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CHAPTER 1

Introduction

The Ecosystem Functions Model (HEC-EFM) is a planning tool that aids in analyzing ecosystem
response to changes in flow regime. The Hydrologic Engineering Center (HEC) of the U.S.
Army Corps of Engineers is developing HEC-EFM to enable project teams to visualize existing
ecologic conditions, highlight promising restoration sites, and assess and rank alternatives
according to the relative change in ecosystem aspects.

Central to HEC-EFM analyses are "functional relationships™. These relationships link
characteristics of hydrologic and hydraulic time series (flow and stage) to elements of the
ecosystem through combination of four basic criteria: 1) season, 2) duration, 3) rate of change,
and 4) percent exceedance.

After relationships are developed, HEC-EFM performs statistical computations to analyze flow
and stage time series for the specified criteria and produces a single flow value for each
relationship. This process can then be repeated for alternative flow regimes to compare different
project scenarios and indicate directions of changes to ecosystem health.

In addition to the statistical computations, HEC-EFM analyses typically involves hydraulic
modeling, which can translate statistical results to water surface profiles and spatial layers of
water depth, velocity, and inundation areas. Geographic Information Systems (GIS) can then be
used to display these generated layers as well as other relevant spatial data (i.e., soils, vegetation,
and land-use maps).

Data requirements of HEC-EFM are related to the level of detail desired by the modeler. If only
statistical results are desired, then required data consists of the flow regimes to be analyzed and
the eco-hydro relationships. If the user intends to visualize statistical results spatially, data (and
software) requirements increase significantly to include flow and stage time series, eco-hydro
relationships, digital topography, a geo-referenced hydraulic model, and any other spatial data
relevant to the ecosystem investigations.

This quick start guide provides an overview of the software followed by examples that
demonstrate its application. The text has been formatted to help readers keep track of the
different types of information presented. Italics are used to identify software features that are
available through the user interfaces of HEC-EFM. Underlines are used to identify model input
data, which includes the names of flow regimes and relationships used in the demonstration
project. Bold is used to highlight key information for individual sections of text.
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CHAPTER 2

User Interface

The main interface of HEC-EFM consists of a title bar, a series of menus, four tabs (Properties,
Relationships, Tables, and Combo Relationships), a message bar, and a Recalculate button
(Figure 1). Most features are located on the tabs. The rest of this section provides more detail
for those tabs.

Tifle bar - Contains title of cutrent project.
File Memy - Create, opery, and save projects and access project reports and other outgt.
Edif Meme - Add and edit flow regimes, relationships, and combo relationships, manage geographical queries, and recaleulate results.
Flof Mewmy - &ctivate HEC-EFM FPlotter, a wtility for wiewing computational output.

Help Menu - Containg demo project, documentation, terms and conditions for use, and information about the software.

% Rolling River.efm - HEC-EFM =3
File Edit Plak Help

Model information

Title: [20lling River study

Author: |Rc|||ing River study team

Location: |

Description: Ecosystem Functions Model demonstration project.

EFM miodel pathname:  Ci\Documents and SettingsiUseri My DocumentsiHEC-EFMRolling River\Rolling River.efm

Flova regimes (paired time series of flow and stage)

Ref | Active | Identifier | Filename | Part A | Part B | Part F | Skarting | Ending |
Tatural Rolling River Data.s FROLLING RIVEL AT EFM 25 MATURAL 010171954  09/30/2003
O O Gaged Ralling River Data. ROLLING RIVEl 4T EFM 25 GAGED 01011954 09)30/2003

Relationships | Tables | Comba Relationships

Properties

siUseriky Documents\HEC-EFMRoling River\Rolling River.efm

Recalculate
n

I

{ Recalculate buffon - Initiates model computations.
Combo Relafionskips Tab - Allows grouping of relationships to represent a single ecosystem dynamic,
Tables Tab - Presents statistical results, project reports, and other outpnat for flow regime relationships.
Felationships Tab - Uzed to define statistical and geographical links between hydrology and ecology.

- Froperfies Tab - Used to define information about the project, including the flow regimes to be analyzed.

= Message bar - Gives the cutrent status of the project.

Figure 1. Key components of the main interface of HEC-EFM.
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2.1 Properties

The Properties Tab contains information relevant to the model as a whole and is divided into two
frames: Model Information and Flow Regimes (Figure 2).

B2 Rolling River.efm - HEC-EFM
File Edit Plot Help

—Model information

Title: |Ro|ling River study

Author: |Ralling River study team

Location: |

Description: Ecosystem Functions Model demonstration project,

EFM model pathname:  Ci\Documents and SettingsiUseriMy Documents|HEC-EFMIRolling RiveriRalling River. efm

— Flow regimes {paired kime series af Flow and stage)

Ref | Active | Identifier Filename | Part & | Part B | Part F | Starting | Ending |
Makural Rolling River Dakaa ROLLING RIVEl AT EFM X5 MATURAL 01011954 09)30/2003
O Gaged Rolling River Data.a ROLLIMG RIVEl AT EFM %5 AGED 01/0171954  09§30/2003

Flowy = fROLLING RIVERJAT EFM X5/FLOW)1DAY fGAGED)
stage = [ROLLING RIVER/AT EFM 250STAGE) 1 DAY /GAGED)

Cpen D55 Catalog, ..

Relationships | Tables | Combo Relationships

Completed Recaloulate | 4
Figure 2. The Properties Tab of the main interface of HEC-EFM is used to document information
about the project and to define the flow regimes to be analyzed. Two flow regimes (Natural and
Gaged) are shown.

Model Information — Model information documents metadata (Title, Author, Location, and
Description) about the project.

Flow Regimes — An HEC-EFM "flow regime" is defined as two concurrent daily time series that
reflect conditions at a single location in the study area. Typically, a flow regime is composed of
time series of daily mean flow and daily mean stage data. HEC-EFM accepts input data from
several text formats (i.e., comma, space, and tab delimited) and from HEC Data Storage System
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(HEC-DSS), which is the database used by HEC models for storage of time series and other data.
The start and end dates for flow regimes are controlled by the user, which can be a handy feature
when analyzing only part of the period of record.

2.2 Relationships

HEC-EFM "relationships™ are statistical representations of links between hydrology and ecology.
Relationships are typically developed by teams of scientists and engineers using a combination
of expert knowledge and scientific literature. Relationships are defined on the Relationships
Tab, which is broken up into four frames: Statistical queries, Geographical queries, Other
queries (nonstandard), and Options (Figure 3).

B+ Rolling River.efm - HEC-EFM
File Edit Plot Help

. . Oplions
Relationship narme: |Litt|e minnow spawning habikak j it Fati
Write computation arrays

Description: Little Minnow spawn in shallow vegetated Floodplain areas . . . !
between February and May, Eggs require sustained high v Hypathesis tracking - increased Flow wil
Flowss For approximately 21- ko 28-days before hatching. F + " - [ ruve | ecohealth
aood spawning conditions need to occur, on average, at
least once every four vears. v Confidence tracking: ¢ 3% 3% 7% 7%
Index | WwalwB|[ C[ D E
Statistical queries Geographical queries Other queries (nonstandard)
¥ Season Depth Shallow habicat ... ||| | Reverselookupfor cfs
From: |02/01 {rfd) 0- o 3-Ft r

To: 05,31 {m/d)

|v Duration of 24 davs
For each duration, compute;

|Minimums b |

From computed values, select the:

|\-'egetation Fequires presence ... | |
of aquatic plants

| Mazirnurm -

[ Rate of change: * Stage O Flow

feet per | days
" Rising ™ Faling  Absolute

Time seties specifications

v |25 - |% exceedance (4, 00-yr)

{* Flow Frequency ¢ Flow duration

B ko Water yvear range

r Individual water wear

[ Relationship-defined water vear

| [

Propetties i Relationships | Tahlzs J_ Combo Relationships
Completed Recalculate

Figure 3. Using the Relationships Tab of the main interface of HEC-EFM, modelers define
individual relationships as combinations of statistical and geographical criteria.
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Statistical Queries — Fields within Statistical queries allow users to input criteria (in terms of
Season, Duration, Rate of change, and Percent exceedance) that define the statistical analysis to
be performed for each relationship. All criteria do not need to be filled in for each relationship —
only those that are important for the relationship. Time series specifications can be entered as
Flow frequency (percent of years) or Flow duration (percent of time). Statistical queries also
offer controls for managing the flow and stage data to be used for the statistical computations.
Options are given for Water year range, Individual water year, or Relationship-defined water
year, which allows a relationship to be based on the statistical results of a separate relationship.

Geographical Queries — Geographical queries allow users to specify criteria that define
relationships from a spatial perspective. Geographical queries are created by the user through
the Manage Tags for Geographical Queries interface (Figure 4), which is accessed by selecting
the "Edit — Manage Geo Queries..." menu option. Users create tags and specify the tags that are
important for each relationship. This creates a text field in the HEC-EFM interface for recording
how the tagged data sets need to be queried in GIS. A tag is a simple name that identifies sets of
spatial data layers important to an HEC-EFM project.

B2 Manage Tags for Geographical Queries

Project tags

T ags are simple names that identify zets of spatial data layers important to an EFR project.
Project tags are available for use in each relationzhip. The following tags have been
created for this project:

Add tag...

Rename tag...

Delete tag. ..

Diepth, Yegetation, Land Uze

Activate tags for each relationship

Relationship Selected Tags
N - - N - Select bags..
Little minnow spawning habitat Depth, Yegetation

Big bass winker habitak

Benthic macroinvertebrate biodiversity
Wetland health

Riparian tree recruitment

Riparian kree inundation Depth
\Wekland health reverse loakup

I

ak. | | Cancel |

Figure 4. The Manage Tags for Geographical Queries interface in HEC-EFM is
used or editing and creating tags, which are labels for sets of spatial data important
to an HEC-EFM project.
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Other Queries (nonstandard) — Statistical results for a standard HEC-EFM relationship is a
pair of flow and stage data that meet the statistical criteria specified for that relationship.
Currently, the only nonstandard query available is the reverse lookup query. Reverse lookups do
not compute a flow and stage, instead the user specifies a flow and HEC-EFM computes the
percent of years or percent of time that flow is equaled or exceeded.

Options — There are three options available for each relationship: Write computation arrays,
Hypothesis tracking, and Confidence tracking. The Write computation arrays option prompts
HEC-EFM to export the statistical computations performed for that relationship. Hypothesis
tracking allows users to compare the direction of change of eco-health for different flow
regimes. The question that hypothesis tracking asks is: "Increased flow will do what to eco-
health?" for this relationship. Users have the option of saying that increased flow will help (+),
hurt (-), or have a non-linear response (via the Curve button) to eco-health. Confidence tracking
provides a way to track the relative certainty of HEC-EFM relationships. The default is one star.
This starting point implies that there is the same amount of scientific understanding for each of
the relationships. As confidence in a particular relationship grows, its number of stars can be
increased. This occurs at the discretion of the study team, perhaps when the relationship is
verified with field data, backed with scientific literature, or approved by a group of scientists or
agencies.

2.3 Tables

The Tables Tab presents statistical results for pairings of flow regimes and relationships. It is
also where users can view project reports and output files (Figure 5). Tables can be printed or
copied into other applications. After the Recalculate button is pressed, the HEC-EFM interface
will automatically go to the Tables Tab to display the new statistical results.

2.4 Combo Relationships
Combo Relationships are used to detail how two or more individual relationships are grouped to

represent a single ecosystem dynamic. For example, in Figure 6, Riparian tree establishment is
defined as Riparian tree recruitment minus Riparian tree inundation.
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B Rolling River.efm - HEC-EFM

File Edit Plat Help
e
Evaluated at: 09/02/2009 14:02
Summary
Natural Gaged
Relationship Conf. Stage, ft Flow, cfs Chg. Stage, ft Flow, cfs
Little minnow spawning habitat * 4275.2 1,226 Pos 4275.7 1,703
Big bass winter habitat * 4274.1 525 Pos 4274.3 509
Benthic macroinvertebrate = 4279.4 6,620  lleg 4277.2 3,190
biodiversity
Wetland health = 4274.3 636 Fos 4274.5 771
Riparian tree recruitment = 4274.9 1,017 Fos 4273.1 1,129
Riparian tree inundation = 4273.7 373 Neg 4274.3 609
Index
Values
Index Gaged
A=Al -4.7
B-Fish 27.4 L
C- n/a
D- n/a
E- n/a
Mo reverse lookup flow frequency data sets were analyzed.
Reverse Look-ups - Flow Duration v
| Combo Relationships
Completed Recalculate

Figure 5. The Tables Tab of the HEC-EFM interface is used to display statistical
results for simulations (as in this figure), project reports, and computational output.

B Rolling River.efm - HEC-EFM
File Edit Plot Help

Combo Relationships

Combo relationship narne: |Riparian tree establishment ﬂ
Primary lawer Action Connected |ayver(s)
|Riparian tree recruitment ﬂ ||:Ii|:u j |Ri|:uarian tree inundation ﬂ

Properties I_ Relationships ]_ Tables | Caombo Relationships }
Completed Recalculate

Figure 6. The Combo Relationships Tab of the HEC-EFM interface allows for grouping of separate
relationships to represent a single ecosystem dynamic.
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CHAPTER 3

HEC-EFM Math

While the HEC-EFM process can involve hydraulic modeling and GIS, statistical analyses of
links between hydrology and ecology are the foundation of HEC-EFM applications.

The math performed by HEC-EFM during these statistical analyses is actually very basic. The
challenge is in understanding how the parameters that define relationships (Season, Duration,
Rate of change, and Percent exceedance) are used by HEC-EFM to compute the flow and stage
that meet those criteria.

3.1 Season

Season is the most intuitive of the parameters. Ecosystem dynamics (e.g., fish spawning or seed
germination) typically occur in certain time periods of the year. Within HEC-EFM, season is
defined by start and end dates. During computations, a seasonal extract is taken from each water
year being investigated. All Duration and Rate of change queries are performed on these
seasonal extracts.

3.2 Duration

Duration is a versatile, but complicated query. There are three settings: 1) number of days, 2) a
selection of statistics to be computed for each duration in the season, and 3) a selection of
statistics to be computed using the time series of computed values produced in step two.

The number of days defines a duration interval (Figure 7). Duration calculations are performed
from the beginning of season to the end of season. So for the start date, HEC-EFM considers all
data values within the duration interval (per setting 1), computes a statistic (per setting 2),
records that value for the start date, and then advances a day and repeats the process until the end
of season is reached. This produces a statistical time series of Minimums, Medians, Maximums,
User defined percentages, or Means (per setting 2) that has one value for each day of the season.

The final step in the Duration query involves selecting a single seasonal value (per setting 3)
from the statistical time series. Options are provided for Minimum, Median, Maximum, User
defined percentage, and Mean. This produces a time series of seasonal results that has one value
per season.

Figure 7 provides an example of this process using an 8 day duration interval, minimums, and
then maximum of the minimums.
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/ O\ minimums

Flow

Duration Interval

Pl

~\Maximum of the

Advance
1 day

Pl

Minimum value
in Interval

1997

Statistical queries

[v Season

From: |02f01 (m/d)
To:  Josiat (i)
[v Duration of

For each duration, compute:

IMinimums ~ I
From computed values, select the:
Maximum ~ I

I” Rate of change: * Stage { Flow
,— feet per v | days
" Rising ™ Faling © Absolute

Time series specifications

[~ |25 v |4, exceedance (4.00-yr)
(v '

7 T |1984 to |2003 water year range

[7"199? Individual water yearl

I Relationship-defined water year

| =l

Figure 7. Sample use of the Duration query in HEC-EFM. Computations are shown for

one water year.

3.3 Rate of Change

The Rate of change query was originally added to HEC-EFM to look at ecological concerns
connected to the recession limb of stage hydrographs. Its capabilities have since been expanded
to include Rising, Falling, and Absolute rates of change for both Stage and Flow.

For all combinations of those settings (Figure 8), the Rate of change uses two parameters: 1) the
threshold value for change and 2) the number of days. For each day beginning at the end of the
season and working backwards in time, the actual rate of change is computed by subtracting the
current flow or stage and the flow or stage that occurs at the end of the time interval defined by
the number of days (i.e., if number of days is set to 4, the actual rate of change equals the current
value minus the value 3 days into the future such that the total time interval being considered
spans 4 days). The actual rate of change is then compared to the threshold value. If actual does
not violate the threshold, the rate of change is deemed acceptable, HEC-EFM moves backwards
one day, and the test is repeated. This continues until the threshold is violated or the beginning

of season is reached.

If the threshold is violated, HEC-EFM selects the previous successful test (one day later than the
failed test) as the seasonal result, which represents the date and conditions where rates of change
became consistently acceptable for the rest of the season.

If the beginning of season is reached and passes the rate of change test, HEC-EFM selects that
date and its corresponding conditions as the seasonal result.
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Statistical queries

Iv Season
) From;: IUS,I’Dl {mfd)
Actuai Recession » EFM o o (i)
Threshold Recession '
[¥ Duration of 1 days
Choose next day: From
this day conditions met | ~ |
X for rest of season
M Actual Recession I J |
o P y
o / - le—|Advance 1 day Iv Rate of change: * Stage { Flow
% | N ||U.12 feet perl ||4 ;‘ daysl
\EFM Threshold Actual Recession " Rising ™ Faling ¢ Absolute
v Recession (0.12 ¢ Time series specifications
# of Days
L“‘\wﬁh [~ |10 ¥ | % exceedance (10.00-yr)
I . o (g
y . I ta ‘Water year range
» \ EFM Thieshold
e Recession (0.12 ) Wl|2003 Individual water yearl
af Days
| Relationship-defined water year

2003 I he

Figure 8. Sample use of the Rate of change query in HEC-EFM. Computations are shown
for one water year.

If the first test (at the end of season) fails, a zero value is recorded as the seasonal result, which
indicates that no dates passed the rate of change test for that season.

It is also important to note that when Rate of change is selected in the HEC-EFM interface, the
dropdown controls in the Duration query become gray and inoperable. This behavior is meant to
communicate that the two queries are largely incompatible. In fact, the only Duration setting
relevant to Rate of change is number of days. When it is set to 1 day (as in Figure 8), the Rate of
change query tests the mean daily values obtained from the flow regimes in the seasonal extract.
When an integer of 2 or more is entered, HEC-EFM will compute a time series of mean values
for that duration of flow or stage, depending on the setting in Rate of change, and then perform
the rate of change tests for that computed series.

3.4 Time Series Specifications

Components in the Time series specifications section of HEC-EFM include Percent exceedance
and three controls for managing the period of record assessed for each relationship (Water year
range, Individual water year, and Relationship-defined water year).

The Percent exceedance query offers a choice of either Flow frequency or Flow duration. Flow
duration should not be confused with the Duration query described earlier in this chapter. In
fact, when Flow duration is selected in the HEC-EFM interface, the dropdown controls in the
Duration query become gray and inoperable. As with Rate of change, the only Duration setting
relevant to Flow duration is Number of days. When it is set to 1 day, HEC-EFM generates a
flow duration curve using mean daily values obtained from the flow regimes in the seasonal

3-3



Chapter 3 - HEC-EFM Math HEC-EFM Quick Start Guide

extract and then interpolates to obtain the flow that corresponds to the user-defined percentage.
When an integer of 2 or more is entered, HEC-EFM computes a time series of mean flow values
for that duration, uses those values to generate a flow duration curve, and then interpolates to
obtain the flow that is equaled or exceeded for the user-defined percentage of time. The
resulting value would be the statistical result.

When Flow frequency is selected (Figure 9), HEC-EFM ranks the seasonal results (computed via
the Season, Duration, and Rate of change queries) and interpolates to obtain the flow (or stage, if
Rate of change is being used to investigate stage dynamics) that is equaled or exceeded for the
user-defined percentage of years. The resulting value would be the statistical result.

Minimums - Maximum

% | Season | | Seazon | Season
i A Statistical queries
|v Season
From: |02/01 (mjd)
To: 05/31 (mjd)
Seasonal [v Duration of 8 days
Results )
For each duration, compute:
XML Qutput ‘ [Minimurns ~| |
Rank Frequency WY Flow Stage .
1 (0475 1953 1,413.9 4,275,396 DSS Output Frorr! computed values, select the:
2 0952 1998 1,252.8 4,275.203 |'“"'a"'""-'“1 ~| |
3 11429 1984 1,247.4 4,275,157
4 1905 1935 1,237.8 4,275,185 I Rate of change: ' Stage ¢ Flow
5 ,2381 1930 1,143.5 4,275.072 feet per + | days
| 2500 1,116.7 4.275.040' 1,167 » _ =
z IR LRI " Rising = Faling ¢ Absolute
7 \33331996  975.5 4,274,861 = Time series specifications
[ \3810 2003 965.6 4,274.845 o
£ 4285 1387 960.6 4,274.837 (TR N Vs ¥ |% exceedance (4.00-yr)
10 47621952 905.5 4,274,751 {* Flow frequency ¢ Flow duration
11 52381934 £93.04,274.729
2 57141557 8457 4,274,655 ¥ {1984 to 2003 ‘Water year range
13 (6191 1985 776.3 4,274,542
14 (6667 2001 642.14,274,328 I~ |1997 Individual water year
15 7143 1989  601.9 4,274,263 I Relationship-defined water year
16 76191559 575.84,274.221
17 (8095 2002 502,14,274,104 o o o ‘ ﬂ
18 JB5711986 494.6 4,274,085 100% 25% 0%
19 50481583 460.34,274.045 Percent Equaled or Exceeded
20 5524 2000 4555 4,273,576

Figure 9. Sample use of the Time series specifications for a relationship with Season and
Duration queries (as in Figure 7). The statistical result is the flow meeting the parameters
in those queries that is equaled or exceeded in 25% of years (Flow frequency).

This ranking and interpolation process is required only when seasonal results are computed for
multiple years, whether for a whole flow regime as defined on the Properties tab (Figure 2) or via
the Water year range control (Figure 9).

Both the Individual water year and the Relationship-defined water year controls limit analyses to
a single water year. For the Individual water year, the user specifies which water year to assess.
For Relationship-defined water year, the user selects a separate relationship that is of interest,
and HEC-EFM determines which of its seasonal results (and corresponding historical water year)
most closely equals its statistical result. That historical water year is then used when assessing
the current relationship. In both cases, as there is only one seasonal result, it is also reported as
the statistical result.
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3.5 Other Math Features

In addition to seasonal and statistical results, HEC-EFM also computes relationship-based
ecovalues and dates of occurrence for each season within the period of record, as well as indices
that involve multiple relationships. Ecovalues are useful in assessing how successfully habitat is
provided. Dates of occurrence are useful in assessing the seasonality of habitat availability.
Indices are used to numerically combine several relationships to compute a single measure of
how a flow regime more broadly affects an ecosystem or ecosystem component.

3.5.1 Ecovalues and Ecovalue Shift

Ecovalues are measures of how well flow regimes meet the needs of relationships. Users specify
how seasonal and statistical results translate to ecovalues through the hypothesis tracking feature
available as part of each relationship. Ecovalues can either be set equal to the flow result (i.e.,
when the “+” hypothesis tracking setting is active), the negation of the flow result (i.e., when the
“-” setting is active), or interpolated based on the flow result and a table provided by the user
(i.e., when the “Curve” setting is active). This interpolation option allows users to score the
ecological success of different flow results. For example, a table could be applied that translates
flow results for a relationship to ecovalues on a scale from 0 to 10.

Ecovalues are computed for each season within the period of record. Seasonal ecovalues are
then used to compute a mean ecovalue for the whole flow regime (Figure 10). Mean ecovalues
are used as a variable in the computations of Indices, as described later in this chapter.

+ P 0 + s o
o i - Positive .
] ' (=] o
Lo . K Ecovalues o —o—* .
o o o
o o] £ o N >-—" PO~
— ! o e o 4 P
@ g ez Mix of Positives
! S L] .
S . 1 & Negatives *
ool w
] o
g O Q - 5] [ o 9
o . ) & o @ o o
> g . w ® 4 o =0 .
(@] 0 o o |5 [ o o o3
(& ] [} 2|9 5}
L ® ™ o E o
o
uu.l [ ] =] 5]
o o
Flow Regime: @A (ref) OB OC
Yearl Year2 Year3 E:
Period of Record Percent Exceedance

Figure 10. Seasonal ecovalues shown as a time series (left) and in accordance with percent
exceedance (right). Ecovalues are measures of how successfully the criteria for a
relationship are met by a flow regime. Typically, increasingly positive ecovalues
correspond to increasingly beneficial habitat conditions.
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For flow regimes that are active and not the reference, seasonal ecovalue “shifts” are computed
as a percent change in ecovalue from the reference flow regime. Seasonal ecovalues and
seasonal ecovalue shifts are output as time series (one value per season per year) and as ranked
data (Figure 11). Both offer insights regarding how successfully habitat is provided and how that
success differs between flow regimes.

" Change in Success Change in Consistency
1 Higher slopes indicate th "
— igher slopes indicate that
E Q ecovalues for a relationship ?:'O
Q = were increasingly different 1]
E E than the reference. 5
$ S 3
o )
™= o
K= =T4]
v Horizontal lines on x-axis g
Q g indicate zero change a0
= e from reference. c
© A positive shift indicates that © ‘B
g criteria for a relationship 8‘)0 3
(W) were met with more success 2 P
b than for the reference. E
Y v =
- Percent Exceedance Percent Exceedance

Figure 11. Ecovalue shifts provide insight regarding changes in success (left) and changes
in the consistency of success (right) for a relationship. In HEC-EFM, “shifts” inherently
compare an active flow regime with the reference flow regime. Ecovalue shifts are
computed as the percent difference in ecovalue between active and reference flow regimes.

3.5.2 Dates and Date Shift

“Dates” are based on the day and month when the statistical parameters of a relationship are met
for each water year in the period of record. Numerically, a seasonal date value is set equal to the
number of days between 01 January and the day and month of its corresponding seasonal result
(e.g., a seasonal date value of 31 would correspond to a seasonal result occurring on 31 January;
Figure 12).

For flow regimes that are active and not the reference, seasonal date “shifts” are computed as the
change in date value from the reference flow regime. Seasonal dates and seasonal date shifts are
output as time series (one value per season per year) and as ranked data (Figure 13). Both offer
insights regarding how habitat availability fluctuates within the season of interest and how that
seasonality differs between flow regimes.
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Figure 12. Seasonal date values shown as a time series (left) and in accordance with
percent exceedance (right). Date values reflect when the criteria for a relationship were
met within the season defined for the relationship.
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Figure 13. Date shifts provide insight regarding changes in the timing (left) and changes in
the consistency of timing (right) of when criteria for a relationship were met. In HEC-
EFM, “shifts” inherently compare an active flow regime with the reference flow regime.
Date shifts are the time differences (numbers of days) between the seasonal date values of
active and reference flow regimes.
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3.5.3 Indices

A common result when analyzing multiple relationships is that for a certain flow regime, some
aspects of the ecosystem do well and others do poorly. Indices can help users look at the net
effect of different flow regimes. The confidence tracking and hypothesis tracking options must
be selected for a particular relationship to be included in an index. Indices are computed for flow
regimes that are active and not the reference. Each index is computed using a combination of
information about relationships and statistical results based on the following equation:

Index = Z (Direction of Change,)*(Confidence,)*(% Change in Eco-value,)
i=1...n

Where:
i = counter from 1 ton
n = number of relationships in the index
Direction of Change; = 1, -1, or 0 for relationship;
1 indicates that relationship; experienced a positive change from the reference flow regime
-1 indicates that relationship; experienced a negative change from the reference flow regime
0 indicates that relationship; experienced no change from the reference flow regime
Confidence; = an integer from 0 to 5 based on the confidence value for relationship,
% Change in Eco-value; = (Eco-value for relationship; — Eco-value for relationship,.c.rence)
(Eco-value for relationship,erence)
Note: % change in Eco-value is equal to % change in Flow (using statistical results for flow)
when hypothesis tracking does not use the curve option.

3.6 Handling Missing Data

As HEC-EFM considers ecosystem dynamics according to the percentage of years or percentage
of time that a flow or ecological event occurs, there is no conceptual reason to stop an analysis
due to missing data within a flow regime. Via the “Edit”” menu, the software offers a check
option entitled ““Handle Missing Data”’, which instructs HEC-EFM to work around any missing
data, and a menu option called “Missing Data Identifiers...””, which opens an interface where
users can specify the numeric values to be treated as missing data (Figure 14). Blanks and non-
numbers are automatically identified as missing values.

When the ““Handle Missing Data’ option is active and missing data are encountered, the
software simply omits the water year with missing data from the relationship’s calculations. The
number of valid years (i.e., years that have all required data) associated with rankings,
frequencies, and plotting positions are adjusted accordingly. As season is set for each
relationship, each flow regime is screened for missing data for each relationship.

HEC-EFM also generates a report that lists water years omitted due to missing data. To view the
report, use the "File — Data Summary™ menu option (Figure 15).
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Figure 14. Use of the Missing Data Identifiers interface to specify the numeric values to be
treated as missing data.

Mew Chel+h

Open...
Save
Save s,

Report
Resulks

Chr+O
Chrl+3

Wigw Array File, .,

Prink Presiew

Prink Chrl+P

Recent Projects

Exit

HEC-EFM data summary

This page describes the data used during analysis of each Flow Regime, Relationship.

Computations made: 03/14/2012 11:31, Rolling River.efm

Gaged, Little minnow spawning habitat
Period of Record: 01/01/1954 - 09/30/2003

Water year range: 1954 - 2003

Water years omitted due to missing data: Mone

Humber of valid years: 50

Gaged, Big bass winter habitat
Period of Record: 01/01/1954 - 09/30/2003

Water year range: 1954 - 2003

Water years omitted due to missing data: None
HMumber of valid years: 50

Gaged, Benthic macroinvertebrate biodiversity
Period of Record: 01/01,/1954 - 09/30/2003

Water year range: 1954 - 2003

Water years omitted due to missing data: 1954

HMumber of valid years: 49 %

Figure 15. Excerpt from the Data Summary report, which details periods of record, water
year range, missing data, and number of valid years for each combination of flow regime

and relationship analyzed.
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CHAPTER 4

Demonstration Project

This demonstration project will consider ecosystem relationships for a cross section of the
fictional Rolling River. The progression of tasks is to 1) build eco-hydro relationships, 2) set up
the model and compute statistical results, 3) simulate the statistical results with a hydraulic
model, and 4) use of GIS to investigate the ecosystem responses spatially.

Two flow regimes will be analyzed. The "Gaged" flow regime has flows and stages that reflect
the current management plan for Rolling River, which is regulated by upstream dams. The
"Natural” flow regime has flows and stages that reflect how the river would behave without
reservoir regulation.

A completed demonstration project with flow regime data can be downloaded via the "Help —
Install Demonstration Project..." menu option.

4.1 Building Relationships

Each scenario described below presents information about an aspect of the ecosystem that the
Rolling River study team would like to investigate, the statistical and geographical queries used
to define each as an HEC-EFM relationship, and the logic used to craft those criteria.

4.1.1 Little minnow spawning habitat

The little minnow is a threatened species of fish indigenous only to the Rolling River basin.
Little minnow populations have declined (in magnitude and range) as dams and diversions
limited access to upstream river stretches and as floodplain areas, critical to little minnow
spawning, were transitioned to agricultural lands. Little minnow spawn in shallow (no deeper
than 3 ft), vegetated floodplain areas between February and May. Eggs require sustained
high flows for approximately 21 to 28 days before hatching. Little minnow reach sexual
maturity in their first or second year and have a lifespan of approximately 6 years. Scientists
suggest using the conditions within each spawning season that generate the largest extent of
effective spawning habitat as an indicator of success for each year’s spawn. Further, scientists
suggest 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 little minnow would have
a chance to spawn in their lifespan.

HEC-EFM Relationship:

Season: 02/01 to 05/31

Duration: 24 days, Minimums (sustained highs) and then Maximum (largest extent)
Rate of change: Not applied

Percent exceedance: 25% (4 yr) - Flow frequency
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e Hypothesis tracking: Increased flow will improve (+) floodplain spawning
e Geographical queries: Depth (0 to 3 ft) and vegetation (aquatic plants)

Comments. For the little minnow, successful spawning depends on having a sustained
inundation long enough for the eggs to incubate. These types of scenarios, where any
interruption will affect the ecosystem dynamic being modeled, typically use an initial statistical
setting of Minimums or Maximums for the Duration query. Minimums return a flow that will be
that high or higher for the length of the duration. Maximums return a flow that will be that low
or lower. This relationship also thinks in terms of percentage of years. The Percent exceedance
- Flow frequency option returns a flow and stage that are equaled or exceeded in the percent of
years specified by the user. The Percent exceedance - Flow duration option returns a flow and
stage that are equaled or exceeded in the percent of time specified by the user.

4.1.2 Big bass winter habitat

A study for big bass showed that fish mortality in a critical over-winter period, January through
May, was caused by a chronic lack of habitat. Mortalities began to occur when generally poor
conditions persisted for more than two weeks. Habitat shortages for these fish occur at low
flows. Scientists said that these chronic conditions are best represented by average low flows
and that, since these fish are in the river each winter, using a typical year (median conditions)
would be a good indicator. The study showed that suitable habitat is proportional to increasing
low flows (i.e., higher low flows create more habitat) until those low flows exceed 1,000 cfs.

HEC-EFM Relationship:
e Season: 1/1to5/31
Duration: 14 days, Means (average) and then Minimum (low)
Rate of change: Not applied
Percent exceedance: 50% (2 yr) - Flow frequency
Hypothesis tracking: Curve with flow-value points of 0-0, 600-6, 1000-10, 10000-0
Geographical queries: Not applied

Comments. The background for big bass used phrases like "mortality...was caused by a chronic
lack of habitat...generally poor conditions”. These are clues that big bass are somewhat resilient
and will be most affected by bad conditions that occur for long periods of time or sporadically,
without enough time between episodes for the fish to recover. This scenario is unlike little
minnow spawning where the eggs cannot have bad conditions — be dry — for any single day and
survive. Relationships like this typically use an initial statistical setting of Means for the
Duration query.

4.1.3 Benthic macro invertebrate biodiversity

Reservoirs tend to reduce high flows and increase low flows, which creates a more stable flow
regime. In these regulated systems, communities of benthic macro invertebrates often have
reduced biodiversity because the few species that thrive in the more stable flow conditions out
compete all of the others. Flooding initiates a return to more natural conditions which
encourages the community to rebound to its original biodiversity. Scientists maintain that the
timing is not important, but the high flows should occur once every two years, on average.
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HEC-EFM Relationship:

e Season: 10/1to 9/30

e Duration: 1 day, Means (average) and then Maximum (high)

e Rate of change: Not applied

e Percent exceedance: 50% (2 yr) - Flow frequency
Hypothesis tracking: Increased flow will improve (+) benthic biodiversity
e Geographical queries: Not applied

Comments. HEC-EFM relationships do not need to be complicated. The background basically
says that benthic biodiversity is a function of high flows. So to build this relationship, use
statistical queries that focus on high flows of short duration at any time in the water year.
Choosing a duration is related to the flashiness of the river system being studied. For the
demonstration project, a value of 1 day was chosen, though any duration between 1 and 7 days
would likely be a good indicator.

4.1.4 Wetland health

Water exchange between river and wetland areas has also been noted as a key component of
wetland health. With frequent exchange, water quality in the wetlands remains good, but with
isolation, dissolved oxygen levels drop, wetland areas become anoxic and aquatic species die.
This is only an issue in the warm summer months, mid-May to mid-September. A hydraulic
engineer on your team has determined that flows of 600 cfs and higher allow water exchange in
your project area and a biologist, familiar with the region, suggests that active exchange for
approximately 30%o of the time (in summer) will lead to healthy conditions.

HEC-EFM Relationship:
e Season: 5/15to 9/15
e Duration: 1 day
e Rate of change: Not applied
e Percent exceedance: 30% (of time) - Flow duration
e Hypothesis tracking: Increased flow will improve (+) water exchange for Wetland health
e Geographical queries: Not applied

Comments. This relationship is the first demonstration relationship to use the Percent
exceedance - Flow duration query. In this case, healthy conditions are created when active
exchange between the river and wetlands occurs 30% of the time. As mentioned in the little
minnow comments, using the Percent exceedance - Flow duration option will return a flow and
stage that are equaled or exceeded in the percent of time specified by the user.

4.1.5 Riparian tree recruitment and inundation

Reservoir influence and transition of floodplain lands to agriculture has proved a destructive
combination for riparian tree forests. Through scientific study, riparian tree establishment has
been tied to high flows that occur and recede during germination periods. After germination,
survival is a function of water level. If inundated, seedlings are prone to drowning and,
conversely, if water levels recede too rapidly, roots desiccate and seedlings are lost.
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Germination periods for the riparian tree have been shown to occur between mid-June through
July. Scientists have found that, after germination, if water levels drop by more than 0.58 feet
per week then riparian tree seedlings will have a lower chance of survival. A high stage needs
to occur at least once every 10 years to keep sustainable riparian tree establishment.

HEC-EFM Relationship: Recruitment
e Season: 06/15 to 08/01
Duration: 1 day
Rate of change: 0.58 feet per 7 days - falling (stage)
Percent exceedance: 10% (10 yr) - Flow frequency
Hypothesis tracking: Increased flow will improve (+) Riparian tree recruitment
Geographical queries: Not applied

Riparian tree seedlings are sensitive to prolonged periods of inundation. Beginning of August
through mid September represents the time period immediately following the establishment
season, where riparian tree seeds would most likely drown if inundated for an extended length of
time. 21 days is the estimated length of time that a seedling could be continuously inundated
before it dies. If the sustained inundation is less than 0.5 ft, seedlings are more likely to survive.
Median conditions (2 yr) can be used as an estimate of typical inundation.

HEC-EFM Relationship: Inundation
e Season: 08/01 to 09/15
e Duration: 21 days, Minimums (sustained highs) and then Maximum (extent of effective
seedling drowning)
e Rate of change: Not applied
e Percent exceedance: 50% (2 yr) - Flow frequency
e Hypothesis tracking: Increased flow will cause Riparian tree inundation to increase (-)
e Geographical queries: Depth (0 to 0.5 ft)

Comments. This scenario actually requires two individual relationships that are used to represent
a single ecosystem dynamic. The real dynamic of interest is the establishment of new riparian
tree seedlings. Establishment occurs when flow and stage conditions are suitable for new
seedlings to begin growing (recruit) and when the new seedlings survive inundation that occurs
later in the growing season.

The recruitment relationship uses the rate of change query. This query starts at the end of the
season and works towards the start of the season one day at a time, checking for violations of the
rate of change threshold. The flow and stage at the time of the last violation in the user-defined
season is recorded as a “seasonal result”. These seasonal results (one pair of flow and stage for
each water year) are then ranked into a frequency table. The statistical result for Riparian tree
recruitment is interpolated as the 10% exceedance value.

The inundation relationship uses a Minimums - Maximum Duration query to compute the flow
and stage that effectively drown or preempt any new recruitment.
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These two are used in combination to represent Riparian tree establishment, with the difference
between recruitment and inundation results being the portion of recruitment that leads to
establishment of new seedlings.

HEC-EFM Combo Relationship: Riparian tree establishment
Primary layer - Riparian tree recruitment
Connected layer - Riparian tree inundation

4.2  Setting up the Model

4.2.1 Creating a New Project and Defining Flow Regimes

1. Open HEC-EFM and use the "File — New" menu option to start a new project. Enter title,
author, and project description into the model information section of the Properties Tab.

2. The dataset for this project is part of the completed demonstration project for HEC-EFM,
which was copied to your computer when the HEC-EFM software was installed. Use the
"Help — Install Demonstration Project..." menu option to extract the demonstration project to
a directory on your computer or network (Figure 16).

Quick. Start Guide

Install Demonstration Prajeck. ..

Yiew Terms and Conditions For Use

N

About HEC-EFM

After installing the demaonstration project, use the "File - Open.,." menu
option in HEC-EFM to open the Rolling River application,

Browse for Folder E| El

Unzip to Folder;

WinZip Self-Extractor - Rolling River.exe

Tao unzip all files in Raling River exe to the
zpecified folder press the Unzip button,

irZi (2} Deskt
Unzip to folder: . S
I:Ii-::l::. Browsze ko zelect location -:::- [ Browse... ] [ Cloze ]

Overwrite filez without prompting

o Local Disk (C:)
DYD-RAM Drive (D:)
Mebwork Places

QK ] [ Cancel

d

Figure 16. Setting up a working directory.

3. Data for the flow regimes are located in "Rolling River Data.dss", which is included in the
demonstration project. The first flow regime acts as a placeholder and must be renamed.
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Use the “Edit — Flow Regimes — Rename...”” menu option to open the Rename Flow Regime
interface. In the New name text box, enter Natural and click OK (Figure 17).

% Plot  Help

Flow Regimes

Flotting Position Type (.
Select Arrays Format 4
Unit Systemn »

B:. Rename Flow Regime

Handle Missing Data
Missing Data Identifiers. ..

Existing: |Use edit menu to rename ﬂ

Mew name: |Natural

o |

Cancel |

Figure 17. Naming a flow regime.

4. Add data to this flow regime by moving the cursor over the Filename cell and pressing the
browse button (Figure 18). Browse to the Rolling River folder in the extraction location,
select "Rolling River Data.dss", and click OK. Note: The browse button only appears when
you have the Filename cell selected.

Flow regimes (paired time series of flow and skage)

Ref | active | Identifier | Flename | eata | patB | patF Starting E
Matural [

Select bo browse For new file,

,
Select time series record file

Laak in: |E} Fiolling River ﬂ & =k ER-
= ) Arrays
'—v-} ) Hydraulics
Fecent [23) Spatial
Rolling River Data.dss
?I-—':
Desktop

My Computer
My Metwork  File name: |F|l:|||ing River Data.dss j Open |
Places
Files of type: | DS files [*.dss) ] Cancel

Figure 18. Adding the flow regime data file.
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5. Click the Open DSS Catalog button to open the HEC-DSS Catalog Browser for that flow
regime (Figure 19).

Browse to /ROLLING RIVER/AT EFM XS/FLOW//1IDAY/NATURALY/, highlight the f-part
"NATURAL" and click Select. HEC-EFM has an auto-mapping feature that looks for stage
time series whose a-, b-, and f-parts match the selected flow record. If HEC-EFM finds a
match, a message box opens asking whether the matching time series should be used as the
corresponding stage values for that flow regime. Click Yes. Once both the stage and flow
time series have been selected, press OK.

HEC-DSS Catalog Browser

E- Rolling River Data.dss
--(E) DAY
- (%) ROLLING RIVER
--{E) AT EFM %5
= @ FLOW Cancel
8 GAGED
MATURAL fresh
Flowe reqimes (paired kime seris = @ STAGE Refres
Ref | Active | Identifier
Makural HEC-EFM

There is a corresponding stage pathname, Use it?

Yes Mo

Selected pathnames
" Flow  [ROLLING RIVER AT EFM XSIFLOMW 1 D8Y MATURALS

' Daktaz DAY

Fram:

Cpen D55 Catalog. ..

Figure 19. Selecting flow and stage time series.

6. Use the "Edit — Flow Regimes — Add..." menu option to open the Add Flow Regime interface.
In the Name text box, enter Gaged and click OK (Figure 17). Repeat steps 4 and 5 to add
data to the new flow regime. Remember to click the Open DSS Catalog... button while the
cell highlighted in the table of flow regimes is in the row for Gaged and to select the f-part
"GAGED" after opening the DSS catalog.

7. Itis important to define the reference flow regime. This is the flow regime that serves as the
basis for comparison when looking at direction of ecosystem change. In this example, use
the Natural flow regime as the reference. To make a flow regime the reference, click on the
box in the Ref column of that flow regime (Figure 20). In this case, a check mark is already
in the box because Natural was the first flow regime entered. Only active flow regimes are
considered during calculations.
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Fef ] Ackive ] Identifier ] Filename ] Part & ] Part B ] Part F ] Skarking ] Ending
Makural Rolling River Dataa ROLLIMG RIVEL 4T EFM %5 MATURAL 01/01/1954  09/30/2003
O O Gaged Rolling River Data. ROLLING RIVEl AT EFM %5 GAGED 01011954 09/30/2003

Figure 20. Reference and active flow regimes.

8. The Properties Tab should now look like Figure 21. Use the "File — Save As" menu option
to save your project. Note: The completed demonstration project is called Rolling River.efm.
If saving in the extraction directory, please use a different name for your project.

B Rolling River.efm - HEC-EFM
File Edit Flok Help

—Model information

Title: IRUIIing River study

Authar: IRoIIing River study tearn

Location: |

Description: Ecosystern Functions Model demonstration project,

EFM model pathname: Z:\Documents and SettingsiUserfdy DocumentsiHEC-EFMYRolling RiveriRolling River.efm

—Flow regimes (paired kime series of flow and skage)

Ref | Active | Identifier Filename | Fart & Patt B Part F | Starting | Ending |
Matural Rolling River Data. ROLLIMG RIVEl AT EFM 25 MATURAL 01/01/1954 093002003
O O Gaged Rolling River Data. ROLLIMG RIVEl AT EFM ¥5  GAGED 01/01/1954  09/30/2003

Cpen D55 Catalog,..

Tables | Combo Relationships

i Relationships

Completed Recalculabe | y

Figure 21. Completed Properties Tab for the demonstration project.

4.2.2 Defining Relationships

1. The next step is to enter the relationships. Go to the Relationships Tab and use the "Edit —
Relationships — Add..." menu option to open the Add Relationship interface. In the Name
text box, enter Little minnow spawning habitat and click OK (Figure 22).
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Za/ 8 Plot  Help

Relationships

Plotting Position Type »
Select Arravs Format 4
Unit Syskem 3
Handle Missing Data -
“ . .
Missing Drata Identifiers. .. & Add Relationship

Mame: |Little minnow zpawning habitat

Figure 22. Adding a relationship.

2. Enter a description, statistical queries, and hypothesis for the Little minnow spawning habitat
relationship (Figure 23).

B Rolling River.efm - HEC-EFM
File Edit Plot Help

. . Dptions
Relationship narme: |Little rainncw spawning habitat ﬂ ™ writ ati
Wirike computation arrays

Description: Little Minnaw spawn in shallow vegetated Floodplain areas . o }
between February and May, Egas require sustained high v Hypathesis bracking - increased Flow wil
Flows For approximately 21- to 28-days before hatching, &+ - cuve | ecohealth
Good spawning conditions need to occur, on average, at 4
least once every four vears, [ Confidence tracking:
Frarfercrol
Statistical queries meographical queries Other queries (nonstandard)
W Season [~ Reverse lookup for of=
From: 0201 {m/d) -
Tos 05131 {m/d)

W Durationof | 24 days

For each duration, compute:
|Minimums ﬂ |

From computed values, select the:

|Maximum -

| Rate of change: % Stage ¢ Flow
| feet per | j days
(" Rising ™ Faling © Absolute

Time series specifications

v |25 ¥ |% exceedance (4,00-yr)

% Flow frequency ¢ Flow duration
I ko \Water year range

M Individual water vear

™ Relationship-defined water year

| [~

Properties | Relationships | Tables [ Comba Relationships
Completed Recaloulate

Figure 23. Statistical queries and hypothesis for the Little minnow relationship.

49



Chapter 4 - Demonstration Project HEC-EFM Quick Start Guide

3. Click the Recalculate button (bottom right of the interface). Results are displayed on the
Tables Tab (Figure 24).

B2 Rolling River.efm - HEC-EFM

File Edit Plot Help

.S

Evaluated at: 09/02/2009 14:55

Summary
Hatural
Relationship Conf. Stage, ft Flow, cfs

Little minnow spawning habitat * 4275.2 1,226

bt

Properties]_ Relationships  Tables | Combo Relationships
Completed Recalculate

Figure 24. Statistical results for the Natural flow regime and the Little minnow relationship.

4. Next, click on the Properties Tab; activate the Gaged flow regime by checking its box in the
Active column of the flow regime table. Click the Recalculate button. Results are now
displayed for both the Natural and Gaged flow regimes (Figure 25). Note: It is important to
recognize that the Little minnow relationship was not changed during this step. Flow
regimes and relationships exist independently. When the second flow regime (Gaged) was
activated, HEC-EFM computed statistical results for each flow regime using the same
statistical criteria, as defined for the Little minnow relationship. Results are different
because each flow regime has its own distinct patterns of flow and stage.

B2 Rolling River.efm - HEC-EFM

File Edit Plot Help

.S

Evaluated at: 09/02/2009 15:01

Summary
Natural Gaged
Relationship Conf. Stage, ft Flow, cfs Chg. Stage, ft Flow, cfs

Little minnows spawning habitat * 4275.2 1,226 Pos 4275.7 1,703 "

¥

Properties]_ Relationships  Tables | Combo Relationships
Completed Recalculate

Figure 25. HEC-EFM statistical results of the Little minnow spawning habitat relationship
using both the Natural and Gaged flow regimes.
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5. The next step is to create geographical queries. Go to the Relationships Tab and use the

"Edit — Manage Geo Queries..." menu option to open the Manage Tags for Geographical
Queries interface (Figure 26). Click the Add tag... button to open the Add Tag interface. In
the Name text box, enter "Depth” and click OK. Repeat this step to add another tag named
"Vegetation". Now associate the tags with Little minnow spawning habitat by highlighting
that relationship in the Relationship column and clicking the Select tags... button. The Tag
Selector interface will open. Select Depth and Vegetation and click the Add - button. Click

OK to save the selections to the Manage Tags interface and then click OK in the Manage

Tags interface to save the tags and selections to the project. Text boxes for selected tags will
appear on the Relationships Tab. Enter a description for each of the Little minnow tags. For
Depth, enter “Shallow habitat 0 to 3 ft”. For vegetation, enter “Requires presence of aquatic

plants” (Figure 27).

=il Flob  Help

Relationships

Manage Geo CQueries, ..

Flotting Position Tvpe
Select Arrays Format
Unit: System

Handle Missing Data
Missing Data Identifiers. ..

Recaloulate Chrl+R

B: Tag Selector,

Unzelected tags

Land Usze

/A 8i Manage Tags

( 1 Project tagz

|Depth

[ o |

Cancel |

projeck:

3 that identify sets of spatial data laye|
available for use in each relationship. The follow

Ok —
ortant EFM project.
il
Addtag...

D' epth, Wegatation, Land Use
Fename tag...
Delete tag... |
Activate tags for each relationzhip
Relationship | Selected Tags
. - - - : - Select tags..
Little minnow spawning habitat i Depth, Yeqgetation
Selected tags
Depth
Wegetation
<-- Remove bd
Add Al - oK | Cancel |
< Remowve &ll
akK | Apply | Cancel

Figure 26. Adding geographical query tags.

Figure 27. Geographical queries for the
Little minnow spawning habitat relationship.

Geographical queries

|Depth Shallow habitat
0o 3t
|'-.-'egetatiu::n Fequires presence

of aguatic plants

N
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6. Repeat steps 1 through 5 for the other relationships (Big bass winter habitat, Benthic
macroinvertebrate biodiversity, Wetland health, and Riparian tree recruitment and
inundation).

7. Turn on Confidence tracking for the relationships (Figure 28). For now, leave all
relationships at one star.

Options
[ Write computation arrays

Figure 28. Confidence tracking
and indices.

[v Hypothesis tracking - increased Flow wil
o + - [ Cuve | eco-health

[v Confidence tracking: 4 3% 3% 7% 7%

“r‘—-__————qu [ndex | W s W B CI D E
B2 Indices Manager, g@@|

Enter a brief description Far each inde: that vou plan ko use,

Relationships
Indesx | Description |Little minnow spawning habitat |Big bass winter habitat |Benthic macroirverkebrate |Wetland health |Riparian tree recruithiparian tree inundation
oA oa
| B Fish O O O O
|« O ] ] O m] m]
"o m| O O m] ] ]
E ] O O ] ] ]
oK Apply Cancel

8. Next, create indices by clicking the Index button in the Options frame (Figure 28). The Index
Manager interface will open. Enter "All" for index A and "Fish" for Index B. Associate
each relationship with the appropriate indices by checking box A for each of the relationships
and also checking box B for Little minnow and Big bass relationships.

9. Your project should now have 2 flow regimes, 6 relationships, and 2 indices. Use the "File —
Save" menu option to save your project and then click Recalculate to compute results.

4.2.3 Results

Four of the six relationships show a positive change for the Gaged flow regime (Figure 29).
Riparian tree inundation and Benthic biodiversity show a negative change. Benthic biodiversity
had the most significant change in terms of difference in flow results.

Summary
Natural Gaged
Relationship Conf. Stage, ft Flow, cfs Chg. Stage, ft Flow, cfs
Little minnow spawning habitat = 4275.2 1,226 Pos 4275.7 1,703
Big bass winter habitat = 4274.1 525 Pos 4274.3 609
Efandtizi:rz?;“mi”“mhrate * 4279.4 6,620  Meg 4277.2 3,190
Wetland health = 4274.3 636 Pos 4274.5 77l
Riparian tree recruitment = 4274.9 1,017 Fos 4275.1 1,129
Riparian tree inundation = 4273.7 373 Meg 4274.3 o609

Figure 29. Summary of HEC-EFM results.
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The index values show a negative response (Neg) for all relationships and a positive response
(Pos) for the fish (Figure 30). A positive value suggests that the positive changes outweigh the
negatives for the relationships in the index.

Index
Values
Index Gaged
A - All -4.7
B-Fish 27.4
C- n/a
0 - nfa
E- n/a

Figure 30. Index values for “All”
relationships and only the relationships
that are related to "'Fish™.

The Rolling River has been a popular study area for wetland research. This has lead to numerous
peer reviewed studies and an abundance of field data. As these studies support the approach
used to define Wetland health, change confidence for that relationship to five stars (Figure 31).
Leave all others at 1 star.

[v Confidence tracking: 4 4 2 % |

Figure 31. Confidence tracking increase
for the Wetland health relationship.

Click the Recalculate button. Note that the index value for all relationships goes from negative
to positive (Figure 32). Indices are best used as screening tools. Lumping multiple, and pseudo-
independent, relationships into one numeric index is an approach to be used with caution.

Index
Values
Index Gaged
A - All 9.5
B-Fish 27.4
C- n/a
D - n/a
E- n/fa

Figure 32. Index values after a
confidence tracking increase for the
Wetland health relationship.

Let’s also look at Wetland health with a Reverse lookup query. To do this, use the "Edit —
Relationships — Duplicate..." menu option to open the Duplicate Relationship interface. In the
Name text box, enter Wetland health reverse lookup and click OK (Figure 33).
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Figure 33. 2 Flob  Help

Duplicating a

relationship. Add...
Rename...
Reorder. ..

enege SR Qs L Dopleste ) |
Plokting Poskion Type v Delete...
Select Arrays Format r

Unit System

Clear all fields

Handle Missing Data
Miszing Data Identifiers. . .

%+ Duplicate Relationship
Recaloulate

Marne; |Wet|and health reverze lookup

Turn on the Reverse lookup query by checking its box in the Other queries frame. Enter 600 cfs
in the text box (Figure 34). Notice that percent exceedance is now grayed out. This is because
reverse lookups do not compute a flow based on percent exceedance, instead the user specifies a
flow and HEC-EFM computes the percent of years or percent of time that flow is equaled or
exceeded. Note: Non-standard queries (e.g., reverse lookups) cannot be included in the indices.

% Rolling River.efm - HEC-EFM 9=1E3
File Edit Plot Help

i ) Opkions
Relationship name: |Wetland health reverse lookup ﬂ ~ writ Fati
Write computation arrays

Description: Feverse lookup of the Wetland health relationship to lack at

percent of time flows equal or exceed 600-cFs, I Hypothesis tracking - increased %X wil

¢ + - [ cypve | eco-health

[v Confidence tracking: 4 7% 2% £ 7%

FalCeCcl D™
Statistical queries Geographical queries Other queries {nonstandard)
[V Season v Reverse lookup for |00 cfs
From: |05/15 (m/d) -
To: 09/15 (mjd})
|w Duration of 1 days
I” Rate of change: i
i {+ i

Time seties specifications

[+ % exceedance (of time)

" Flow frequency @ Flow duration
r ko Water vear range

™ Individual water vear

I Relationship-defined water year

| [

Properties Felationships | Tables l Combo Relationships
Completed Recalculate

Figure 34. Reverse lookup for the Wetland health relationship in HEC-EFM.
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Results for Wetland health reverse lookup show that both flow regimes were above the 30%
criteria (Figure 35). Results for the Gaged flow regime (67.1%) nearly doubled the 34.1% of
time Natural flows in Rolling River equaled or exceeded 600 cfs.

Reverse Look-ups - Flow Duration
Natural Gaged
Relationship Conf. % X, of time Chg. % X, of time
Wetland health reverse lookup * 34.1 Pos 67.1
Figure 35. Reverse lookup for Wetland health showing percent of time flows above 600 cfs.

4.2.4 HEC-EFM Output

In addition to the statistical results that are output to the Tables Tab, HEC-EFM also generates a
project summary report and files of the computations it performs while generating the statistical
results. To view the project summary report, use the "File — Report™ menu option.

By default, computation files are not generated automatically by the software in order to
minimize computation time. This output option is selected individually for each relationship. To
test this feature, go to the Relationships Tab, select the Big bass winter habitat relationship, and
check the box next to Write computation arrays in the Options frame (Figure 36).

[w \Write computation arrays |

Figure 36. Checking the Write computation arrays box.

Output formats are selected via the “Edit — Select Arrays Format” menu option. Choices are
provided for XML, DSS, or Both. Select Both and click the Recalculate button (Figure 37). A
folder named "Arrays"” will be created in the directory of the HEC-EFM project file to store the
output.

[ Plok Help
Figure 37. Output choices via the Select Arrays Format
menu options. Relstianships y

Manage Geo Queries...

Plotting Posttion Tvpe r
Select Arrays Format r DS
Unit Svystem ¥ AML

Handle Missing Data m

Missing Data Identifiers. ..

Recalculate ChrlR

The term XML stands for Extensible Markup Language. XML is a widely used format for
archiving and viewing data. Separate XML files are generated for each combination of flow
regime and relationship. Each of these files contains the computational steps, statistical results,
and frequency curves produced by HEC-EFM. The XML arrays are organized such that the final
results are located at the top of the file followed by each computational step in reverse order
(Figure 38). Using the "File — View Array File..." menu option, select "Gaged_Big bass winter
habitat.xml™ and click Open.

4-15



Chapter 4 - Demonstration Project HEC-EFM Quick Start Guide

The highlighted value is the statistical result. The table also contains seasonal results for each
historical water year in the period of record. This type of information provides more details
about the relationships and flow regimes than the statistical results reported on the Tables Tab
and can be very valuable to HEC-EFM applications.

These same data are stored in a file named "arrays.dss" and are archived according to flow
regime and relationship names. The "arrays.dss" file can be accessed using HEC-EFM Plotter or
HEC-DSSVue, which are available via the HEC website (http://www.hec.usace.army.mil/).
Figure 39 shows the catalog of data output to DSS for the Big bass winter habitat relationship,
time series calculations done to compute seasonal results for the Natural flow regime, and
frequency curves of seasonal results for Natural and Gaged flow regimes with the 50%
exceedance values selected as the statistical results.

Gaged, Big bass winter habitat

Computations made: 1/22/2008 2:18:30 PM, Rolling River.efm

Result: Flow = 608.5, Stage = 4,274.273, Closest water year = 1969
Eco-value = 6.1

Frequency analysis

Plotting position: Weibull

Rank Frequency WY Flow Stage
1 J01%6 1975 B6B.0 4,274,652
JOF52 1973 B67.9 4,274,688
JOGEE 1984 BOT.6 4,274,552
JO784 1578 7766 4,274,542
JORED 1980 763.6 4,274,522
A177 1977 7609 4,274,518
373 1576 7454 4,274,453
JABES 1983 742.4 4,274 488
785 1958 735.9 4,274,478
JABE1 1972 7055 4,274,430
2157 1930 653.3 4,274,406
2353 1964 692.1 4,274,407
2549 1965 683,99 4,274,354
2745 1966 &75.1 4,274,380
2541 1958 &68.4 4,274,370
3137 1991 666.5 4,274,365 i h

[T - SR R O P

s ===
FoRR N R R =]

=
w

=
[y}

=
el

J333 1954 657.3 4,274,352
529 1979 650.8 4,274,341
3726 1993 650.1 4,274,333
3522 1960 842,65 4,274,328
A118 1974 638.6 4,274,322
A314 1970 637.6 4,274,320
A510 1971 832.2 4,274,312
ATDE 1968 £24.3 4,274,255
A%02 1969 612.6 4,274,280
5000 608.5 4,274,273
26 JBDBE 1967 604.5 4,274,267
27 L5254 1982 SEB.E 4,274,242

Pud Bl el Pl Pl B R
FELREEBELR

This is the statistical result for
the Biz bass winter habitat
relationship and Gaged flow
regime. A statistical result is the
pair of flow and stage that meet
the statistical criteria used to

define the relationship.

Figure 38. Excerpt from the XML output file for Big bass winter habitat

and the Gaged flow regime.
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arrays. dss - HEC-DS5Vue
File Edit “iew Display Ulilities ©Options Help

File Name: |C'1Dm:uments and SettingsiUseriby Documents\HEC-EFMIRolling RiverlArraystarrays dss |
Pathnames Shown: 12 Pathnames Selected: 154 Pathnames in File: 404 File Size: 1496 KB

Search Path | | Search

Mumber  Parts | PatB Part G PartDf range Par. PartF
1]GAGED [BIG BASS WINTER HABITAT [FLOWY [01J8n1954 - 130un2003 [1D&Y |11 - SEASOMAL EXTRACTS ~
2[GAGED |BIG BASS WINTER RABITAT [FLOWY (01 Jan 1954 - 31May2003 [1D4Y _|T2 - FORVWARD MOVING AVERAGE
3[GAGED |BIG BASS WINTER RABITAT [FLOWY [31May1954 - 10Jari2003 [1D&Y T3 - SEASCOMAL RESULTS
4[GAGED _|BIG BASS WINTER HABITAT [FREG-FLOVY [1954-2003 %1 - FREQUENCY CURVE
5[GAGED |FIG BASS WINTER RABITAT [FREG-FLOW 2 - STATISTICAL RESULT
B[GAGED [BIG BASS WINTER HABITAT [STAGE [O1Jan1954 - 13Jun2003 [1DAY  |T1 - SEASONAL EXTRACTS
7NATURAL [BIG BASS WINTER RABITAT [FLOWY [01Jan1959 - 130un2003 [1D&Y |11 - SEASONAL EXTRACTS
B[NATURAL [BIG BASS WINTER RABITAT [FLOWY (01 Jan1954 - 31May2003 [104Y |12 - FORWARD MOVING AVERAGE
B[NATURAL [BIG BASS WINTER RABITAT [FLOWY [20May1954 - 17Jari2003 [1D&Y T3 - SEASCMAL RESULTS
10[NATURAL [BIG BASS WINTER HABITAT |FREG-FLOWY 19542003 %1 - FREQUENCY CURVE
11|NATURAL [BIG BASS WINTER HARITAT |FREQ-FLOWY 2 - STATISTICAL RESULT
12[MATURAL [BIG BASS WINTER HABITAT |STAGE [O1Jan1954 - 130un2003 [1DAY  |T1 - SEASONAL EXTRACTS v
[NATURALEIG BASS WINTER HABITATFLOWIT Jan1 954 - 13Junz2003ADAYT1 - SEASONAL EXTRACTS/
Time Series Plot - Time
INATURALEIC BASS WNTER HABITATFLOWI Jan1 954 - 31 hay20034 DAYIT2 - FORWARD MOVING AVERSGE! X
INATURALEIG BASS WINTER HABITATFLOWI20Msy1 954 - 17.Jan2003/ DAY.TS - SEASONAL RESULTS/ series of seasonal extracls,
NATURALEIC BASS WINTER HABITATFREQ FLOVYA 359200341 - FREQUENCY CLRVES forward moving averages,
INATURALEIG BASS WINTER HABITATFREG-FLOWIIKZ - STATISTICAL RESULT/ and seasonal results
IGAGED/BIG BASS WINTER HABITAT/FREG-FLOWH 854.2003/1 - FREGUENCY CLURVE/ generated by HEC-EFM for
i AGEDUEIG BASE WINTER HABITATFREC-FLOWINE - STATISTICAL RESULTY the Natural flow regime.
"

Set Time Wincld

Clear Selections

Mo time window set.

MNATURAL/BIG BASS WINTER HABITAT/FLOW/01JANT 954/1DAY/T1 - SEASONAL EXTRACTS/
File Edit ‘iew

Frequency Series - Seasonal results
12,000 are ranked and plotted as frequency

curves. The statistical result is taken
at 50% frequency (exceedance) for
both Gaged and Natural flow regimes.

10,000 -

8,000 -

£,000 -

Flow (ots)

o
(-

\J\ | &LL

T T T T T
1975 1380 1385 1990 1395 2000

T T
1360 1365

5 WINER HABITAT T1 - SEASONAL EXTRACTS FLOW
SNTEG HABITAT T3 - SEASONAL RESULTS FLOW

BIG BASS WINTER HABITAT Tz - FORWARD MOWING AVERAGE FLOW

File Edit “iew File Edit ‘“iew
5,000 Pw i 1,100
jo\ w500 | Seasonal Results - The (@] o |
' I lowest 14-day average -
4,000 flow in each season. el Seasonal result
e s0] data point for 1955
3,000 Foo~
_ oy
I 2500 & 600
L Fl
ERE Z 500
2
1,500 400
1,000+ 300
200+
500 o
ol . . . . . 100 T T T T T T T T T
T Feb Mar apr May Jun 10 03 Dg 07 06 05 04 03 02 01 00
1954] 1955
|< > | —— BIG BASS WINTER HABITAT 1954-2003 ¥1 - FREQUENCY CURWE EXCEED_FREQ
BIG BASS WINTER HABITAT T1 - SEASONAL BXTRACTS FLOW D BIG BASS WINTER HABITAT X7 - STATISTICAL RESULT EXCEED_FREQ
BIG BASS WINTER HABITAT T2 - FORWARD MOWING AVERAGE FLOW —o— BIG BASS WINTER HABITAT 194642002 X1 - FREQUENCY CURVE EXCEED_FREQ
D BIG BASS WINTER HABITAT T2 - SEASONAL RESULTS FLOW D BIG BASS WINTER HABITAT X2 - STATISTICAL RESULT EXCEED_FREC

Figure 39. Catalog of HEC-EFM data output to DSS for the Big bass winter habitat relationship.
Seasonal results for the Natural flow regime as well as a frequency curve of seasonal results for
Natural and Gaged flow regimes are shown.
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4.2.5 Using HEC-EFM Plotter

HEC-EFM Plotter is designed to help users view output and compare results for different flow
regimes and relationships. Additionally, by displaying each computational step that HEC-EFM
performs while analyzing time series, HEC-EFM Plotter offers an opportunity to understand the
statistical process and settings being used to investigate each relationship.

Initiate HEC-EFM Plotter by selecting the “Plot — Activate HEC-EFM Plotter” menu option.
DSS output is automatically imported to Standard Plots for each combination of flow regime and
relationship. Use the Relationship dropdown list in the upper left hand corner of the main
interface to select the Big bass winter habitat relationship (Figure 40). Choose which flow
regime (e.g. Natural or Gaged) to view using the Flow Regime dropdown list.

e Rolling River.plt - HEC-EFM Plotter 1.1

(#) Standard Plats
Flow Regime 12,000
Matural v @
Relationship 10,000 i
Big bass winker habitat 73
() Custam Plats
3 £,0001
[ Refresh —_
&2
25,0004
[ Wiew results far: |Stage =z
[] Use metric units L_Ol_
4,000
[ D35 Selectar |
| I |
2,000~ | ‘ il |
THUBIRIHE NI l it
pagd ﬁh uuh'f‘ué,ij ..|H3 DEME
T
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
1954 19558 1962 1966 1970 1974 1975 1982 1986 1990 1994 1998 2002
TMATURALJBIG BASS WINTER HABITATIFLOW [ IDAY/T1 - SEASONAL EXTRACTS/
INATURALIBIG BASS WINTER HABITATIFLOW | 1DAY/TZ - MEANS]
O JNATURAL/BIG BASS WINTER HABITAT/FLOW/f 1DAY|TS - SEASONAL RESULTS/ 1.1200
1,000 .
& 800 =
=
> 600
(=)
4004
a— NATURAL{BIG BASS WINTER HABITAT/FREQ-FLOW/ 1954-2003]/%1 - FREQUENCY CLURVE/ -
B NATURALJBIG BASS WINTER HABITATIFREQ-FLOW/ %2 - STATISTICAL RESULTS 2007 wes
O T T T T T T T
09909 0.9000 0.1000 0.0010

Figure 40. HEC-EFM Plotter showing results for the Big bass winter habitat relationship
with the Natural flow regime.
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Custom Plots are useful when comparing results for multiple relationships or flow regimes.
Select the Custom Plots option and add a Custom Plot called “Bass Compare” by choosing
Add...from the Custom Plots dropdown button (Figure 41).

() Custam Plats [+ | | o -

[

Ref  Rearder...

B3 Add Custom Plot

Mame: |Bass Campare

Figure 41. Adding a custom plot.

Click the DSS Selector button and browse to the arrays.dss file for your project. Select all
records with a b-part of Big bass winter habitat and click the Set Pathname button (Figure 42) to
import those data to the “Bass compare” plot (Figure 43).

Select Time Series Path

D55 Selector

File Edit View Display Options

= [resinFil: 0 File Size: 0.0 KB

Arrays.dss - Se! Eme Series Path

File Name: [C:\Docurnents and SetingsighecwiiMy DocurnentsiRolling RivenfreshlArrays\Atrays dss

Pathnames Showr 12 Pathnames Selecter Pathnames in File: 606 File Size: 1311 KE
Desktop 4
. Search Al / (o | "l E: | Vl

'} ByParts:  5{|BIG BASS WINTER HABITAT VD_D: [ v F| v|
My Documents Mumber Part}\ Part B U Part C Part D | range Part E Part F
1|GAGED EIG BAS: TER HABITAT  |FLOW 02Jan1354 - 14.Jun2003 DAY T1 - SEASONAL EXTRACTS
_:9 2|GAGED BIG BASS WINTER HABITAT  [FLOW 02Jan1354 - 01.Jun2003 DAY T2 - MEANS
_‘}g 3|GAGED BIG BASS WINTER HABITAT  [FLOW 01.Jun1354 - 11.Jan2003 DAY T3 - SEASONAL RESULTS
My Computer 4|GAGED Bz BASS WINTER HAEITAT  |FREG-FLOWY 1954-2003 X1 - FREGUENCY CURNWE
5|GAGED BIG BASS WINTER HABITAT  [FREQ-FLOWY ¥2 - STATISTICAL RESULT
E‘L- 6|GAGED BIG BASS WINTER HABITAT  [STAGE 02Jan1354 - 14Jun2003 108y T1 - SEASONAL EXTRACTS
1 File: name:! @ TINATURAL  |BIG BASSYINTER HABITAT  |FLOW 02Jan1354 - 14Jun2003 108y T1 - SEASONAL EXTRACTS
My Network. GNATURAL  |BIG BASSYINTER HABITAT  |FLOW 02Jan1354 - 01Jun2003 108y T2 - MEANS
Flaces Files of bype: *.dss SNATURAL  |BIG BASSWINTER HABITAT  |FLOW 21May1954 - 18Jan2003 108y T3 - SEASONAL RESLLTS
10NATURAL  |BIG BASSWYINTER HABITAT  |[FREG-FLOWY 1954-2003 1 - FREGUENCY CURNWE
11 MATURAL  |BIG BASSWINTER HABITAT  |FREG-FLOWVY X2 - STATISTICAL RESULT
12MATURAL  [BIG BASSWINTER HABITAT  |STAGE 02Jan1954 - 14Jun2003 108y T1 - SEASOMAL EXTRACTS
WGAGEDMBIG BASS WINTER HABITATFLOWMZ2lan1954 - 14.un2003M DAYITT - SEASOMNAL EXTRACTS! )
IGAGEDVBIG BASS WINTER HABITATFLOWM2Ja01954 - 01.Jun2003M DAYITZ - MEANS!
IGAGEDVBIG BASS WINTER HABITATFLOWI Jun1954 - 11.an20031 DAYITS - SEASOMAL RESLLTS!
IGAGEDBIG BASS WINTER HABITATFREG-FLOWM 354-2003/%(1 - FREQUENCY CURWES T
UGAGEDBIG BASS WINTER HABITATFREG-FLOWINZ - STATISTICAL RESULTS
WGAGEDUBIG BASS WINTER HABITATISTAGED2an1 954 - 14Jun2003M DaYITT - SEASOMAL EXTRACTSS
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Figure 42. Process for selecting Big bass winter habitat results for comparison in a custom
plot within HEC-EFM Plotter.
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Figure 43. Custom plot in HEC-EFM Plotter comparing the Big bass winter habitat
relationship for Gaged and Natural flow regimes.

HEC-EFM Plotter has many features for navigating (zoom, hover, snap to water year,
advance/retreat a year) and viewing data sets (plot markers, show/hide/reorder data sets via the
legend, axis settings, toggle plots with a Ctrl-T command).

HEC-EFM Plotter and HEC-EFM can be open at the same time. In fact, when a setting is
changed in HEC-EFM and a Recalculate is performed, plots can be updated by clicking the
Refresh button, which makes HEC-EFM Plotter an effective way for teams to explore and refine
the statistical settings that define the relationships.

4.3 Hydraulic Analysis

Spatial analysis of HEC-EFM results can be done using water surface profiles and grids of depth
and velocity produced by a geo-referenced hydraulic model. Past applications of HEC-EFM
have used HEC-RAS and HEC-GeoRAS, which can be found on HEC’s website
http://www.hec.usace.army.mil/. Documentation on the use of HEC-RAS and HEC-GeoRAS
are also available at the website.
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4.3.1 HEC-RAS

The HEC-RAS software is used to simulate one-dimensional steady-flow, unsteady flow,
sediment transport, and water temperature (Figure 44) in riverine systems. Water surface
profiles can be exported to GIS for spatial analysis.
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Figure 44. Example of HEC-RAS used to create water surface profiles for HEC-EFM statistical
results (Riparian tree recruitment and inundation relationships using the Natural flow regime.)
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4.3.2 HEC-GeoRAS

HEC-GeoRAS is a set of procedures, tools, and utilities for pre and post-processing geospatial
data in ArcGIS® (Figure 45). With HEC-GeoRAS, water surface profile data exported to GIS
can be used with a digital terrain model to calculate depth grids, velocity grids, and floodplain
boundary polygons.

RASGeometry * RASMapping ¥ ¢ SK Ll & o = & apUtltes ¥ Help v

HOOO0O0O000®OF
o
El

Figure 45. Example of a depth grid computed in HEC-GeoRAS using the water surface profile
simulated by HEC-RAS for the statistical results of Riparian tree inundation from HEC-EFM.

4.4 HEC-EFM Analyses with GIS

Geographic information systems are technologies used to store, manage, edit, analyze, and
display data that are spatially referenced to the earth. Using GIS in an application of HEC-EFM
allows users to analyze data layers produced by HEC-GeoRAS as well as any external data sets
that have ecological significance. The following sequence of figures is an example of how GIS
can be used to investigate ecosystem response spatially. Results are shown for Riparian tree
establishment dynamics in the Natural flow regime. Depth grids were initially created for
recruitment (Figure 46) and inundation (Figure 47). The inundation layer was then placed on top
of the recruitment layer (Figure 48).

Legend
Riparizan_tree_recrutrnert_depth_grid
‘alue

High : 43584

- Lo 10 0004EETE

Figure 46. Depth grid created for Riparian tree recruitment. The green area shows where stage
recession creates suitable conditions for seedlings to begin to grow.
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. Legend
Riparian_tree _inundation_depth_grid
alue

l High : 255035

Lo -DUOODHEEZET

Figure 47. Depth grid created for Riparian tree inundation. This blue area shows where any new
seedlings will be drowned by prolonged inundation.
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Figure 48. Overlay of Riparian tree recruitment and Riparian tree inundation depth grids.

In accordance with the combo relationship for Riparian tree establishment (Figure 6), the
inundation depth grid was clipped from the recruitment depth grid. The resulting layer shows the
area where HEC-EFM predicts Riparian tree establishment (Figure 49).
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Legend
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Figure 49. Depth grid created by clipping the inundation depth grid from the recruitment depth
grid. The resulting area shows where HEC-EFM predicts Riparian tree establishment.

Information for the Riparian tree inundation relationship mentioned that seedlings were more
likely to survive if sustained inundation did not exceed 0.5 ft. Delineating the area of inundation
less than or equal to 0.5 ft shows the portion of Riparian tree inundation that may not lead to
seedling mortality (Figure 50). This Riparian tree inundation fringe can then be layered with the
clipped layer to create a new view of predicted and possible (due to the shallow depths) Riparian
tree establishment (Figure 51).

Legend
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Figure 50. The yellow fringe shows areas of the Riparian tree inundation depth grid that are less
than or equal to 0.5 ft, which may not be deep enough to drown new seedlings.
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Legend
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Figure 51. Potential recruitment sites for the Rolling River's Natural flow regime as computed
using statistical and geographical queries in HEC-EFM, water surface profiles computed by HEC-
RAS, and depth grids produced by HEC-GeoRAS.

So far the demonstration project has focused on comparing flow regimes with different
hydrologic scenarios (Natural vs. Gaged). HEC-EFM can also be used to look at changes in
topography, which will change the stage time series without changing the flow. Figure 52 shows
a comparison of the current topography and a planned restoration project that increases stream
meander. The same flows (Natural) are used for each of the channel topographies.
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Figure 52. Comparison of Riparian tree establishment in existing and restored topographic
conditions.

The following progression of tasks for the demonstration project has now been completed: 1)
building relationships, 2) setting up an HEC-EFM project and computing statistical results, 3)
simulating the statistical results with a hydraulic model, and 4) use of GIS to investigate
ecosystem responses spatially.

Statistical results in HEC-EFM are computed as flows and stages, percent exceedances, index
values, and directions of ecosystem change. Spatial results are shown as combinations of map
layers with each combination presenting a snapshot of an ecosystem dynamic. Layers are
typically translated to areas for spatial comparisons of different flow regimes and channel
topographies. Working with GIS allows use of other ecologically relevant data. For example, a
soils map for Rolling River could be used to intersect the Riparian tree establishment layer
(Figure 49) with the extent of suitable soils for riparian trees.
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CHAPTER 5

Conclusions

This quick start guide is designed to demonstrate the process used to apply HEC-EFM and to
highlight some features of the software. Everything covered in this document and all features
active in the software have been tested extensively, but there is still the potential for undetected
problems to surface. If a bug or suspect behavior is noted, please refer to HEC’s website
(www.hec.usace.army.mil/software/HEC-EFM/BugReporting/) for guidance on how to report
bugs.

HEC-EFM is still a relatively young software tool. Several new features are being actively
developed. Two exciting and ongoing efforts are HEC-GeoEFM and the development of a
continuous simulation capability for HEC-EFM.

HEC-GeoEFM is a partnered effort between HEC and Environmental Systems Research
Institute, Inc. (ESRI) to develop a tool that manages the spatial data and results of HEC-EFM
projects. Version 1.0 was released in June 2011. It contains a suite of features (habitat
calculators, patch tools, etc.) that help modelers perform the spatial computations typically used
in HEC-EFM applications.

The continuous simulation feature is a long-term development direction that will ultimately
perform simulations of ecosystems in time and space (animations of ecosystems).

Look for these and other new features in future versions of HEC-EFM.
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CHAPTER 6

Terms and Conditions for Use

Use of the program is governed by the terms and conditions for use. They limit what can be done with
the program software, waive warranty, limit liability, and indemnify the developers and the United States
government. The program cannot be used unless the terms and conditions for use are accepted; the full
text is given below.

Terms and Conditions for Use

The United States Government, US Army Corps of Engineers, Hydrologic Engineering Center ("HEC")
grants to the user the rights to install Ecosystem Functions Model (HEC-EFM) "the Software" (either
from a disk copy obtained from HEC, a distributor or another user or by downloading it from a network)
and to use, copy and/or distribute copies of the Software to other users, subject to the following Terms
and Conditions for Use:

All copies of the Software received or reproduced by or for user pursuant to the authority of this Terms
and Conditions for Use will be and remain the property of HEC.

User may reproduce and distribute the Software provided that the recipient agrees to the Terms and
Conditions for Use noted herein.

HEC is solely responsible for the content of the Software. The Software may not be modified, abridged,
decompiled, disassembled, un-obfuscated or reverse engineered. The user is solely responsible for the
content, interactions, and effects of any and all amendments, if present, whether they be extension
modules, language resource bundles, scripts or any other amendment.

The name "HEC-EFM" must not be used to endorse or promote products derived from the Software.
Products derived from the Software may not be called "HEC-EFM" nor may any part of the "HEC-EFM"
name appear within the name of derived products.

No part of this Terms and Conditions for Use may be modified, deleted or obliterated from the Software.

No part of the Software may be exported or re-exported in contravention of U.S. export laws or
regulations.

Waiver of Warranty

THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS, REPRESENTATIVES,
AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS PROVIDE HEC-EFM
\"AS IS\" WITHOUT ANY WARRANTY OR CONDITION, EXPRESS, IMPLIED OR STATUTORY,
AND SPECIFICALLY DISCLAIM ANY IMPLIED WARRANTIES OF TITLE,
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NON-INFRINGEMENT.
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Depending on state law, the foregoing disclaimer may not apply to you, and you may also have other
legal rights that vary from state to state.

Limitation of Liability

IN NO EVENT SHALL THE UNITED STATES GOVERNMENT AND ITS AGENCIES, OFFICIALS,
REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND SUPPLIERS,
BE LIABLE FOR LOST PROFITS OR ANY SPECIAL, INCIDENTAL OR CONSEQUENTIAL
DAMAGES ARISING OUT OF OR IN CONNECTION WITH USE OF HEC-EFM REGARDLESS OF
CAUSE, INCLUDING NEGLIGENCE.

THE UNITED STATES GOVERNMENT’S LIABILITY, AND THE LIABILITY OF ITS AGENCIES,
OFFICIALS, REPRESENTATIVES, AND EMPLOYEES, INCLUDING ITS CONTRACTORS AND
SUPPLIERS, TO YOU OR ANY THIRD PARTIES IN ANY CIRCUMSTANCE IS LIMITED TO THE
REPLACEMENT OF CERTIFIED COPIES OF HEC-EFM WITH IDENTIFIED ERRORS
CORRECTED. Depending on state law, the above limitation or exclusion may not apply to you.

Indemnity

As a voluntary user of HEC-EFM you agree to indemnify and hold the United States Government, and its
agencies, officials, representatives, and employees, including its contractors and suppliers, harmless from
any claim or demand, including reasonable attorneys' fees, made by any third party due to or arising out

of your use of HEC-EFM or breach of this Agreement or your violation of any law or the rights of a third

party.
Assent
By using this program you voluntarily accept these terms and conditions. If you do not agree to these

terms and conditions, uninstall the program and return any program materials to HEC (If you downloaded
the program and do not have disk media, please delete all copies, and cease using the program.)
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