program. The 
Secretary shall establish a climate adaptation program to—

1. Assess risks to water supply and demand within the 
8 major Reclamation river basins (e.g., changes to 
snowpack, timing of runoff, groundwater recharge, 
evaporation rates, etc.)

2. Analyze the impacts of changes in water supply to 
operations (e.g., impacts to water deliveries, 
hydropower generation, and fish and wildlife 
habitat, etc.)

3. Develop mitigation strategies in consultation with 
non-Federal participants (e.g., water conservation, 
additional storage, water reuse, etc.)
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Connecting past, present, and future estimates of water availability for a more 
comprehensive understanding of the Basins’ water security

Tree rings bound 
hydroclimatic extremes 

providing information on past 
droughts and floods

Model 
simulations of 

past and  future

Monitoring of recent past and present

RiverWare Operations 
Models for understanding 

complex network responses
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Tree rings provide insight
into intensity and duration
of wet periods and dry
periods in the distant past

By connecting distant past, recent observations, and future projections of water availability,
we gain a more comprehensive understanding of a basin’s water security

Tree rings Future ProjectionsObservations

We can further contextualize models to
better understand possible future climate
and streamflow along with how far they
may depart from historical natural variability
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Basin Study
Outreach for Drought Planning and Strategy Development
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Strategies were developed to 
address future water needs 
and to adjust future water 
infrastructure operations to 
changing hydrologic 
conditions. The adaptation 
strategies also address major 
issues identified by the project 
partners and various 
stakeholders. 



Basin Study
Outreach for Drought Planning and Strategy Development

Stakeholder Meetings

December 1, 2016, stakeholder meeting 
in Helena, Montana. Blackfeet Indian Reservation.

Tribal Water Rights
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Basin Study
Background: Ecology, Recreation, Development
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Pallid sturgeon.
Photo by Hagerty Ryan. Courtesy of USFWS.

Artic grayling. 
Courtesy of USFWS.

Upper Missouri River, National Wild and Scenic 
portion.

Housing development in the Helena Valley.



Basin Study
Background: Hydropower Generation
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Black Eagle Dam at Great Falls, Montana.

Canyon Ferry Dam



Basin Study
Background: Irrigation and Basin Closures
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Irrigation on the Greenfields Bench, Sun 
River. watershed.

A flood irrigation system in the Ruby River 
valley

A sprinkler irrigation system in the 
Missouri River Valley near Townsend, 
Montana



Risk Assessment 
Contextualizing changing flows

Canyon Ferry Reservoir, Montana 12

Range of modeled annual streamflow at Missouri River at Fort Benton (top panel) and the 
Musselshell River at Mosby (bottom panel), illustrating paleohydrology scenarios (Paleo), historical 
scenario (Historical), future scenarios for the 2020s, 2050s, and 2080s (including those with 
paleohydrology). 

Source: Figure 8 in Reclamation (2018), “Risk and Reliability Assessment for the Upper Missouri River 
Basin Impacts Assessment”, Reclamation Technical Memorandum No. 86-68210-2018-01.



Risk Assessment 
Contextualizing changing risks to operations

Canyon Ferry Reservoir, Montana

Summary of daily storage at Canyon Ferry reservoir over 3-year periods, including historical, extreme 
paleo events, and future scenarios with paleohydrology for the 2020s, 2050s, and 2080s.

Source: Figure 10 in Reclamation (2018), “Risk and Reliability Assessment for the Upper Missouri River 
Basin Impacts Assessment”, Reclamation Technical Memorandum No. 86-68210-2018-01.
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Risk Assessment 
Timing and Frequency of Flood Pool Operations

Canyon Ferry Reservoir, Montana 14

Projected changes in the average number of days per month exceeding the flood pool elevation at 
Canyon Ferry Reservoir (days) for the four extreme paleo event scenarios, and for the 2020s, 2050s, and 
2080s.

Source: Figure 21 in Reclamation (2018), “Risk and Reliability Assessment for the Upper Missouri River 
Basin Impacts Assessment”, Reclamation Technical Memorandum No. 86-68210-2018-01.



Risk Assessment 
Contextualizing Changing Hydropower

Canyon Ferry Reservoir, Montana

Projected changes in annual (water year) hydropower production (in MWh) at the Federal Canyon 
Ferry facility based on future scenarios (colored bars), extreme paleo event scenarios (grey bars), and 
future scenarios combined with paleohydrology (Xs).  

Source: Figure 18 in Reclamation (2018), “Risk and Reliability Assessment for the Upper Missouri River 
Basin Impacts Assessment”, Reclamation Technical Memorandum No. 86-68210-2018-01.
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Scenario Key Findings
Meeting Increased water demand
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Strategy Impact Description 
Providing 
Water for 
Future 
Consumptive 
Uses 
through 
Contract 
Water from 
Canyon 
Ferry and 
Lake Elwell 
 

 

Additional contracts for stored water in Canyon Ferry 
Reservoir and Lake Elwell would cause streamflow and 
hydropower production to decrease downstream (more 
substantially below Lake Elwell).  

 

Additional contracts for stored water in Canyon Ferry 
Reservoir and Lake Elwell would result in increased 
irrigation and agricultural production. 

 

Providing additional domestic water to the Gallatin Valley 
could meet demands without impacting local water 
conditions.  

 

Detailed Findings

Key Impact Summary



Scenario Key Findings
Ecological Flow Releases
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Detailed Findings

Strategy Impact Description 

Ecological 
Flow 
Releases 

 

Future ecological flow releases would be possible at least 
as frequently as under historical conditions, and potentially 
much more frequently under wetter future scenarios.  

 

Hydropower production would modestly decrease at Tiber 
Dam but other facilities would see little impact. Also, late 
summer flows in the Missouri River and Marias Rivers 
would not be noticeably impacted. 

 

Key Impact Summary



Summary Thoughts
• Combining operations models with a variety of hydroclimatic approaches helps 

understand risks within a complex network of infrastructure and demands 

• Engagement with stakeholders helps identify potential changes in operations to 
meet needs

• Modeling suggested operational changes allows for an assessment of potential 
benefits versus unintended consequences

• Hopefully resulting in the generation of new operational policies, rule curves, or 
infrastructure that increase the suite of tools that can be applied to addressing 
issues as they arise. 



Thanks for listening…



Scenario Key Findings 
Increasing Irrigation Efficiency
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Detailed Findings

Strategy Impact Description 

Increasing 
Canal and 
On-farm 
Irrigation 
Efficiencies 

 

The Missouri Headwaters region would benefit the most by 
decreased irrigation water shortages, followed by the Rocky 
Mountain Front region and the Musselshell region. 

 

August streamflow in the Missouri River at Toston and the 
Sun River at Simms would modestly decrease, Big Hole 
River at Melrose and the Musselshell River at Roundup 
would see greater decreases. Hydropower production at 
Canyon Ferry Dam and NorthWestern Energy facilities on 
the Missouri River would also decrease. 

 

Maintaining a minimum instream flow of 60 cfs will become 
more difficult under most future scenarios. 

 

Key Impact Summary


