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St. Louis and Cloquet River Watersheds



St. Louis River at Scanlon (USGS Gage 04024000)                
Contributing Watershed



St. Louis River Dams



EHC Data 



EHC Data 



EHC Data 



Break Point Determination

Data Category Breakpoint Test
Break Point 

Year

Hurst Precipitation 1940

DNR Hydrologic Assess. Tool (ED) 1941

Hurst Runoff 1940

DNR Hydrologic Assess. Tool (ED) 1941

Precipitation/Runoff 
Relationship

Double Mass Curve 1940

Cramer-Von-Mises (CPM) 1935

Kolmogorov-Smirnov (CPM 1935

LePage (CPM) 1935

Energy Divisive Method 1936, 1941

Lombard Wilcoxon 1934

Pettitt 1940

Mann-Whitney (CPM) 1935

Bayesian none

Lombard Mood none

Mood (CPM) none

Smooth Lombard Wilcoxon none

Smooth Lombard Mood none

Precipitation

Runoff

Annual Peak Discharge



Double Mass Curve Analysis



Statewide EHC Results
Breakpoint YearBreakpoint Year



Hydrologic Change in Minnesota



Hydrologic Change in Minnesota



Discharge and Precipitation Averages – 1940 BP
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Discharge (in.) Precip (in.) D/P (%)
Pre 1940 7.64 24.31 0.31
Post 1940 10.18 28.60 0.36

Change 2.55 4.29 0.042



Using EHC to Compare Time Periods

20 metrics assessed before and after the chosen breakpoint (1940)

1. Frequency:

Range of Variability Analysis (RVA) – % change of occurrences between 25th and 75th

percentiles

2.  Magnitude:

% Change = (Post Median Value - Pre Median Value)/Pre Median Value
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Comparing Time Periods

20 metrics assessed before and after the chosen breakpoint (1940)

1. Frequency:

Range of Variability Analysis (RVA) – % change of occurrences between 25th and 75th

percentiles of each data set

2.  Magnitude:

% Change = (Post Median Value - Pre Median Value)/Pre Median Value
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Range of 
Variability
(RVA) 
Example
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Range of 
Variability
(RVA) 
Example
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Range of 
Variability
(RVA) –
Frequency 
Change
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((Observed – Expected)/Expected) x 100

((2 – 13)/13) x 100 =   -84% (RVA Score)

Pre 1992        Rate = 30/60
IQR # = 30 or 0.5

Post 1992
IQR # = 2

60 Years
27 Years

Post 1992 Expected 
= 0.5 x 27 = 13



EHC Summary 
Table                 

1940 Break Point

Impact Categories (+/-)  Neutral <10%, Moderate 11-20%, Major 21-50%, Extreme >50%

Positive =

Negative = 

EHC Parameter Grouping Parameter
RVA         

Change (%)
RVA             

Impact
Magnitude 
Change (%)

Magnitude 
Impact

Annual Values Annual Precipitation -36 Major 10 Moderate
Annual Discharge -34 Major 33 Major
Annual Peak Discharge -21 Major 46 Major
Annual Runoff Ratio -33 Major 13 Moderate

Low Flows 7-Day Minimum -13 Moderate 32 Major
August Median Base Flow -38 Major 25 Major
90% Flow Duration -65 Extreme 43 Major

Moderate Flows May Median Flow 5 Neutral 17 Moderate
50% Flow Duration 44 Major
1.5 Year Return Interval Flows 45 Major

High Flows 10% Flow Duration 46 Major 32 Major
5 Year Return Interval Flows 28 Major
10 Year Return Interval Flows 24 Major
3-Day Maximum -15 Moderate 40 Major

Flow Timing Julian Day Max Flow -15 Moderate -6 Neutral
Julian Day Min Flow 75 Extreme 24 Major

Rate of Change/Flashiness High Pulse Count 13 Moderate 0 Neutral
Low Pulse Count -45 Major -75 Extreme
Number of Reversals -78 Extreme -16 Moderate
Rise Rate -3 Neutral -3 Neutral



Precipitation



Wetness Indices

PERCENT CHANGE
NA
42

178
-68
-54Extreme Drought

PHDI VALUES
Extremely Wet

Very Wet
Moderate to Norma

Severe Drought

PERCENT CHANGE
-10
65
14
-30
-40
-10

Severely dry
Extremely dry

SPI VALUES
Extremely wet

Very wet
Moderately wet
Moderately dry



Precipitation Departure from Historic Average



Large Rain Events

Time Period 1-2" 2-3" 3-4" +4"
1901-1930 122 13 2 1
1931-1960 136 22 7 0
1961-1990 133 26 5 2
1991-2020 181 25 4 1

Composite Record from Pokegama Dam (NWS PKGM5) 1901-1911                                                                        
and Cloquet Gage (NWS CLQM5) 1911-2020



Large Rain Events

Time Period 1-2" 2-3" 3-4" +4"
1901-1930 122 13 2 1
1931-1960 136 22 7 0
1961-1990 133 26 5 2
1991-2020 181 25 4 1

48 Additional 1-2” events in the latest 30-year period = 1.6 additional events per year



Large Rain Events



Rainfall Timing Changes



EHC Summary 
Table

1990 Breakpoint

28

Impact Categories (+/-)  Neutral <10%, Moderate 11-20%, Major 21-50%, Extreme >50%

Positive =

Negative = 

EHC Parameter Grouping Parameter RVA Obs Freq Change Percent Change Magnitude Change
Annual Values Annual Precipitation -10 Neutral 7 Neutral

Annual Discharge -10 Neutral 8 Neutral
Annual Peak Discharge -1 Neutral -2 Neutral
Annual Runoff Ratio 59 Extreme -1 Neutral

Low Flows 7-Day Minimum -7 Neutral -21 Major
August Median Base Flow -67 Extreme -29 Major
90% Flow Duration -6 Extreme 3 Neutral

Moderate Flows May Median Flow 20 Moderate 1 Neutral
50% Flow Duration 9 Neutral
1.5 Year Return Interval Flows -6 Neutral

High Flows 10% Flow Duration 16 Moderate 11 Moderate
5 Year Return Interval Flows 5 Neutral
10 Year Return Interval Flows 9 Neutral
3-Day Maximum -7 Neutral -1 Neutral

Flow Timing Julian Day Max Flow -20 Moderate 7 Neutral
Julian Day Min Flow 87 Extreme 11 Moderate

Rate of Change/Flashiness High Pulse Count 13 Moderate 0 Neutral
Low Pulse Count 13 Moderate -50 Major
Number of Reversals -33 Major -18 Moderate
Rise Rate 0 Neutral -29 Major



Annual Discharge



Annual Discharge

Magnitude RVA



Peak Flows



Annual Peak Discharge

Magnitude RVA



Seasonal Analysis
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Discharge and Precipitation Averages – 1990 BP
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Discharge (in.) Precip (in.) D/P (%)
Pre 1990 9.27 26.75 0.35
Post 1990 10.02 29.17 0.34

Change 0.75 2.42 -0.003



Storage Considerations

1. Watershed hydrology has been considerably stable over 
the last 80 years

2. Whole system analysis likely not showing localized 
impacts

3. Metrics may indicate a shift in wetland function with 
altered base/low flows

4. Building resiliency through forest management and 
maintaining/restoring wetland function
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THANK YOU!

Jason Carlson
Jason.Carlson@state.mn.us
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