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Objective: Ecological criteria are needed to 
ff ti l t d i fleffectively manage stream and river flow. 

Groundwater hydrology is essential in 
developing the flow – ecology relationships anddeveloping the flow ecology relationships and 
implementing flow standards.

1. Need for Managing Flow

2 M th d U d l i P li d Pl i2. Methods Underlying Policy and Planning

3 Examples of Implementation3. Examples of Implementation

4. Making the Connection to Groundwaterg



Water Use Increases in Minnesota

Major Crop Irrigation (106 gallons)
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Bonanza Valley drawdown map

From E. Drivas and J. Leete, Minnesota DNR



Logan

altered

Gallatin 
Gateway pre-development

Average monthly flow of the 
G ll ti Ri M tGallatin River, Montana

Kendy and Bredehoeft 2006

altered flow affects ecology



Ecological Consequences of Altered Flow



Flow-Ecology Relationship - Concept
A i f l f t d i h ti l f ti l ittiA unique curve for classes of streams and river reaches …. essential for optimal permitting

from Kendy et al. 2012. A Practical Guide to Environmental Flows for Policy and Planning



Sustainable Yield Estimate Approach

Develop a flow-duration curve by 
solving the regression equations

Estimate basin 
characteristics

Generate hydrograph 
using index gages
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Groundwater is implicit in the regression equations

Generated hydrographs are applied to biological data

Sources: U.S. Geological Survey --- Archfield and others, 2010.; Ries
and Friesz (1999); Fennessey (1994)



ELOHA – Ecological Limits of Hydrological Alteration

Framework:

adapted after Poff et al. 2010



Michigan --- components

1. HYDROLOGIC FOUNDATION: August median flow; streamflow
depletion model GW pumping with delay (STRMDEPL)depletion model - GW pumping with delay (STRMDEPL).

2. CLASSIFICATION: Size and thermal class. 

3. GOAL CONDITION: “Avoid Adverse Resource Impact” defined by3. GOAL CONDITION: Avoid Adverse Resource Impact  defined by 
broad stakeholder group.

4. FLOW ECOLOGY Fish community-flow models based on 
occurrence and abundance database (Zorn et al 2008)occurrence and abundance database (Zorn et al. 2008).  

5. APPLICATION: On-line water withdrawal screening tool that 
checks for an adverse impact standard (fishes). 



Michigan --- stream classification

´-- hydrology
-- geomorphology ´
-- water temperature
-- ecoregion / habitat

Seelbach et al. 2006
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Michigan: Flow-Ecology Response Curves
( f )

Cold

0

0.2

0.4

0.6

0.8

0

0.2

0.4

0.6

0.8

1

di
tio

n
well-protected (left block)
adequately protected (right block)

Trans

0
0 0.25 0.5 0.75 1

0.4

0.6

0.8

1

0
0 0.25 0.5 0.75 1

0.4

0.6

0.8

1

0.4

0.6

0.8

1

ic
al

 c
on

d

0

0.2

0 0.25 0.5 0.75 1

0.8

1

0

0.2

0 0.25 0.5 0.75 1

0 6

0.8

1

0

0.2

0 0.25 0.5 0.75 1

0 6

0.8

1

er
 e

co
lo

gi

Cool

0

0.2

0.4

0.6

0 0.25 0.5 0.75 1

1

0

0.2

0.4

0.6

0 0.25 0.5 0.75 1

1

0

0.2

0.4

0.6

0 0.25 0.5 0.75 1

1es
:  

be
tte

Warm

0

0.2

0.4

0.6

0.8

0

0.2

0.4

0.6

0.8

0

0.2

0.4

0.6

0.8

Y 
–

ax Zorn et al.,
2008

Streams Large RiversSmall Rivers
0 0.25 0.5 0.75 1 0

0 0.25 0.5 0.75 1
0

0 0.25 0.5 0.75 1

X – axes:  increasing hydrological alteration



Michigan: Example Flow-Ecology Relationship
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…water withdrawal management







Michigan: Application of STRMDEPL

* Analytical

* Accounts for Pumping Delay Accounts for Pumping Delay

* Streambed Resistance

* Partial Penetration

* Leaky Confining Unit

(Hunt, 1999 and 2003; Barlow, 2000; Reeves, 2008)







Summaryy

1. States and river authorities can optimize 
groundwater withdrawal permitting

2. ELOHA provides a framework for assessing 
and implementing environmental flowsand implementing environmental flows

3. Groundwater comes into the framework 
through:through:
a. Estimating stream flows at ungauged sites
b. Predicting stream flow depletiong

4. Large-scale, regional watershed-based models  
and integrated water budgets can help 

dd th daddress these needs



http://conserveonline.org/workspaces/eloha





Hydrological BasisHydrological Basis
Biological data often do not have corresponding flow data

Generally, only certain classes of surface-water data will be available -

Records limited to altered conditions restoration targets?Records limited to altered conditions – restoration targets?

Monthly (not daily) flow series – short duration events?

Flow statistics based on regression – careful calibration

Longer-period daily data – limited spatial distributiong p y p

Accurate, spatially defined water-use data are essential


