Ecosystem Functions Model

A tool for restoration planning
John Hickey, HEC

Getting into EFM...

Key eco-hydrology points

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

v’ Set flow targets
v" Map habitat
v’ Create ecological models

Intro for Ecosystem Functions Model

e How does EFM allow users to investigate ecosystems?
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Terminology for EFM

Day of Year

Day 0f Yeqr m—
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River Flow

Natural Low Flow

“— Natural

Natural
High Flows

River Flow

Inadequate Low Flow

o= Fish have adequate
oxygen and can move
up- or downstream
o feed

2% Riparian vegetation
¥+ sustained by shallow
ground water table

1< Insects feed on organic
7T material carried
jownstream

Birds supported by
N iy Hearion
vegetation and aquatic
prey

Natural Flood

v Fish are overcrowded
in poor-quality water,
annot move to other

feeding areas

2% Riparian plants wilc
when ground water
table drops 00 low.

A Insects sufer when
™ water levels rise and
fall erratically

g Birds unable to feed,

rest, or breed in tree
canopy

o
ionshlps

Absence of Flood

”Relat

<< Fish are able to feed
and spawn in floodplain
areas

2% Riparian plant seeds
/" germinate on flood-
deposited sediments

< Insects emerge from

water to complete
their lifecycle

g Wading birds and
waterfowl feed on fish
and plants in shallow
s

Postel and Richter, 2003.

<< Fish unable to access
and feeding
Riparian vegetation
encroaches into river
channel
smothered by silt and
)
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Many birds cannot use
riparian areas when
plant species change

DAM-ALTERED
Flosd FLOW PATTERN

m€5”

uF|oW Regi

floodplain for spawning

Ecosystem Functions Model (EFM) Process

Hydrology Ecology
“Relationships”

“Flow Regimes”

e

Statistics

J— —

Hydraulics

J— —

Spatial

—_—

Statistical Results:

Eco-performance

measures for each
water scenario

Spatial Results:
Maps and areas for
each water scenario
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spatially?

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

£ San Joaquin Demoa.efm - HEC-EFM

= | jem]
e E—— EFM Interfaces
Model information
Title: San Joaquin River near Vemalis. CA
Author COE-DWR
=
Location: 8. San Joaquin Demoefm - HEC-EFM E=EE X))
Description EFN[ File Edit Plot Help
— * Analyze up to
Relationship name: [ Spitti Spawning -
V]| Write taty
EFM model pathrame:CAY [ s ripgon e S |— ~37,000 flow
iy e M s i oo ol Toce o ] Hypothesis tracking - increased flowwill A
approcmatsly 21-to 28-days before hatching. Geod @+ ©- O [Cave] ecohealth regimes at once
spawning condtions need to 0ocur, on average, at least _
e ance evey four years 7] Confidence racking: 43y Y
—_— | index | [V]A [V B c D z .
e [ | T - ¢ User-defined stats
WM SRt Sastical quenes Geographical quenes Other quenes fnonstandard) | — link hydro and
R e
7] Seescn = Shalohabtat 0[] Reverse looky
From G20 (mi) o3k ecology
Te: 0531 {mid) R M
pmerpreriig
7] Dursionof 24 days i P
. .
Pl e Summary Statistical results:
" = 51Q Gaged 53Q Natural
b e =i Relationship Conf. Stage ft  Fow,cfs Chg. Stage, ft  Flow, cfs How well flows met
From comeul ”a"f’ S S iittail Spavening = 176 18,300  Pos 255 138 . .
Striped bass winter habitat = 30 1713 Neg 3,186 eco-criteria
Rate o change: @ Siage © | Seninc macanerabrote w2 10 s ws a2
feet per ™ S Wetland health 45 2,780 Fos 182 19,427
Rising @ Falling () Absol Riparian tree recruitment 4.1 2480  Neg 38 2,350
Time series specifications Riparian tree inundation 24 1,350 Neg 32 1,897
5 ¥ % exceedance (4. .
Index Values Helps determine
Index S1Q Natural
Properties | Relationships | Tak X Water year ] A- All 147.8
e S —HJ—n 3 il AL 07 eco-responses to
[lopened C\TEMPE2n Josun DN || 71967 | civickml waler yeor | |c- o . .
Relstonship-defined water year D~ v changes in river
—————— E- n/a|
S and wetland flow
No reverse lookup flow frequency data sets were analyzed.
Propertes | Relatorships | Tables [ © regimes
llopened C:\TEMP\San X Demo.ef
S CTBERS DA GDEE Reverse Look-ups - Flow Duration
51Q Gaged 53Q Natural
Relationship Conf. % X, of time. Chg. % X, of time
‘Wetland health reverse lookup * 17.9 Pos 56.4
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Flow

Max of mins is highest flow in season that supports egg incubation...

— Flow
—®- Minimums

(seasonal result)

Maximum of
the minimums

Duration

Interval

Advance
1 Day

M

Minimum value
in Interval

O Maximum of the minimums

Statistical queries
Season
From:
To:

Duration o
For each duration, compute:

H Minimums E" [ ]

From computed values, select the:

H Maximum E" [ ]

[0 Rate of change: ® Stage O Flow
[ Jmper [ Tlaas
ORising ®Falling O Absolute

Time series specifications

O [25_[¥]% exceedance (4.00-yr)
@Flow frequency OFlow duration

Water year range

Individual water year

(as in EFM interface)

1997

Minimums define the flow levels that support egg incubation...

Flow

1997 is only one year in the 20-year period of record...

l 1997 1998 1999

1995 \Amgs
Seasonal Results

Tabular Output
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
6 0.29 1991 15,768
7 0.33 1999 13,976
19 0.90 1988 5,480
20 0.95 2000 5,456

1 Graphical Output
Statistical Result
18,300
2
o
o
100% 25%) 0%

Percent of Years Equaled or Exceeded

Statistical queries

M Season
From: (m/d)
To: (m/d)
Duration of days

For each duration, compute:

[[Minimums [ ¥]|[ |

From computed values, select the:

[Maximum _ [¥]| ]

O Rate of change: ® Stage O Flow
:] m per CE] days
ORising @Falling O Absolute

Time series specifications

M[25 [ v]% exceedance (4.00-yr) |
®Flow frequency OFlow duration

Water year rangel

m} Individual water year

(as in EFM interface)
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& San Joaquin Demo.efm - HEC-EFM

File Edit Plot Help

Evaluated at: 03/21/2014 17:23

Summary
| $JQ Gaged | S1Q Natural
Relationship Conf. = Stage, ft | Flow, cfs | Chg. Stage, ft = Flow, cfs
Splittail = 17.6 18,300  Pos 25.5 36,138
Striped bass winter habitat | * 3.0 1,713| Neg 5,1_ 3,186
Benthic macroinvertebrate . 142 12500 Fos 285 44274
biodiversity
Wetland health = 4.5 2,780| Pos 15.2_ 19,427
Riparian tree recruitment * 4.1 2,480 Neg 39| 2,330
Riparian tree inundation = 24 1,350) Neg 3.2_ 1,897
Index Values
Index S)Q Natural
A-Al 147.8
B - Fish 39.8
No reverse lookup flow frequency data sets were analyzed.
Reverse Look-ups - Flow Duration
51Q Gaged $JQ Natural
Relationship Conf. % X, of time Chg. % X, of time
Wetland health reverse lookup * 17.9 Pos 56.4
Properties | Relationships | Tables | Combo Relationships
Completed Recalauate

i

HEC-EFM

* Uses daily time series of
flow and stage

e Computes statistics that
are eco-relevant (as
defined by users)

e Compare management
scenarios for multiple
eco-relationships

Statistical results
investigated spatially with
hydraulic models and GIS...

HEC-EFM - from Statistical to Spatial...

e Water surface profiles

e Depth and velocity grids

e Inundation boundary maps
e Shear stress...

£ S Jomin Dermc. e - HEC-EFM Lo |
et P bep
Bkatnd st Y2001 170
Summary
$XQ Gaged S Matural
Relat Cont. ft__ Flow, cs 1t Fow, ds
- [T B3 e
Strged bss ks bt W Lm S o
[ e — u2 12500 ws  san
—
b 2 EFM SJ River Reh 9(2d) 3rd.
Rpora rva oot |- 2| e S o P34 e e
Aparin ree mdaten 1+ u L
Index Values 2]
Index $Xqsturat
A 1es
8- Fish 38 1
0 s lockup v ey dca s e anahynd e
§
H
Reverse Look-ups - Flow D © ]
S0 Gaged
[— oot wXoftme E
Wetiand hesth reverse kockip * 17.9] =
E sofsn
[ Tabses.
E E £ £3 =

1 Sicn )

Channel Habitat - Gaged
Splittail Spawning - Gaged
Splittail Spawning - Unimpaired

N
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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

o Truckee River, NV.......cccooverenene Mayflies and cottonwood

11

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)

12
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Tree results: Duration of flooding
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I
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Inundated 20
days per year

Floodplain Forest

= \
Inundated 50 \
days per year

S

Habitat Example - Floodplain Vegetation

Mixed Shrubs

| Inundated 200
days per year

————————————— days per year —-———

Open
Water
(no veg)

Buttonbush

Inundated 300

14
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HEC-EFM - From Statistical to Spatial...

8., Simsbury.efm - HEC-EFM

Fis Edt Pot e

Evaluated at: 07/27/2010 13:33

Summary
Tariffville
Relationship Flow, cfs

Floodplain Forest - Driest (20-day) 2,897}

Floodplain Forest - Median (50-day) 1,935

Tree to Shrub transition (200-day) 7514

Butenbush (300-day) 490

Open Water 277}

v

Prapertes | Relationstips Tables | Combo Relatonstups
Conpieted Recokuits | ]

ross Section
Fle Optiors Help
Fives: [Farmnglon B NEEAT: — ]
Reach [Smabuy =] River sta: [2272381 <4t

Simsbury  Plan: Simsbury_plus2 07-15.10 7192010
s et

155
5 1
E L= I, Al
L d e W

140-

0 C) 000 70 a0 1500 180
Staon (1)
.

15

[l Open Water
[ Buttonbush
B Mixed Shrubs

[ Floodplain Forest (Med)
B Floodplain Forest (Driest)

16
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Comparing Scenarios - Gaged and Nat

Gaged

17

Reservoir

S

Operations
River
Hydraulics
Water Ecosystem
Quality Function

Use connections between hydrology and ecology as performance measures

HEC-EFM

Summary PRI

|

Economics

“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)

18
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Ecosystem Functions Model (EFM) Process

Hydrology Ecology
“Flow Regimes” “Relationships”

e

o
E s\hucnmzlru
g3 Statistical Results: P—— |
g5 U
= .. Eco-performance Sammery
S Statistics .
T measures for each R
2= ‘
g \_ Y. water scenario
= f—‘L—\
3 § ...statistical results can be
=N Hydraulics input to whichever hydraulic
T3 model or method the user
] .
L3 would like to employ.
O T
o _ 8
iz ( ) . A
Ty Spatial Results: T !
c .
<8 Spatial Maps and areas for Relationships Gl | SE
K= . s ! (acres) | (acres)
=i each water scenario Open Water 196 184
% ‘:—E' k ) — Buttonbush 79 20

Mixed Shrubs 113 147
Floodplain Forest 762 842

19

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.

1) mins, medians, maxs, or means
2) min, median, max, or mean

duration (in days) uses two settings:

% exceedance settings: flow frequency or flow duration

20
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Refresh: Flow Frequency vs. Flow Duration

1995 \1996 l 1997 1993 1999
Seasonal Results

Flow

Flow frequency...

Percent Equaled or Exceeded

duration = 1 day

One value per day

L ______§_t9}i_5_t_i5§1 j"_e.s.”.'.'...l “..occurs in percent of years”
!
!
One value per year or season 3 :
!
} i
100% - 0%

H E
2 2 i
Flow duration...
“..occurs in percent of time”
Time (days) .. 100% Percent equaled or exceeded 0%

21

Statistical queries =
BllivewstiSimalb
I v §eason|

EFM Math: Floodplain Vegetation “mm—

To: 12431 (myd;

Beginning End of 2 p”te
of Season Season
\‘l I User Defined % i I |

| || romneratay T User Defined % .

N | ,,,,,,,,,§U!efMa,rzle,-Pr$§t,(,29-9§yI,n,u,ngat,lgrz) ,,,,,,,,,,,,,,,, 1 [ Rateof change: (+ Stage (" Flow
! : feet per v | days
I ) _ ) ) |  Rising (% Faling (" Absolute

Silver Maple-Median (50-day inundation) : 3 5 L
T Time series specifications
. v |s0 ¥ |% exceedance (2,00-yr)
g | % Flow frequency ¢ Flow duration
[ | W |1972 to |2008 WWater year range

i | Individual water year

@l] Vixed shrub-Driest_ § (200-day inundation) _ ¥ ___________ e _________: [ Relationship-defined water year

[ [ =

: (300-day inundation)
T G At !

: ® =365 days :

I |
01/01 12/31

1999
22
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Each year is considered and then ranked...

Flow

Season -, Season -, Season -, Season ___ Season
< 1= =1 1=

H

Buttonbush XML Output

Rank Frequency WY Flow Stage
0270 1572 726.0,726.000

2 0841 3975 €55, £59.850
3 0811 3573 £42.9 641,940
F 110512006 £40.0,640.000
B .1351/1975 639.0 £39.000
€| 1622(2003/ 636.8/636.790)
7 .1892/1992 £20.6 620.592
8| .2162/1996 554.1 /584,148
s| .2432/2004 581.0/581.000

10| -2703/2000, 580.0/580.000

1 2973 1990 575.8 575.820

12 13243 1989 572.9 572.910

13 .3514 1554 555.0 554.570

24 3784 1576 553.0 583.000

15] 4054 /1987 529.9/529.910

16| 4324|1386 525.9 525,940

17| L4595 1974 524.0 524.000

o) "5135 1583 386.0 48£.000

Flow

Seasonal
Results

1 DSS Output

100% 50% 0%

Percent Equaled or Exceeded

Statistical queries

[v geason

From: |01j01 (mjd)
To: 12431 (mfd)
[v Duration of 1 days

For each duration, compute:
Means =

From computed values, select the:
User Defined %

[ Rate of change: & Stage ( Flow

feet per ¥ | days
" Rising = Faling  Absolute
Time series specifications

[V |50 ¥ | % exceedance (2.00-yr)
(= Flow freguency (" Flow duration

W 1972 to [2008 WWater year range
r Individual water year
I™ Relationship-defined water year

—

® 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...
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