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Ecosystem Functions Model    
A tool for restoration planning

John Hickey, HEC

Key eco‐hydrology points

• Ecosystems evolve in concert with hydrologic patterns
• Humans alter natural hydrologic patterns
• Connections between ecology and hydrology can be used to:

 Set flow targets 
 Map habitat
 Create ecological models

Intro for Ecosystem Functions Model

• How does EFM allow users to investigate ecosystems?

Getting into EFM…
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Terminology for EFM

Postel and Richter, 2003.

Ecosystem Functions Model (EFM) Process

Statistics

Hydraulics

Spatial

Ecology
“Relationships”

Hydrology
“Flow Regimes”

Statistical Results:  
Eco‐performance 
measures for each 
water scenario

Spatial Results: 
Maps and areas for 
each water scenario

3

4



L2.4/161/Hickey

3

Terminology Quiz

Study team needs to figure out which scenario ‐ existing, restored, or restored 
with 2050 climate ‐ is best for chinook rearing. 

Juvenile chinook rear between March and June.  Rearing requires sustained 
high flows for approximately 20 to 24 days to achieve optimal growth.  
Rearing occurs in shallow vegetated floodplain areas. 

Which paragraph is about the “flow regimes”?  How many are there?

Which is about a “relationship”?  In the EFM process introduced in previous 
slide, which criteria would be applied statistically and which would be applied 
spatially?

• Analyze up to 
~37,000 flow 
regimes at once

• User‐defined stats 
link hydro and 
ecology

• Statistical results: 
How well flows met 
eco‐criteria

Helps determine 
eco‐responses to 
changes in river 
and wetland flow 

regimes…

EFM Interfaces
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Advance 
1 Day

From computed values, select the:

AbsoluteRising

Statistical queries

Season

From: 02/01 (m/d)

To: 05/31 (m/d)

Duration of 8 days

For each duration, compute:

Minimums

Maximum

Rate of change: Stage Flow

m per days

Falling

Time series specifications

% exceedance (4.00‐yr)25

Flow frequency Flow duration

1997 Individual water year

From computed values, select the:

(as in EFM interface)

to Water year range1984 2003

Flow
Minimums
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(seasonal result)
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Minimums define the flow levels that support egg incubation…

Max of mins is highest flow in season that supports egg incubation…
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Seasonal Results

… …

Rank Frequency WY Flow

1 0.05 1993 26,414

2 0.10 1989 22,853

3 0.14 1997 22,447

4 0.19 2001 21,938

5 0.24 1990 19,144

0.25 18,300

6 0.29 1991 15,768

7 0.33 1999 13,976

19 0.90 1988 5,480

20 0.95 2000 5,456

…

18,300

Percent of Years Equaled or Exceeded

From computed values, select the:

AbsoluteRising

Statistical queries

Season

From: 02/01 (m/d)

To: 05/31 (m/d)

Duration of 8 days
For each duration, compute:

Minimums

Maximum

Rate of change: Stage Flow

m per days

Falling

Time series specifications

% exceedance (4.00‐yr)25

Flow frequency Flow duration

1997 Individual water year

From computed values, select the:

(as in EFM interface)

to Water year range1984 2003

Tabular Output Graphical Output

100% 0%25%

Statistical Result

1997 is only one year in the 20‐year period of record…
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HEC‐EFM

• Uses daily time series of 
flow and stage

• Computes statistics that 
are eco‐relevant (as 
defined by users)

• Compare management 
scenarios for multiple 
eco‐relationships

Statistical results 
investigated spatially with 
hydraulic models and GIS…

HEC‐EFM ‐ from Statistical to Spatial…
• Statistical results are input to hydraulic models to get:

• Water surface profiles

• Depth and velocity grids

• Inundation boundary maps

• Shear stress…

500 1000 1500 2000

0

5

10

15

20

25

EFM SJ River Rch 9(2d) 3rd   
River = San Joaquin   Reach = 2d     Index Cross Sect

Station (ft)

E
le

va
tio

n 
(f

t)

Legend

WS 10yr

WS IIC1

WS 5yr

WS 3yr

WS IIB1

WS IIC3

WS 1.5yr

WS IIE1

WS IA3a

WS IA3b

WS AvgAug

WS IA5

Ground

Levee

Bank Sta

9

10



L2.4/161/Hickey

6

Applications and Relationships…

• Farmington River, CT…………..Floodplain forest, shrubs, buttonbush

• Sandy River Delta, OR…………….Chinook salmon

• Bill Williams River, AZ...............Cottonwood, willow, saltcedar

• Mississippi River, MO...............Waterfowl, bluegill, plants

• Truckee River, NV…………………..Mayflies and cottonwood

• Ashuelot Rivers, NH……………….Mussels, host fish

• Savannah River, GA/SC.............Shad, bass, shoals lily

• Sacramento/San Joaquin, CA...Splittail, geomorph, LWD

Floodplain Vegetation 
Farmington River, CT

Field Work: Vegetation Survey 

• Survey vegetation and elevation data 
along floodplain transects

• Monitor channel water levels with 
pressure transducer

• How much flooding is needed for healthy 
floodplain ecosystem? 

(Marks et al. 2014)
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Tree results: Duration of flooding

20 

50 

vv

Habitat Example ‐ Floodplain Vegetation 

Inundated 50 
days per year

Inundated 20 
days per year

Floodplain Forest Mixed Shrubs Buttonbush  Open 
Water 
(no veg)

Inundated 300 
days per year 

Inundated 200 
days per year
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HEC‐EFM ‐ From Statistical to Spatial…

Gaged Simulated Vegetation Habitats

Open Water

Buttonbush

Mixed Shrubs

Floodplain Forest (Med)

Floodplain Forest (Driest)
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Relationships in EFM
Gaged
(acres)

Nat 
(acres)

∆ acreage

Open Water 196 184 ‐12

Buttonbush 79 20 ‐59

Mixed Shrubs 113 147 33

Floodplain Forest 762 842 80

Gaged Nat

Comparing Scenarios ‐ Gaged and Nat

HEC‐EFM
Summary

• Use connections between hydrology and ecology as performance measures

• “Flow Regimes” = water management and/or ecosystem restoration scenarios

• “Relationships” = connections between hydrology and ecology

• EFM is generic…can test many Relationships

• EFM is powerful…can test many Flow Regimes

• Statistical output (direction of eco‐change and magnitude of eco‐change)

• Spatial output via hydraulic models (habitat areas and habitat connectivity) 
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Ecosystem Functions Model (EFM) Process

Relationships
Gaged
(acres)

SYE 
(acres)

Open Water 196 184

Buttonbush 79 20

Mixed Shrubs 113 147

Floodplain Forest 762 842

Statistics

Hydraulics

Spatial

Ecology
“Relationships”

Hydrology
“Flow Regimes”

Statistical Results:  
Eco‐performance 
measures for each 
water scenario

Spatial Results: 
Maps and areas for 
each water scenario

…statistical results can be 
input to whichever hydraulic 
model or method the user 
would like to employ.
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EFM Workshop ‐ Splittail Spawning

Sacramento Splittail is a threatened species of fish.  Splittail populations 
have declined as floodplain areas, critical to Splittail spawning, were turned 
into agricultural lands.  Splittail spawn in shallow vegetated floodplain areas 
between February and May.  Eggs require sustained high flows for 
approximately 21 to 28 days before hatching.  

Splittail reach adulthood in their first or second year and have a lifespan of 
approximately 6 years.  Scientists say that good spawning conditions do not 
need to occur every year – it would be sufficient if there were good 
conditions in 25% of years, so that, on average, each adult splittail would 
have a chance to spawn in their lifespan.

Task: Propose a Splittail relationship (season, duration and setting,                
% exceedance and setting, and hypothesis) to analyze in EFM.

duration (in days) uses two settings:   1) mins, medians, maxs, or means
2) min, median, max, or mean

% exceedance settings: flow frequency or flow duration
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Refresh:  Flow Frequency vs. Flow Duration

Time (days)
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duration = 1 day

… … Percent equaled or exceeded

Fl
o
w

100% 0%

Flow frequency…

“…occurs in percent of years”

Flow duration…

“…occurs in percent of time”

199719961995 1998 1999

Season Season Season Season Season
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Seasonal Results

… …
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18,300

Percent Equaled or Exceeded

100% 0%25%

Statistical Result

One value per year or season

One value per day

1999

Fl
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Beginning  
of Season

End of 
Season

1 Day Duration

= 365 days

Advance 1 Day User Defined %

01/01 12/31

Buttonbush                        Driest                    (300‐day inundation)

Mixed Shrub‐Driest         (200‐day inundation)

Silver Maple‐Median (50‐day inundation)

Silver Maple‐Driest (20‐day inundation)

… …

ButtonbushMixed ShrubSilver MapleSilver Maple

EFM Math: Floodplain Vegetation
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50%

199919981997 2000 2001
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Time

Seasonal 
Results
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Percent Equaled or Exceeded
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DSS Output

Buttonbush XML Output

Silver Maple‐driest (20‐d inundation)
Silver Maple‐median (50‐d inundation)
Mixed Shrub‐driest (200‐d inundation)
Buttonbush‐driest (300‐ inundation)

Statistical results reported 
in EFM interface and used 
in river hydraulic models 
for mapping…

Each year is considered and then ranked…
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