
Upper Yellowstone River Streamflow Trends
and some additional basin information

(Chuck Dalby, DNRC-WRD, Helena, MT   406-444-6644 cdalby@mt.gov)

• Additional information
• Ten-years of U.S. Supreme Court litigation MT v WY

– What did we win ?

• 2011 peak flow large but not greater than 1997
– How has the channel changed in Spring Creek reach

since floods of 1996-1997 ?

• Climate Change ?  Is it real ?  Do you need to be 
concerned ?  What do local producers see on the ground ?



Ten-years of U.S. Supreme Court litigation
MT v WY  What did we win ?

Recent news article: MT spent $5 million to get
$100,000  damages !

--Harm/Damages required to get toe in door of US Supreme Court;
MT new we wouldn’t get much money—wanted opportunity
to set constraints on WY water use in water short years and limit 
future storage in Bighorns.

--We won right to “call” on WY to fill Tongue River Reservoir;
--WY can’t build new storage in Bighorns using old 1940’s permits

and assign a priority date of the old permit.



2011 peak flow close to record flood of 1997?
How has the channel changed  since floods of 1996-1997 ?



1999 Channel

1948 Channel

Areas of new 
erosion



Global Warming / Climate Change
Is it real or a plot to make scientists rich,

fool the public, and freeze  us  in the dark  ?



Upper Yellowstone River 
Streamflow Trends

Streamflow records for 4 Upper Yellowstone USGS stream gaging 
stations examined  for changes/trends in:

Annual discharge—total volume of flow moving past stream gage
(sometimes expressed a constant daily rate   ( cubic-feet-second)
that would produce the same volume in 365 days);

Peak discharge– the instantaneous discharge that  is the largest in a year;

Snowpack—snowpack size controls runoff volumes—peak flows influenced by 
snowpack size and temperature
(temp. controls rate of melt and if it arrives as rain or snow)



Upper Yellowstone River 
Streamflow Trends

How might we expect
streamflow to change 
with global warming ?

Increased year-to-year
variability in moisture,
temperature and runoff





YELLOWSTONE RIVER: Corwin Springs to Glendive 



Location of Upper Yellowstone USGS Stream Gages

Corwin Springs

Near 
Livingston





Corwin Springs—Annual volume of runoff ranked from lowest year to highest year



Yellowstone River at Corwin Springs—HIGHEST Annual Discharge 
(greater than 75% of average annual discharge  1911 to 2016)

Highest 5 years:
1997
2011
1996
1913
1971



Yellowstone River at Corwin Springs—LOWEST Annual Discharge 
(less than 25% of average annual discharge  1911 to 2016)

Lowest 5 years:
1934
1919
1931
1987
1997



Corwin Springs—Annual volume of runoff in sequence 1911 to 2016



Livingston—Annual volume of runoff ranked from lowest year to highest year



Yellowstone River near Livingston—HIGHEST Annual Discharge 
(greater than 75% of average annual discharge  1911 to 2016)

Highest 5 years:
1997
2011
1996
1971
1965



Yellowstone River near Livingston—LOWEST Annual Discharge 
(less than 25% of average annual discharge  1911 to 2016)

Lowest 5 years:
1987
2001
1988
1977
2007



Livingston—Annual volume of runoff in sequence 1938 to 2015



Billings—Annual volume of runoff ranked from lowest year to highest year



Yellowstone River at  Billings—HIGHEST Annual Discharge 
(greater than 75% of average annual discharge  1930 to 2016)

Highest 5 years:
1997
2011
1975
1943
2014



Yellowstone River at Billings--LOWEST Annual Discharge 
(less than 25% of average annual discharge  1930 to 2016)

Lowest 5 years:
2001
1934
1931
1988
1987



Billings—Annual volume of runoff in sequence 1930 to 2016



Annual runoff volume:
Summary of  Top 5 Highest Years and Low 5  Lowest Years
Corwin Livingston Billings

Highest 5 years:
1997
2011
1996
1913
1971

Highest 5 years:
1997
2011
1996
1971
1965

Highest 5 years:
1997
2011
1975
1943
2014

Lowest 5 years:
1934
1919
1931
1987
1997

Lowest 5 years:
2001
1934
1931
1988
1987

Lowest 5 years:
1987
2001
1988
1977
2007



Corwin Springs Annual Discharge (cfs x10) Livingston Annual Discharge (cfs x10)

Shields R. Annual Discharge (cfs x10) Billings  Annual Discharge  (acre-feet)



Have Peak Flows Changed   Over Time ?
Annual volume of runoff is important for water-supply;
Annual Peak Flow is important for Channel Maintenance

(erosion  and deposition)

Corwin:  No trend in size of peak flows
Peak flows occur about 2-3 weeks earlier

Livingston: Small increase in peak flows
Peak flows occur about 2 weeks earlier

Billings: Small increase in peak flows
Peak flows occur about 1 week earlier









Apr 20 Apr 25 May 1 May 1 APR  5 APR 7APR 10 May 1

Is runoff starting earlier ?
(not clear without better analysis of entire record— 1900’s to present)



Has snowpack changed over time in the  Upper   
Yellowstone  Watershed  ?

Previous studies indicate less snow and earlier melt

Upper
Yellowstone



Sacajawea-6,650 ft

Lick Creek—6,860
(selected for long record)

Shower Falls-8,100

Carrot Basin---9,000 ft

SNOTEL  Stations in Upper Yellowstone  Watershed
(improve analysis with long-term snowcourse data

(improve analysis with
long-term snowcourse data,
and more stations)



Greg Pederson, USGS Bozeman

Plot of Lick Creek maximum snow water equivalent (SWE)
over 1964 to 2017   indicates decline peak amount of accumulated snow





TRENDS in STREAMFLOW and SNOWPACK
CONCLUSIONS

--Annual volume and pattern of runoff for the Yellowstone
River at Corwin Springs, near Livingston, and Billings
shows no long-term trend;

--No trend in size of peak flows at Corwin Springs; slight
Increasing trend at Livingston and Billings;

--Peak flows about  2 weeks earlier at Corwin Springs
and Livingston; 1 week at Billings

--Lick Creek maximum annual SWE declined significantly

More work needed on timing of runoff and  SWE declines
(esp. upper elevation stations)



THE END







 
 
    
 
 
 
 
 
 
 
 
 
 
    
 
         

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                  
                                

1930’s 2000’s 

Figure IV-27 - Annual departure from  mean annual streamflow at Billings and 
Sidney     Montana, showing the drought of the 1930’s and early 2000’s.



Figure V-16 - Estimated Total Annual Water 
Consumption in the  Montana Portion of the 
Yellowstone River Basin
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