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March 2017
Release Notes

Version 4.0 supersedes versions 3.0 and 3.0.NET, which were released in January 2013.
Installing version 4.0 will not overwrite any previous software versions. Also, the new
version is backward compatible, which means that any HEC-EFM project files created
with previous versions are fine and ready for use with version 4.0.

During numerical testing performed at HEC, version 4.0 exactly reproduced quantitative
results generated with versions 3.0, 3.0.NET, and 2.0, but users are encouraged to verify
their existing applications.

Version 4.0 is programmed in Visual Basic .NET. It includes several new features,
improved software behaviors, and bug fixes for issues that were not detected prior to
release of version 3.0.NET. The Quick Start Guide has also been updated and is
currently the most complete and comprehensive source of information about the software.
Changes incorporated in the new versions follow:

New Features

e Reverse Lookups. Reverse lookup capabilities were greatly expanded to allow users
to specify the flow or stage of interest and have the software compute the percentage
of time or of years that flow or stage is equaled or exceeded.

Reverse lookup: @ Flow () Stage «— Select which flow regime data to analyze,
- - flow or stage.

“1 Value 600 |cfs
™) Values per Specify the value or range to analyze
— — <— (options: one value/range for all flow regimes
_) Range 600 |to 1000 cfs or different values/ranges for each flow regime).

@ Ranges per | Flow Regime
k‘ Option to return a numeric result, 0 or 100
Handle cut of range with D or 100 <= (in lieu of an “out of range” text message).

-

8 Range per Flow Regime Iﬁ

[¥] Show active only

Active Flow Regime Min value, cfs | Max value, cfs
Matural 600 1,000 k
oot 0 Looo
Matural - Location 2 1,500 4,000
Gaged - Location 2 1,500 4,000

W A




o Importers to connect multiple EFM applications. Users can now import flow
regimes and relationships from existing applications of EFM via the “Edit —

Relationships (or Flow Regimes) — Import...”

Edit

Flow Regimes

menu option.

Set Output Selections...
Apply Qutput Selections
Parse Output

Handle Missing Data
Missing Data Identifiers...

Recalculate

Relationships 3 Add...
Combo Relationships Rename...
Manage Geo Queries... Reorder...
X . Duplicate...

Pletting Position Type 3

Delete...
Unit System 2

Import...
Select Arrays Format 3

Clear all fields
Options list...

Select all

Deselect all
Manage groups...

Ctrl+R Select group...

Deselect group...

¢ Import Relationships

Select relationships to import
Rolling River.efm

Little minnow spawning habitat

Big bass winter habitat

Benthic macroinvertebrate biodiversity
Wetland health

Riparian tree recruitmert

Riparian tree inundation

Wetland health reverse lookup

Racrultmantcrf\a ge woody debris
Island nesting habitat
<< Impart All

Source: Meandering River. efm

Shadowy shiner

Migratory waterfowl
Swooping swallow

Mussel - host fish interactions.

oK Apply

e Groups. “Groups” are collections of flow regimes and relationships. Groups are
defined separately for flow regimes and relationships and then can be selected and
deselected for simulation via the “Edit — Flow Regimes — Groups” and “Edit —
Relationships — Groups ” menus. Relationship groups tend to be structured around
ecological similarities. Flow regime groups tend to reflect a shared theme or are
organized per location-based flow regimes. Groups are most useful in applications
with numerous flow regimes and relationships.

-8 Manage Groups

=)

& Relationship Selector

]

Groups

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.

Fish populations, Processes, Bird dynamics

Add group..
Delete group...

Unselected relationships

Little minnow spawning
Big bass winter habitat
Berthic macroinvertebrs
Wetland health
Riparian tree recruitmert|
Riparian tree inundation
‘Wetland health reverse
Mussel - host fish interaq

Relationships for each group

Group
Fish populations
Processes

Bird dynamics

Selected Relationships
Little minnow spawning habitat, Big bass winter h

Wetland health, Wetland health reverse lookup

Select
relationships... N
)

Selected relationships
Migratony waterfowl
Swooping swallow
Add — Island nesting habitat
Remaove
Add Al —>
<~ Remove Al
0K L\»J [ ooy | [ Cancel

oK [ Aeely

] [ Cancel




interface was added that allows the user to more easily view and manage option
settings for relationships.

Edit

Flow Regimes

o Options list for relationships. To improve the management of EFM relationships, an

| Relationships

Combo Relationships
Manage Geo Queries..,

Plotting Position Type
Unit System

Select Arrays Format
Set Qutput Selections..

»

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

Import..

Clear all fields

"8 Options List of Relationships

==

Recalculate

Ctrl+R

Select group...

Deselect group...

Apply Output Selections Options list...
Parse Cutput Select all

Handle Missing Data Deselect all
Missing Data Identifiers... Manage groups...

Relationships
Little minnow spawning habitat
Big bags winter habitat
Benthic macroinvertebrate biodiversity
Wetland health
Riparian tree recruitment
Riparian tree inundation

Wetland health reverse lookup

S

Active | Arrays |Hypothesis | Confidence
O
O
O
O
o]

oK S[ Boply | [ Cancel

o Qutput settings. Several output options were provided to allow users to select which
output to write to memory. 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.

Edit

Flow Regimes
Relationships

Combo Relationships
Manage Geo Queries...

Plotting Position Type
Unit System

Select Arrays Format

-

Set Qutput Selections...

Apply Output Selections

Parse Qutput

Handle Missing Data

Missing Data Identifiers...

Recalculate

Ctrl+R

-

-0 Select Arrays Output

S |

Time series

[[] Seasonal extracts

Computations (duration and rate of change)

Seasonal results

Exceedance-based
Excesdance curves
Ranges

Statistical results

Other
Ecovalues
[C] Shifts

[7] Dates

oK :\‘AJ[ Apply | | Cancel




e Batch creating flow regimes. To expedite addition of multiple flow regimes, HEC-
EFM added two features that automate creation of new flow regimes. Both are
available through the “Edit — Flow Regimes” menu. “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.
This feature is useful when analyzing many alternatives or many locations. “Batch
add one for many...” creates many flow regimes, each with the same data sets,
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).

Edit

Flow Regimes

Relationships

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

Select Arrays Format

Set Qutput Selections...
Apply Output Selections
Parse Qutput

Handle Missing Data
Missing Data Identifiers...

Recalculate Ctri+R

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

Open DSS Catalog...
Deselect reference timeseries

Select all

Deselect all
Manage groups...

Select group...

Deselect group..

Batch add...

Batch add one for many...

Batch delete...

Batch add from HDF file...

Preprocess from HOF file..,

Replace parts...

Replace input files...

Batch Recalculate...

p \
% Batch Add Flow Regimes =5

This feature automates creation of flow regimes. ltworks only with time series data
archived in the HEC Data Storage System (HEC-DSS). Please use this feature with
caution. Itis capable of creating many flow regimes, which can be difficult to undo.

Flow regimes input file

Rolling River Data.dss E

Select data type (c-part in DSS)

Flow and Stage V] FLOW

Name of flow regime identifiers to be created
() DSS5 Pathname Part A
(@) DSS Pathname Parts: Prefix - Suffix

_ § - Suffix
() Prefix T
Set period of record {optional)

Statting [0 &/2g/2016 B Ending [0 &/23/2016 [E~

‘& Batch Add Flow Regime Results ==

Associate with group (optional)
[ [Mew New: Er

2fiow regimes added

Activate added flow regimes (optional)
Make "Active”

[ ok %J[ soply | [ Cancel |




o Qutput data formatting. Format options for tables generated by the software that
report model results and parameters were added. Through the “File — Select Style
Sheets — Results” menu, several pre-packaged options are available for the main
results table. Users are also able to add and remove custom style sheets for Results,
Report, Data Summary, and Arrays tables. 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.

Evaluated on: 06/29/2016 09:26 Style sheet = Standard, flow and stage
Summary
Natural Gaged
Relationship Conf. Stage, ft Flow, cfs Chg Stage, ft Flow, cfs
Little minnow spawning habitat * 4275.2 1,226 FPos 4275.7 1,703
Big bass winter habitat = 4274.1 525| Fos 4274.3 609
Benthic macroinvertebrate biodiversity|* 4279.4 6,620 Meg 4277.2 3,190
Wetland health = 4274.3 636| Fos 4274.5 77l
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 - 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| Pos 67.1

Evaluated on: 06/29/2016 09:32

Little minnow
spawning
habitat
Flow Regime Flow, cfs
Natural 1,226
Gaged 1,703

Index Values
Index A - AllB - Fish
Gaged 4.7 274

Style sheet = Basic, flow only, inverted

Summary
Big bass Benthlc Wetland | Riparian tree | Riparian tree
winter | macroinvertebrate health recruitment | inundation
habitat biodiversity
Flow, cfs Flow, cfs Flow, cfs Flow, cfs Flow, cfs
325 6,620 636 1,017 373
609 3,190 771 1,129 609

No reverse lookup flow frequency data sets were analyzed.

Reverse Look-ups - Flow
Duration

Wetland health
reverse lookup

Flow Regime % X, of time
Natural 34.1
Gaged 67.1




o Using 2D information. 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, users

specify input files, dates and times of data, data tables and key aspects of their
structure, 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. Each part is computed independently.

= X X H
RallingRiver_2D.hdf| -} [ Depth at (Results/Unsteady/OutputiOutput Blocks/Base OutputiUnsteady Time Series/2D . o IEI
o= () Event Conditions ; - 1} -
| Te0f 8 Batch Add Flow Regimes from HDF [
o 24 Geometry :
o 2) Plan Data This feat creation of flow regimes. It works only with time series data archivedin
| HDF. Please usewith caution. It caninvolve large datasets thatare time consuming tocompute.
¢ ‘@ Results > 8 Flow regimes input file(s)
& £ Summary / 13 RalingRiver_2D hdf () Time link multiple HDF file
0 9551289 13.4 X
¢ i@ Unsteady 1 9.219008 124 [7] Transitions: Skip 1 time sieps
o (2 Geometry Info 2 9.067829 127 | Dates and times (of data to be imported)
E 8.8305435 1128 ) Specify startand end © Use table in HOF
- & Outout L £.562766 129 F-rom 0000 -Time Date Stam HDF
# @ Output Blocks 5 2.803322 124 p |
@s outout 6 9257245 |1249| Te 0000 [ Start on columnirow |0
[4 ase Outpu
7 9.927292 12.4 Interval | 1 hour [ End on columnirow (D
& 2 Summary Output 8 10.511089  [14.3
¢ @ Unsteady Time Series 9 10671037 [143| Time serestables)
10 10.581149  [14.3 [Use one vanable for both flow regime parts v]
7 @ 2D Flow Areas 11 10.366725 [14.0 .
s iWenand .; 12 10101781 |[13.7 "IstTab\e Depth wHDF 2nd Table HDF
. 3 13 9.8 Datz Depth fest Data
o~ 2 Boundary Coflditior] 5573790 124
I, Deptn 15 9235200 12| Timeseresvales
16 9015756 [121]|  ® Columns @ Useall (2940) Use daily [Mean ~]
R Deptn wax 17 881242 [129| . o e . P
) Face Velocity 13 5758003  [124| e Sy
T Node Vel Max ;g gigg;‘;? :1133 @ | [T Start on columnirow 0
B Mode X vel 21 9.280885 12'9 ) Peried average [] Missing value screening alues
@Node‘r’\iel 22 9.287884 12.9 | Fow regime naming
m \Water Surf 23 9.196529 124 |dentifier Wetland Restoration Zone
Water Surface | ¢ 24 9029717127 oo
) water Surface Max | 25 8.833112 125 i i
B : 26 8620605 |12 Suffix @ HDF label © Integer |1
Water Surface Min | :
e . : g; S;i:g;; 13; Set period of record (optional)
o= Upland : - RS | P = g p—
(&) . 29 gooat71  |i1g| Swertre [ 6292016 @ Endng [0 62572016 @
o= [y Aquatic - -
30 8.703701 12.3 Activate added flow regimes (pptional)
o (1) Invasive 31 9.43162 131 7] Make "Active”
o 24 Cross Sections 32 1023724 13.9
33 10710088 [14.4
o= [2) Lateral Structures 34 10692302 [14.4 [ 0K Q [ Apply ] [ Cancel ]
o~ [2) SA 2D Area Conn 35 10499058 |14.1 -
36 10224713 139 ¥
o Q) Storage Areas Flow regimes (paired time series of flow and stage)
& Time
o Ref | Active | Identifier | __stemame | PatA | PartB | PartF | Starting
[ Time Date Stamp O S & — n1r
Wetland Restoration Zone RollingRiver_2D.hdf |Wetland Resto| (2940) 020142009
¢ Q4 DSS Hydragraph Output O Upland Management Area RollingRiver_2D.hdf |Upland Manag: (2400) 02/01/2009
&= 24 DSS Profile Output O Aquatic Structures RollingRiver_2D.hdf |Aguatic Struch|(20380) 020142009
o 4 Summary | Invasive Spedes Suppression  |RollingRiver_2D.hdf |Invasive Spedi|(5371) 02012009
- - [ = oo,
46 | |s 03121 |12 526957 |12 450401 |8.656705 |3 8730342 |0 0111412,
AT | ” O‘HJ’JI:‘J’U 12 g2n208 |49 47n0nE lo gendan 2 ooE449 ﬂﬂ4nﬂﬁ04|
< [
[ i [ 1]



http://www.hdfgroup.org/

e Preprocess 2D data. 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. 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. Preprocessing avoids
repetitious conversions from subdaily to daily data and has been shown to reduce
overall compute times by approximately one third.

| Flow Regimes

Relationships

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

Select Arrays Format

Set Qutput Selections...
Apply Output Selections
Parse Qutput

Handle Missing Data
Missing Data Identifiers...

Recalculate Ctrl+R

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

Open Batch Add HDF...
Deselect reference timeseries
Select all

Deselect all

Manage groups...

Select group...

Deselect group...

Batch add...

Batch add cne for many...

Batch delete...

Batch add from HDF file...

Preprocess from HDF file..,

Replace parts...

Replace input files...

Batch Recalculate...

p

“& Preprocess Data from HDF

[S5a)

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 HOF interface.
Flow regimes input file(s)
RolingRiver_2D hdf (=] Time link multiple HDF files
Transitions: Skip 1 time step(s)
Dates and times (of data to be imported)
() Specify start and end @ Use table in HOF
From 06/29/2016 Time Date Stamp | ...HDF
To 06/30/2016 [[] Start on columnirow |0
Interval | 1 day [C] End on columnirow |0
Time series values
@ Columns @ Instantaneous Use daily
() Rows () Period average
[] Missing value screening
Time series tablefs)
Variable Input table Count Output table name i
1 Depth 2940 |Wetland_depth_daily E
2 Upland_depth_daily
3 ) | Aquatic_depth_daily
4 Depth 6371 |Invasive_depth_daily
- -
HOF output file
Name RaollingRiver_20_preprocessed
Destination (folder)  Rolling River E]
0K L\-J, [ Ay | [ Cancel




e Batch Recalculate. 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.

| Flow Regimes

Relationships

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

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

Handle Missing Data

Missing Data Identifiers...

Recalculate Ctrl+R

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

Open Batch Add HDF...
Deselect reference timeseries
Select all

Deselect all

Manage groups...

Select group...

Deselect group...

Batch add...

Batch add one for many...
Batch delete...

Batch add from HDF file...
Preprocess from HDF file...
Replace parts...

Replace input files...

-
“@ Batch Recalculate

i

Batch Recalculate...

N

This feature allows users to cycle computations, replacing one piece of flow regime inputin eachiteration. |t works
only with data archived in HEC Data Storage System (HEC-DSS). Please use this interface tospecify which data
will be replaced and toidentify the replacements. Outputwill be stored separately for each iteration.

Specify the data to be replaced

@ First record () Second record

Replace data per
(@ Selection from DSSfile:  Rolling River - Design Hydrographs dss

@ Cycle through: |C '] [FLOW -| 50
(7) Select data: o
() Table [1%¥1]) #
e Part A PartB Part C PartE PartE

Cutput
Destination:  Rolling River E] Subfolder  Candidates

Name

(71 DSS Pathname Part A

©) DSS Pathname Parts: | A - (A

@) Prefix W - Suffix (integer) 1
() Prefix - OS5 Pathname Part A
() Prefix - DSS Pathname Parts: | A

Output name preview: DesignHydrograph-1.ml

Compute arrays
(export to DSS)

[ ok D\FH Mooy | [ Cancel




o FEcovalue summations. A new option was added that allows the ecovalues provided
by different flow regimes to be tallied over the course of whole seasons and flow
regimes. This feature also tallies differences in the ecovalues provided by active
non-reference and reference flow regimes.

| Ecovalue summation: . @
. . Lag
Last computed time series hd | 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)
S 0 [ Tally total for season (6)
— o Ranked seasonal totals (7)
S
— 3
(<) O
= -
ru 2 o
2 [
8 o
L 6 o =
0
7 @
o
0
[
o
o
o
- Period of Record Percent Exceedance

Improved Behaviors

e Output management. Deficiencies in the output capabilities of EFM 3.0.NET
were revealed during an EFM application that investigated climate. This
application involved roughly 100 flow regimes (down-scaled hydrology based on
different climate models and emission scenarios), each with roughly 150 years of
record, for a total of 5.5M data values. EFM was capable of importing the data
and computing results, but was not able to write the optional DSS output to disk.
This limitation was remedied in EFM version 4.0 by offering the user the option
to parse output, which allows big output requests to be split into manageable
pieces.

e Input management. Using subdaily 2D time series as flow regimes challenged the
input capabilities of EFM 3.0.NET. A set of EFM applications that investigated
floodplain reconnection effects for fish, plants, and waterfowl had flow regimes
with more than 2.5B input data values. Input processes used in EFM 3.0.NET
read in all input data at one time, which led to memory errors during simulations.
This process was changed in EFM 4.0 to process flow regimes in chunks, store
results, and clear memory as needed.



Documentation

The Quick Start Guide was updated to include descriptions of new features (3.5,
4.4.1,5, and 6).

A journal article was published describing EFM’s use for habitat mapping:

Hickey, J.T., R. Huff, and C.N. Dunn. 2015. Using habitat to quantify ecological
effects of restoration and water management alternatives. Environmental
Modelling & Software 70:16-31. http://dx.doi.org/10.1016/j.envsoft.2015.03.012.

A project report was published describing EFM’s use for environmental
hydrograph design and climate considerations:

Hickey, J., W. Fields, A. Hautzinger, S. Sesnie, P. Shafroth, and D. Gilbert. 2016.
Managing water and riparian habitats on the Bill Williams River with scientific
benefit for other desert river systems. USACE Hydrologic Engineering Center.
PR-97. http://www.hec.usace.army.mil/publications/ProjectReports/PR-97.pdf
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