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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 (Figure 1).

In addition to the statistical computations, HEC-EFM analyses typically involve hydraulic
modeling (performed outside of HEC-EFM), 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 (Chapter 2), a description of the
numerical processes performed by the software (Chapter 3), examples that demonstrate its use
(Chapter 4), and information about application at different scales (Chapter 5). Text has been
formatted to help readers keep track of the different types of information presented. [ltalics 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.

1-1
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« Statistical queries (SQ) ---% Optional steps
(e.g., Life hIStOFIeS? =P Main progression
 Geographical queries (GQ) (SQ: season
(e.g., Habitat suitabilities) » ’
. duration, rate
» Hypotheses, confidences,
and indices v ofchange)
Seasonal Results
oo Performance measures for each
i relationship in each water year
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Cw ! relationship in each flow regime. i i
<_E L',J i Used to compare flow regimes in ! Confidences Associates a !
® O : terms of magnitudes of change in % measure of certainty for each =~
._g |:-I|:J ! flow and stage for each relationship. relationship. '
-_fg ~ i | Indices I
_.CB ' Results for multiple relationships i
(?)) ' | ----------- » grouped to reflect overall effects «--------- '
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O o 5 v
S g i Hydraulic modeling ....statistice.:/ results can bg
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|
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U>>\ E and velocities) Habitat Areas. Consider total
o W result areas for different
c O Spatial Results > ombinations of flow regimes
< o Performance measure (spatial) for | and relationships
—_— (.D each relationship in each flow regime.  __|
._fg O Maps of the areas that meet statistical | . L .
© (I and geographical criteria of each ._p Habitat Connectivity. Consider
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Figure 1. The process of applying HEC-EFM involves statistical analyses, river hydraulic
modeling, and spatial analyses. Key inputs are hydrologic time series and ecological information
such as the life history requirements of species of interest (e.g., seasons, durations, and frequencies).
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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 2). Most features are located on the tabs. The rest of this section provides more detail
for those tabs.

Title bar - Contains title of current project.

r File Menu - Create, open, and save projects and access project reports and other output.

— Edit Menu - Add and edit flow regimes, relationships, and combo relationships, manage geographical queries, and recalculate results.
r— Plot Menu - Activate HEC-EFM Plotter, a utility for viewing computational output.

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

v \
8 Rolling River.effn - HECLEFM E=EER

File Edit Plot Help

Model information

Title: Raolling River study

Author: Rolling River study team

Location:

Description: Ecosystem Functions Model demonstration project. T

EFM model pathname: C:M\User'\My Documerts'HEC-EFM*Raolling River Rolling River.efm

Flow regimes (paired time series of flow and stage)

Ref | Active Identifier Filename Part A PartB Part F Starting Ending
f Rolling River Data. ROLLING RIVEI| AT EFM XS |NATURAL 01/01/1954 | 09/30/2003
O Rolling River Data.i| ROLLING RIVEI AT EFM X5 GAGED 01/01/1954 09/30,/2003
Properties |Relationships I Tables I Combe Relationships
*x S
Openkd C:\JserMy Documents|HEC-EFMRolling River'\Rolling River.efm Recalculate
h, x .

Recalculate button - Initiates model computations. _

— Combo Relationships Tab - Allows grouping of relationships to represent a single ecosystem dynamic.

— Tables Tab - Presents statistical results, project reports, and other output for flow regime relationships.

- Relationships Tab - Used to define statistical and geographical links between hydrology and ecology.

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

— Message bar - Gives the current status of the project.

Figure 2. Key components of the main interface of HEC-EFM.

2-1
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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 3).

)
‘& Rolling River.efm - HEC-EFM =)

File Edit Plot Help

Mode! information

Title: Ruolling River study

Autheor: Rolling River study team

Location:

Description: Ecosystem Functions Model demonstration project. i

EFM model pathname: C:\User\My DocumentsHEC-EFM*Raling RivertRalling River efm

Flow regimes (paired time seres of flow and stage)

Ref | Active Identifier Filename Part & Part B Part F Starting Ending
Matural Rolling River Data.i| ROLLING RIVEI|ATEFM X5 |MATURAL 01/01/1954 | 09/30/2003
| Gaged Rolling River Data. ROLLING RIVE AT EFM X5 GAGED 01/01/1954 09/30/2003

[ Open D55 Catalog.... ]

Properties | Relationships | Tables | Combo Relationships
|Dpened C:\User\My Documents \HEC-EFM\Raolling River \Rolling River.efm Recaloulate =

Figure 3. The Properties Tab 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.

A

Model Information — Model information documents metadata (7itle, 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), from HEC Data Storage System
2-2
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(HEC-DSS), which is the database used by HEC models for storage of time series and other data,
and from the Hierarchical Data Format (HDF), which is a database used by a few HEC models
for storing two dimensional outputs. 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 4).

-

-

‘& Rolling River.efrm - HEC-EFM = | B |-
File Edit Plot Help
Relationshi Litle mi ing habitat ][ et
elaticnzship name:
. £ e [] ‘wirite computation arrays Active
Description: Little minnow s in shall i
pawn in shallow vegetated floodplain areas - . ) ) .
between February and May. Eggs require sustained high Hypothesis tracking - increased flow will
flows for approximately 21-to 28-days before hatching. Good RN eco-health
spawning conditions need to occur, on average, at least ) - - _
once EUEI’}"{DLIF‘_.’EEIFS. Confidence trECkll’lﬂ: *?_}‘;}E}‘T_}
A FB Fc o [E
Statistical queries Geographical queries Cther queries (nonstandard)
Season Depth Shallow habitat 0 [,.] || Reverse loskup: ©
From: 02/01 (mid) to 34t @ cfs
1z 05/31 (il egetation Requires presence E]
Duration of 24 days of aquatic plants to cfs
Faor each duration. compute:
Minimums -
From computed values, select the:
[[] Rate of change: @ Stage & Flow and cfs
feet per * days
S _ . _ [ Bcovalue summation:
(") Rising @ Falling ) Absoclute
Time series specifications Last computed time series
2 * % exceedance (4.00-yr)
@ Flow frequency ) Flow duration
E to ‘wiater year range
O Individual water year
[] Relationship-defined water year

Properties | Relationships |'I'ab|es I Combo Relationships
Recaloulate

Figure 4. Using the Relationships Tab of HEC-EFM, modelers define individual relationships as
combinations of statistical and geographical criteria.

A
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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 5), 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 action 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.

- Manage Tags for Geegraphical Queries ﬁ

Project tags

Tags aresimple names thatidentify sets of spatial data layers important to an EFM
project. Project tags are available for usein each relationship. The following tags have
been created for this project:

Depth, Vegetation, Land Use lM
| Rename tag...

I Delete tag... J

Activate tags for each relationship

Relationship Selected Tags —_—
. 3 3 . i Select tags...
Litte minnow spawning habitat Depth, Vegetation

Big bass winter habitat
Benthic macroinvertebrate biodiversity
Wetland health

Riparian tree recruitment

Riparian tree inundation Depth
Wetland health reverse lookup

QK Sppby Cancel

Figure 5. The Manage Tags for Geographical Queries interface in HEC-EFM is
used for editing and creating tags, which are labels for sets of spatial data important
to an HEC-EFM project.

24
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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 queries available are Reverse lookup and Ecovalue summation.
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.
Ecovalue summations tally the ecovalues (see section 3.6.1) provided by different flow regimes.
When the Ecovalue summation query is turned on for a relationship, summations are computed
in addition to all steps normally performed to assess that relationship. Ecovalue summations can
be done for standard or Reverse lookup relationships. The Hypothesis tracking option must be
selected to use ecovalue summations.

Options — Three options are 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 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. The
Tables Tab is also where users can view project reports, arrays files, and output files (Figure 6).
Tables can be printed or copied into other applications. After the Recalculate button is pressed,
the HEC-EFM interface will automatically go to the 7ables Tab to display the new statistical
results.

24 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 7, Riparian tree establishment is
defined as Riparian tree recruitment minus Riparian tree inundation.

2-5
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T ™y
8 Rolling River.efm - HEC-EFM E=EE

File Edit Plot Help

»

Evaluated on: 01/21/2017 18:33

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
Benthic macroinvertebrate biodiversity | 4279.4 6,620 Meg 4277.2 3,190
Wetland health * 4274.3 636| Pos 4274.5 771
Riparian tree recruitment * 4274.9 1,017 Fos 4275.1 1,129 |
Riparian tree inundation * 4273.7 373| Neg 4274.3 609 B
Index

Values
Index Gaged
A - All -4.7
B - Fish| 27.4

No reverse lookup flow frequency data sets were analyzed.

Reverse Look-ups - Flow Duration

Natural Gaged
Relationship Conf. | % X, of time Chg. % X, of time

Wetland health reverse lookup * 34.1| FPos 67.1

-

Properties I Relationships | Tables |Combo Relationships
Recalolate | .:

Figure 6. The Tables Tab of HEC-EFM is used to display statistical results for
simulations (as in this figure), project reports, and computational output.

A

P B
‘& Rolling River.efm - HEC-EFM =] B

File Edit Plot Help

Combe Relationships

Combo relationship name: [Hiparian tree establishment ']
Primary layer Action Connected layer(s)
[F-liparian tree recruitment v] [dip v] [Hiparian tree inundation -

Properties | Relationships | Tables | Combao Relationships

Completed Recaloulate

Figure 7. The Combo Relationships Tab of HEC-EFM 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. Three settings are available: 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 8). 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 process 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 process produces a time series of seasonal results that has
one value per season.

Figure 8 provides an example of this process using an § day duration interval, minimums, and
then maximum of the minimums.
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Maximum Of Statistical queries
the minimums Season

From: (m/d)
- To (v
uration

Interval &4 Duration of days

For each duration, compute:

||Minimums |L|| | |

From computed values, select the:
Maximum v I

[ Rate of change: ®Stage OFlow

[ meer [ ¥]days
ORising ®Falling O Absolute

N Time series specifications

.\\.\k O [25_[v]%exceedance (4.00-yr)

®Flow frequency OFlow duration
Minimum value

in Interval [ |1984 [to[2003 | Water year range
— Flow | 1997 | Individual water year
—8— Minimums

© Maximum of the minimums (as in EFM interface — see Figure 3)
(seasonal result)

Advance
1Day

Flow

Lam an on

1997

Figure 8. Sample use of the Duration query in HEC-EFM. Computations are shown for one water
year. Statistical queries (to right of graph) are shown as in the EFM interface in Figure 4.

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 9), 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. 1If actual does
not violate threshold, the rate of change is deemed acceptable, HEC-EFM moves backwards one
day, and the test is repeated. This process 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
Season
Actual Recession > EFM From: [03/01 | (m/d)
Threshold Recession To:  [04/13 |(m/d)
M Duration of days
Choose next day: From
this day conditions met for
o rest of season
?‘? ), & Rate of change: ® Stage O Flow
- Actual
(V5] / [Connnrrees R:c:;lsion l| Advance 1 Day | 036 |m per“ / v |days |
\ ORising ®Falling O Absolute
\ EFM
\\ B I Threshold Time series specifications
\\ Recession O n % exceedance (10.00-yr)
L..M' N G ®@Flow frequency OFlow duration
e :
Forbas acwat |y T | O e[ weteryear ange
Recession \
— Stage EEM \\ | 2003 | Individual water year
e Rateof change acceptable Threshold «seessees A .\.‘.)
O Rateof change unacceptable Recession \ (as in EFM interface — see Figure 3)
O Earliestacceptable day (seasonal result) #of Days
2003

Figure 9. Sample use of the Rate of change query in HEC-EFM. Computations are shown for one
water year. Statistical queries (to right of graph) are shown as in the EFM interface in Figure 4.

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 duration is set to 1 day (as in Figure 9), 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 duration is set to 1 day, HEC-EFM
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generates a flow duration curve using mean daily values obtained from the flow regimes in the
seasonal 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 10), 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.

Statistical queries
¥ Season
From: |02/01 (m/d)

1995 \1996 l 1997 1998 1999 To: 05/31 (m/d)
Duration of days
Seasonal Results For each duration, compute:

Flow

l ) [Minimums —— [v]|| |
Tabular Output Graphical Output From computed values, select the:
Rank Frequency WY Flow ([Maximum [v] | |

1 0.05 1993 1,414 [ Rate of change: ® Stage OFlow
2 0.10 1998 1,253 L.
3 014 1984 1247 Statistical Result m per v days
: . 1117 |- mmmmmmmm e m s s e ORising ®Falling O Absolute
4 0.19 1995 1,238 !
5 0.24 1990 1,144 2 i Time series specifications
[ 0.25| 1117 2 H 25 [+¥]% exceedance (4.00-yr) |
1
6 0.29 1991 1,036 H ®Flow frequency OFlow duration
7 0.33 1996 976 H
i [1984 |to[2003 | Water year rangel
1
H [ (1997 | Individual water year
19 0.90 1988 480 100% | 25%| 0%
20 0.95 2000 456 Percent Equaled or Exceeded (as in EFM interface — see Figure 3)

Figure 10. Sample use of the Time series specifications for a relationship with Season and Duration
queries (as in Figure 8). The statistical result is the flow meeting the parameters in those queries
that is equaled or exceeded in 25% of years (Flow frequency). Statistical queries (to right of graph)
are shown as in the EFM interface in Figure 4.

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 10).

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 Reverse Lookups

Reverse lookup relationships follow the same numerical process described earlier in this chapter,
except the last step in determining the statistical result is reversed. That is, instead of specifying
a Percent exceedance and having the software compute the corresponding flow or stage (Figure
10), users specify the flow or stage of interest and the software computes the percentage of time
or of years that flow or stage is equaled or exceeded (Figure 11). Application of Season,
Duration, Rate of change, and Flow frequency or Flow duration settings are unchanged.

Users specify which flow regime data to analyze (flow or stage), the value or range of interest,
and whether to report “out of range” results with a numeric result. Value and range can be
applied to all flow regimes or set individually for each flow regime. The per flow regime options
are useful when flow regimes are location-based. For example, especially over large areas,
floodplains become inundated at different times and for different durations in accordance with
local conditions. A relationship that investigates how frequently floodplain activation occurs
could use the Reverse lookup — Values per flow regime setting to quantify floodplain dynamics
for different location-based flow regimes per the local conditions that trigger inundation.

When values and ranges do not intersect with ranked seasonal results (Figure 10, bottom left and
center), statistical results are “out of range” and reported as text messages. An option is offered
that allows results to be reported as 0 when above range and 100 when below. For example, if a
value of 600 was queried and all seasonal results were greater than 600, the statistical result
would be “below range” or equaled or exceeded “100%” if the handle option was selected.
Results are always computed for the percentage of time or years equaled or exceeded. For
ranges, HEC-EFM computes this equaled or exceeded condition for the Min and Max values,
subtracts Max from Min, and reports that difference as the percentage of time or years in range.
“Out of range” conditions occur when either the Min value or Max value do not intersect.

7| Reverse lockup: @ Flow () Stage <— >Select which flow regime data to analyze,
flow or stage.

Value 600 |cfs
Values per Specify the value or range to analyze

— — <— (options: one value/range for all flow regimes
Range GO0 |to 1000 cfs or different values/ranges for each flow regime).

@ Fanges per | Flow Regime
k‘ Option to return a numeric result, 0 or 100

| Handle out of range with D or 100 <€— (in lieu of an “out of range” text message).

-8 Range per Flow Regime

ek g

Active Flow Regime Min value, cfs | Max value, cfs
Matural 00 1,000
Gaged 600 1,000 App
Matural - Location 2 1,500 4,000
Gaged - Location 2 1,500 4,000 Cancel

Figure 11. The Reverse lookup feature queries the percentage of years or time a value
is equaled or exceeded or the percentage of time or years conditions are in range.
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3.6 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.

3.6.1 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 12). Mean ecovalues
are used as a variable in the computations of /ndices, as described later in this chapter.

+ bl o + . )
o Positive 0
[ o [s] o o
Lo o 5> ° Ecovalues o o © .
Lot ° o
° 3 ., E o ° o ¢ oo
— o [+] . .
v D e Mix of Positives
[ =0 L ] .
§ P e = & Negatives *
[ =]
I w
— ® . o
So — e + o - oo
o P . o £ o e o 0
S ST g
L& ] Q =2 & ] ° °
] ) b ) = o
b S
(] [ ] (]
oY (]

Flow Regime: @ A (ref) ©B ©C

Yearl Year2 Year3

Period of Record Percent Exceedance

Figure 12. 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 13). Both offer insights regarding how successfully habitat is provided and how that
success differs between flow regimes.

« Change in Success Change in Consistency
j\ . . . h w
rary Higherslopes |nd|ca'fe tha_t b
c Q ecovalues for a relationship c
Q 2 were increasingly different 1]
E = than the reference. 5
@ W

Q N—
s & 5
= )
L 7 ao
w Horizontal lines on x-axis 8

Q Q indicate zero change
= 2 f a0
- - rom reference. c
© A positive shift indicates that © ‘B
g criteria for a relationship g).o g
(W) were met with more success =2 S
bt than for the reference. E
¥ ]

- Percent Exceedance Percent Exceedance

Figure 13. 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.

3.6.2 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 14).

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 15). 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 14. 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 15. 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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3.6.3 Ecovalue Summations and Summations Shift

Ecovalue summations tally the accumulation of ecovalues provided by different flow regimes.
Ecovalue summations differ from the ecovalues described in section 3.6.1 because, whereas
ecovalues begin with the seasonal and statistical results of a relationship, summations begin with
a daily time series of ecovalues. This ecovalues time series is obtained by multiplying the last
computed time series for the relationship (one value for each day within season; in Figure 8, see
the time series of minimums shown in green) with the paired data set of flow versus ecovalue (or
percent exceedance versus ecovalue, for reverse lookups) from the Hypothesis tracking option.
This time series is the first of seven series that are associated with summations and can be output
to HEC-DSS per user settings.

Summations are tallied for the whole flow regime and independently for each season (Figure 16).
The progression of output follows: 1) daily ecovalue series, 2) tally for flow regime, 3) tally
status at the end of each season, 4) tally total for flow regime, 5) tally for each season, 6) tally
total for each season, and 7) a ranked set of seasonal totals from #6. By considering and tallying
the daily ecovalues provided, summations offer insight to services provided by whole seasons
and flow regimes.

4 Ecovalue series (1)
Tally for flow regime (2)
Tally status at end of season (3)
QO Tally total for flow regime (4)
'a == Tally for season (5)
] [ Tally total for season (6)
C_U o Ranked seasonal totals (7)
2 3
Q
= -
ru 2 o
>
(@) o
u?l 6 o
0
7 o
. o
O
5 D
|
1 - |
- Period of Record Percent Exceedance

Figure 16. Ecovalue summations provide insight regarding ecovalue provided over whole seasons
and flow regimes. In HEC-EFM, “shifts” inherently compare an active flow regimes with the
reference flow regime. Summation shifts follow the sequence in figure, but are based on a time
series of daily difference in ecovalue (active minus reference flow regime) instead of the daily
ecovalue series (1).
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For flow regimes that are active and not the reference, summation “shifts” are computed as the
change in ecovalues provided from the reference flow regime. As for summations, summation
shifts are tallied for the whole flow regime and independently for each season. At the end of
each season, tally results are output as time series (one value per season per year). Seasonal tally
results are also output as ranked data. Both offer insights regarding how successfully ecovalues
are provided and how that success differs between flow regimes. Negative shifts are indicative
of ecovalue deficits relative to the reference flow regime; positive shifts show surpluses.

In version 4.0 of HEC-EFM, summation results can be output only to HEC-DSS.

3.6.4 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 = 2 (Direction of Change,)*(Confidence,)*(% Change in Eco-value,)

i=1l..n

Where:

i = counter from I to n

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, . ., .)

(Eco-value for relationship, ,....)

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.

3.7 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, no conceptual reason compels an analysis to be
stopped 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 17). Blanks and
non-numbers are automatically identified as missing values.
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- il N
Edit “ Manage Missing Data Identifiers [ﬁ
Flow Regimes
Relationships Missing data identifiers
Combo Relationships |dentifiers are numeric values that will be treated as missing data during HEC-EFM

computations. Blank values and text are automatically treated as missing data.
Manage Geo Queries...

Plotting Pesition Type 3 901, -302, -39 i ooy,
Unit System » Change Identifier...
Select Arrays Format 3 Delete [dentifier...

Set Output Selections...

Apply Output Selections

Parse Qutput T oK hj [ Apply ] ’ Cancel
Handle Missing Data - /
| Missing Data Identifiers... %_J__/

Recalculate Ctrl+R.

Figure 17. Use of the Missing Data Identifiers interface to specify the numeric values to be treated
as missing data.

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 18).
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File HEC-EFM data summary

Mew Ctrl+M
This page describes the data used during analysis of each combination of Flow Regime, Relationship.

Open.. Ctrl+0

Save Ctrl+5 Computations made: 09/01/2015 07:46, Rolling River.efm

Save As.. B = = s
Gaged, Little minnow spawning habitat
Period of Record: 01/01/1954 - 09/30,/2003

2L Water year range: 1984 - 2003

Results Water years omitted due to missing data: Mone
Number of valid years: 20

Data Summary E

. : Gaged, Big bass winter habitat
Wiew Array File... ged, Big

Period of Record: 01/01/1954 - 09/30,/2003
Water year range: 1954 - 2003

Water years omitted due to missing data: Mone
Number of valid years: 50

Select Style Sheets  »

Print Preview

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

Recent Projects » Water year range: 1954 - 2003
Water years omitted due to missing data: 1954

Exit Number of valid years: 49

Gaged, Wetland health

Period of Record: 01/01/1954 - 09/30,/2003

Water year range: 1954 - 2003

Water years omitted due to missing data: Mone

Number of walid years: 50
Figure 18. 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:
e Season: 02/01 to 05/31
e Duration: 24 days, Minimums (sustained highs) and then Maximum (largest extent)
e Rate of change: Not applied
e 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: 1/1 to 5/31
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 statements 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 macroinvertebrate 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: 10/1 to 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
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 scenario 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% 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
o 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 (—)
o 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 relationships 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 19).

Help

Quick Start Guide

| Install Demonstration Project... E
View Terms and Conditions for Use

About HEC-EFM HEC-EFM |

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

r_@\} oK m | Cancel

| S

17

WinZip Self-Extractor - Rolling River.exe

Browse for Folder @

Unzip to Folder:

i

To unzip all files in Rolling River exe to the

Unzi
specified folder press the Unzip button. ‘ B Deskto
esktop
Run Windip . €l Metwork
Unzip to folder: '!‘ LiEr::;s
Click Browse to select location -3 [ Browse... ] [ Close ] P d-lg Computer
Owerwrite files without prompting About . & 0Dk (C)
. |, DESKTOP
NG ¢ mn L
Help

| / ok || cancel

,,
[

Figure 19. Setting up a working directory.

45



Chapter 4 - Demonstration Project HEC-EFM Quick Start Guide

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.
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 20).

Replace parts...

Replace input files...

Batch Recalculate...

Figure 20. Naming a flow regime.

Edit
| Flow Regimes 3 Add...
Relationships Rename...
Combe Relationships Reorder...
Manage Geo Queries... Delete.. M = Iﬁ‘
-8 Rename Flow Regime
Plotting Position Type » Open DS5 Catalog...
Unit System 4 Deselect reference timeseries o N
Bxisting: [Use edit menu to rename ']
Select Arrays Format 3 Select all
Set Output Selections... Deselect all MNew name: Natural
Apply Output Selections Manage groups...
Parse Output oK. l I Cancel ]
Select group...
Handle Missing Data Deselect group... L
Missing Data Identifiers...
Batch add...
Recalculate CHER Batch add ene for many...
Batch delete...

4. Add data to this flow regime by moving the cursor over the Filename cell and pressing the
browse button (Figure 21). 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 seres of flow and stage)

I%rzlect to browse for new file. h

Ref | Active Identifier Filename Part A PartB PartF Starting Endiry

~
- Select time series record file I&
@Qﬂ « OSDisk (C:) b Program Files (386) » HEC » HEC-EFM » Rolling River » -|&,| Search Rolling River ol
Organize ~ MNew folder 5% o+ 0l @
- Favorites | Arrays
Bl Desktop . Hydraulics
& Downloads Spatial
| Recent Places & Rolling River Data.dss
= Libraries
3 Documents
J“- Music
= Pictures i
#8 Videos F
1M Computer
Q"! Network
File name: Rolling River Data.dss - [DSSfiIes(*.dss) v]
[ Open |v] [ Cancel ]

Figilre 21. 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 22).

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.

Flow regimes (paired time series of flow and stage)

Ref | Active Identifier Filename Part A PartB Part F Starting Endiru
Matura Rolling River Data.
[ 6 HEC-DSS Catalog Browser SRR

= §| Rolling River Data.dss

5 -©® oar —F sekct |
=-{#) ROLLING RIVER

=1--{E) AT EFM X5
5T FLOW \ﬂ/
% GAGED
© LeefF) NATURAL
; Refresh
#--{L) STAGE
HEC-EFM - [ seme | 7

There is a corresponding stage pathname, Use it?

-

Yes ] | No Select rating curve [ Open D55 Catalog...

as second senies

Selected pathnames
Flow /ROLLING RIVER/AT EFM XS/FLOWI1DAY/NATURAL!

@ Data2 /WNDAYN

From: Te:

Figure 22. 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 19). 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. 1Tt is important to define the reference flow regime, which 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 23). 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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Flow regimes (paired time seres of flow and stage)

Ref | Active Identifier Filename Part A Part B Part F Starting Ending
Matural Rolling River Data.dss |ROLLIMG RIVE! AT EFM X5 MATURAL 01/01/1954 09302003
O O |saged Rolling River Data.dss |ROLLING RIVEI| AT EFM XS |GAGED 01/01/1954 | 09/30/2003

Figure 23. Reference and active flow regimes.

8. The Properties Tab should now look like Figure 24. 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.

;
‘& Rolling River.efm - HEC-EFM =)

File Edit Plot Help

Model information

Title: Rolling River study
Author: Rolling River study team
Location:

Description:

Ecosystem Functions Model demonstration project.

EFM model pathname: C:\User'\My Documents"\HEC-EFM"\Roling RiverRolling River efm

Flow regimes (paired time series of flow and stage)

Ref | Active Identifier Filename Part A PartB Part F Starting Ending
Natural Rolling River Data.i ROLLING RIVEI|ATEFM XS |NATURAL 01/01/1954 | 09/30/2003
O Gaged Ralling River Data.i|ROLLING RIVEI| AT EFM XS GAGED 010171954 09/30,/2003

[ Open DSS Catalog... ]

Properties | Relationships | Tables | Combo Relationships
|F|Ie saved to C:\User\My Documents\HEC-EFM'Rolling River'\Rolling River.efm Recalculate &

Figure 24. Completed Properties Tab for the demonstration project.

A

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 25).
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Edit
Flow Regimes 3
| Relationships 4 || Add... S
Combo Relationships » Rename... -
Manage Geo Queries... Reorder..
) . Duplicate...
Plotting Position Type 3
. Delete...
Unit System 3
Clear all fields l’ h
Select Arrays Format 4 & Add Relationship ﬁ
Set Output Selections... Options list...
Apply Output Selections Select all Mame:  Little minnow spawning habitat
Parse Output Deselect all
Handle Missing Data Manage groups... ’ OK ’\eJ ’ Cancel
Missing Data Identifiers... T L oy )
Recalculate Ctrl+R Deselect group...

Figure 25. Adding a relationship.

2. Enter a description, statistical queries, and hypothesis for the Little minnow spawning habitat
relationship (Figure 26).

r A
% Rolling River.efm - HEC-EFM [E=REE

File Edit Plot Help
Relstienshi Lite mi ing habitat |[[ 2=
elationship name: -
: S P [ \wiite computation arrays Active
Description: Little minnow in shall i
spawn in shallow vegetated floodplain areas r . . . .
between February and May. Eggs require sustained high Hypothesis tracking - increased flow will
flows for approximately 21-to 28-days before hatching. Good @ B ® eco-heslth
spawning conditions need to oceur, on average, at least _
once every four years. [ Confidence tracking: 4 3% %% =%
Index o B C C E
Statistical queries Geographical queries Other queries {nonstandanrd)
Breart [ Reverse lookup: @) Flo Stage
From: 02/01 (mdd) @ Value cfs
Ta: 0531 (mJ/d) e T Flow Regime
Duration of 24 days Range to cfs
For each duration, compute: TETTin T =5 e s
From computed values, select the: PRS2 er T
Count number of peaks between
[] Rate of change: @) Stage () Flow and cfs
fest per - days
P . [] Ecovalue summation:
(C) Rising @ Falling (©) Absolute
Time series specifications ———— Last computed time series
25 v % exceedance (4.00-yr)
@ Flow frequency (©) Flow duration
[ to \wiater year range
[l Individual water year
|| Relationship-defined water year
[ 7]

Properties | Relationships |Tables I Combe Relationships
Recaloulate | .:

Figure 26. Statistical queries and hypothesis for the Little minnow relationship.
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3. Click the Recalculate button (bottom right of the interface). Results are displayed on the
Tables Tab (Figure 27).

-

.
‘& Rolling River.efm - HEC-EFM E=RESE ™

File Edit Plot Help

»

m

Evaluated on: 01/21/2017 18:59 ‘_‘

Summary =
Natural
Relationship Conf. Stage, ft Flow, cfs
Little minnow spawning habitat nfa 4275.2 1,226

-

Properties I Relationships | Tables |Camba Relationships
Recalculate B

L

&

Figure 27. 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 28). 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.

-

.
‘& Rolling River.efm - HEC-EFM E=RESE ™

File  Edit Plot Help

»

Evaluated on: 01/21,/2017 19:00 ‘_

l...m

Summary
Natural Gaged
Relationship Conf. | Stage, ft | Flow, cfs | Chg. @ Stage, ft | Flow, cfs
Little minnow spawning habitat nfa 4275.2 1,226| Fos 4275.7 1,703

-

Properties I Relationships | Tables |Combo Relationships
Recalculate I

&

Figure 28. 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 29). 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 30).

Edit [ AddTag ==

Flow Regimes

Relationships 3 Name:  Depth

Combo Relationships

-

e A [h | & Manage Tags for Geographical Queries oK ] ’ Cancel

Plotting Position Type 3 Project tags

Tags aresimple names that identify sets of spatial data layefs important to an EFM

Unit System D project. Project tags are available for use in each relationshi} . The following tags have

been created for this project:
Select Arrays Format 3

=
Set Output Selections.., Depth, Vegitation, Land Use —\
Apply Output Selections
Parse Output Delete tag...

Handle Missing Data

Missing Data Identifiers.. Activate tags for each relationship

Recalculate Cirl«R Relationship . Selected Tags .
LitHe minnow spawning habitat Depth, Vegitation
r ~
‘& Tag Selector [ﬁ
Unselected tags Selected tags ( 4 )
Land Use Depth
‘Vegitation
Add -
AddAl = ok |[ ey [ Cancel
<- Remove Al
[ ok J[ mpy |[ cancel

Figure 29. Adding geographical query tags.

Geographical gueries

Depth Shallow habitat 0 .. ]
to 3ft
Flgur.e 30. Qeographlcal’querles. for Vegitation Requires presence
the Little minnow spawning habitat of aquatic plants

relationship.
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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 31). For now, leave all
relationships at one star.

Options
[] Write computation arrays  [V] Active
Figure 31. Confidence tracking | Hypothesis tracking - increased flow will
and indices. o + - Curve | eco-health

/| Confidence tracking: 4 3% %% 3%

/ *@ISJAJB Cc Eo [E

-8 Indices Manager =RRCIN X
Enter a brief description for each index that you plan to use.
Relationships
Index | Description |Little minnow spawning habitat |Big bass winter habitat |Benthic macroinvertebrate biodiversity |Wetland health |Riparian tree recruitment |Riparian tree inundation
A Al
B |Fish 0 O O O
o 0 0 0 0 0 0
D 0 0 0 0 0 0
E O O O O O O
o) (b ) [ oo ]

8. Next, create indices by clicking the /ndex button in the Options frame (Figure 30). 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 32).
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| Fos 4275.7 1,703
Big bass winter habitat * 4274.1 525| Pos 4274.3 609
Benthic macroinvertebrate biodiversity | * 4279.4 6,620 leg 4277.2 3,190
Wetland health * 4274.3 636| Pos 4274.5 771
Riparian tree recruitment * 4274.9 1,017| Pos 4275.1 1,129
Riparian tree inundation * 4273.7 373| MNeg 4274.3 609

Figure 32. 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 33). 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
Figure 33. 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 popularity has led 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 34). Leave all others at 1 star.

| Confidence tracking: - &

Figure 34. 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 35). 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 274
Figure 35. 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 36).
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et |
Flow Regimes
| Relationships » | Add...
Combo Relationships Rename...
Reorder...

Manage Geo Queries..,

Duplicate...

Platting Position Type 3 | B h 1
i Delete...

Unit System 3

celect A . . Clear all fields s N
elect Arrays Forma ' S ‘& Duplicate Relationship ﬁ
Set Qutput Selections... Options list..
Apply Qutput Selections Select all

1l i
Parse Output Deselect all Mame: ‘Wetland health reverse lookup
Handle Missing Data Manage groups...
Missing Data Identifiers... Select group.. l QK %J [ Cancel
Recalculate Ctrl+R Deselect group... . 4

Figure 36. Duplicating a relationship.

Turn on the Reverse lookup query by checking its box in the Other queries frame. Enter 600 cfs
in the text box (Figure 37). Notice that percent exceedance is now grayed out 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.
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-

-8 Rolling River.efm - HEC-EFM

| B S |

File Edit Plot Help

Relationship name: | Wetland heath reverse lookup

Ciptions

Description: Reverse lookup of the Wetland health relationship to look at

percent of time flows equal or exceed 600-cfs.

Statistical queries Geographical queries

Season
From: 05/15 (mid)
To: 059/15 (mid)
Dwuration of 1 days

For each duration, compute:
Means

From computed values, select the:
Mazdmum

[F] Rate of change: @) Stage Flo

feet per

Rising @ Falling Lhsolute

Time series specifications

30 % exceedance (of time)
i) Flow frequency @ Flow duration

(]

O Individual water year
[] Relationship-defined water year

l 7]

to wiater year range

Properties | Relationships |Tab|es | Combo Relationships
Recaloulate o

[ \wirite computation arrays Active

i Hypothesis tracking - increased %X will

eco-health
Confidence tracking: % <% %%

@+ ©-

Index it E E

Cither queries {nonstandand)

Reverse lookup: @) Flow () Stage
@ Value 600 cfs

) Values per | Flow Regime

i7) Range

i) Ranges per | Flow Regime

[] Handle out of range with 0 or 100

and

[7] Ecovalue summation:

Last computed time series

>y

Figure 37. Reverse lookup for the Wetland health relationship in HEC-EFM.

Results for Wetland health reverse lookup show that both flow regimes were above the 30%

criteria (Figure 38). 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 38. Reverse lookup for Wetland health showing percent of time flows above 600 cfs.
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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 39).

Cptions
I ‘wirite computation arra*,rsl Active

Hypothesis tracking - increased flow will
I+ (- @ [ Curve | eco-health

Confidence tracking: 3% %% =%
[index | WA @B [Cc CD CJE

Figure 39. 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 40). A
folder named "Arrays" will be created in the directory of the HEC-EFM project file to store the
output. Edit

Manage Geo Queries...

Plotting Position Type »

Unit System »
Figure 40. Output choices via ' Select Arrays Format »|  bss
the Select Arrays Format menu Set Output Selections... XML
options. Apply Output Selections [¥] Both [} |

Parse Output

Handle Missing Data
Missing Data Identifiers...

Recalculate Ctrl+R

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 41). Using the "File — View Array File..." menu option, select "Gaged Big bass winter
habitat.xml" and click Open.
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Figure 41. Excerpt from the XML output
file for Big bass winter habitat and the
Gaged flow regime.

HEC-EFM computational
arrays

This page shows intermediate computational arrays from the following
analyses. Choose the ge link to jump to a particular analysis.

1. Time series record: Gaged, relationship: Big bass winter habitat oo

Gaged, Big bass winter habitat
Computations made: 9/2/2015 12:08:39 PM, Rolling River.efm
Result: Flow = 608.5 , Stage = 4,274.3, Closest water year = 1969
Eco-value = 6.1

Water years omitted due to missing data: None
Frequency analysis
Plotting position: Weibull

Rank Frequency| WY |Flow| Stage
1 {0156|15975| 858.0/4,274.652

2 J352|1573 B67.5 (4,274,688

3 JU5EE| 1384 BO7.6|4,274.552 R L.

4 0784{1578| 775.5 4,274 542 This is the statistical result
5 J9ED|1580) 763.6/4,274.522. . .

o 117|197 7o, 27518 for the Big bass winter

7 13731576 745.4 /4,274,453 . . .

B 585 1583 742.4 /4,274,488 M relatlonShlp and

9 765 1958 735,9|4,274.478 1
10! 1961|1572 705.5|4,274.430/ @gﬂ ﬂOW reglme' A
1 205719901693.314, 274406 statistical result is the pair
12 2353|1964 £52,1/4,274,407
G| 254[1565]683.3/4.274.354 of flow and stage that meet
14 2745|1966 675.1 /4,274,380 . . . .
15 23411958 668.4l4, 274370 the statistical criteria used.
16! 3137|1551 666.5/4,274.355!
17| 3333|1554 £57.34,274.352.

3529|1979 &50.E 4,274,341

19| 3726|1553 650.1/4,274.333
20 F522/1380) £42.6/4,274.328
21 A11E|1974 £38,6/4,274,322.
27 4314|1570 637.6|4,274.320

23 451011571 632.2/4,274.312.

24 A708 1968 £24,3 4,274, 2

25 4902|1969 £12.6/4,274,

500D 6085 4,274,273

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 42 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.
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Figure 42. 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 43). Choose which flow
regime (e.g. Natural or Gaged) to view using the Flow Regime dropdown list.

‘¢ Rolling River.plt - HEC-EFM Plotter 1.1 o [ 5 [P |
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| Matural e ;j
Relationship 10,0004
~) Custom Plots w 2,000
W
I Refresh "g £,000
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[ view results for: |Stage - [
[ Use metric units 4,0007 ’ ‘ ‘ ‘ ‘
I DS5 Selector 2, OOO— I h h |\ U ‘ ‘ ‘ || l | l } ‘
Iu M i JHL& bledy ik, nﬂjul b lﬁ |¢
B By l:“j [D i |I:| E B L
T T
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= L f Al +
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£ 7007 F
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T 6001 s
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o
3007 g
2001 o
T T T T T T T
09999 0.99000.9000 0.5000 0.10000.0100 0.0001

iTigure 43. HEC-EFM Plotter showing results for the Big bass winter habitat relationship with the
Natural flow regime.

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 44).
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@ Custom Plots [+ [l

Add... h

Rename...
Ref
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: Save active view as new Custom Plot...
[] view results fg
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‘e Add Custom Plot &

Name: Bass Compare|

I lea matric 1inil

Figure 44. 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 45) to
import those data to the “Bass compare” plot (Figure 46).
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Figure 45. Process for selecting Big bass winter habitat results for comparison in a custom plot
within HEC-EFM Plotter.
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iTigure 46. 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, HEC-GeoRAS, and HEC-RAS Mapper, which can be found on HEC’s
website http://www.hec.usace.army.mil/. Documentation on use of these software is 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, one-dimensional and
two-dimensional and combined one- and two-dimensional unsteady flow, sediment transport,
and water temperature (Figure 47) in riverine systems. Water surface profiles can be rendered
with HEC-RAS Mapper and exported to GIS for spatial analysis.
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Figure 47. 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 and HEC-RAS Mapper

HEC-GeoRAS and HEC-RAS Mapper are software that assist with spatial operations related to
the HEC-RAS river hydraulics model. HEC-GeoRAS is a set of procedures, tools, and utilities
for pre and post-processing geospatial data in ArcGIS® (Figure 48). With these software, water
surface profile data can be used with a digital terrain model to calculate depth grids, velocity
grids, and floodplain boundary polygons.

RAS Geometry = RAS Mapping = i< &¢ |1l F < < £ ApUtilities~ Help~ -

Table Of Contents i B 7

EE=} newras_current_5_natural

O b Inundation
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Figure 48. 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.

44 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-RAS 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 49) and inundation (Figure 50). The inundation layer was then placed on top
of the recruitment layer (Figure 51).
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Figure 49. 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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Figure 50. 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 50. Overlay of Riparian tree recruitment and Riparian tree inundation depth grids.

In accordance with the combo relationship for Riparian tree establishment (Figure 7), 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 52).
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Figure 51. 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 53). This Riparian tree inundation fringe can then be layered with the
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clipped layer to create a new view of predicted and possible (due to the shallow depths) Riparian
tree establishment (Figure 54).

Legend

Fiparizn_tree_imundztion_depth_grid
alue

l High : 2550035

Loww - 0 DO0EEE1

Inundaton Frings

(]

Figure 52. 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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Figure 53. 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
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topography, which will change the stage time series without changing the flow. Figure 55 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 54. 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 52) with the extent of suitable soils for riparian trees.

441 HEC-GeoEFM

The process of applying EFM involves three basic phases: statistical analyses, hydraulic
modeling, and use of GIS. Results from the statistical phase are input to external hydraulic
models that generate layers of water depth, velocity, and inundation, which are then used in GIS
to investigate spatial criteria and results for the flow regimes and relationships being analyzed.
Application of the full process can generate many layers.
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HEC-GeoEFM is a software tool developed to support spatial analyses commonly used during
applications of HEC-EFM. HEC-GeoEFM provides three primary capabilities for planning
ecosystem restoration projects or water management decisions: 1) management of spatial data
sets, 2) computation and comparisons of habitat areas, and 3) assessment of the habitat
connectivity. HEC-GeoEFM works with HEC-EFM and HEC-EFM Plotter to help users assess
the ecological implications of water resource decisions. For more information, please see
http://www.hec.usace.army.mil/software/hec-geoefm/.
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CHAPTER 5

Applying HEC-EFM

Applications of HEC-EFM focus on aquatic habitat and land-water interactions inside the
maximum inundated area associated with a river, wetland, or reservoir. Within this domain, the
software is capable of testing a diverse and extensive array of management scenarios and
ecological relationships. The software relies wholly on the user to define which aspects of the
ecosystem are of interest (e.g., fish, vegetation, benthic macroinvertebrates), how those are to be
investigated (e.g., at a single diagnostic location, for multiple locations, for many spatial areas),
and which hydrologic, operational, or restoration scenarios are considered (e.g., climate change,
reservoir releases, channel manipulation). This flexibility in focus, scale, and scenario is an
important and defining aspect of HEC-EFM. 1t is also difficult to fully appreciate.

5.1 Leveraging Existing Applications

Applications of HEC-EFM are easy to initiate and can also borrow from existing applications.
Incorporating pieces of existing models is done through menu options for import of both flow
regimes and relationships. When “Edit — Relationships (or Flow Regimes) — Import...” is
clicked, an interface will appear that allows users to browse to an existing (source) application,
select the desired flow regimes or relationships, and perform the import (Figure 56). “Import...”
is the only menu option that connects multiple model applications. All others (e.g., add, rename,
reorder, duplicate, delete, select/deselect, manage and select/deselect groups) work within the
open application. Please note that the “Edit — Relationships” menu is location-dependent and is
only enabled when the user is working on the Relationships Tab. This restriction is also the case
for the “Edit — Flow Regimes and Combo Relationships” menus (Properties Tab and Combo
Relationships Tab, respectively).

Edit
Flow Regimes
.
| Relationships » Add... ‘e Import Relationships &J
Combo Relationships Rename... Select relationships to import
Manage Geo Queries Reorder... Rolling River.efm Source: Meandering River.efm
Duplicate. Little minnow spawning habitat Shadowy shiner
Plotting Position Type 3 P Big bass winter habitat WMigratory waterfowl
Delete Berthic macroinvertebrate biodiversity Swooping swallow
Unit System e Wetland health Mussel - host fish interactions
Import... L\\A Riparian tree recrutment — Recruitment of large woody debris
Riparian tree inundation Island nesting habitat
Select Arrays Format 4 Clear all fields Wetland health reverse lookup k
Set Qutput Selections...
Apply Output Selections Options list...
Parse Qutput Select all
Handle Missing Data Deselect all
Missing Data Identifiers... Manage groups...
Recalculate Ctrl+R Select group... OK Apply
Deselect group...

Figure 55. Using the “Import...” menu option to add relationships from source to current project.
This can also be done for flow regimes.
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5.2 Large-Scale Applications

The simplest HEC-EFM applications involve one flow regime and one relationship as would be
the case when modeling the effects of one scenario on one aspect of the ecosystem. Applications
become more complex as the numbers of flow regimes and relationships increase. HEC-EFM
models that investigate many alternatives for only a few species are likely to have a higher
number of flow regimes and a low number of relationships. Conversely, modeling done to better
understand the status of whole ecosystems will tend to have a low number of flow regimes and a
higher number of relationships. As spatial scales increase from a single restoration site to long
reaches in dendritic river systems, HEC-EFM applications often have location-based flow

regimes that serve as multiple diagnostic locations for a single management alternative. The
number of relationships may grow as relationships are duplicated and modified to test model
sensitivities. HEC-EFM has several features to help support this spectrum of applications.

5.2.1 Batch creating flow regimes

To expedite addition of multiple flow regimes, HEC-EFM offers two features that automate
creation of new flow regimes. Both are available through the “Edit — Flow Regimes” menu
(Figure 57). “Batch add...” works only with data stored in HEC-DSS. Users specify input data
file, types of data to associate with the flow regimes, and naming convention for flow regime
identifiers. HEC-EFM will process all data in the input file per the selected data type. For
example, the data file (Rolling River Data.dss) provided with the demonstration project has four
records: Rolling River, flow and stage for both Natural and Gaged conditions. If that file was
used in a batch add with a data type of Flow and Stage, two flow regimes would be added.

Unit System

Select Arrays Format
Set Output Selections...
Apply Output Selections
Parse Qutput

Handle Missing Data
Missing Data Identifiers...

Recalculate Ctri+R

Open D55 Catalog...
Deselect reference timeseries

Select all

Deselect all
Manage groups...

Select group...

Deselect group...

Batch add...

Batch add one for many...

Batch delete...

Edit ‘e Batch Add Flow Regimes —
| Flow Regimes Add...
Relationships R
. ename This feature automates creation of flow regimes. Itworks only with time series data
Combo Relationships Reorder... archived in the HEC Data Storage System (HEC-DSS). Please use this feature with
i caution. It is capable of creating many flow regimes, which can be difficult to undo.
Manage Geo Queries... Duplicate..
Delete... = :
) " Flow t fil
Plotting Position Type S
Import...

Rolling River Data.dss

Select data type (c-partin DSS)

Flow and Stage - | FLOW

Name of flow regime identifiers to be created

DS5 Pathname Part A

@ D55 Pathname Parts: Prefix

A A - suffix  |F A

- Suffix

Prefix (integer)

Set period of record {optional)

Starting [0 s/20/2016 B~ Ending [ &/29/2016 [E~
T T M P2 ) ) ) ‘¢ Batch Add Flow Regime Results =)
Preprocess from HOF file.., Associate with group (optional)
Replace parts... Mew New: Bl | (oo regrmes added
Replace input files...
Activate added flow regimes {optional)
Batch Recalculate...
Flen Teealewte 7] Make "Active"
[ ok L\?“ Apply | [ Cancel |

-

Figure 56. “Batch add...” and “Batch add one for many...” automate creation of flow regimes.
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With “Batch add one for many...”, users specify the two data time series to use, the number of
flow regimes to create, and a naming convention for the resulting flow regimes. Each of the
flow regimes have the same time series data, which can be advantageous when investigating
multiple sites around the same water body (e.g., separate habitat areas that respond differently to
the same fluctuations in stage).

These features are particularly helpful when using data from large gage networks, watershed-
scale hydrologic datasets, or output from substantial river hydraulics or reservoir system
simulation models, but should always be used with caution. Each feature is capable of adding
(or removing via “Batch delete...”’) many flow regimes, which can be difficult to undo. New
flow regimes can also be associated with groups as described in the next section.

5.2.2 Managing with Groups

HEC-EFM is capable of simulating thousands of flow regimes and relationships, but as numbers
grow, it becomes increasingly difficult to use the main EFM interfaces to select and deselect the
particular combinations of flow regimes and relationships desired for simulation. One way to
manage applications with large numbers of flow regimes and relationships is to create “Groups”.
Groups are collections of flow regimes and relationships. Groups are defined separately for flow
regimes and relationships (Figure 58) and then can be selected and deselected for simulation via
menu options associated with the “Edit — Flow Regimes — Groups” and “Edit — Relationships —
Groups” menu options (Manage, Select, and Deselect options). Relationship groups tend to be
structured around ecological similarities. Flow regime groups tend to reflect a shared theme
(separate groups for reservoir reoperations and channel modifications) or are organized per
location-based flow regimes (tributary and mainstem diagnostic points, separately).

I ~ ~
-8 Manage Groups [&J & Relationship Selector [&J
Groups Unselected relationships Selected relationships
Flow regimes and relationships can be organized (separately) as groups. Groups can
be added, renamed, or deleted and are easily selected or deselected for analysis. Little minnow spawning Migratory waterfowl
Big bass winter habitat Swooping swallow

T Benthic macroinvertebre Add — lsland nesting habitat
Fish populations, Processes, Bird dynamics I—Igroup... Wetland heath

————— Riparian tree recruitmert

Rename group... Riparian tree inundation N
—— Wetland health reverse = FEiwis
| Delete group... | Mussel - host fish interag
Add Al —
Relationships for each group
Group Selected Relationships Select <— Remove Al
Fish populations Little minnow spawning habitat, Big bass winter h relationships... Ll m 3
Processes Wetland health, Wetland health reverse lookup L}
Bird dynamics :
0K g [ Aoy | [ cancel
[ ok J[ #epy || Cancal |

iTigure 57. Creation of relationship groups (Fish poi)ulations, Processes, and Bird dynamics) and
selection of relationships for the Bird dynamics group.
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5.2.3 Managing Output

When the Write Computation Arrays relationship option is selected, HEC-EFM writes output for
the computational steps performed while analyzing that relationship for each active flow regime.
Many time series and paired data outputs records are generated. Management of these outputs
becomes challenging as numbers of relationships and flow regimes increase, even when using
HEC-EFM Plotter. To help, HEC-EFM enables users to select which types of output to write
and to choose whether to apply those settings (Figure 59). Deselecting undesired outputs
reduces the computer memory needed to store output files, reduces compute times, and makes
use of HEC-EFM Plotter faster because there are fewer data records to track and display. The
default is to write all output.

Edit ‘o Select Arrays Output [i—E-J

Flow Regimes

) . T )
Relationships b ime sefes

Combo Relationships Seasonal exiracts
| Computations (duration and rate of change)
Manage Geo Queries...

V| Seasonal results

Plotting Position Type 3
Exceedance-based

| Exceedance curves

Unit Systermn 3

-

Select Arrays Format
| Set Output Selections... L\g

Apply Cutput Selections

Parse Output Other

| Ecovalues

| Ranges

| Statistical results

Handle Missing Data
o N Dates
Missing Data Identifiers...
Summeaticns

Recalculate Ctrl+R

| oK %“ Apply | | Cancel |

A

Figure 58. HEC-EFM enables users to select which outputs to write (Set OQutput
Selections...) and to choose whether to apply those settings (Apply Output Selections).

HEC-EFM also offers formatting options for tables generated by the software that report model
results and parameters. Through the “File — Select Style Sheets — Results” menu, several pre-
packaged options are available for the main results table (Figure 60). Different formats can be
helpful when including tables in reports, copy-pasting statistical results to spreadsheets for
additional calculations, or when suppressing unnecessary outputs. Choice of style sheet is a
project setting, which means that the selected style sheet will be used until a different one is
chosen by the user. Users are also able to add and remove custom style sheets for Results,
Report, Data Summary, and Arrays tables. Custom style sheets are used most often to modify
numerical precision of output or appearance of tables. For the Results table, settings for
numerical precision are located towards the beginning of the style sheets and can be modified by
the user to adjust precision for each output variable, independently. Modifications of style sheets
is best done through XML editors, which are available online. Pre-packaged options are
currently available only for the Results table.
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Evaluated on: 06/29/2016 09:26

Style sheet = Standard, flow and stage

Figure 60. Choices of style sheets are made via the “File — Select Style
Sheets” menu. The default Results table format is controlled by a
style sheet called “Standard, flow and stage”, as shown at the top of
this figure. The “Basic, flow only, inverted” format is also shown.

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
Benthic macroinvertebrate biodiversity|* 4279.4 6,620 HMeg 4277.2 3,190
Wetland health * 4274.3 636| Pos 4274.5 771
Riparian tree recruitment * 4274.9 1,017| Pos 4275.1 1,129
Riparian tree inundation * 4273.7 373| HNeg 4274.3 609
Index
Values
Index Gaged
A- Al -4.7
B - Fish| 27.4
Mo reverse lookup flow frequency data sets were analyzed.
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
Evaluated on: 06/29/2016 09:32  Style sheet = Basic, flow only, inverted
Summary
Little mir?now Big_bass Bgnthic Wetland | Riparian tree | Riparian tree
spawming wm.ter macr.oln.ver‘tgbrate health recruitment | inundation
habitat habitat biodiversity
Flow Regime Flow, cfs | Flow, cfs Flow, cfs Flow, cfs Flow, cfs Flow, cfs
Natural 1,226 525 6,620 636 1,017 373
Gaged 1,703 609 3,190 771 1,129 609
Index Values —‘F“E
Index A - AllB - Fish
Gaged -4.7 274 ke ST
Open... Ctrl+0
No reverse lookup flow frequency data sets were analyzed. Save Ctrl+S
Save As...
Reverse Look-ups - Flow Report
Duration Results
Wetland health Data Summary
reverse lookup
Flow Regime % X, of time View Array File...
Natural 34.1 Select Style Sheets  » || Results Standard, flow and stage
Gaged 67.1 Print Preview Report Standard, flow only
Print Ctrl+P Data Summary Standard, stage only
i Arrays Standard, ecovalue
Recent Projects 3
Basic, flow and stage
et Basic, flow only

Basic, stage only

Basic, ecovalue

| Basic, flow only, inverted

Basic, stage only, inverted

Basic, ecovalue, inverted
My Favorite Custormn Format

Add Custom Style Sheet..,

Remove Custom Style Sheet...
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5.3 Using 2-Dimensional Information

HEC-EFM can import time series data that are stored in the Hierarchical Data Format (HDF) for
use as flow regimes. HDF is a frequently used database format (http://www.hdfgroup.org/) and
is employed by at least two HEC software to store model simulation outputs (HEC-RAS for two-
dimensional unsteady flow output and HEC-EFMSim for two-dimensional ecological simulation
output). Through the “Edit — Flow Regimes — Batch add from HDF'...” menu option, users
specify input HDF files, dates and times of data being imported, data tables and key aspects of
their structure and content, and a naming convention for the flow regime. Resulting flow
regimes are compound in the sense that a single flow regime identifier contains multiple sets of
concurrent time series (or time series and paired data). For example, the first flow regime in
Figure 61, entitled “Wetland Restoration Zone”, has data that would comprise 2,940 traditional
HEC-EFM flow regimes and is one of the four listed that together have more than 32,000 parts.
Each part is computed independently for all active relationships. Users should consider style
sheet choice and output settings before applying HEC-EFM for large compound flow regimes.

= — -
RallingRiver_2D.hdf B [ Depth at (Results/Unsteady/OutputiOutput Blocks/Base OutputiUnsteady Time Series/2D .. o EI
o 2) Event Conditions : i
i Ta0t ‘8 Batch Add Flow Regimes from HDF [
o 24 Geometry g
o= &' Plan Data : This feature automates creation of flow regimes. It works only withtime series data archived in
| HDF. Please use with caution. It caninvolve large datasets that are time consuming to compute.
¢ ‘@ Results Flow regimes input file(s)
& £ Summary / 13 RolingFiver_20 hof () Time link multiple HDF file [[¥]
0 9.551289  [13.4 .
-3 i Unsteady 1 9319008 134 Transitions: Skip 1 time steps
o= [2) Geometry Info 2 9.067829  [127 | Dates and times (of data to be imported)
3 88305435 |12 N :
pecify start and end @ Use table in HOF
7 @l Output 4 8682766 [123| _ e — —
¢ @ Output Blocks 5 8803322 124 rom - 10/01/2014 me Sale Aamp | | g
? @B Output ] 9257245 12 4 To 09/30/2016 [T Start on columnirow (0
ase Outpu
7 9.927292 13.4 Interval | 1 hour [F] End on columnirow
&~ 20 Summary Output 8 10.511089  [14.3
¢ @@ Unsteady Time Series 9 10671037 [14| Time seres tablefs)
i 10 10.581149 143 [Use one varable for both flow regime parts ']
¢ @l 2D Flow Areas :] 11 10.366725  [14.4
s iWetIand 12 10101781 127 1st Table Depth «HDF 2nd Table
: 13 98 "Data  Depth fest Dat
o~ 2 Boundary Coflditior] : ﬁ;‘g’wg = = © =
m Depth 15 0285200 124 Time series values
| T 901575 124  ® Colums © Useall (25¢0) Use deiy
& Depth Max i 17 BBi242 129 o . @
i Face Velocity i 18 8758003 [124| = © Selection
T Node Vel Max ;g g?gg;‘;s Eg @ 1 [ Start on column/row
B : (©) Period average [[1] Missing value screening
B Node X Vel : 21 9280885 [129| ©
8 Node Y Vel . 22 9.287884  |12.8 | Fow regime naming
m Water Surf 23 9196529 124 Identifier Wetland Restorstion Zone
Water Surface | 2 24 0029717 [127) o
T water Surface Max | © 25 8833112 125 : _
I Water Surtace Wi : 26 5620605 [123| Suffix @ HDF label © Integer |1
Water Surface Min |
) g; g ;’i:g;; 13; Set period of record {optional)
o Q) Upland g 4| Swrting [0 6292016 B~  Ending O] 6/23/2016 @
o £ Aquatic 29 8.204171  [11.9
) 7| 30 8.703701 123 Activate added flow regimes (optional)
o 23 Invasive E 31 043162 [13.1 ——
€4 Cross Sectons N 0T fred
o () Lateral Structures e 10892303 144 [ oK [}J [ aeor ) (G )
o~ [2) SA 2D Area Conn 35 10.499058 |14 -
H 36 10.224713 139 5 X ¥
o Q) Storage Areas Flow regimes (paired time series of flow and stage)
& Time
e pa ey Ref | Active Identifier Aename Part A PartB PartF Starting
O Wetland Restoration Zone RollingRiver_2D.hdf |Wetland Resto| (2340) 01y
¢ 4 DSS Hydrograph Cutput O Upland Management Area RollingRiver_2D.hdf |Upland Manage (2400)
&= (24 DSS Profile Output O Aguatic Structures RollingRiver_2D.hdf |Agquatic Struc
o= 4 Summary O Invasive Species Suppression  |RolingRiver_2D.hdf | Invasiv
. .- Lo
i 46 | [s93121 |12 526957 |12 458491 |s 856705 \3 8730342 |0 0412,
4 7 I ” Icin.{'man lan gonoee [49 47nnne o gend2a [2 ooga49 nn-mnno-tl
E LN ]
4] 1 [T

Figure 59. Importing HDF data for use in HEC-EFM. Structure and content of an HEC-RAS 2D
output file is at back, “Batch add from HDF...” interface to right, and Flow regimes list at bottom.
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The data and mathematical process HEC-EFM uses to analyze compound flow regimes is the
same as for traditional flow regimes with one exception. Use of time series from HDF are
supported for a wide range of time steps (19 increments ranging from 1 minute to 1 day) whereas
only daily time series may be used in traditional flow regimes. During conversion from subdaily
to daily, users may specify which daily time series is of interest: means, minimums, or
maximums. HEC-EFM also provides a setting for the user to declare whether data from HDF
are instantaneous or period average values, which affects the conversion to daily values. Apart
from dealing with subdaily time steps, the process is unchanged. Data for each flow regime are
queried per the season, duration, rate of change, and percent exceedance parameters for each
relationship. Results are written and reported per output settings controlled by the user. Flow
regime names are recorded as “Identifier-suffix” for compound flow regimes.

As with traditional flow regimes, subsequent recalculations simply repeat the whole process.
Subdaily data are converted to daily, queried per relationship parameters, and then results are
written and reported. To save time, HEC-EFM offers a menu option “Preprocess from HDF
file...” that converts subdaily data to daily and saves the daily results in a new HDF table (Figure
62). An associated time/date table is also generated. The number of time series is unchanged;
all time series are processed. The resulting HDF file can then be used via the Batch Add Flow
Regimes from HDF interface as in Figure 61. Preprocessing has been shown to reduce overall

compute times by approximately one third.

| Flow Regimes

Relationships

Combo Relationships
Manage Geo Queries...
Plotting Position Type
Unit System

Select Arrays Format
Set Output Selections...
Apply Output Selections
Parse Qutput

Handle Missing Data
Missing Data Identifiers...

Recalculate Ctrl+R

Add...
Rename...
Reorder...
Duplicate...
Delete...

Impert...
Open Batch Add HDF...
Deselect reference timeseries

Select all

Deselect all
Manage groups...

Select group...

Deselect group...

Batch add...

Batch add onefor many...

Batch delete...

Batch add from HDF file...

Preprocess from HDF file...

Replace parts...

Replace input files...

Batch Recalculate...

- ~
‘& Preprocess Data from HDF [&J
This feature converts data from a subdaily to a daily time step for use in EFM. Input and output are stored
in HOF. The daily data file produced is then available for use via the Batch add from HODF interface.
Flow regimes input file(s)
RollingRiver_20 hdf V| Time link multiple HDF files | |¥|
| Transitions: Skip |first  + | 1 time step(s)
Dates and times (of data to be imported)
Specify start and end @ Use table in HODF
From  06/29/2016 Time Date Stamp | ..HDF
To 6/30/2016 Start on column/row
Interval | 1day End on columnirow
Time series values
@ Columns @ Instantanecus Use daily | Mean h
Rows Peried average
Missing value screening
Time series table(s)
Variable Input table Qutput table name 'S
1 th wetland_depth_daily
2 Upland_depth_daily
3 Aquatic_depth_daily
4 637 Invasive_depth_daily
- -
HOF output file
MName RollingRiver_20_preprocessed
Destination (folder)  Rolling River
[ ok N' Apply | [ Cancel |

Figure 60. Avoid repetitive and time consuming conversions from subdaily to daily time steps via
the Preprocess Data from HDF feature. With this, subdaily data are converted and written as daily
values to a new HDF file that can then be used as input for flow regimes in HEC-EFM.
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5.4

HEC-EFM for Design

HEC-EFM offers an option to cycle computations, replacing one piece of flow regime input in
each iteration. This option is useful when designing hydrographs or designing topography — that
is, considering many hydrograph options with a single topography (reservoir reoperations) or
considering many topographic options for a single flow hydrograph (earthwork). This cyclic

application of HEC-EFM is initiated through the “File — Flow Regimes — Batch Recalculate...”
menu option (Figure 63). Users specify which flow regime part to cycle through, input data files
and records, and output location and naming conventions. A master switch for exporting results
to DSS is provided here because this feature has the potential to generate much output. All other
output controls (e.g., output settings and write computation arrays) remain in effect. Several
options are provided for flow regime output names as combinations of pathname parts and user-

defined prefixes and suffixes.

File ‘& Batch Recalculate [i_hj
| Flow Regimes Add...
Relationships R Thig feature allows users to cycle computations, replacing one piece of flow regime inputin eachiteration. It works
b == EnalTvE only with data archived in HEC Data Storage System (HEC-DSS). Please use this interface to specify which data
Combo Relationships Rearder... will be replaced and toidentify the replacements. Output will be stored separately for each iteration
Manage Geo Queries... Duplicate... Specify the data to be replaced
. . Delete... @ First record Second record
Plotting Position Type
i Import...

Unit System Replace data per

Open Batch Add HDF... @ Selection from DSS file:  Roling River - Design Hydrographs dss ]
Select Arrays Format p l—/
Set Output Selections... Deselect reference timeseries @ Cycle through: |C - ‘ |FLOW x| 50
Apply Output Selections Select all Select data: 0
Parse Output Deselect all .

Table ¥l B

Handle Missing Data Manage groups... B i Pa F
Missing Data Identifiers... Select group...
Recalculate Ctrl+R Deselect group...

Batch add...

Batch add one for many...

Batch delet aEn

atch delete... — .
. Destination:  Roling River - Subfolder:  Candidates @E‘:ﬁiﬂﬁgﬁ

Batch add from HDF file... Name:

Preprocess from HOF file... DS Pathname Part

Repl rts...

S DSS Pathname Paris:
Replace input files...
@) Prefix  DesignHydrograph - Suffix (integer) 1
Batch Recalculate... I}|
Prefix - DSS Pathname Part:
Prefix - DSS Pathname Parts
Output name preview: DesignHydrograph-1xml
[ ok %J [ ooy ][ Concel

Figure 61. The “Batch Recalculate...” option in HEC-EFM allows users to cycle computations by
replacing data associated with active flow regimes.

Again, it is important to note that only one data part of the flow regime is changed with each
iteration. An early application of this feature involved testing several hydrographs to determine
which generated the most ecological benefits. Flow regimes comprised of a flow time series and
a local rating curve were added for locations along the river and made active. HEC-EFM was
then used to test the set of hydrographs, each hydrograph being tested independently for all
active flow regimes (locations). Output were written to tables and to HEC-DSS for subsequent
analyses. Figure 63 shows a scenario in which 50 hydrographs (C = FLOW) will be tested.
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CHAPTER 6

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 bug reporting.

To summarize, HEC-EFM is designed to help study teams determine ecosystem responses to
changes in the flow regime of a river or connected wetland. HEC-EFM analyses involve: 1)
statistical analyses of relationships between hydrology and ecology, 2) hydraulic modeling, and
3) use of GIS. Through this process, study teams define existing ecologic conditions, highlight
promising restoration sites, and assess alternatives according to predicted ecosystem changes.

The spatial products of this process are commonly managed and analyzed with a tool called
HEC-GeoEFM. Development of HEC-GeoEFM is a partnered effort between HEC and
Environmental Systems Research Institute, Inc. (ESRI). 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.

HEC-EFM has many strengths, most notably it 1) is capable of testing change for many
ecological relationships and management scenarios, 2) links ecology with established hydrologic,
hydraulic, and GIS tools, and 3) can be applied quickly, inexpensively, and can incorporate
expert knowledge. HEC-EFM is a generic software tool in the sense that it is applicable to a
wide range of riverine and wetland ecosystems, water management concerns, and restoration
projects.

HEC-EFM also has key limitations, including: 1) uses only daily data, 2) no explicit tracking of
inter-year dynamics, and 3) outputs are often proxies or indicators for more tangible ecological
attributes such as species population levels and ecosystem services.

New features are being added to HEC-EFM, HEC-EFM Plotter, and HEC-GeoEFM that advance
their collective ability to analyze flow regimes and to map and assess habitats. Additionally,
long-term development will enable HEC-EFM to simulate ecosystems in time and space and to
animate results. This spatial and temporal linking promises to address the limitations noted
above and is being implemented in parallel to the software's current capabilities.

This scalability, where applications of these software can be statistical analyses of flow regimes
or also map habitat or simulate population dynamics, allows modeling to be customized per the
needs of different projects and offers opportunities to engage study teams and stakeholders by
producing results at each level of application.
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HEC-EFM versions 2.0 and 3.0 and HEC-GeoEFM 1.0 are certified for national use by
Headquarters of the U.S. Army Corps of Engineers as recommended by the Corps’ Ecosystem
Center of Expertise. Model certification is a corporate determination that a model is a
technically, theoretically, and functionally sound and can be applied during the Corps planning
process for purposes consistent with the model’s design and limitations. HEC-EFM has many
possible applications. The most common are ecosystem restoration planning, water management
decision-making, benefit and impact analyses related to water levels, and endangered species
considerations.




HEC-EFM Quick Start Guide Chapter 7 - Terms & Conditions for Use

CHAPTER 7

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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