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1.1

1.2

| ntroduction

Welcome

Welcometo therapidly growing community of Indicatorsof Hydrologic Alteration (IHA)
software users! This software has been devel oped by The Nature Conservancy (TNC) asan
easy-to-usetool for calculating the characteristics of natural and altered hydrol ogic regimes.
The method and software will work on any type of daily hydrologic data, such as streamflows,
river stages, ground water levels, or lake levels. The power of the IHA method isthat it can be
used to summarize long periods of daily hydrol ogic datainto amuch more manageabl e series of
ecologically relevant hydrol ogic parameters.

Themain IHA webpageis: http://conserveonline.org/workspaces/iha.

The scientific basis behind the software and some sampl e applications are described in Richter
et al. (1996, 1997, 1998), which are available on the website. Note that the definition of some
of the parameters and the methods for cal culating them has changed since these paperswere
published. Additionally, TNC maintains adatabase of IHA users, which describes many
different applications of the software. The database is also available on the website. Lastly,
the website now has additional training resources on the IHA, including an on-line coursein
Englishand Spanish.

We hopethat you will find these methods useful for understanding and managing changesin
hydrologic systems.

For those using the IHA for thefirst time, abasic tutorial isavailable. Thetutorial document is
available on your program menu once the software isinstalled, and isalso located in the IHA
installation directory (default isc:\Program files\IHAV 7).

What's New in Version 7

Version 7 of the [HA has some significant improvementsfrom earlier versions. The most
important new features are:

(1) A new and improved interface, with enhanced spreadsheet and graphing toolsfor viewing
IHA results. Resultstables can now be viewed and edited in spreadsheet format, and saved
as Excel spreadsheets. A new graphing package has also been incorporated into the IHA to
provide users with the capability to create publication quality graphsinside the IHA.

(2) Theability toimport flow datain three different formats. Data can be imported directly
from files downloaded from the U.S. Geological Survey website, from ageneric two column
text fileformat, and from .dat files created by the dataimport utility in Version 6 of the [HA.

(3) Many of the cal culations have been revamped to improve the consistency between how
different flow parameters are cal cul ated, and also to improve the non-parametric nature of
some of the statistical calculations. See AnalyzingHydrologic DataUsingthelHA and also
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the Technical Notes for details on how different calculations are done. Be aware that these
changes mean that some parameter valueswill be different than those computed by earlier
versions of the software. In particular, the valuesin the Annual SummariesTablefor non-
parametric analysis are now medians of the relevant sub-annual data, whereasin earlier
versions of the software, these values were means.

(4) Animproved help system, with context-sensitive help. To get help from within the
program, click on Help [ IHA Help, hit the available Help button, or hit F1 on your
keyboard. A basic tutorial on how to use the software isalso included. Thetutorial
document is available on your program menu once the softwareisinstalled, and isalso
located inthe IHA installation directory (default isc:\Program files\IHAV 7).

(5) Environmental Flow Components (EFCs). Thisisalarge new suite of hydrologic flow
parameters, which represent an attempt to automatically identify and compute statisticson
hydrological events such asfloods and droughts. EFCswere actually initiated in Version 6
of the software, but are mentioned here because that version was not widely distributed.
For afurther description of EFCs, see EFC Parameters.

Version 7.1 also hasthe following additional features:

(1) Theability to compare two different flow datasets. Thisgivesusersthe ability to compare
flows from two different stream gaugesor from two different model runsor scenarios. The
computations are identical to acomparison of two different periodsin asingle flow dataset.
See Introductionto Projects and Project Definition Tab for moreinformation on thisoption.

(2) The EFC algorithm has been improved to simplify the default version of the algorithm, and
also to provide greater flexibility in calibration. See EFC Calculation Algorithm and
Calibrating the EFC Algorithm for description of these features.

(3) Flow duration curves (FDCs) have been added to the IHA. IHA will compute FDCsusing
the same periods, years, and days used for the 33 IHA statistics. FDC results are displayed
inanew tab on the results spreadsheet, and are computed annually and for each month. Itis
possibleto view any number of FDCs on the same graph. See Flow Duration Curves for
moreinformation.

(4) Spanishlanguage user manual and help system.

(5) Notethat whileVersion 7.1 of the IHA will open projects created in Version 7, oncethat is
done, it will no longer be possible to use those projects with Version 7, since some
alterations will be madein the IHA datafiles.

1.3 System Requirements

The program has been tested and will run reliably under the Windows 98, ME, NT, 2000, XP,
and Vista Operating Systems. Brief testsindicatethat it will not work reliably under Windows
95.
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1.4

Theinstallation will require approximately 6 MB of disk space. The calculationsrequire very
little computing power, but the graphicswill have satisfactory performance only on Pentium 3
and faster processors.

Obtaining Hydrologic Data for Use in the IHA Software

ThelHA software uses daily datafor itscalculations. The IHA statisticswill be meaningful
only when calculated for asufficiently long hydrologic record. Thelength of record necessary
to obtain reliable pre- vs. post-impact comparisons (with minimal influence of climatic
variation) isamatter of current research. Presently, we are recommending that at |east twenty
years of daily records be used for each pre-impact and post-impact period, as well asfor trend
analysis. Thisisbased on Richter et al. (1997), who found that for three different types of
streamsin the United States, measures of the central tendency or dispersion of annual 1-day
maximum flows converged around the long-term mean when at least 20 years of datawere
used.

Some other recent articles on the issue of how many years of data are necessary to obtain
reliableresults are Taylor et a. (2003) and Huh et a. (2005). When Taylor et al.
(unpublished) tested theimpact of different record lengthson IHA output statisticsfor ahighly
variable South African river, they found that for some IHA parameters 20 years was sufficient
to account for natural climatic variability, but for others 35 or more years of datawere needed.
More datawas needed for more variable parameters and for extreme events such aslarge
floods. Insum, while 20 years should be considered a good baseline requirement for the
amount of data needed, the number of years of data needed may vary depending onthe (1)
degree of climate variability; (2) the frequency or variability of the particular parameter; (3)
the severity of the hydrologic alteration that you are trying to detect; (4) and whether thegoal is
to characterize the central tendency or range of inter-annual variability (it seemsto take less
datato adequately characterize changesin the central tendency). If thereisdoubt about how
much datais enough, someteststo see how different record lengths affect IHA statisticswould
beprudent.

Richter et al. (1997) also discuss various methods for extending hydrologic records, filling in
missing data, or estimating daily hydrologic datafrom simulation modeling.

TheHA automatically doeslinear interpolation over gapsin the data; therefore, users should
regard any IHA results from datasets with missing records with appropriate caution!

Hydrol ogic data can usually be obtained directly from the agency or organization that collects
thedata. Inthe United States, the vast majority of streamflow data are collected by the U.S.
Geological Survey (USGS). Their dataarchiveis conveniently available on theinternet at
http://water.usgs.gov/usalnwis. Daily streamflow data downloaded from this website can be

imported directly into the IHA.

Other federal agencieswithinthe U.S., such asthe U.S. Forest Serviceor U.S. Bureau of Land
M anagement, also collect streamflow dataon some of the streams|ocated on landsthey
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manage. Some lake level and ground water well data are also available from the USGS, but
much of thistype of datais collected and managed by other local governmental entities.
Usually, afew phone callsto local water departments or natural resource departments will
lead you to the appropriate source of the datayou are seeking, if it exists.

Private vendors, such as Hydrosphere Data (http://www.hydrosphere.com) have compiled
USGS data onto CD-ROM disks, which are available for an annual subscription fee.

Daily flow datafrom the Water Survey of Canada are available on theinternet at http://www.
wsc.ec.gc.ca/hydat/H20/.

Finally, the IHA can also be run using daily flow data generated by a hydrologic model or other
simulationmethod.

Whilethe IHA isprimarily designed for analyzing streamflow data expressed in units of flow
(cubic feet per second or cubic meters per second), thereis no reason why datain different
units or groundwater and lake levels expressed as elevations could not be also used in the IHA.

See Allowable Data Formats for moreinformation on dataimport formats and requirements.

Indicators of Hydrologic Alteration Version 7.1 help
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2.1

Analyzing Hydrologic Data Using the IHA

Introduction to Using the IHA

The IHA will calculate atotal of 67 statistical parameters. These parameters are subdivided
into 2 groups, the IHA parametersand the Environmental Flow Component (EFC) parameters.
There are 33 IHA Parametersand 34 EFC Parameters. This software has many optionswhich
can be used to control how these parameters are cal culated, which are described briefly in this
section. The output tables and graphs produced by the IHA will vary depending on which
options are used (see Viewingand Understanding IHA Outputs for more description).

Animportant choicethat will have to be made iswhether to compare two distinct time periods
or analyzetrendsover asingletime period. If the hydrologic system you wish to study has
experienced an abrupt change such as construction of adam, the IHA can be used to analyze
how the flow regime was affected by computing the hydrol ogic parametersfor two time
periods, before and after theimpact. For hydrologic systemsthat have experienced along-term
accumulation of human modifications, theI[HA can computeand graph linear regressionsto
evaluatethetrend. Asof Version 7.1, it isalso possible to compare two different flow
datasets. The computations and outputs here are identical to those from atwo period analysis,
except that two different flow datasets are being compared, as opposed to two different periods
inasingle flow dataset. See Setting Up and Managing an Analysisfor information on how to
set the time periods for these various types of analyses, and Tablesfor how output tables differ
depending on thetype of analysisbeing conducted.

IHA parameters can be cal culated using parametric (mean/standard deviation) or non-
parametric (percentile) statistics. For most situations non-parametric statistics are a better
choice, because of the skewed (non-normal) nature of many hydrol ogic datasets (akey
assumption of parametric statisticsisthat the data are normally distributed). But for certain
situations, such asflood frequency or average monthly flow volumes, parametric statistics may
be preferable. See Setting Up and Managing An Analysisfor information on how to specify
non-parametric vs. parametric analysis. See IHA Parameters and EFC Parameters for more
specifics on how calculations will vary for parametric versus non-parametric analysis, and see
Tablesand Graphs for details on how output tables and graphs will differ.

The hydrol ogic parameters produced by the IHA are cal culated and organized in the output
tables by water year. The default water year inthe IHA isOct. 1 - Sept. 30, but the water year
can be reset to start on any other day of the year (see Water Y ear Definition for more details).
Certain parameters can aso be calculated for periods shorter than an entire year (see Shortened
Water Y earsand Seasons). IHA parameters can be calculated for a shortened part of the water
year, and EFC parameters other than monthly low flows may be cal cul ated separately for two
different seasons, each of which coversonly a part of the water year.

When analyzing the change between two time periods, the software enables usersto implement
the Range of Variability Approach (RVA) described in Richter et a. (1997). See RVA
Analysisfor further description. Notethat RVA Analysisisonly availablefor IHA parameters,
not for the EFC parameters.
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Asof version 7.1, the IHA can also compute Flow Curation Curves (FDCs). FDCsare
computed for all data, and separately for each month, using the sametime periods, years, and
shortened water yearsthat are used for the other statistics. One additional option isthat FDCs
can be computed for only selected yearsin each period. Seethe section on Flow Duration
Curves for more details.

2.2 IHA Parameters

The 33 IHA parameters are described in Table 1 (see the following page), along with their
ecosystem influences. Whether amean or median valueis cal culated depends on whether the
user has selected parametric or non-parametric analysis. Note that moving averages (1-day to
30-day minimumsand maximums) are always cal cul ated as means.

Someimportant notes regarding the calculation of IHA parametersare asfollows:

e When using ashortened water year, IHA parameters are calculated using only the datain the
shortened period. Monthly average flowsthat overlap the boundary of the shortened period
will be calculated only for the portion of the month that isin the period. For directionson
how to set a shortened water year, see Setting Upand Managingan Analysis.

¢ For parameter group 2 (extreme water conditions), the 3-, 7-, 30-, and 90-day minimums and
maximums are taken from moving averages of the appropriatelength calculated for every
possible period that is completely within the water year.

¢ The zero-flow days and base flow index parametersin group 2 are model ed after the suite of
flow parameters described by Poff and Ward (1989).

e For parameter group 3 (extreme water conditions), if there are multiple daysin the water
year with the same flow value, the earliest date is reported.

e For parameter group 4 (high and low pulses), aday isclassified asapulseif it is greater
than or less than a specified threshold, which can be set by the user (see SettingUpand
ManaginganAnalysis). For two period analysis pulse thresholds are calculated using data
in the pre-impact period only, while for single period analysis pul se thresholds are
calculated using datafrom the entire period. If ashortened water year isused, the pulse
thresholds are computed using data within the shortened water year only. Periods of days
which arein the same type of pulse are counted as adistinct pulse event. High and low pulse
eventsthat overlap between water years are counted only in the water year in which they
begin, and the duration of these eventsincludesthe part that occursin the subsequent water
year. Similarly, in cases where a shortened water year is used, only eventsthat start in that
shortened water year are included in the statistics, but the entire length of the event is used,
evenif it ends outside the shortened water year. In some cases amissing water year of data
or the end of the dataset may truncate a pul se that is counted in the statistics. Whenthis
happens, awarning isissued in the Message Report, so that the user knowsthat one event has
atruncated duration. Notethat eventsthat start on thefirst day of the dataset or the first day
after amissing water year are not counted in the statistics, because it is assumed that these
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events actually began in the prior water year that is not in the data.

e Reversals (in parameter group 5) are calculated by dividing the hydrologic record into
"rising" and "falling" periods, which correspond to periods in which daily changesin flows
are either positive or negative, respectively. Notethat arising or falling period is not ended
by apair of dayswith constant flow, only by achange of signintherate of change. The
number of reversalsisthe number of timesthat flow switchesfrom onetype of period to
another. Reversals are analyzed on awater year by water year basis, so the first changein
flow of the water year cannot be counted as areversal, since no rising or falling trend exists
beforethen.

Indicators of Hydrologic Alteration Version 7.1 help
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Table 1. Summary of IHA Parametersand their Ecosystem Influences

Subtotal 12 parameters

|HA Parameter HydrologicParameters Ecosystem | nfluences
Group

1. Magnitude of Mean or median valuefor each o Habitat availability for aquatic
monthly water calendar month organisms

conditions

e Soil moisture availability for plants

o Availability of water for terrestria
animals

o Availability of food/cover for fur-
bearingmammals

o Reliability of water suppliesfor
terrestrial animals

o Access by predators to nesting sites

o Influenceswater temperature, oxygen
levels, photosynthesisin water
column

2. Magnitudeand
duration of annual
extreme water
conditions

Annua minima, 1-day mean
Annual minima, 3-day means
Annua minima, 7-day means
Annual minima, 30-day means
Annual minima, 90-day means

Annua maxima, 1-day mean
Annual maxima, 3-day means
Annual maxima, 7-day means
Annual maxima, 30-day means
Annua maxima, 90-day means

Number of zero-flow days

Baseflow index: 7-day minimum

flow/mean flow for year

Subtotal 12 parameters

e Balance of competitive, ruderal, and
stress- tolerant organisms

o Creation of sites for plant
colonization

e Structuring of aguatic ecosystems by
abiotic vs. biotic factors

e Structuring of river channel

morphology and physical habitat

conditions

Soil moisture stress in plants

Dehydrationinanimals

Anaerobic stressin plants

Volume of nutrient exchanges

between rivers and floodplains

o Duration of stressful conditions such
aslow oxygen and concentrated
chemicalsin aquatic environments

o Distribution of plant communitiesin
lakes, ponds, floodplains

o Duration of high flowsfor waste
disposal, aeration of spawning bedsin
channel sediments
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Table 1, Continued

3. Timing of annual

Julian date of each annual

o Compatibility with life cycles of

extreme water 1-day maximum organisms
conditions _ o Predictability/avoidability of stress
Julian date of each annual for organisms
1-day minimum e Accessto special habitats during
reproduction or to avoid predation
e Spawning cuesfor migratory fish
o Evolution of life history strategies,
behavioral mechanisms
Subtotal 2 parameters
4. Frequency and Number of low pulseswithineach | e Frequency and magnitude of soil
duration of high and water year moisture stress for plants
low pulses ¢ Frequency and duration of anaerobic

Mean or median duration of low
pulses (days)

Number of high pulses within each
water year

Mean or median duration of high
pulses (days)

Subtotal 4 parameters

stress for plants

Availability of floodplain habitats for
aquatic organisms

Nutrient and organic matter
exchanges betweenriver and
floodplain

Soil mineral availability

Access for waterbirds to feeding,
resting, reproduction sites
Influences bedload transport, channel
sediment textures, and duration of
substrate disturbance (high pulses)

5. Rate and frequency
of water condition
changes

Rise rates: Mean or median of all
positive differences between
consecutive daily values

Fall rates: Mean or median of all
negative differences between
consecutive daily values

Number of hydrologic reversals

Subtotal 3 parameters

Grand total 33 parameters

Drought stress on plants (falling
levels)

Entrapment of organismson islands,
floodplains (rising levels)
Desiccation stress on low-mobility
streamedge (varia zone) organisms
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2.3
231

Environmental Flow Components

IntroductiontoEFCs

ThelHA calculates parametersfor five different types of Environment Flow Components
(EFCs): low flows, extreme low flows, high flow pulses, small floods, and large floods. This
delineation of EFCsisbased on the realization by research ecol ogists that river hydrographs
can be divided into arepeating set of hydrographic patternsthat are ecologically relevant. Itis
the full spectrum of flow conditions represented by these five types of flow eventsthat must be
maintained in order to sustain riverine ecological integrity. Not only isit essential to maintain
adequate flows during low flow periods, but higher flows and floods and also extreme low
flow conditions also perform important ecological functions. For more on EFCs, see EFC
Parameters and EFC Calculation Algorithm. The five EFC types are described in more detail

below.

L ow flows— Thisisthe dominant flow condition in most rivers. In natura rivers, after a
rainfall event or snowmelt period has passed and associated surface runoff from the catchment
has subsided, the river returns to its base- or low-flow level. These low-flow levels are
sustained by groundwater discharge into theriver. The seasonally-varying low-flow levelsin
ariver impose afundamental constraint on ariver's aquatic communities becauseit determines
the amount of aquatic habitat availablefor most of theyear. Thishasastrong influence onthe
diversity and number of organismsthat can liveintheriver.

Extremelow flows — During drought periods, rivers drop to very low levelsthat can be
stressful for many organisms, but may provide necessary conditionsfor other species. Water
chemistry, temperature, and dissolved oxygen avail ability can become highly stressful to many
organisms during extreme low flows, to the point that these conditions can cause considerable
mortality. On the other hand, extremelow flows may concentrate aquatic prey for some
species, or may be necessary to dry out low-lying floodplain areas and enabl e certain species
of plants such as bald cypressto regenerate.

High-flow pulses — During rainstorms or brief periods of snowmelt, ariver will rise above its
low-flow level. Asdefined here, high-flow pulsesinclude any water risesthat do not overtop
the channel banks. These pulses provide important and necessary disruptionsin low flows.
Even asmall or brief flush of fresh water can provide much-needed relief from higher water
temperatures or low oxygen conditionsthat typify low-flow periods, and deliver anourishing
subsidy of organic material or other food to support the aquatic food web. High-flow pulses
also provide fish and other mobile creatures with increased access to up- and downstream
areas.

Small floods— During floods, fish and other mobile organisms are able to move upstream,
downstream, and out into floodplains or flooded wetlands to access additional habitats such as
secondary channels, backwaters, sloughs, and shallow flooded areas. These usually
inaccessible areas can provide substantial food resources. Shallow flooded areas are typically
warmer than the main channel and full of nutrientsand insectsthat fuel rapid growth in aquatic
organisms. Asused here, a"small flood" includes al river risesthat overtop the main channel
but does not include more extreme, and less frequent, floods.

Indicators of Hydrologic Alteration Version 7.1 help
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L arge floods- Extreme floodswill typically re-arrange both the biological and physical
structure of ariver and itsfloodplain. These large floods can literally flush away many
organisms, thereby depl eting some populations but in many cases al so creating new competitive
advantagesfor some species. Extremefloods may a so be important in forming key habitats
such as oxbow lakes and floodplain wetlands.

Below are two example graphs of EFCs. The second graph displays a zoomed-in section of the

first graph (from July 7, 1994 to April 28, 1996)
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2.3.2 EFC Parameters

The 34 Environmental Flow Component (EFC) parameters computed by the IHA are described
in Table 2, along with their ecosystem influences. Notethat if two seasons are used, then the
number of parametersincreasesto 56, since all parameters except monthly low flows are
duplicated for each season. Aswith IHA Parameters, means and medians are cal culated
depending on whether the user has chosen parametric or non-parametric analysis.
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Table2. Summary of Environmental Flow Component (EFC) Parametersand their
Ecosystem|Influences

EFC Type

HydrologicPar ameters

Ecosystem I nfluences

1. Monthly
low flows

Mean or median values of low flows
during each calendar month

Subtotal 12 parameters

Provide adequate habitat for aquatic
organisms

Maintain suitable water temperatures,
dissolved oxygen, and water chemistry
Maintain water table levelsin floodplain,
soil moisture for plants

Provide drinking water for terrestrial
animals

K eep fish and amphibian eggs suspended
Enablefish to moveto feeding and spawning
areas

Support hyporheic organisms (living in
saturated sediments)

2. Extreme
low flows

Frequency of extreme low flows during
each water year or season

Mean or median values of extreme low
flow event:
e Duration (days)
o Peak flow (minimum flow during
event)
o Timing (Julian date of peak flow)

Subtotal 4 parameters

Enable recruitment of certain floodplain
plant species

Purge invasive, introduced species from
aquatic and riparian communities
Concentrate prey into limited areas to
benefit predators
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Table2, Continued

3. Highflow | Frequency of high flow pulsesduring
pulses each water year or season

Mean or median values of high flow
pulse event:
e Duration (days)
o Peak flow (maximum flow during
event)
e Timing (Julian date of peak flow)
e Riseandfall rates

Subtotal 6 parameters

Shape physical character of river channel,
including pooals, riffles

Determine size of streambed substrates
(sand, gravel, cabble)

Prevent riparian vegetation from
encroaching into channel

Restore normal water quality conditions
after prolonged low flows, flushing away
waste products and pollutants

Aerate eggsin spawning gravels, prevent
siltation

Maintain suitable salinity conditionsin
estuaries

4, Small Frequency of small floods during each
floods water year or season

Mean or median values of small flood
event:
¢ Duration (days)
o Peak flow (maximum flow during
event)
e Timing (Julian date of peak flow)
e Riseandfall rates

Subtotal 6 parameters

Appliesto small and large floods:

Provide migration and spawning cuesfor
fish

Trigger new phasein life cycle (i.einsects)
Enablefishto spawnin floodplain, provide
nursery areafor juvenile fish

Provide new feeding opportunities for fish,
waterfowl

Recharge floodplain water table

Maintain diversity in floodplain forest types
through prolonged inundation (i.e. different
plant species have different tolerances)
Control distribution and abundance of plants
on floodplain

Deposit nutrients on floodplain
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2.3.3

Table2, Continued

5. Large floodg Frequency of large floods during each
water year or season

Mean or median values of large flood
event:

e Duration (days)

o Peak flow (maximum flow during
event)

o Timing (Julian date of peak flow)

e Riseandfall rates

Subtotal 6 parameters

Grand total 34 parameters

Appliesto small and large floods:

e Maintain balance of speciesin aguatic and
riparian communities

o Create sites for recruitment of colonizing
plants

o Shape physical habitats of floodplain

¢ Deposit gravel and cobblesin spawning
areas

¢ Flush organis materials (food) and woody
debris (habitat structures) into channel

e Purgeinvasive, introduced species from
aquatic and riparian communities

¢ Disburse seeds and fruits of riparian plants

o Drivelateral movement of river channel,
forming new habitats (secondary channels,
oxbow lakes)

¢ Provide plant seedlings with prolonged
access to soil moisture

EFC Calculation Algorithm

This section describes the algorithm used to define EFCs. The user can adjust the way this
algorithm works by resetting the calibration parameters described below (also see SettingUp
and Managing AnAnalysis and also Calibratingthe EFC Algorithm). Starting with Version

7.1, thereisnow moreflexibility in how the algorithm can be calibrated. The default

calibration has been simplified so that the initial separation between high flows and low flows
isdone using only asinglefixed threshold. The default calibration that wasusedin Version 7.0
can still be used by checking the checkbox for Use Advanced Calibration Parameters (see

below):
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= Analysis P =10l %]
Analysis Title/Options | Analysis Years | Analysis Days I Statistics Enwironmental Flow Companents | Flaw Duration Curves I

Errvironmental Flow Component (EFC) analysis computes statistics for up to five different flow components:
Extreme Low Flows, Laow Flows, High Flow Fulses. Small Floods, and Large Floods. [fyou wish, this analysis may
be performed for two separate seasons (see Analysis Days tah).

The parameters used to define EFCs can be set below.
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EFC User Options:

The user initially hasto make some choices about how the algorithm works, and then depending
on which option is selected, choose the values of the numerical parameters used to calibrate the
agorithm.

The various choices are:

(1) Choose between two methods for making theinitial split between high flowsand low
flows. Thefirst method isto select asingle flow threshold to distinguish between high
flowsand low flows. Thisisthe default method. The second method isto usethe original
EFC method (the default in Version 7.0), which usesfour parametersto distinguish
between high flows and low flows.

-For the one parameter method (thisisavailableif you don’t check the checkbox (Use
Advanced Calibration Parameters)), the user will have to select the value of the following
parameter:

High flow threshold: All flows greater than this value are classified as high flows, and all
flows less than or equal to this threshold are classified as low flows. This parameter can
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be specified as a percentile of all daily flowsor asaflow value. The default valueisthe
75th percentile of daily flows.

-For the four parameter method (thisisavailableif you check the checkbox (Use Advanced
Calibration Parameters)), the user will have to select the values of the following
parameters:

High flow threshold: All flows greater than thisthreshold are classified as high flows.
This parameter can be specified as a percentile of all daily flows or asaflow value. The
default value isthe 75th percentile of daily flows.

Low flow threshold: All flows less than or equal to this threshold are classified aslow
flow events. This parameter must always be lessthan the high flow threshold. This
parameter can be specified as a percentile of al daily flowsor asaflow value. The
default value is the 50th percentile of daily flows.

High flow start rate threshold: When flows are between the high flow and low flow
thresholds, this parameter controlsthe start of high flow events. It also controlswhether
the ascending limb of an event isrestarted from the descending limb. Thedefault valueis
25%.

High flow end rate threshold: When flows are between the high flow and low flow
thresholds, this parameter isused to end high flow events during their descending limb. It
also control s the transition between the ascending and descending limb of an event. The
default value is 10%.

(2) Choosethe number of high flow classesto specify, using the appropriate checkboxes. This

canbel, 2, or 3. If thereisone classit will be called high flow pulses. If there are two
classes they will be called high flow pulses and either small floods or large floods (the
user’s choice). If there are 3 classes they will be called high flow pulses, small floods,
and large floods.

For 2 or 3 classes, the user must specify one or both of the following 2 parameters:

Small flood minimum peak flow: All high flow eventsthat have apeak flow greater than
or equal to this value (and less than the peak flow value for large floods, if there are 3 flow
classes) will be assigned to the small flood class. All events with a peak flow less than
thisvalue will be assigned to the high flow pulse class. The user has the option to enter
thisas either areturn interval, aflow value, or apercentile of al daily flows. The default
valueisthe 2 year return interval.

Large flood minimum peak flow: All high flow eventsthat have a peak flow greater than
or equal to this value will be assigned to the large flood class. All events with a peak flow
less than this value will be assigned to the high flow pulse class or the small flood class,
depending on whether there are 2 or 3 high flow classes. The user has the option to enter
thisas either areturninterval, aflow value, or a percentile of all daily flows. The default
valueisthe 10 year returninterval.
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(3) Choosewhether to have extreme low flows specified, using the checkbox.
If the user wantsto do this, they must specify the following parameter.

Extreme low flow threshold: All low flow days with aflow value less than or equal to
thisvalue will be classified as extreme low flows. The user has the option to enter thisas
apercentile of all daily low flows, as a percentile of all daily flows, or as aflow value.
The default value is the 10th percentile of daily low flows.

EFC Algorithm

The agorithm make three passes through the datain order to assign each day to one of the 2-5
EFC types. During thefirst pass, each day is assigned to one of two initial event types, low
flows and high flows. During the second pass, all daysthat wereinitially assigned as high
flowsarere-assigned to 1, 2, or 3 high flow classes (though if only 1 high flow classis
desired, then this pass will not do anything). During the third pass, some of theinitial low flow
days are re-assigned to the extreme low flow class (if the user does not want an extreme low
flow class, then this passis not necessary).

Below isamore detailed description of the algorithm:
-First pass: separation of datainto high flow and low flows.

One parameter method (not Advanced Calibration): All dayswith flow greater than the
high flow threshold are assigned to the high flow class, and the rest are assigned to the
low flow class.

Four parameter method (A dvanced Calibration method):

(1) Initialization: Thefirst day of the dataset needsto beinitialized as either ahigh
flow or low flow. If itisgreater than the low flow threshold, then it is classified as
ahigh flow, otherwiseitisalow flow. If itisahigh flow, thenif itisgreater than
the high flow threshold, it is coded as being on the ascending limb, otherwise on the
descendinglimb.

(2) Proceeding sequentially through therest of the daily values, thefollowing rules
are used to differentiate between low flows and high flows, and between the
ascending and descending limbs of high flow events.

1. Following alow flow day, the next day is assigned to the ascending limb of a
high flow event if thedaily flow isgreater than the high flow threshold, or if
flow is greater than the low flow threshold and the increase from the previous
day ismorethan high flow start rate threshold. Otherwiseit continuesasa
low flow.

2. The ascending limb of ahigh flow event continues until daily flow decreases
by morethanthe high flow end rate threshold, at which timethe descending
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limb of the event is started.

3. During the descending limb of ahigh flow event, the ascending limbis
restarted if daily flow increases by more than the high flow start rate threshold

4. During the descending limb of ahigh flow event, the event isended if therate
of decrease of flow drops below the high flow end rate threshold (meaningthat
the changein flow isbetween -1 * high flow end rate threshold and high flow
start rate threshold), unlessthe flow is still greater than or equal to the high
flow threshold, in which casethe descending limb continues.

5. The event is always ended if flow drops down to equal to or below the low
flow threshold, regardless of whether the event is on the ascending or
descendinglimb.

6. After the high flow isended, alow flow condition resumes.
-Second pass:

After all theinitial high flow and low flow events are calculated, the high flow events
aredivided into 2 or 3 high flow classes. If the user only wants 1 high flow class, then
this second passis not necessary. If there areto be 2 high flow classes, then all events
that have a peak flow of greater than or equal to either the small flood minimum peak
flow and large flood minimum peak flow are assigned to the appropriate class, and all
other events are assigned to the high flow pulse class. If there areto be 3 high flow
classes, then al eventsthat have a peak flow of greater than or equal to the large flood
minimum peak flow are assigned to the large flood class, all remaining events that have
apeak flow greater than or equal to the small flood minimum peak flow are assigned to
the small flood class, and all others are assigned to the high flow pulse class.

-Third pass:

Days are assigned to the extreme low flow class. If the user does not want this class,
then this passis not necessary. All low flow daysthat have aflow of lessthan or equal
tothe extreme low flow threshold are assigned to the extreme low flow class.

Some other important notes regarding the cal culation of EFC parameters are asfollows:

e For purposes of computing annual output statistics, extremelow flow, high flow pulse, small
flood, and large flood events are assigned to the water year in which they peak, but their
statistics will be computed using the entire length of the event, even if some of it isoutside
the water year. The peak of ahigh flow pulse, small flood, and large flood event is the day
with the highest flow value, and the peak of an extreme low flow event isthe day with the
lowest flow value. If there are multiple peaks with the same flow value, the first one will be
used. Thetiming of an event isthe Julian date of thefirst peak.

¢ In cases where aflow dataset has one or more water years of missing data, and the Advanced
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Calibration method is being used, the initialization procedure described above isrerun after
each period of missing data. Note also that the occurrence of missing water years of data
meansthat some EFC events may betruncated either at their beginning or end. Our
convention isto count any eventsin the statistics that are truncated by the end of awater year,
but ignore eventsthat are truncated by the beginning of awater year. In either of these
situations, a warning isissued in the Message Report. Be aware that the truncated eventsthat
are counted may have errorsin flow parameters such as peak flow, duration, timing, and rise
and fall rates, dueto thefact that not all of the event is present in the flow data. Also, inthe
rare case that the peak of ahigh flow event occurs on the last day before amissing year, no
fall rate from that event is used to compute annual statistics, sinceit cannot be calculated.

e Theflow valuesthat correspond to the high flow threshold, low flow threshold, extreme low
flow threshold, small flood return interval, and large flood return intervals are displayed
at the bottom of the Scorecard Table.

e When using return intervalsto identify small and large floods, the return interval is applied
using thefollowing procedure. Firstalistiscreated of the maximum flood peaks (from the
peaks of high flow pulse, small flood, and large flood events) in each year, and then this
distribution is used to find the flow value that corresponds to each return interval. So for a
10 year return interval, the software finds the 90th percentile of all the annual maximum flood
peaks, and for a2 year return interval, the software finds the 50th percentile of al the annual
maximum flood peaks. All eventswith peaks greater than the flow value that correspondsto
the Large flood return interval are classified as large floods, and all events with peaks less
than thisvalue but greater than the flow value that correspondsto Small flood return interval
are classified as small floods.

e For two period analysis (or comparisons of two Hydro Datafiles), the return intervalsfor
small and large floods and the flow level thresholds used to define extreme low flows and
high flow pulses are based on data from the pre-impact period (or the Hydro Datafile that
represents pre-impact flows). For single period analysis, they are based on datafor the
entire period of analysis.

e |f desired, EFC parametersfor high flow pulses, small floods, large floods, and extreme low
flows can be calculated separately for two seasons. These seasons can cover two separate
parts of the water year, and can overlap. For instructions on specifying the dates of these
seasons, see Setting Upand Managingan Analysis. Specifying two separate seasons does
not have any affect on the values of the seven calibration parameters described above or on
theway the EFC algorithm assigns different daysto different EFCsthroughout theyear. But
when the annual statistics are computed, only the eventsthat peak during the appropriate
season will be used in the calculation of statistics. Aswith eventsthat overlap between
water years, the statisticswill take into account any parts of the event that are outside the
specified season.
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CalibratingtheEFC Algorithm

In order to make best use of the EFC outputs, it isusually necessary to calibrate the parameters
usedinthe EFC calculation algorithm. The most efficient way to calibrate the algorithmisto
display the graph of daily flow data coded by EFC type, and then bring up the Analysis

Properties window by clicking on the ‘ button on the graph window. After adjusting the EFC
parameters and saving the Analysis Properties, the IHA will automatically rerun the Analysis,
and the daily EFC graph will automatically display the results. The EFC daily graph can be
evaluated to seeif the IHA is providing the proper distinction between high flows and lows
flows, the desired return interval for floods, or other desired flow characteristics, and the EFC
parameters adjusting accordingly. Itisaso possibleto display the values of the various
calibration parameters on thisgraph. Calibration of the EFC algorithm typically occursin 2
steps, described below:

Step 1: Make surethat the algorithm is splitting the hydrograph properly between low flows
and high flows. Only those portions of the hydrograph that are influenced by surfaceflow (in
addition to baseflow) should be classified as high flows. If using the non-Advanced
Calibration, thiswill involve adjusting asingle flow parameter, the high flow threshold. If
using the Advanced Calibration, this could involve adjusting up to four parameters, the high
flow threshold, the low flow threshold, the high flow start rate threshold, andthe high flow
end rate threshold. These parametersare contained in the upper box in the Environmental
Flow Componentstab of the Analysis Propertieswindow (entitled Initial High Flow/Low
Flow Separation).

Becauseit involvesonly oneflow threshold, the non-Advanced Calibration method is simpler
to interpret and calibrate, and should work well if it is possible to distinguish between
baseflow and runoff-influenced flow using one threshold flow value. But the Advanced
Calibration method provides moreflexibility intermsof calibration. It isrecommended that
users experiment with adjusting these various parametersto better understand how their
interaction controlsthe starting and ending of high flow events.

Depending on how the Advanced Calibration method is used, high flows can be characterized
in different ways. Because all flows above the high flow threshold will be classified as high
flows, often events with multiple peaks will classified asonelong event. But between the
high flow threshold and the low flow threshold individual peaks of flow will usually be
classified as different events, because when the high flow-low flow classification is governed
by the two rate thresholds, each time flow risesand fallsit will trigger a separate event. If itis
desired that all high flow events be treated thisway, then the high flow threshold could be
increased to avery large value (say the 99th percentile of daily flows).

Which calibration ismost useful may depend on the ecol ogical needs of study for which the
IHA isbeing used. If what is ecologically important iswhen flow is above a certain flow
threshold, it will probably make more senseto rely on the high flow threshold (and low flow
threshold) to distinguish between high flow and low flow events. But if individua flow peaks
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2.4

are better treated asindividual events because each peak has some ecological significance,
then the second method described in the previous paragraph may be better.

Step 2: Once the hydrograph has been properly split between high flows and low flows, the
next step isto calibrate the separation of high flowsinto high flow pulses, small floods, and
large floods, and the separation of the low flowsinto low flows and extreme low flows. This
calibration can be done specifying whether 1, 2 or 3 high flow classes are desired, whether
extreme low flows are desired, and by adjusting the small flood and large flood minimum peak
flowsand extreme low flow threshold. These parameters are contained in the bottom two
boxes of the Environmental Flow Componentstab of the Analysis Properties window.

Sincefloods aretypically defined as eventsthat overtop the main channel and extend into the
floodplain, dataon the flow rate that causes such behavior would be useful in calibrating the
return interval thresholds. Another type of information that could be useful in calibration
would be the flood flow ratesthat are necessary to perform specific ecological functions. So
the EFC algorithm could be calibrated to generate statistics on floods that are necessary for
cottonwood recruitment, that promote fish spawning, or that perform other functions. Similar
physical and ecological considerations could be used to calibrate the extreme low flows.

RVA Analysis

When analyzing the change between two time periods (or comparing two Hydro Datafiles), the
IHA software enables usersto implement the Range of Variability Approach (RVA) described
in Richter et al. (1997). The RVA usesthe pre-development natural variation of IHA
parameter values as areferencefor defining the extent to which natural flow regimes have been
altered. The pre-development variation can also be used as abasis for defining initial
environmental flow goals. Richter et al (1997) suggest that water managers should strive to
keep the distribution of annual values of the IHA parameters as close to the pre-impact
distributions as possible. RVA analysis also generates a series of Hydrologic Alteration
factors, which quantify the degree of alteration of the 33 IHA flow parameters. Notethat RVA
anaysisisonly available for IHA parameters, and not for EFC parameters.

Inan RVA analysis, thefull range of pre-impact datafor each parameter isdivided into three
different categories. The boundaries between categories are based on either percentile values
(for non-parametric analysis) or anumber of standard deviations away from the mean (for
parametric analysis), which are specified by the user (see Setting Upand Managingan Analysis
). Asan example, the default in non-parametric RVA analysisisto place the category
boundaries 17 percentilesfrom the median. Thisyieldsan automatic delineation of three
categories of equal size: the lowest category contains all valuesless than or equal to the 33
percentile; the middle category containsall valuesfalling in the range of the 34t to 67t
percentiles; and the highest category contains all values greater than the 67th percentile.

The program then computesthe expected frequency with which the " post-impact” values of the
IHA parameters should fall within each category (in the non-parametric default, thiswould be
33% for each of the three categories). The program then computesthe frequency with which
the " post-impact” annual values of IHA parametersactually fell within each of thethree
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categories. Thisexpected frequency isequal to the number of valuesin the category during the
pre-impact period multiplied by the ratio of post-impact yearsto pre-impact years. Findly, a
Hydrologic Alteration factor is calculated for each of the three categories as:

(observed frequency — expected frequency) / expected frequency

A positive Hydrologic Alteration value meansthat the frequency of valuesin the category has
increased from the pre-impact to the post-impact period (with amaximum value of infinity),
while anegative value meansthat the frequency of values has decreased (with aminimum value
of -1). Seebelow for an example graph of RV A category boundaries and Hydrologic
Alteration values. Resultsfrom RV A analysisaredisplayed inthe RV A table and can also be
displayed intheannual datagraphs, the Hydrologic Alteration graph, and the monthly averages

graph.

Whileit is possible to use parametric statisticsfor RVA analysis and adjust the RVA
boundaries, the recommended way to run an RV A anaysisisto usethe non-parametric
defaults. Usingthe 33 and 67" percentiles ensuresthat in most situations an equal number of
pre-impact valueswill fall into each category, which makes the results easier to understand and
interpret.
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A few further notes on evaluating RV A results are below:

¢ Annual valuesthat are equal to the category boundaries are dways put in the middle
category. Thismeansthat in some cases using the default settingsfor non-parametric analysis

Indicators of Hydrologic Alteration Version 7.1 help



Analyzing Hydrologic Data Using the IHA 24

will not alwaysyield an equal distribution of annual values between the three categories. In
some cases it may be possible to adjust the RV A boundariesto get amore even distribution
between categories, but in some cases uneven distributions may be unavoidable.

e TheRVA method may also yield non-intuitive resultsfor parameters which have alarge
number of annual statistics equal to aparticular value. For example, the number of zero flow
days often has many of itsannual values equal to 0, which can mean that both the 33 and the
67t percentile are also equal to 0.

e There are afew situationswhereit isimpossible to calculate RVA boundaries and/or
Hydrologic Alteration factors. If thereisoneyear of pre-impact data or no years of post-
impact data, RV A boundaries are not calculated, so in the RV A table these rows along with
the expected and observed frequencies and Hydrol ogic Alteration factorswill be blank.
When thishappens, a notice is put in the M essage Report listing the parametersfor which this
isthecase. Also, if the denominator in the equation for Hydrologic Alteration (expected
frequency) isequal to O, the Hydrologic Alteration factor isreported asablank inthe RVA
Table, to avoid a divide by zero error.

e Therearetwo IHA parameters which may not have annual valuesin al years (low pulse and
high pulse durations). For these parameters, the HA valueswill affected not only by the
relative distribution of annual values between the three categories, but also by the changein
the frequency of eventsfrom the pre-impact to the post-impact period. If the frequency of
pulse eventsis greatly reduced from the pre-impact to the post-impact period, it will be
possible to get anegative HA for all three categories, aresult which should not occur for any
other parameters.

For all of thesereasons, RV A results should be scrutinized carefully, and different methods for
specifying RV A boundaries may need to betried to get useful results. Problems such asthese
can usually be diagnosed by examining the category boundariesinthe RV A table and also the
annual valuesinthe Annual Summariestable.

2.5 Flow Duration Curves

The IHA will compute Flow Duration Curves (FDCs) separately for each period of analysis
(for single and two period analyses) or for each Hydro Datafile (for projects that compare two
different Hydro Datafiles). The exact periods, years, and days of dataused in these
computations are determined by the same settings used to specify years of analysisand days of
analysisfor the 33 IHA parameters (onthe Analysis Y earstab and the AnalysisDaystab). In
addition, for the FDCs only, the user can use only selected years of datain each period or
Hydro Datafile being analyzed. This selection can be done on the Flow Duration Curvestab.
Using datafrom the periods, years, days selected, FDCswill be computed using all the
available data (thisis called the annual FDC). Also, separate FDCswill be computed for each
month, thoughto simplify the computations, these computationsignorethe settingsonthe
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AnalysisDaystab (but usethe settingson the Analysis Y ears tab and the Flow Duration
Curvestab)

FDCsare computed using thefollowing method:

Step 1: Sort (rank) average daily dischargesfor period of record from the largest value to
the smallest value, involving atotal of nvalues.

Step 2: Assign each discharge value arank (M), starting with 1 for the largest daily
discharge value.

Step 3: Calculate exceedence probability (P) as follows:
P=100*[M/(n+1)]

P = the probability that a given flow will be equaled or exceeded (% of time)
M = the ranked position on the listing (dimensionless)
n = the number of eventsfor period of record (dimensionless)

FDC results are then shown in the Flow Duration Curve Table, with flow values (ranked from
highest to lowest) and exceedance probabilitiesfor the annual and each monthly FDC. Results
can also be displayed graphically (see below for an example graph). Any selection of annual
and monthly FDCs can be displayed on the same graph.

E.;Graph: Roanoke River / Two Period Non-Parametric 1912-2004 / Two Period = |EI |i|

EEme MmMEBS

¥ Annual (1912-1957)

; _ ; _ F Annual (1955-2004)

Two Period Non Parametrlc 1912-2008 R Ostober (1912-1957)
Flow Duration Curves W

100,000 1

10,000 1

1,000 4 ‘\\

10 20 30 40 50 B0 70 80 90
Exceedance Probability

Streamflow({cms)
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Setting Up and Running an IHA Analysis

Introduction to Conducting an Analysis
Setting up and completing an analysisinthe IHA involvesthefollowing steps:

(1) Importinghydrologicdata. Datacan beimported from three different file formats, and then
saved as an internal Hydrologic Datafile.

(2) Creating aProject. Each Project islinked to asingle Hydrologic Datafile, and can be
used to create and run multiple Analyses.

(3) Creatingand settingupan Analysis. Each Analysis stores a series of user-settable
parametersthat define how the hydrologic datawill be analyzed. Multiple Analyses can be
saved in asingle Project.

(4) RunninganAnalysis.

(5) Viewingresults. Resultsare availablein table and graph format.

ThelHA contains a self-explanatory Wizard to guide you through all these steps. Thefirst time
the softwareisrun, the user will have then option of starting the Wizard from the welcome
page. It can also be accessed by clicking IHA |Wizard.

Importing Hydrologic Data

AllowableHydroDataFormats
ThelHA canimport daily hydrologic datafrom three different text file formats:

(1) Daily streamflow data downloaded from the U.S. Geologica Survey (USGS) website.
These data are available at http://nwis.waterdata.usgs.gov/nwis/sw (click on thelink for
Daily Data), and can be downloaded as atext file with tab-separated values. The IHA
will import datathat has any of the avail able date formats. Note that during the summer of
2006, the USGS changed the format of data available at thiswebsite. The |HA will import
either the old or the new format. But be aware that while the new format filesmay contain
dataother than daily mean discharge, the IHA will only import mean daily discharge data
in cubic feet per second (cfs) from these datafiles, and nothing else. In some casesitis
possible to download multiple columnsfor one station that have mean daily discharge data
incfs. Inthese cases, the IHA will import the cfs column that isfarthest to theright in the
file. USGS discharge datafor the current water year will usually be provisional, which
meansthat it has not been finalized for publication and could berevised in the future. The
IHA will issue awarning if such dataexistsin thefile.

(2) Datain the .dat file format used by earlier versions of the IHA. Thisdataconsistsof a
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column of datafor each water year, with 367 rowsin each column. Thefirst row contains
the year, and the rest of the rows contain the flow values for each day (or 999999 for days
with missing data), in order. The columns can be delimited by a space or acomma, and
must be terminated by an end-of-line character. Theyearsmust continueinincreasing
order from |eft to right, although it is acceptable to have some missing years.

(3) A generictwo column format, which consists of atext filewherethefirst column contains
the date and the second column containsthe flow value. Thetwo columns must be
delimited by acomma, space, semi-colon, or tab. The date column can have month, day,
andyear inany order,i.e. YMD, YDM, MDY, MYD, DMY, or DYM. Theyear must have
four digits, and the month, day, and year must be delimited by either adash (-), adlash (/),
or adot (.). Datescanasobeintheformat YYYYMMDD without any delimiter. There
can be rowswith no datain thisfile, but the missing data value must be either 999999 or -
1. Thisformat will work with or without asingle-line column header at the beginning. If a
header line exists, amessage window will pop during the import process noting that the
first line of the file was not read, but the rest of the file should import successfully. An
example of atext filein generic two column format is displayed below:

B Deschutes 12018 =T

File Edit Format Wiew Help

Date, Flow il
6,/1,/15949,72
6,/2,/194%9,70
6/3,/1949,70
6,44 ,/1940, 70
6,/5,/194%, 70
6/6/1949, 68
671949, 67 -

] 2

Whilethe IHA doesnot currently import datafrom Excel format, datasaved from Excel into
.csv format (acomma-delimited text file) will conform to this generic two column format.
Notethat in cases where the Regional and L anguage Settings on a computer are set to denote
decimal places using acomma, comma-delimited text fileswill not import properly.

Whilethe IHA isprimarily designed for analyzing streamflow data expressed in units of flow
(cubic feet per second or cubic meters per second), thereis no reason why datain different
units or groundwater and lake level s expressed as el evations could not be used. When using
datain other units, please set all appropriate unit settingsto cubic feet per second, but be aware
that all outputs will be expressed in the same units asthe original input data. A final caveat is
that daily data used with this software cannot contain any negative values.

See Importing and Editing Hydro DataFiles for help on importing datain these formats. See
Advice on Importing Particular Datasetsfor help onimporting common types of flow data.

See Batch Import Capability for adescription of how to import and save multiple flow datasets
fromthesametextfile.
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Importingand EditingHydroDataFiles

Toimport datainto the IHA, click IHA |Hydrologic Data |l mport DataFile. Once pointed
towards afile, the IHA will automatically determine which of thethree allowable file typesthe
data correspond to, and then proceed to import the data. If batch processing is necessary, that
will also be determined automatically (see Batch Import Capability for a description of how
thisworks). For datain .dat file format and generictwo columnformat, the user will be
prompted to specify some additional information about thefile. For datain .dat file format, the
user will need to specify the date of the first flow valuein thefile. For datain generic two
column format, the user will need to specify if ano datavaueisused inthefile (and what that
valueis) and aso the units of flow (cubic feet per second or cubic meters per second). For
datain USGSfileformat and .dat fileformat, flow datais assumed to be cubic feet per second,
because those are the usual unitsin which these data are distributed.

Once imported, the datawill appear in aHydro Data File editor such as the one below:

_ioix
D ||| @] x| 4[|
| ol m[mfef=faf]]
[=]|Flowrate in CFS E“Julian Day E“ ﬂ
= e
70 154
£/3/1343 70 155
£/4/1949 70 156
£/5/1949 70 157
E/6/1949 8 158
E/7/1949 7 159
£/8/1949 E7 160
£/9/1949 EE 161
£/10/1949 E6 162
£/11/41949 4 163
£/12/1949 £3 164
£/13/1949 £3 165
£/14/1949 £1 166 LI

This editor shows arow for each valid flow value in the imported file, with the calendar date,
the flow rate, and the Julian date for each day. Therewill be no rowsfor dayswith missing
data, but clickingon Hydr o Data | Review Recor ded and Missing Date Ranges will bring up
asummary of the dates of both missing and recorded data. Note that for calculation purposes,
the IHA will interpolate flow valuesfor all days without recorded data, which may yield odd
resultsfor many of the output parametersfor yearswith numerousinterpolated values. For
more on this, see Missing Dataand Data | nterpol ation.

After thefileisimported, it needsto be saved under a unique name, so that it can be accessed
later from a Project. Hydro Datafiles can be saved, deleted, closed, and exported (to acomma
delimited text format) by choosing the appropriate option on the Hydr o Data dropdownmenu,
or the corresponding button on the Hydro Datafileitself. The HydroData dropdownmenu
also showsthe number of days recorded in the currently active Hydro Datafile, and allowsthe
user to specify the units of flow in thefile. Options are also available on this menu to display
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Projectsthat are related to the current Hydro Datafile, start anew Project with the current
Hydro Datafile, and close all Project, graph, and table windows related to the Hydro Datafile.

Records can be added to and deleted from the Hydro Datafile in the editor window, and the
valuesin thefile can aso be edited. Any changesthat are made to file must be saved or
discarded before leaving the Hydro Dataeditor. Clicking on the column headerswill sort the
records, and clicking on the triangle to the right of the column header will bring up acustom
auto filter which can be used to filter out some records from view. Theselast two options are
for viewing purposes only, and do not affected the saved file.

Tore-open an existing Hydro Datafile, click on IHA | Hydrologic Data| Open Existing File.

The IHA can process up to 500 years of hydrologic data (see Maximum Numbersof Y earsin
Hydrologic Data).

Advicefor ImportingParticular Datasets

This section provides step-by-step procedures for converting common types of daily flow data
into formatsthat can beimported directly intothe [HA.

Army Corps of Engineers HEC-DSS databasefiles

This conversion procedure uses the HEC-DSS M S Excel add-in tool to extract datafrom .dss
files. Thisadd-inisavailable on the HEC website: http://www.hec.usace.army.mil/. Notethat
only daily data can be imported into the IHA (.dssfilesmay hold other types of data).

(1) Open the .dssfile using the Excel add-in tool.

(2) Retrieve regular time series by selection.

(3) Inthe catal og, set the date range to the range you wish to import, and import the desired
datainto Excel.

(4) Oncethe dataisimported into the spreadsheet, del ete the header information above the
flow data, and the left (empty) column.

(5) Savethe data out of Excel asa.csv text file.

(6) Import the.csv fileinto the IHA.

If there are negative valuesin the data, the IHA will ignore these when doing the import.
Assuming that these val ues represent days with missing data, convertingthemtoa-1or a
999999 will make the import cleaner (these are the no data values accepted by the IHA). But it
will work either way.

Water Survey of Canadadata

These dataare available in the internet at http://www.wsc.ec.gc.calhydat/H20/. This
conversion procedureisfor datainthefollowing fileformat: DATE-DATE FORMAT (CSV).
Thefile should contain only one type of data (flow or stage), so that thereis no duplication of
calendar datesin thefile.
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(1) Open the .csv filein Excel.

(2) Deletethefirst, second, and fifth columns of the data (the only columns remaining should
be date and flow).

(3) Make sure that the month, day, and year in the date column are delimited by either adash
(-), adlash (/), or adot (.). If they are not, do afind and replace to replace the character
being used with one of these characters.

(4) Savethefilefrom Excel asa.csv text file.

(5) Import the.csv fileinto the IHA.

Batch Import Capability

In addition to importing flow datafrom text files containing single datasets, the IHA aso has
the capability to import data from text filesin USGSfileformat and generic two columnformat
that contain more than one dataset. Therequired format of these filesisasfollows:

(1) The USGS website alows oneto download flow data from multiple USGS streamflow
stationsin asingletext file. If the IHA is pointed towards one of thesefiles, it will
automatically import it just asit doeswith single station USGS datafiles, saving each gage
record to an individual Hydro Data File. Each Hydro DataFile will be automatically named
with the appropriate 8-digit USGS station number.

(2) ThelHA will alsoimport text filesthat are equivalent to generic two column format, but
have athird column added to them that contains astation number or other unique namefor each
dataset. Each Hydro DataFilewill be automatically named with the unique namein thisfield.
Thewords or valuesin thisadditional column cannot have any spacesin them. For the batch
import to work properly, thisfile must al'so have the word batch entered in thefirst line of the
file, with nothing else on that line. Other than additional column and the batch keyword at the
beginning, thefile can beidentical to any of the allowable generictwo columnformat files, as
far asline delimiters, date formats, no data values, and column headers. Also, it does not
matter whether the datesand the gages arein order, i.e. datafrom the same gage can bein
different placesin thefile, and the rows don't have to bein order by date. The IHA will import
the data correctly no matter what order therows arein.

An example of such afileisbelow:

i

File Edit Format Wiew Help

patch i’
station, date, flow

11875850,10/1,/1921,1.
1187850,10,/2,/1921,1.
11875850,10,/3,/1921,1.
1187850,10/4,/1921,1.
11875850,10,/5,/1921,1.
1187550,10/6,/1921,1.
1187850,10/7/1921,1.
11875850,10/8/1521,1.
11875850,10/9/1921,1.
1187850,10,/10/1921,1.5

] 27

[N W R R, T, R, N, |
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For either of thesetypes of batch files, the IHA will automatically overwrite any existing
Hydro Data Fileswith namesidentical to the namesin the batch file, without prompting the
user. For thisreason, and also to help keep track of which files have been batch imported, it is
recommended that usersonly conduct batch importsin anew and empty working directory.

Creating and Managing Projects

IntroductiontoProjects

Anaysesinthe IHA are organized in separate Projects. Each Project islinked to asingle
Hydro Datafile, but can contain multiple Analyses. Each Project aso hasafew settings which
can be altered by the user but which will be the samefor all Analysesin the Project. Each
Analysis contains a series of parameters and settings which allow the user to manage how the
IHA will analyze the available Hydro Datafile.

To create anew Project, click on IHA | Project | Start New Project. Thiswill bring up the
following window, which allows the user to select either one or two Hydro Datafilesto
analyze. If one Hydro Datafileis selected, you will have the option later on to do either atwo
period analysis or asingle period analysis. If two Hydro Datafiles are selected, you will be
ableto use the Project only to compare the two files.

=.New Project Dialog =10 x|

Each Froject uses data from a single Hydra Datafile, or compares data from 2 Hydro Data files.
Select one or two of the following Hydro Data files to use with this Project. (Cirl Click to select 2)

Hydro Data:  fSreen River

Rio Guatiquia.
Roanoke River
Savanna flow rec data
Savanna nat flow real
Savanna natural floves

o OK X Cancel ? Help |

| )y

After you select the Hydro Datafile to use for thisanalysis, the Project window will appear.
Thiswindow has two tabs:

Indicators of Hydrologic Alteration Version 7.1 help



Setting Up and Running an IHA Analysis 32

¢ Project Definition tab
e AnadysisListtab

The current project can be saved, deleted, and closed from the Pr oj ect dropdown menu, or
from the corresponding buttonsonthe Project Definition tab of the Project window. Options
are also available on the Pr o] ect dropdown menu to open the Hydro Datafile which the

Project islinked to, and to close al open table and graph windows that are related to either the
Project or one of its Analyses.

To re-open an existing Project, click on IHA | Project | Open Existing Pr oject.

3.3.2 Project Definition Tab

gproject: Roanoke ' ;Iglil
.l }(l ? Help |
| Analysis Listl

Froject Marme: Roanoke
Working Directony:  C:AProgram FileshIHA? IHAW orkingDir

rHydro Data File Information:

Roanoke

Earliest Recorded Date: 1/1/1312

Latest Recorded Date: 973072004
Flow Rate in:  Cubic Feet Per Second - CFS SN |

—Flow rate units to use for output tables and graphs.
(@ CuhicFest Per Second

(" Cuhic Meters Fer Second

rwWater Year definition for this project (using 1994 as an example).

Waater Year 1994 begins on: 10/1,/1993 Change |
YWater Year 1994 ends on: 9,/30/1994

The Project Definitions tab has some settings which arethe samefor all Analysesin the
Project, including the current working directory, someinformation about the Hydro Datafile,
the flow rate unitsto use for output tables and graphs, and the water year definition. If itis
necessary to changethewater year definition, click on the Change button. For more
information on water year definitions, see Water Y ear Definition.

If your Project is comparing two different Hydro Datafiles, there will be two tabsin the
section entitled Hydro Data File Information, one for each file (see below). Either of thefiles
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3.4

34.1

can be selected as the pre-impact or the post-impact data. Both Hydro Datafiles must be in
the same flow rate units.

rHydro Data File Information:

Savanna flow rec data | Sawvanna natural flows

Earliest Becorded Date: 1,/1,/1954

Latest Fecorded Date:  9/30/2003
Flow Rate in:  Cubic Feet Fer Second - CF5 Uiziztn |
® llse as Pre-Impact " Use as PostImpact

AnalysisList Tab

-loix
x| 7w |

Project Definition  &nalysis List |

Analysis Mame |Last Edited D ate |Last Fun Date |;|
|| Single Period Mon-Pararmetric: 1343-2002 342242008 5:37:29 P 342242005 5:38:38 P
| | Twio Period Nor-Parametric 1343-2002 342242005 5:37:48 P 342242008 5:38:42 P4 J
|| Two Period Parametric 1943-2002 3/22/2005 5:38:11 P 342242005 5:35:45 P

of
Hew Analysiz | i EditAnalpgiz | Bundnalpsis | Wiew Results | Delete Analyzis | |
The Analysis List tab shows alist of Analysesthat are associated with this Project. Each

Analysishasits own name, and the window shows the date and time when each Analysiswas
last edited and run.

c

The buttons on this tab can be used to create anew Analysis, and also to edit, run, delete, and
view the results of aselected Analysis. For more on these features, see SettingUpand
Managingan Analysis, Runningan Anaysis, and Viewingand Understanding | HA Outputs.

Setting Up and Managing an Analysis
IntroductiontoAnalyses

Each Analysis contains aseries of parameters and settings which allow the user to manage how
the IHA will analyzethe hydrologic data. A single Project can contain multiple Analyses. A
new Analysis can be created by clicking on the New Analysis button, which will bring up the
following options:

Use the Wwizard

Sek up Custom Analysis
Copy Existing Analysis
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Starting the Wizard will bring up a self-explanatory Wizard which can be used to set up an
Analysis. Notethat whilethisisthe easiest way to set up an Analysis, it only alows the user
to change the basic settings, and the rest of settingswill be set as defaults. The Wizard isnot
availablefor Projectsthat are comparing two Hydro Datafiles. Thethird option (Copy
Existing Analysis) can be used to copy an existing Analysis, giving it anew name. Clicking on
the Edit Analysis button allows the user to further edit any Analysisfirst created using these
options.

The Set Up Custom Analysis option will bring up the Analysis Properties window, from where
the user can alter all available settings. Thiswindow has five tabs, which are the:

e AnalysisTitle/Optionstab

e AndysisYearstab

e AnalysisDaystab

e Statisticstab

¢ Environmental Flow Componentstab
¢ Flow Duration Curvestab

Oncedll the options are set, the Analysis can be saved by hitting the Save button.

Editing Analysis Properties with Tables or Graphs Open
It is possible to bring up the Analysis Properties window while table or graph windows are

open showing Analysisresults. Thiscan be done either by clicking on the | button onan
open graph window, or by selecting the appropriate choice from the Graph or Spreadsheet
dropdown menus. But if the Analysis Properties window is brought up in thisway, afew of the
Analysis settings cannot be edited. The user will not be able to switch between one period and
two period analysis, parametric and non-parametric statistics, and one season and two seasons
for EFC parameters. Thisisdone so that drastic changesin how the Analysisis conducted
cannot be made, since thiswould affect the accuracy of the datain the open graph or table
windows. Other more minor changesin Analysis settings can be made, and after these changes
are saved, the values in the graphs and the tables will automatically be recal culated when the
user returnsto those windows. When appropriate, awarning message will remind the user
about which settings cannot be edited, and the relevant sections of the Analysis Properties
window will be greyed out.
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34.2 AnalysisTitle/OptionsTab

-"};_'Analvsis Properties for Two Period Non-Parametric 1949-2002 - |EI |i|

{Analysis Tille/Options | Analysis Years | Analysis Days | Statistics | Environmental Flow Components | Flow Duration Curves |

rAnalysis MName

Name;|TWD Feriod Mon-Parametric 1943-2002 |

rTitle for output takles and graph

Title: |Deschutes River at Olympia |

The IHA will izsue awarning if it attempts to interpolate across a missing data gap longerthan (10 ‘ZI days

rDivide the data by & constant:

Deschutes River

T

1.00 A

X Cancel | ? Help |

The Analysis Title/Options tab allows the user to set the following:

e Nameof theAnalysis.
e Default titleto usefor output tables and graphs.

¢ The minimum number of consecutive days of interpolated datathat will trigger awarning
message. This message will appear in the Message Report to warn the user if thereisalarge
amount of interpolated datain certain years.

e Oneor two constantsto divide the output flow data values by (Normalization Factors).
These can be used to "normalize” flow valuesin the output tables. All flow dataare divided
by these numbers prior to computing the flow statistics. One factor can be specified per
Hydro Datafile being analyzed. One use of these normalization factorsisthat if datafrom
two watersheds with different sizes are being compared, the flow valuesin each Hydro Data
file can bedivided by watershed areato make the flow rates comparable. This
normalization affects only the outputs expressed in units of flow rate (e.g. cubic feet per
second) and also therise and fall rates.

34.3 AnalysisYearsTab

There aretwo versions of the Analysis Y earstab, depending on whether the Project is
analyzing one or two Hydro Datafiles. Below iswhat will appear if thereis only one Hydro
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Datafile. Thistab allows the user to choose between single period and two period analysis,
and to set the water yearsto be used for analysis. It will display the range of years availablein
the Hydro Datafile, and the user can use dlider barsto specify which yearswill be used for
analysis. Thetwo Hydro Datafile versionissimilar, with aslider bar for each of the Hydro
Datafiles. Notethat the begin and end water year settings cannot correspond to water years
that are missing from the Hydro Datafile, and the Analysis cannot be saved until this problem

is corrected.

gAnaIvsis Properties for Two Period Non-Parametric 1949-2002

Analysis Title/Options

rTvpe of analysi

Analysis Days | Statistics | Environmental Flow Components | Flow Duration Cunves |

=lofx|

rAnalyze a single period:
Selectthe Begin and End Water vears foryour analysis (by dragging the sliders at the far left and far right)
-
I 1943-2002 I
rCompare two periods:
Choose the ImpactWater vear (by dragging the slider atthe center either left or right)
1949-1968 I 1969-2002 |
(0
Selectthe portion of the Pre-lmpact period to be analyzed: Selectthe portion of the Postmpact petiod to be analyzed
I 1949-1968 I I 1969-2002 I

X cancel |

? Help |

If the Analysis Y earstab is displayed while atable or graph from the current Analysisis open,
it will not be possible to switch between one period and two period analysis (see Editing
Analysis Properties with Tables or Graphs Open).
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AnalysisDaysTab

E.:_'Analvsis Properties for Two Period Non-Parametric 1949-2002

=10] x|

Analysis Title/Options | Analysis Years | Statistics | Environmental Flow Components | Flow Duration Curves |

rBeginning of Water Year.

The water year starts an day (mm/dd): 10701 Julign Day: 275

rFor IHA parameters you may limit the analysis to only a part of the year:

[~ *es, Limit Analysis to only a part of the year.

Beqin an day (mm/dd): |/ 8| Julian Day:

and end on day (mmidd): [/ §|| Julian Dayy:

Season definitions for Environmental Flow Compaonent
[~ “es Use Two Seasans

Season 1 begins on day (mmfddml Julian Day: |, and ends on day (mm/dd): [/ Ell Julian Dayy:

Season 2 begins on day (mmfddm Julian Day: . and ends on day (mm/fdd): |__/__ || Julian Dy

ome om0 |

The Analysis Daystab displaysthe current Water Y ear Definition, and also allows the user to
limit the time period being used to generate the IHA parameters and define two seasonsto be

used for non-monthly EFC parameters. See Shortened Water Y ears and Seasons for more
about thisfeature.

If the Analysis Daystab is displayed while atable or graph from the current Analysisis open,
it will not be possible to switch between one season and two seasons for EFC parameters (see
Editing Analysis Properties with Tables or Graphs Open).
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345 StatisticsTab

__.:_Anal\ﬁls Properties for Two Period Non-Parametric 1949-2002 — |EI |i|

Analysis Title/Options I Analysis Years | Analysis Days | S | Environmental Flow Cormponents | Flow Duration Curves |

roelect Type of Statistic

|lse Parametric (mean/ standard dewviation) statistics:
~ High and low flow pulse thresholds are defined as the mean plus or minus IE& Standard Dewiation(s)
RFyA Categony boundaries are the mean plus or minus IE& Standard Dewiation(s)
Use Maon-Parametric (percentile) statistics:
High flowe and Low flow pulse threshaolds are the median plus or minus EA Fercent
(]
® Fi'A Category boundaries are the median plus or minus Eﬁ Fercent

Ifthe low pulse threshold is less than 0. itwill be resetto the 25th percentile.
If an Bv'A Category boundary is outside the range of the pre-impact data, itwill be reset to the 25th ar 75th percentile.
[f either of these situations occurs. a notice will be posted inthe message report.

o om0 |

The Statistics tab alows the user to specify whether parametric (mean/standard deviation) or
non-parametric (median/percentile) statistics are used for analysis. A key assumption of
parametric statisticsisthat the data are normally distributed. Non-parametric statisticsare
often useful because of the skewed (non-normal) nature of many hydrologic datasets. See IHA
Parameters and EFC Parameters for more specifics on how calculations will vary for
parametric versus non-parametric analysis. Output tables and graphswill also vary depending
on whether parametric and non-parametric analysisisused, see Tablesand Graphs for
details.

If the Statistics tab is displayed while atable or graph from the current Analysisis open, it will
not be possible to switch between parametric and non-parametric analysis (see Editing
Analysis Properties with Tables or Graphs Open).

The definitions of high and low pulse thresholds and RV A category boundaries can also be set
here. The exact values of the pulse thresholds are displayed in the Scorecard Tableand RVA

Table. Theexact valuesof the RV A boundaries are displayed inthe RVA Table. For further

descri ption of how the RV A category boundaries are used, see RVA Analyss

Note that if the low pulsethreshold islessthan O, it will be reset to the 25th percentile, and if
an RV A category boundary isoutside the range of the pre-impact data (as can happen often
when using standard deviationsin parametric analysis), it will be reset to the 25th or 75th
percentile. If either of these situations occurs, a notice will be posted in the M essage Report.
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3.4.6 Environmental Flow ComponentsTab

EAnalvsis Properties for Two Period Non-Parametric 1949-2002 _ ||:| | il
Analysis Title/Options | Analysis Years | Analysis Days I Statistics Enwiranmental Flow Compaonents | Flaw Duration Curves |

Ermviranrnertal Flow Component (EFC) analysis computes statistics for up to five different flow components:
Extreme Low Flows, Low Flows, High Flow Pulses, Small Floods, and Large Floods. [fyou wish, this analysis may
be pedormed for two separate seasons (see Analysis Days tah).

The parameters used to define EFCs can be set below.

[v Use Advanced Calibration Parameters;

rinitial High FlowfLow Flow Separation
All flows that exceed: 7500 A |°/o of daily flows for the period LI will be classified as High Flows.
All flows that are below: [50.00 pA| |5 of daily flows for the period = | will be classiiied as Low Flows.
Between these two flow levels. a High Flow will begin when flow increases by more than{25.00 ‘Z]
percent per day, and will end when flow decreases by less tharh 0.00 A percent per day.

rHigh Flow Fulse and Flood Definition

[V & smallflood eventis defined as an initial High Flow with & pealk flow greater than2.00 ﬁ Iyear return interval event. LI
v A large flood eventis defined as an initial High Flow with & peak flow greater than|10.00 ‘Zl Iyear return interval event, LI

All initial high flows not classified as Small Floods or Large Floods will be classified as High Flow Pulses.

rExtrerme Low Flow Definition

[v  An Extrerme Low Flow is defined as an initial low flow beloi1 n.oo AI% of daily flows for the period. LI

Allinitial low flows not classified as Extrerne Low Flows will be classified as Low Flows.

The Environmental Flow Componentstab allowsthe user to reset the parametersused in the
algorithmthat defines Environmental Flow Components, in order to calibrate the EFC
agorithm. For two period analysis, the recurrence intervals for small and large floods and the
flow level thresholds used to define extreme low flows and high flow pul ses are based on data
from the pre-impact period. For single period analysis, they are based on datafor the entire
period of analysis.

o]
I
o

-
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3.4.7

3.5
351

FlowDuration CurvesTab

= Analysis Properties for Two Period Non-Parametric 1912-2004 - 0| x|
Analysis Title/Options | Analysis Years | Analysis Days | Statistics | Enviranmental Flow Components | Flow Duration Curves |
Select/Exclude

PilipEE () e e ) Total Yearts): 93 of 93 selected (all
1912 - V1958 -
L1813 — 719549 —
w1814 #1960
#1915 ¥ 1961
1916 ¥ 1962
[7l1917 #1963
w1918 #1964
1919 ¥ 1965
[¥l1320 ¥ 1966
711921 #1867
1822 #1968
#1923 #1969
[Vl1924 |- #1970 —
711925 #1971
711926 #1972
#1927 #1973
713928 #1974
71929 ¥ 1975
711430 #1976
w1931 1977
711932 #1973
11933 ¥ 1979
|E1934 [13960
W] 1936 7
[71936 hd e i
46 of 46 selected (all) 47 of 47 selected (all)

The Flow Duration Curvestab allows the user to select out individual yearsin each period or
Hydro Datafileto be analyzed, beyond the settingsin the Analysis Y ears tab and the Analysis
Daystab. In order to select or deselect multiple years, click on one year, then use shift-click to
select ablock of years and to toggle all those years on or off. ThelHA hasalimit of 100
excluded (deselected) years. If it isnecessary to exclude more than that, then this should be
done by adjusting dider barson the Analysis Y earstab.

Running an Analysis

Runningan Analysis

Running an Analysiswill cause the IHA to perform a series of calculationson your hydrologic
data. Oncean Analysisissaved, it can berun by clicking on the Run Analysis buttononthe
second tab of the Project window while the Analysisis selected. The Analysislist showsthe
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last date and time that the Analysiswasrun. If the Run Analysisbutton has not been clicked
on, selecting any of the optionsfrom the View Results button will also automatically run the
Anaysis.

Notethat if after running an Analysis, the user makesany changesto the Hydro Datafile, the
parameterson the Project Definition tab of the Project window, or any of the Analysis settings
or parameters, the Analysiswill automatically be rerun whenever the user triesto view any
results of the Analysis. Thiswill occur if the user makes a selection from the View Results
button, or clicks on atable or graph window that was |eft open while the Analysis settings
were being changed. Thislatter recalculation is done to ensure that there will never be any
datain an open table or graph that is not consi stent with the current Analysis settings. This
feature also allows the user to quickly switch between the Analysis Properties window and the
tables and graphs, which can be useful when Calibrating the EFC Algorithm or adjusting other
Analysis settings based on the results.

Batch Analysis

IHA Analyses can also be run in abatch mode. The window described below will create an
identical Analysisfor each of anumber of Hydro Datafiles. These Analyseswill differ only in
theyearsanalyzed. Note that when aBatch Analysisisset up and run, it will create and run a
separate Analysisfor each of the Hydro Datafilesin the current working directory, deleting
any existing results. Soitisbest to create specialized working directories for conducting
Batch Analyses. Batch analysis can only be conducted for one Hydro Datafile analyses, not
for comparisons of two Hydro Datafiles.

Batch processing can beinitiated by clicking IHA | Batch Processing. Thiswill bring up the
following window:
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E IHA Batch Analysis Processing = |EI |i|

A Batch Analysis is based on ALL hydro-data files in the current working directory, and on the default
Water-Year definitions.

“ou setup a batch analysis by pressing the MNew button. A screen displays that looks like the regular
Analysis setup window. Afterfilling cut the tabs, the software will create one project far each hydrodata
file. Itwill add an analysis with the name wou define on the first analysis tab.

Then wou must press the Years Table button, to generate a list of walid waterears for each
hydro-clatafile. This will take awhile. YWhen the screen appears. twill allow wou to editthe date ranges
chasen for each hydro-datafile, given the wateryears availahle.

Finalky. run the Batch Analysis. This will resultin a spreadsheet named "AnalysisResults XLS" stared in
each analysis directory. %ou can use this results spreadsheet to do further analysis.

single_periucﬂ
two_period
two_period_Jan

[l Edit “ears Tahkle Run Delete Close | ‘
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The buttons on thiswindow can be used to create, edit, run, and delete aBatch Analysis, and
set up the yearsto be used in each individual Analysis.

The New button brings up aslightly modified version of the Analysis Properties window,
which can be used to set up the Batch Analysisin the same way as single Analyses are set up.
The only big difference from the normal Analysis Propertieswindow isthat the only choiceson
the Analysis Y ears tab are whether the Analysisis single period or two period. The exact
yearsto be used are set up differently (see below). Another small differenceisthat the water
year can be set up on the Water Y earstab, since there is no Project window available for Batch
Analyses. Also, for Flow Duration Curves, it isnot possible to use selected years during each
period.

The Edit button allows one to edit the properties of an already created Batch Analysis.

The Y ears Table button brings up the window shown below, which can be used to set up the
years used for each individual Analysis. Thefirst four columns, which can't be atered by the
user, display the names of all Hydro Datafilesin the current working directory, and the lowest,
middle, and highest yearsin each Hydro Datafile. Theright four columns are used to set the
yearsused in each Analysis. Thefirst timetheY ears Table button is clicked, default values
are created for the years used for each Hydro Datafile. These can then be altered by either
typing in values, or copying and pasting from another application such asExcel. The I[HA will
check to make sure that the values entered are valid and in the proper order. For atwo period
analysis, al four of these columns must befilled. For asingle period analysis, only thefirst
two are used.

I vears Table for Batcs two_period 0] x
Edit
) B | £ | b | E [ G | H =

i HOF Mame § Lowest vear Middle Year Highestvear PerlBeginvear PerlEndvear PerZBegintvear PerZEndvear

2

3 1034500 1503 1983 2003 1303 1982 1953 2003

4 1042500 13904 1953 2003 1904 1952 1953 2003

5 1049500 1890 1946 2003 1890 1945 1946 2003

g 1083500 1905 1954 2003 1905 1953 1954 2003

7 1054500 1900 1951 2003 1900 19580 1951 2003

g 1064000 1502 1951 2000 1302 1980 1951 2000

g 1187300 1996 1996 1996 1996 1996 1996 1996 | =

=
=

1 | ﬁ
" OK X Cancel | ‘

The Run button will run the selected Batch Analysisfor each of Hydro Datafileslisted. Batch
processing results are stored as follows: A Project is created for each Hydro Datafile in the
working directory, and an Analysisis created in each Project directory for each of the Batch
Analyses. Resultsfrom each Analysiswill be saved in an Excel spreadsheet called
AnalysisResults.xls, which is stored in the relevant Analysis directory. A window will also be
displayed that lists the Analyses completed and any problems encountered. For alarge number
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of Hydro Datafiles, be aware that batch processing can be time-consuming. Results of
Projects created through batch processing can also be viewed individually in the same way as
normal results are viewed.

3.6  Other Features
3.6.1  Graph Default Settings

In order to reduce the need to edit each individual graph, many of which have very similar
features, the IHA allowsthe user to edit the characteristics of adefault set of graphs, whose
settings are then used to populate all subsequent graphsthat are created in any Project. These
default graphs can be accessed by clicking on Options| Graph Default Layout. There are
separate default graphs for the single period annual data graphs, two period annual datagraphs
(with separate defaultsfor graphs with RV A lines and variance lines), monthly average graph,
hydrologic alteration graph, flow duration curves, and daily data graphs (with separate defaults
for daily datawith and without Environmental Flow Components). An exampledefault graph
Is shown below.

EDefault Graph Editor =]

= O
. . ¥ = -B.BEX + 14364.09
Nisqually River

Monthly Flows for October R2=0.15
1,500 Y
1,400
1,300
1,200
1,100
1,000
900 |
B0 |
7001
600 | l
£00 |
4001
3001 l
2001
100 |
1948 1952 1956 1960 1964 1960 1972 1976 1980 1984 1988 1992 1996 2000
. ]

Edit Graph Diefaults | X Cancel |

These default graphs can be edited just like the normal graphs (see Editing and Working with
IHA Graphs), and once they are saved any new graphs of the same type created in any Analysis
will use all the same features (fonts, colors, line symbols, etc.) of the default graphs. 1f you

Flow Volume (cfs)
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3.6.2

3.6.3

wish to revert back to the original default graph contained in the software, hit cancel in
response to the pop-up window that asks whether you want to start fresh for a particular default
graph.

Spreadsheet Tools

An additional feature of the IHA isits spreadsheet capabilities, which provide the ability to
open and save spreadsheets in Microsoft Excel format and also do basic spreadsheet
operationsinsidethe IHA. A blank spreadsheet like the one below can be created by clicking
on IHA | Spreadsheet | New. This spreadsneet replicates the basic functionality of Excel
spreadsheets, including cell formulas and built-infunctionsand operators, but it does not have
Excel's more advanced capabilities. Once datais entered into this spreadsheet, it can be saved
in Microsoft Excel format by clicking on Spreadsheet | Save or by hitting the save button. The
saved spreadsheet can be then be viewed either in Excel or inthe IHA directly (by clicking on
IHA | Spreadsheet | Open).

Note that resultstablesin the IHA are now displayed in this same spreadsheet format (see
Tables).

-lox]
ESH| %R ITahoma v"DvI|§§E|BIgA&:|E|Z-%Lﬂ
A1 Cell text =|
A B | C | D | E | F | G~
1
Z
3
4
5
B
7
8
g
10
11
12
13
14
15
16 —
17 .
W] 4] M Sheetl . | L|J

Water Y ear Definition

The hydrologic statistics produced by the IHA are calculated and organized in the output tables
by water year. A water year isa 12-month period that does not necessarily correspond to the
calendar year. The default water year inthe IHA isOct. 1 - Sept. 30, but the water year can be
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reset to start on any other day of theyear if desired. Notethat certain analysiscan also be
conducted for periods shorter than 12 months. See Shortened Water Y ears and Seasons for
instructions on how to use periods shorter than an entire year for some calculations.

The water year can bereset in two different placesin the IHA. First, the default water year can
be altered by clicking on Options|Water Y ear DefinitionsDefault. The water year stored
here isthe default water year that will be used for each new Project. Second, the water year
can be altered for individual Projects. Thisoption isavailable on the first tab of the Project
window. Selecting either of these optionswill bring up the following window:

X water Year Definition 10l =l

rPleaze define the Water vear pou wizh to uze [uging 1994 as an example);

' wlater Year 1934 = Jan 1st, 1994 - Dec 31st, 1934
" wiaterrear 1994 = Apr 1st, 1994 - Mar 31st, 1995
 wlater Year 1994 =.Jul 1st, 1993 - Jun 30th, 1334

= Wwater“ear 1934 = Oct 1st, 1933 - Sep 30th, 1934

f* Mlater fear 1934 = User defined. LUze this option to start a water year on a date ather than four choices above
Starting on; I1Da" 141993 'I Ending on: 9/30/1934
X Cancel | 7 b |

Water yearsin thiswindow are displayed using 1994 as an example. The radio buttons can be
used to select the beginning of the water year. Thefirst four radio buttons allow the user to
select the beginning date of each quarter of the calendar year, and the last radio button can be
used to select any other date.

A couple more notes on water year definition are as follows:

e Whileawater year can start on any day of theyear, if itis started on aday other than the first
of the month, the monthly average flow and EFC monthly low flow parametersfor thefirst
month of the year will only be cal culated using the period of the month that isat the beginning
of the current water year. Thisisto avoid calculating these parametersfor two disconnected
periods during the year.

o |f thewater year definition for a Project is changed after Analyses have been created, itis
possible that some of the settings on the Analysis Y ears and Analysis Daystabs of the
Analysis Propertieswill becomeinvalid. If thishappens, the user will be notified the next
time an Analysisisrun, and the Analysis Properties window will be displayed so the needed
changescan be made. Sometimesthe IHA will make these changes automatically, and
sometimesit will display awarning message notifying the user where the problemiis.
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3.6.4

WorkingDirectory

The IHA software stores all of the data and information associated with saved Hydro Data
files, Projects, and output tables and graphsin asingle directory, called the working directory.
The default working directory isthe same directory that the IHA isinstalled in, and under
normal use there should be no need to ever changethisdirectory. But if the user doeswish to
control wherethe IHA storesits data, the working directory can be reset by clicking on
Options| Set Working Directory, and selecting another directory. Notethat the only Hydro
Datafiles and Projects that will be accessible to the user are those that are saved in the current
working directory. The current working directory isalso displayed in Project Definition tab of
the Project window.

Theworking directory contains two subdirectories named HydroData and Projects, which
contain all the dataand other information that is currently saved. If it isnecessary to transfer
IHA datafrom one computer, hard-drive, or directory to another, this can be done by copying
these two subdirectories directly. Each Project directory also contains subdirectories for each
individual Project and for each Analysiswith each Project.
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4.1

4.2

4.2.1

Viewing and Understanding IHA Outputs

Introduction to Viewing Results

Outputsfrom the IHA are availablein two formats, astablesand graphs. Outputs may be
viewed by clicking on the View Results button on the second tab of the Project window, while
the appropriate Analysisis selected, which will bring up the following options:

Mew Graph

Wiews Open Graphs  #
Wiew Saved Graphs

New tables and graphs can be displayed by selecting either View Tables or New Graph. Any
currently open graphs can be accessed through the View Open Graphslist, and any saved
graphs are available under the View Saved Graphs choice. For more information on table and
graphoutputs, see Tablesand Graphs. The graphs can be edited, either by atering a default
graph that isused to asthe basisfor all subsequent graphs, or by editing individual graphs.
See Editing and Working With IHA Graphs for details.

Notethat selecting any of the optionsfrom the View Results button will automatically runthe
Analysis, if it hasnot been previously run or if any changes have been madeto the Hydro Data
file, the parameters on the Project Definition tab of the Project window, or any of the Analysis
settings or parameters. Thisisdoneto ensurethat there will never be any datain an open table
or graph that isnot consistent with the current Analysis settings.

Tables

IntroductiontoTables

The output tables generated by the IHA vary depending on whether the Analysisisrun with one
or two periods and with parametric or non-parametric statistics. Table 3 shows the tables that
are available for each type of analysis. Theinformation available within different tables will
also vary depending on the type of analysis conducted (see the description of individual tables
for more details). The results tables are displayed in separate pages in a spreadsheet, which
can be displayed by choosing the View Tables option from the View Results button. This
spreadsheet can be viewed inside the IHA and also saved in Excel format by hitting the save
button.
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Table 3. Output Tables Generated by the IHA.

Tables are available for the following types
of analyses:
Two Two One One
Spreadsheetl Period Period Period Period
Page Non- |Parametrici Non- |Parametric
Parametric Parametric
Annua Summaries ann Yes Yes Yes Yes
Table
Scorecard Table SCO Yes Yes Yes Yes
RVA Table rva Yes Yes
Box-and-Whisker baw Yes Yes
Table
Regression Table el Yes Yes
Percentile Table pct Yes Yes
EFC Daily Table daily efcs Yes Yes Yes Yes
Flow Duration fdc Yes Yes Yes Yes
Curve Table
M essage Report msgy Yes Yes Yes Yes

Below is an example spreadsheet of IHA table results.

i Spreadsheet: Roanoke River / Two Period Non-| metric 1912-2004 — |EI |i|
@ || 4 BB [Tahoms Y ~ll===8 7 us|BEBE= v "
| Al Celltext:llHAAnnual Summary Statistics
A | B | ¢ | D | E | F | & | H J -
1 IH2 Annual Smmary Statistics
2
3 Two Period Non-Parametric 1912-2008
]
15 ‘Year October Movernber December January February March April May June
B 1912 2060 2060 2060 6620 9500 21400 0845 9280 k
7 1913 2620 2020 3250 5140 4260 2060 7010 4260 [
g 1914 3740 4430 5870 7400 11650 11400 5210 4730 i
9 1915 2460 2460 10900 14700 10900 2210 6520 4430
10 1916 G080 2160 32630 8130 2130 5700 4200 4290
11 1917 2930 2660 3160 8570 7280 15900 7280 5700
12 1918 2270 2615 1620 4430 10900 7010 13300 58630
13 1919 2040 4085 8630 9960 7400 9960 7400 10400
14 1920 2090 2770 2410 3740 8210 8630 9280 4780
15 1921 2270 3215 12500 10000 11750 2000 7310 5280
16 1922 1620 3540 3700 4860 14150 17200 Fos0 9500
17 1923 2540 2930 4180 9000 12750 17200 2150 5380 I
18 1924 2760 2440 5030 10000 G500 9520 11850 15600 1
14 1925 5380 4525 G500 16800 10000 5900 5205 5740 ]
20 1926 2270 3230 4040 5740 11600 5900 6120 2440
21 1927 1620 2360 4590 5030 2150 7720 8590 2740
22 1928 5030 3230 10000 6300 82590 5900 7935 5740
23 1929 5030 4360 4360 G030 7310 14400 8590 8390
24 1920 5420 2650 Faz0 7970 7970 S620 5480 2800
25 1931 50 2105 2370 4050 2935 4260 2000 5390 I
26 1932 1280 1485 2710 5300 5390 2150 7300 4810 ‘v
H|4|}|H\ann,{sco;(rva;(bawApd&dailyefos‘fdcﬂmsg/d | 4
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Thefirst time aresults spreadsheet is viewed, the Message Report is displayed on top, so that
the user can see any messages and warningsfromthe Analysis.

When a spreadsheet containing output tablesfrom an Analysisisdisplayed, the optionson the
Spreadsheet dropdown menu can be used to display the current Analysis Properties window,
the current Project window, the Hydro Datafile that was used for the Analysis, and any graphs
that are related to this Analysis.

Note that if the Analysis Properties window is brought up while a spreadsheet is being
displayed, certain settings of the Analysis cannot be atered (see Editing Analysis Properties
with Tables or Graphs Open). If any changes are made to the Analysis Properties, the valuesin
the spreadsheet will automatically be recal culated when the user returnsto that window. This
isdoneto ensure that there will never be any datain an open table that is not consistent with the
current Analysissettings.

Below are a couple more notes about IHA results tables:
¢ |HA resultsare displayed with four significant digits.

e Usually, at least afew of the cellsin some of these tables will be blank. This occurs when
no valid data existed to calcul ate the parameter or statistic held in that cell.

e |f two seasons are used when cal culating EFCs, the number of rows and columnsin each
table will be increased in order to display individual parameter values for two seasons
instead of one.

4.2.2 Annual SummariesTable

Thistable displays all the IHA and EFC parameter values for each individual water year that
has been included in the time periods selected for analysis. Each column shows one parameter,
and each row correspondsto oneyear. Notethat if your input flow data has any water years
which have no valid flow values, these years will not have rows in thistable.

If non-parametric statistics were used, the valuesin this table are medians for each water year
of therelevant sub-annual data. So for example: for October flows, the valuein thistableisthe
median of all daily flows during October in the water year; for high pulse durations, the value
in thistableisthe median of the durations of all high pulse eventsin the water year; etc.

If parametric statistics are used, the valuesin this table are means rather than medians.
For comparisons of two Hydro Datafiles, all the water years for the file that is selected as pre-

impact will be shown first (at the top), followed by all the years for the file used as post-
impact.
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4.2.3

Scorecard Table

Thistable shows avariety of statistics for the pre-impact and post-impact periods (or for the
two Hydro Datafiles being compared), for each hydrologic parameter. These statisticsare
calculated from theannual valuesinthe Annual SummariesTable. The statistics will vary
depending on whether the analysis was run with parametric or non-parametric statistics. For
single period analysis, fewer columnswill be shown in the table, since there is not pre-impact
and post-impact periods.

The Scorecard Table also shows the high and low pul se thresholds (under the section for
Parameter Group #4), and the flow valuesthat correspond to thefive EFC calibration
parameters (below all of the EFC data).

Non-ParametricScorecard Table

The header panel contains anumber of parametersthat apply only to the period of analysisasa
whole. These are:

¢ Normalization Factor. Thisisthe normalization factor entered in Analysis Title/Options
Tab. All output flow values have been divided by thisfactor (except the Non-Normalized
Mean Flow below). If two Hydro Datafiles are being used, each can have a different
normalization factor, and both will be displayed here.

e Meanannual flow

e Non-Normalized Mean Flow

e Annual Coefficient of Variation. Thisis calculated asthe standard deviation of al thedaily
flow values, divided by the mean annual flow.

e Flow predictability. Predictability rangesin value from O to 1 and is composed of two
additive components:. constancy (C), ameasure of temporal invariance, and contingency
(M), ameasure of periodicity. The predictability of astream with very constant flow will
be mostly dueto C, while the predictability of astream with highly variable flow with a
fixed periodicity will be mostly dueto M.

e Flow constancy / flow predictability. C/ (C+M).

e Maximum proportion of floodsthat occur during any common 60 day periodin all years
during the period of record. Floods are defined as any flows above the high pul se threshol d.
Seethe Statisticstab of the Analysis Properties window to set this threshold.

o Lengthof flood-free season. Thisisthelengthin days of thelongest period commonto al
water years where flows are at or below the high pulse threshold in every year.

These parameters are modeled after a suite of parameters described by Poff and Ward (1989).
Theflow predictability, constancy, and contingency measures are originally from Colwell
(1974). If ashortened water year isused for IHA parameters, the parametersin the header
panel will be calculated only for that shortened period.

Therest of the datain the table consists of a series of columns which display statistics for each
hydrologic parameter. The columns displayed for two period analysis are as follows:

Columns 1 and 2 display the median (i.e. the 50th percentile) for each of the two periods.
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Columns 3 and 4 display the coefficients of dispersion (CD) for each period. Thisis
defined as = (75th percentile - 25th percentile) / 50th percentile.

Columns 5 and 6 show the deviation of the post-impact period from the pre-impact. Thisis
defined as Deviation Factor = |(Post-impact value) - (Pre-impact value)| / (Pre-impact
value). Thisdeviation is shown both for the median and for the coefficient of dispersion.

Columns 7 and 8 calculate a"significance count” for the deviation values. To calculate
this, the software program randomly shufflesall years of input data and recal culates
(fictitious) pre- and post-impact medians and CDs 1000 times. The significance count is
the fraction of trials for which the deviation values for the medians or CDs were greater
than for thereal case. So alow significance count (minimum valueis0) meansthat the
difference between the pre- and post-impact periodsis highly significant, and ahigh
significance count (maximum valueis 1) meansthat thereislittle difference between the
pre- and post-impact periods. The significance count can be interpreted similarly to ap-
value in parametric statistics.

It isimportant to understand that in someinfrequent situationsthisalgorithm may
generate very low significance countswhen thereisvery little apparent difference
between the pre- and post-impact periods. This can occur when the deviation factor
between the pre- and post-impact periodsis zero or very small, and the overall
distribution contains alarge number of valuesright at or very near the center of the
distribution. Inthissituation alow significance count actually meansthat the lack of
difference between the two periodsis highly significant, in a statistical sense, because
randomly rearranging the datararely yield alarger deviation factor than the original
data.

It isalsoimportant to understand that significance counts may differ slightly each time
the IHA isrun for the same dataset, since a new set of randomized casesis generated
eachtime.

For single period analysis, only columns 1 and 3 are displayed, showing datafor the single
period.
Parametric Scorecard Table
The header panel isidentical for the parametric version of thistable.
The columnsin the main body of thetable are dightly different, and are organized asfollows:
Columns 1 and 2 are the means for each period
Columns 3 and 4 are the coefficients of variation, defined as (standard deviation) / mean.

Column 5 givesthe magnitude of the change in mean valuesfrom the pre-impact to the post-
impact period, called the deviation factor.
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4.2.4

Column 6 expressesthis change as a percentage.
Columns 7 and 8 give the magnitude and percentage changein the coefficients of variation.

For each IHA parameter group, the absolute values of the percentage changein the deviation
factors of the mean and coefficient of variation are averaged. These means are shown at the
bottoms of the respective column, and offer an at-a-glance summary of theimpact on each
parameter group.

Aswith the non-parametric version of thetable, for single period analysis, only columns 1 and
3 aredisplayed, showing datafor the single period.

RVA Table

Thistable showsthe resultsthat are used for RVA Analysis, whichisdonefor IHA parameters
only. Resultsare shown either for the pre-impact and post-impact periods, or for the two
Hydro Datafiles being compared. These statistics are calculated from the annual valuesin the
Annua SummariesTable. The RVA Table aso showsthe high and low pulse thresholds
(under the section for Parameter Group #4)

Thefirst section of thistable givesthefollowing information on each of the hydrologic
parameters:

Columns 1-2 show the median or mean and coefficient of dispersion ((75th percentile - 25th
percentile) / 50th percentile) or coefficient of variation ((standard deviation) / mean), for
the pre-impact period. What is shown in these columns depends on whether parametric or
non-parametric statistics are used.

Columns 3-4 show the minimum and maximum for each parameter during the pre-impact
period.

Columns 5-8 give the same information as Columns 1-4 for the post-impact period.

Columns 9-10 give thelow and high RV A category boundaries. Thesevaluesare
calculated according to the settingsin the Statistics tab of the Set Up Analysiswindow.

Column 11 givesthe Hydrol ogic Alteration factor for the middle RV A category.

The second section of the table compares the distributions of datain each of thethree RVA
categories. Expected and observed frequencies and the Hydrologic Alteration factor are shown
separately for each of thethree RV A categories.

See RVA Analysisfor adescription of how expected and observed frequencies and Hydrologic
Alteration factors are calcul ated.
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4.2.5

4.2.6

4.2.7

Box-and-Whisker Table

Thistable containsfive values for each hydrologic parameter, for the pre-impact and post-
impact periods (or for the two Hydro Datafiles being compared). These statistics are
calculated from the annual valuesinthe Annual SummariesTable. For non-parametric
analysis, it showsthe median, 25th and 75th percentile val ues, and minimum and maximum
values. For parametric analysis, it showsthe mean, the mean plus and minus 1 standard
deviation, and minimum and maximum values. Notethat for the parametric analysis, themean
plusor minus 1 standard deviation may end up being greater than the minimum or maximum
value or event negative, depending on how the dataiis distributed.

These values are for usein creating box-and-whisker plots.

Regression Table

This table shows complete results from alinear regression on each hydrol ogic parameter
during the period of record (for single period analysis only). These statistics are calculated
fromtheannual valuesinthe Annual SummariesTable. The table showsthe following for each
parameter:

Columns 1 and 2 show the slope and y-intercept of the least-squaresfit regression line.

Column 3 shows sigma (standard error of the predicted y-valuefor each x inthe
regression). Thisisthe standard
deviation of theresiduals of the regression.

Column 4 showsthe correlation coefficient.
Column 5 shows the P-value for the slope of theregression line.
Column 6 showsthe F statistic for the regression line.

Column 7 showsthe R? for the regression line.

Per centile Table

This table shows the details of the percentile statistics. Results are shown either for the pre-
impact and post-impact periods, or for the two Hydro Datafiles being compared. These
statistics are calculated from the annual valuesin the Annual SummariesTable. For two period
analysis, thereare 12 columns. Thefirst five columns show the 10th, 25th, 50th, 75th, and 90th
percentile valuesfor the pre-impact period. The sixth column hasthe coefficient of dispersion,
calculated as (75th percentile - 25th percentile) / 50th percentile. Thelast six columns give the
analogous values for the post-impact period. For single period analysis, only six columns are
shown, showing the analogous values for the entire period.
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4.2.10

4.3

43.1

EFC Daily Table

Thistable shows the Environmental Flow Component (EFC) event typesthat are assigned to
each day of flow. It hasfive columns, which show the calendar date, the volume of flow, a
code for the EFC type (0 = extreme low flow, 1 = low flow, 2 = high flow pulse, 3 = small
flood, 4 = large flood), the EFC type, and whether or not the row contains real or interpolated
flow data. Notethat if your input flow data has any water years which have no valid flow
values, these years will not have rowsin thistable.

FlowDuration CurveTable

This table shows results for Flow Duration Curves (FDCs). For each period being analyzed or
Hydro Datafile being compared, there are 26 columns, showing the flow values (ranked from
highest to lowest) and exceedance probability, for all the data (the annual FDC) and for each
month (monthly FDCs). So for one period analysis, there are 26 columns, and for atwo period
analysis and a comparison of two Hydro Datafiles, there are 52 columns.

The specific years and days of dataused for the annual FDCs are according to the settingson
the Analysis Y ears tab, the AnalysisDaystab, andthe Flow Duration Curvestab. To simplify
computations, the dataused for the monthly FDCsare according to the settingson the Analysis
Y ears tab and Flow Duration Curvestab only. So specifying a shortened water year on the
AnalysisDaystab will only affect theannual FDC, not the monthly FDCs.

M essage Report

Thisreport shows any message and warnings generated while running your Analysis. Please
read thisreport carefully, because there may be important warnings about possible problems
with your results. See Warning M essages for a description of all the possible warnings.

Graphs

IntroductiontoGraphs

Choosingthe View Graphsoptionfromthe View Resultswill bring up the IHA Graph Options
window below, which can be used to select the type of graph to be displayed and also alter
some of the basic features on the graph. Some of the options displayed on these windows will
vary depending on whether your analysisis one period or two period and parametric or non-
parametric. Choosing the View Saved Graphs option from the View Results button will bring
up alist of saved graphs. For more on graphs, see Summary of IHA Graphs and Editingand
Workingwith|HA Graphs.
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432 Summaryof IHA Graphs

Tables 4 and 5 below show all the available graphs and the features that can be added to each
graph.
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Table 4. Graph Characteristics, for Two Period Analysis.
Graph Type ParametersThat Can be |Additional Display Options
Displayed

IHA Parameterg 33 standard parameters e Mean or median lines

Annual Data o Variancelines (25th or 75th
percentiles or mean plus or minus 1
SD)

e RVA category boundaries, with or
without Hydrologic Alterationvalues
for each category

EFC 34 standard parameters e Mean or median lines

Parameters o Variancelines (25th or 75th

Annual Data percentiles or mean plus or minus 1
SD)

Hydrologic Hydrologic Alteration valuesfor [¢ Can display valuesfor all categoriesor

Alteration threeRV A categories just the category with the greatest
alteration

Monthly Monthly average flow for pre- |¢ Can show RV A category boundaries

Averages impact and post-impact periods

Daily Data All daily flow values e Can show daily valueswith different
colors depending on EFC type

e Candisplay EFC calibration parameter
values on graph

Flow Duration Annual and monthly flow e Can display any number of FDCs on
Curves duration curves, for each period | the same graph.
Table 5. Graph Characterigtics, for Single Period Analysis.
GraphType Parameters That Can be Additional Display Options
Displayed
IHA Parameterg 33 standard parameters o Least-squares best fit line
Annual Data o Regression parameters
EFC 34 standard parameters o Least-squares best fit line
Parameters o Regression parameters
Annual Data
Daily Data All daily flow values o Can show daily valueswith different
colors depending on EFC type

e Candisplay EFC calibration parameter
values on graph

Flow Duration Annual and monthly flow e Can display any number of FDCs on
Curves duration curves. the same graph.
4.3.3 Editingand WorkingwithHA Graphs

Once agraph isdisplayed, its characteristics can be edited by double-clicking on the graph
window (or for Default Graphs, hitting the Edit Graph Defaults button). Thiswill bringup a
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Chart Editor which alowsthe user to edit many different graph characteristics. The Chart
Editor hasits own separate help system, which can be accessed by hitting F1 or the help button
while the Chart Editor isvisible. See Summary of IHA graphsfor alisting of all graphs
availableintheIHA. Below isan example graph.

S'_Graph: East Branch / Two Period Non-Parametric 1942-2002 ;/ East Brani - |EI|5|
EEBRADKEBI
H Pre-impact Flows (1942-1953) | 0
B Post-lmpact Floves (1954-2002)
East Branch Delaware River | — 75t percertils
0 - - Median
1-Day Maximum — 25t percentile
18,000
16,000
14,000
i 12,000
k=S
o 10,000
I TR
= B.000
o
L 5,000
4000
1 /1 AN F A R ' A N A I A A L T A R B e
o+
1942 1946 1950 1954 1953 1962 1966 1970 1974 1978 1932 1936 1990 1994 1993 2002
a Im

A series of buttons are available at the upper left of each graph window, which do the
following:

§| Bringsup the IHA Graph Optionswindow. From here the user can switch to adifferent
graph, or make changesin the additional featuresthat are displayed on the graph (mean or
median lines, variances lines, etc.).

| Bringsup the Analysis Propertieswindow. Thisallowsthe user to edit the parameters and
settingsfor the Analysis, but note that there are some settings which cannot be altered whilea
graph window is open (see Editing Analysis Properties with Tables or Graphs Open). If any
changes are made to the Analysis Properties, the valuesin the graphs will automatically be
recal culated when the user returnsto that window. Thisisdoneto ensure that there will never
be any datain an open graph that isnot consistent with the current Analysis settings.

| Savesthe graph under unique name. After being saved and closed, the graph can be
viewed again by choosing the View Saved Graphs option from the View Results button. Saved
graphs are specific to each analysis, so your saved graph will only be availableif the
appropriate analysisis selected. All saved graphswill continue to be accessible even if the
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Analysis settings have been altered and the Analysisre-run. Notethat thisisthe only way to
saved edited features on agraph, if the graph is closed without saving, al changeswill belost.

Enables zoom capability. Thisfeatureis particularly useful when viewing the daily data
graphs. After enabling zoom capability by clicking on thisbutton, click and hold the mouse
button and then draw abox over any area of the graph to zoom into that section of thegraph. To
zoom back out to thefull extent of the graph, click directly on the zoom button again.

ﬂ Enables scroll capability. Thisfeatureis particularly useful when viewing the daily data
graphs. To scroll in any direction (after the enable scroll button has been selected), click and
hold the mouse button and then move the hand in the desired direction.

% Brings up the Chart Editor, which allowsyou to edit many different features of the graph.
One particularly useful feature of the Chart Editor isthe ability to re-draw they-axisusing a
log scale. Thiscan bedone by clicking on the Chart tab in the Chart Editor, then the Axistab
below that, and then clicking the checkbox labeled Logarithmic (for theleft axis). Notethat if
there are negative values on the y-axis, this option will not work, becauseit isimpossibleto
calculate logarithms for negative values. Also, after the y-axis has been reset to alog scale,
thisscalewill be retained even if the graph window is switched to adifferent graph through the
IHA Graph Optionswindow.

Copiesthe graph onto your computer's clipboard.

% Printsthe graph.

Many of these options are also available on the Graph dropdown menu. It isalso possible
from this menu to display the current Analysis Properties window, the current Project window,
the Hydro Datafile that was used for the Analysis, and the tables and any graphsthat are
related to thisAnalysis.

Chart Editor

The Chart Editor can be used to edit many different features of agraph, including the graph
title, axis labels and title, colors and line types, text sizes and fonts, legend characteristics, and
much more. The main Chart Editor window is displayed below. The Chart Editor hasits own
separate help system, which can be accessed by hitting F1 or the help button while the Chart
Editor isvisible.
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5.1

5.2

5.3

Technical Notes

I ntroduction to Technical Notes

This section has someinformation that may be of interest to somelHA users. Thefollowing
issues are covered here:

e Calculation of empirica percentiles

¢ Julian dates and methodsfor cal culating statisticsfor timing variables
¢ Handling of missing datavalues and datainterpolation

e Ability to conduct analysis for shortened water years or two separate seasons
e Maximum number of yearsin Hydro Datafiles

e Using the .par fileasmetadatafor an IHA Analysis

¢ Issueswith large flow values

¢ \Warningmessages

e Bug-trackingfeature

¢ Regional andlanguagesettings

e DOSCommand linestart-up

Empirical Percentiles

There is aproblematic aspect to cal culating non-parametric (percentile) statistics. There
appearsto be no general agreement on how to compute empirical percentilesfor afinite data
set. Wehave chosen to usethe algorithminthe International Mathematical and Statistical
Libraries(IMSL). Y ou should be aware that some common statistical packages (notably those
inthe Excel spreadsheet) use adifferent algorithm, and so will often produce different results
for the same set of data.

Julian Dates and Statisticsfor Timing Variables

In order to quantify thetimingsof maximum and minimum flowsand EFC events, the IHA uses
the concept of Julian dates. Julian dates represent calendar dates by integer values, which start
with 1 on January 1 and end with 366 on December 31. Notethat although the number of
calendar days varies dlightly in each year, depending on whether or not it isaleap year, the
starting and ending Julian datesin each year are dlways 1 and 366. InthelHA thedifference
between leap years and non-leap yearsisthat |leap years have a Julian date for Feb. 29, which
is 60, while non-leap years skip from Julian date 59 (Feb. 28) to Julian date 61 (Mar. 1). This
ensures that each calendar date is represented by the same Julian date in each year.

Users should be aware that this method of defining Julian dates does differ from definitions
used elsewhere, which usually assign a Julian date of 1 to January 1, 4713 B.C., and then
increment the date by 1 for each day thereafter, without restarting the count at the beginning of
each year.
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Leap yearsare al yearsthat are divisible by 4 (i.e. 1996, 2000 etc.), except centurial years that
are not evenly divisible by 400 (i.e. 1700, 1800, 1900, 2100).

Calculating Statisticsfor TimingVariables

Calculating means, medians, and other statisticsfor the [HA'stiming parameters (the dates of
minimum and maximum flowsand EFC events) presents some methodol ogical problems,
because of the difficulties of calculating statistics for any periodic variable (a date or time of
day, anangle). For instance, the arithmetic average of December 31 and January 2 (Julian
Days 366 and 2) isday 184, which fallsin July! Theintuitive meaning of "average", however,
requiresaresult of January 1. The methodsfor calculating statisticsfor the [HA'stiming
parameters are described below. The user should be warned that while these calculation
methods work reasonably well, in some cases the results generated by these methods are not
ideal. Becausein some casesthe calculation of statistics for timing related variables may
produce peculiar and non-intuitive results, users should carefully review all the statisticsfor
timing parametersbeforeusingtheminany analysis. Thesea gorithmsareunchanged from
earlier versions of the software, but improvement of these calculationsis planned for future
versions of the software.

In order to deal with the difficulties of calculating statisticsfor timing variables, the [HA often
usesa"circular method" for timing statistics. Thismethod putsall the datesin question into
quarterly bins, which are 1-91, 92-183, 184-275, and 276-366 (depending on the situation,
these bins are applied to either Julian dates or dates of the water year). If the second or third
quarter hasthe greatest frequency of dates, the statistic iscomputed in the usual way. If the
largest number of datesisin thefirst quarter, 366 istemporarily subtracted from all datesin the
fourth quarter prior to computing the statistic, and if the result isless than 0 then 366 is added
back ontoit. If thelargest number of datesisin the fourth quarter, 366 istemporarily added to
all datesin thefirst quarter prior to computing the statistics, and if the result is greater than 366
then 366 is subtracted from it. Thismethod produces reasonable results in situations where the
timing values are clustered at some point in the year, although for variableswherethereisan
even distribution throughout the year, cal culation of such statisticsisunavoidably arbitrary.

There are acouple of warnings which can be generated in the M essage Report because of
calculation of these statistics. 1f more than 10% of the datafallsin the quarter six months away
from thedominant quarter, awarning is generated. Here dataare widely scattered throughout
theyear, meaning that statistics cal culated using the " circular method" may not betoo
meaningful. A second warning is also generated for parametric analysisif the standard
deviation calculated using the "circular method" is greater than 180, indicating asimilar
Situation.

All of the statistics calculated by the IHA are listed below, with a brief description of how they
are calculated:

e Timing of EFC eventsin the Annual SummariesTableand Annual Datagraphs: Calculated
by applying the "circular method" to the water year dates of the individual events. Results
are then converted to Julian datesfor display in the table and graph.
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e Minimumand maximumsof annual valuesinthe RV A Table and Box-and-Whisker Table:
Calculated using the Julian datesin the Annual SummariesTable, without using the"circular
method", i.e. the value nearest to 366 isthe maximum and the value nearest 1 isthe minimum.

¢ Regression statisticsin the Regression Tableand Annual Datagraphs: Calculated usingthe
Julian datesin the Annual SummariesTable, without using the"circular method". Thismeans
that in cases wheretiming variables are clustered around the beginning/end of the calendar
year, theregression lineswill not be of much use in determining the trend over time.

-Non-parametric statistics:

e Medians and percentilesin the Box-and-Whisker Table, Percentile Table, RVA Table,
Scorecard Tableand Annual Datagraphs: Calculated by applying the "circular method” to
the Julian datesin the Annual SummariesTable.

o Coefficientsof disperson and (75-25)/50 in the Percentile Table, RVA Table, and Scorecard
Table: Calculated by (1) taking the absol ute value of the difference between the 75th and
25th percentiles (these are cal culated as described above), (2) taking the minimum of this
absolute value or (366 — this absolute value), and (3) dividing the result by 366. What this
calculation effectively doesisto take the absol ute val ue of the shortest distance between the
75th and 25th percentile dates, even if that distance crossesthe calendar year boundary, and
normalizesthat value by 366.

¢ Deviationfactorsand significance countsinthe Scorecard Table: Deviation factorsfor
medians are calculated by (1) taking the absolute value of the difference between the post-
impact and pre-impact values, (2) taking the minimum of this absolute value or (366 —this
absolute value), and (3) dividing the result by 183. What this effectively doesistake the
absolute value of the shortest distance between median dates for the two periods, evenif it
crossesthe calendar year boundary, and normalizesthat by 183. The deviation factorsfor the
coefficients of dispersion are calculated in the same manner asfor non-timing parameters.
The significance counts and the deviation factorsfor the randomized trialsare calculated in
the same manner asfor the actual case.

¢ RVA boundariesinthe RVA Table and Annua Datagraphs. Calculated using the Julian
datesinthe Annua SummariesTable, without using the"circular method". Thismeansthat
for the purposes of calculating percentiles and expected and observed values, the top of the
high RVA category is 366, and the bottom of thelow RV A category is 1.

-Parametric statistics:

¢ Meansinthe Box-and-Whisker Table, RVA Table, Scorecard Table, and Annual Datagraphs
. Calculated by applying the "circular method" to the Julian datesin the Annual Summaries
Table.

e Coefficientsof variationinthe RV A Table and Scorecard Table: Calculated as standard
deviation/ 366. The standard deviation is calculated by applying the "circular method" to
the Julian datesin the Annual SummariesTable.
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e Deviation factorsinthe Scorecard Table: Thedifference between the meansis set to the
absolute value of the shortest distance between the mean dates for the two periods, eveniif it
crossesthe calendar year boundary. The percent changein meansisthisdifference/ 183.
The magnitude and percent difference for the coefficients of variation are calculated in the
samemanner asfor non-timing parameters.

¢ Means plusand minus one standard deviation in the Box-and-Whisker Table and Annual
Datagraphs: Meansand standard deviations are calcul ated using the "circular method". If
the mean plus or minus one standard deviation is outside therange of 0to 366, it is adjusted
asfollows. If thevalueis greater than 366, then 366 is subtracted fromit, and if it isless
than 0, then 366 isadded to it.

¢ RVA boundariesinthe RVA Table and Annual Datagraphs: The initial calculation is done
in the same way as the mean plus or minus one standard deviation described above. But
instead of checking that the valueisin therange of 0 - 366, the check isif the boundaries are
within the range of the pre-impact values, with the value nearest to 0 being considered the
low value, and the value nearest 366 being considered the high value. If the RV A boundary
isoutside thisrange, it is replaced by the 25th or 75th percentile, calculated as described
further abovefor non-parametric RV A boundaries. This method will sometimes produce
RVA boundaries that are very close together, or even a high boundary that is below the
low boundary, so the results need to be checked carefully Until thisis fixed in the next
version of the software, we recommend that users use non-parametric RVA boundaries
only for timing statistics. Aswith non-parametric analysis, for purposes of calculating
expected and observed values, the top of the high RV A category is 366, and the bottom of the
low RVA category is 1.

Missing Data and Data I nterpolation

Hydrol ogic records often have some days with missing data, which can cause problemsfor the
calculation of some hydrologic parameters, such asrise and fall rates. For thisreason, the [HA
estimates aflow value for days with missing data by linear interpolation. Interpolated values
will be generated for all dayswith missing datathat are in water yearsthat have at |east one
valid flow value. This meansthat water years with no valid flow datawill be skipped during
any analysis, and as such will not appear in the Annual SummariesTable or the EFC Daily
Table. Interpolated flow values will appear in the EFC Daily Table, but will be identified in
the fifth column of that table. Theinterpolation algorithm will interpolate across water year
boundaries. If the adjacent water year ismissing, the last good datum is duplicated to the year
boundary. Any water yearswith no valid flow datawill be excluded from analysisin the IHA
(i.e. flow values will not be interpol ated).

Inyearswith very large gaps in the data, the many interpolated values can lead to odd results
for rise/fal rates, pulses, and other parameters. If your data has such problems, the graphical
output should be examined carefully before you place confidenceintheresults. The lHA isset
up to issue awarning if there is a consecutive block of missing data greater than a user-defined
length, which will appear in the Message Report. Thedefault length used to generatethis
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warning is 10 days, but see Setting Up and Managingan Analysisfor how to alter this default.
Specific warningswill also be issued identifying water years in which more than 30 values are
interpol ated.

When viewing your flow datain the Hydrologic Datafile editor, selecting Hydro Data |
Review Recor ded and Missing Date Ranges will bring up asummary of the dates of both
missing and recorded data. Long periods of interpolated data can also usually be easily
discerned in the daily data graph, since they will be straight lines. Examining thisgraphisalso
a useful way to inspect your datafor outliers, gaps, incorrect data entries, and other anomalies
inthe data.

Because water years without any valid flow values are excluded from all calculations, there
are some special issues having to do with high and low pulse events and EFC eventsthat begin
or end immediately after or before awater year that isentirely missing data. For eventsthat
begin on thefirst day of awater year after an entire missing water year, the pulse or EFC event
isassumed to have started in the previous water year and will beignored. Eventsthat include
the last day of awater year prior to an entire water year of missing datawill beincluded in the
statistics for that water year, but a warning isissued to warn the user that these events may have
been truncated. Identical rules are applied to pulses and eventsthat apparently extend beyond
the beginning or end of shortened water years and seasons.

Shortened Water Years and Seasons

For certain hydrologic parameters, the IHA can be set to do its calculations for periods other
than the entire water year.

First, IHA parameters can be calculated only for a shortened part of the water year, which can
start and end on any Julian date in the current water year (see Setting Upand Managingan
Analysisfor how to set this). The parametersin the header panel of the Scorecard Table will
also be calculated for this shortened period. The only restrictions on how these datesare set is
that the beginning date must occur earlier inthewater year than the ending date, meaning that
proceeding sequentially from the begin date to the end date does not cross the water year
boundary. Notethat if the shortened water starts or endsin the middle of amonth, the monthly
flowswill only be calculated for the portion of the month that isinside the shortened period.
The only parametersthat will be cal culated using data outside the shortened water year are the
high and low pulses, whose duration may include additional days outside the year if the event
beginsinside the shortened water year but extends beyond it.

Second, EFC parameters other than monthly low flows may be cal culated separately for two
different seasons, each of which coversonly a part of the water year. Seasons are set by
specifying the beginning and ending dates of each season (see Setting Upand Managingan
Analysisfor how to set this). Aswith the shortened water year, the beginning date for each
season must occur earlier inthe water year than the ending date for the same season, so that a
season does not cross the water year boundary. Specifying two separate seasons does not
affect theway the EFC algorithm assigns different daysto different EFCsthroughout the year,
but when the annual statistics are computed, only the eventsthat peak during the appropriate
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season will be used in the calculation of statistics. Aswith events that overlap between water
years, the statistics will take into account any parts of the event that are outside the specified
season. Monthly low flow statistics are not affected by using two seasons.

Maximum Number of Years of Hydrologic Data

Because of memory limitationsin the software, the maximum numbers of yearsof hydrologic
datathat can be processed is500. Note that thislimit appliesto the number of yearsin the
Hydro Datafile, so limiting the period of analysisfor aHydro Datafile larger than this may not
solve the problem.

Metadata for an IHA Analysis

In some cases it may be useful to have atext file that provides metadata on all the different
parameters and settings used for an IHA Analysis, which can saved or sent to othersto
document how an Analysiswas conducted. Thereisatext file called the parameter filethat is
available for each Analysis which can be used for this purpose. To find thefilefor aparticular
Analysis, gotothe workingdirectory for the Analysis. Inthat directory, look inthe Projects
subdirectory, then in the subdirectory with the name of therelevant Project, and theninthe
subdirectory with the name of therelevant Analysis. Assumingthe Analysishasbeenrun, there
will be atext file called input.par. An example of thisfileisdisplayed below. Thisfile
contains all of the possible variables, but not all of these variables will be present for every
analysis.
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Fle Edit Format wiew Help

&initial =]
FlowDataFileName=C: \DOCUME~LY TFITZH~1Y LOCALS~1 Y Temph IHAZTMPYTIB7381 3 input. dat
OUtSCOF Tename=C: WDOCUME~L Y TFITZH~1Y LOCALS~1 Y Temph ITHAZTMPYT187 3813 output. sco
OUtPCTF Tename=C: WDOCUME~T Y TFTTZH~1Y LOCALS~1 Y Temph THAZTMPYT187 3813\ output. pct
OUTSUMFI TeMame=C: Y DOCUME~1N\TFITZH~1 5 LOCALS~1 \Temp THAZTMPY T1B7 3813 output. ann
OUtRWAFT Tename=C: WDOCUME~TY TFITZH~1Y LOCALS~1 Y Temph ITHAZTMP A T187 3813 output. rva
OUtEAWFT TeName=C: \DOCUME~1Y TFITZH~1Y LOCALS~1 8\ Temp THAZTMPAT1E7 3813\ output. baw
OUtLSQF Tename=C: WDOCUME~L Y TFITZH~1Y LOCALS~1 Y Temph ITHAZTMPYT187 3813 output. T2
OUtMSGFi Tename=C: YDOCUME~T Y TFITZH~1Y LOCALS~1 Y Temph THAZTMPAT187 3813 output. msqg
OUtFDCF Tename=C: WDOCUME~TY TFITZH~1Y LOCALS~1Y Temph THAZTMPAYT187 3813 output. fdc
ReportTitle='Two Period Mon-Parametric 1912-2004"

TwoPeriodanalysisFlag=T

Impactyear=1953

FreImpactBeginvear=1912

FreImpactEndyear=1952

FostImpactBeginyear=195%3

PostImpactEndyear=2004

HiPulselw]l=25

HiRwaAlim=17

LoPulselw]=25

LoRwvaLim=17

ParametricanalysisFlag=F

AnalysisLimi tBeginwaterDay=1

AnalysisLimi tEndwaterDay=366

DataMormalizationFactor=1

DataiormalizationFactor2=999999

WatervearBeginDay=275

InterpolatewarningDays=10

Misz=ingFlowvalue=999999

EFCAdvancedCalibrationFlag=T

HighFlowThresholdType="PctDai lyF 1 ows'

HighFlowThresholdPercent=75

LowFlowThrezholdType="FctDailvFlows'|

LowFlowThresholdPercent=60

HighFlowStartRateThrezholdPercent=25

HighFlowEndRateThresholdPercent=10

SmalIFloodType="ReturnInterval’

SmallFloodreturnIntvlvears=2

LargeFloodType="ReturnInterval’

LargeFloodReturnIntvlvears=10

ExtremeLowF | owType="PctDailyFlows'

ExtremeLowF1owlal lywF]owPercent=10

SeazonOneBeginDay=275

SeaszonOneEndDay=274

SeazonTwoBeqinDay=0

SeasanTwoEndDay=0

FreExcludedyears="

PostExcludedvears=""

[~

Thelinesinthefile before the BigTitle variable can usually be ignored, these refer to
temporary fileswhich the IHA storeswhilerunning an Analysis. Descriptions of therest of the
valuesinthefileare asfollows. All of these variables are set in the various tabs of the
Analysis Properties window.

ReportTitle="Two Period Non-Parametric 1912-2004": Denotesthe default title to be
displayed on tables on graphs.

TwoPeriodAnalysisFlag=T: Specifies whether one period or two period analysisis being
conducted (T or F).
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ImpactY ear=1953: Theimpact year. For two period analysis, thisis set to be equal to
PostlmpactBeginY ear.

PrelmpactBeginY ear=1912: For two period analysis, thisisthe beginning year of the pre-
impact period. For single period analysis, thiswill be thefirst year of the period to be
analyzed.

PrelmpactEndY ear=1952: For two period analysis, thisisthe end year of the pre-impact
period. For single period analysis, thiswill be the last year of the period to be analyzed.

PostlmpactBeginY ear=1953: For two period analysis, thisisthe beginning year of the post-
impact period.

PostlmpactEndY ear=2004: For two period analysis, thisisthe end year of the post-impact
period.

HiPulseLvI=25: The high pulsethreshold, either in percentiles (non-parametric analysis) or
number of standard deviations (parametric analysis).

HiRVAIim=17: Thelower boundary of the high RV A category, either in percentiles (non-
parametric analysis) or number of standard deviations (parametric analysis). Thiswill be set
but not used for single period analysis.

LoPulseLvli=25: Thelow pulse threshold, either in percentiles (non-parametric analysis) or
number of standard deviations (parametric analysis).

LoRVALiIm=17: Theupper boundary of thelow RV A category, either in percentiles (non-
parametric analysis) or number of standard deviations (parametric analysis). Thiswill be set
but not used for single period analysis.

ParametricAnalysisFlag=F: Whether parametric (T) or non-parametric analysis (F)

AnaysisLimitBeginWaterDay=1: First day of thewater year. Thisisexpressed asthe date of
the water year, and isonly different from 1 if ashortened water year isbeing used for IHA
parameters.

AnalysisLimitEndWaterDay=366: Last day of thewater year. Thisisexpressed asthe date of
the water year, and isonly different from 366 if a shortened water year isbeing used for IHA
parameters.

DataNormalizationFactor=1: Constant by which all flow datain thefirst Hydro Datafileis
divided.

DataNormalizationFactor2=999999: Constant by which al flow datain the second Hydro Data
fileisdivided (only available for atwo Hydro Datafile analysis).

WaterY earBeginDay=275: Julian date of thefirst day of the water year.
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InterpolateWarningDays=10: Number of daysof missing datarequired to trigger awarning
message.

MissingFlowValue=999999: Valuefor no dataused ininput datafile.

EFCAdvancedCalibrationFlag=T: Use advanced calibration method for EFC algorithm (T or
F).

HighFlowThresholdType="PctDailyFlows: Method used to specify the high flow threshold in
theEFCa gorithm (can be 'PctDailyFlows' or 'FlowRate').

When using 'PctDailyFlows - HighFlowThreshol dPercent=75: Percentile used.
When using 'FlowRate' - HighFlowThreshol dFlowRate=750: Flow val ue used.

LowFlowThresholdType="PctDailyFlows Method used to specify the low flow threshold in
the EFC agorithm (can be 'PctDailyFlows or 'FlowRate').

When using 'PctDailyFlows - LowFlowThreshol dPercent=60: Percentile used.
When using 'FlowRate' - LowF owThresholdFlowRate=600: Flow value used.

HighFlowStartRateT hresholdPercent=25: High flow start rate threshold used inthe EFC
algorithm.

HighFlowEndRateT hreshol dPercent=10: High flow end rate threshold used in the EFC
agorithm.

SmallFloodType='Returninterval': M ethod used to specify the small flood minimum peak flow
used in the EFC algorithm (can be 'Returninterval’, 'Flow Rate', or 'PctDailyFlows).

Whenusing'Returninterval’ - SmallFloodReturnintvl Y ears=2: Returninterval used.
When using 'Flow Rate' - SmallFloodFlowRate=2000: Flow rate used.
When using 'PctDailyFlows - SmallFloodPercent=95: Percentile used.

LargeF oodType="Returninterval': M ethod used to specify the large flood minimum peak flow
used in the EFC algorithm (can be 'Returninterval’, 'Flow Rate', or 'PctDailyFlows).

Whenusing'Returninterval’ - Small FloodReturnintvlY ears=10: Returninterval used.
When using 'Flow Rate' - SmallFloodFlowRate=10000: Flow rate used.
When using 'PctDailyFlows - SmallFloodPercent=98: Percentile used.

Extremel owFlowType="PctDailyFlows: Method used to specify the extreme low flow
threshold in the EFC agorithm (can be 'PctDailyFlows, 'PctAllLowFlows, or 'FlowRate).

Whenusing  'PctDailyFlows - Extremel owF owDailyFlowPercent=10: Percentile
used.

When using 'PctAllLowF ows - Extremel owFlowL owFlowsPercent=10: Percentile
used.

When using 'FlowRate' - Extremel owFlowFlowRate=22: Flow rate used.
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SeasonOneBeginDay=275: Julian date of thefirst day used for EFC calculations. Will only be
different from WaterY earBeginDay if two seasons are used for EFC parameters.

SeasonOneEndDay=274: Julian date of thelast day used for EFC calculations. Will only be
different from WaterY earBeginDay -1 if two seasons are used for EFC parameters.

SeasonTwoBeginDay=0: Julian date of thefirst day of the EFC second season. Will only be
different from O if two seasons are used for EFC parameters.

SeasonTwoENndDay=0: Julian date of thelast day of the EFC second season. Will only be
different from O if two seasons are used for EFC parameters.

PreExcludedY ears="": Y ears excluded from analysisfor purposes of computing Flow Duration
Curvesfor pre-impact period.

PostExcludedY ears="": Y ears excluded from analysisfor purposes of computing Flow
Duration Curvesfor post-impact period.

5.8 I ssues with Large Flow Values

Initsinternal calculations, the IHA represents no dataval ues with the number 999999.
Because of this, it is possible that using the IHA with flow datasets that have flow valuesin the
same magnitude as this number will yield some calculation errors. So if any daily flows are
near to 1,000,000, the entire flow dataset should be converted to another unit or divided by a
factor so that the flow values are smaller.

Thisissueisalegacy of the FORTRAN code written for early versions of the IHA, and will be
corrected in the next version of the software.

59 Warning Messages

Below isadescription of al the warning messages that may appear in the M essage Report.
When comparing two Hydro Datafiles, certain messages may indicate the name of the
Hydro Datafile.

Message: An EFC flood or high flow pul se event has been truncated by missing year 1956.
Thisevent isused to compute annual statistics, but itslength has been truncated.

Message: An EFC extreme low flow event has been truncated by missing year 1956. This
event isused to compute annual statistics, but itslength has been truncated.

Message: An EFC flood or high flow pulse event has been truncated at the end of the dataset.
Thisevent isused to compute annual statistics, but itslength has been truncated.

Message: An EFC extreme low flow event has been truncated at the end of the dataset. This
event isused to compute annual statistics, but itslength has been truncated.

These messages are to warn the user that the end of an EFC event that isincluded in the EFC
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statistics has been truncated by a missing water year of dataor by the end of the dataset.
Statisticsfor such events may have errors because part of the event is missing from the flow
dataset.

Message: AnEFC flood or high flow pulse event has been truncated at the beginning of the
dataset. Thisevent isnot used to compute annual statistics.

Message: An EFC extremelow flow event has been truncated at the beginning of the dataset.
Thisevent isnot used to compute annual statistics.

M essage: An EFC flood or high flow pulse event has been truncated at the beginning by
missing year 1972. Thisevent isnot used to compute annual statistics.

M essage: An EFC extreme low flow event has been truncated at the beginning by missing year
1972. Thiseventisnot used to compute annual statistics.

These messages are to warn the user that an EFC event has been ignored in the annual
statistics because it started on thefirst day at the beginning of the dataset or on the first day
after amissing year. Such events are assumed to have started prior to the first day of the
water year (in the previous water year), so our convention isto exclude them from the
annual statistics.

Message: A high pulse has been truncated by missing year 1956
Message: A low pulse has been truncated by missing year 1956

This message isto warn the user that the end of ahigh or low pulsethat isincluded in the
statistics has been truncated by amissing water year of data. Statisticsfor such events may
have errors because part of the event ismissing from the flow dataset.

M essage: Dates of extreme flows are widely distributed throughout the year. Use statistics
with caution.

Thismessagerefersto thetiming of annual 1-day maximum and minimum flowsand EFC
events, and istriggered when the annual data values appear to be widely scattered
throughout the calendar year. For specifics on when thiswarning is generated, seethe
Calculating Statisticsfor Timing Variables.

M essage: Thelower RVA limit isoutside the range of variability of parameter High pulse
duration. The 25th percentile level will be used.

M essage: The upper RV A limit isoutside the range of variability of parameter Low pulse
count. The 75th percentile level will be used

These messages appear when one of the RV A boundariesis outside the range of the data,
and indicate that this value has been replaced with the relevant percentile value.

M essage: The parametric low pulse level is<0. It will be replaced by the 25th percentile
value.
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5.10

For parametric analysis, this appears when the low pulse level is set at less than 0, and
indicatesthat it has been replaced by the 25th percentile.

M essage: Thereis not enough pre-impact datato calculate RVA limitsfor parameter April.

Thisappearsin certain situations when RV A boundaries cannot be calculated. Thishappens
when thereis only one year of pre-impact data, or when there is no post-impact data.

M essage: WARNING: Some of the Colwell parameters are based on fewer than twenty years
of data

Thiswarnsthe user when the Colwell Parameters (flow predictability, constancy, and
contingency) reported at the beginning of the Scorecard Table are based on fewer than 20
years of data.

M essage: WARNING: variance of amean date is> 180 days.

This appears when the standard deviation calculated for atiming statisticsis greater than
180. For more on when thiswarning is generated, see the Calculating Statisticsfor Timing
Variables.

M essage: 61 daily values have been interpolated in year 1977.

Thiswarning appearsfor water years where there are numerous days of missing data. This
warning only occursfor water years where 30 or more days of data have been interpolated.
See Missing Dataand Datalnterpolation for a description of the procedures used when there
aremissing datain the Hydro Datafile.

Message: Thelongest period of missing datais 61 days. Interpolating across this gap may
cause anomaliesin the statistics. Please use them with caution.

This message reports the longest period of missing datain the Hydro Datafile, and appears
gap of missing datalonger than the threshold value set in Analysis Title/Optionstab of the
Analysis Properties window.

Bug-Tracking Feature

TheHA has abug-tracking feature that will help the developersfurther improve the codein the
future. Inthe case of an Access Violation or other problem with the code, awindow will pop
up that givesyou the option to email abug report with some information attached to it that will
help the software devel oper diagnose the problem. Before sending the email, it would also be
useful if the user could quickly typein the circumstancesthat caused the error. Notethat
occasionally thiswindow will pop up in the case of awarning that does not necessarily
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5.11

5.12

indicate abug, in which case you can just ignoreit by clicking OK.

Regional and Language Settings

Because different parts of the world use different characters to denote decimal places (usually
either aperiod or acomma), the IHA software will display numbers according to the Windows
Regional and L anguage settingsfor the computer. It ispossibleto view or change these settings
under the Windows Control Panel, under Regional Language Options. Whenimporting data
from atext file, the IHA will also expect decimal places to be denoted according to these same
settings. But notethat if thelanguage settings are set to denote decimal places as commas,
comma-delimited text fileswill not import properly.

Version 7.1 has a Spanish language help system and user manual. The IHA will automatically
usethe English language hel p system unlessthe user's computer has Spani sh language settings.
Thelanguage choice can a so be set manually using the menu option Options -> Set L anguage.

Future versions of the [HA will have a Chinese language help system and manual, and also
have an option to switch the language used on all software windowsto either Spanish or
Chinese.

DOS Command Line Start-Up

ThelHA can be started up from the DOS prompt by typing iha7.exe on the command linewhen
located in directory wherethe IHA isinstalled. Thefile I[HA7.exe must be present in the
directory for thisto work. IHA can also switch working directories and open up a specific
project when started from the DOS prompt.

There are two options available when using command line startup:

WorkDir= Thissetsthe IHA working directory. If not specified, IHA will openinthe
same working directory that wasin use the last time the software was used.

Proj= ThistellsIHA to open up a specific project after it starts, which hasto be
located in the working directory as specified above.

An example of use of both of these optionsis below:
IHA7.exeWorkDir=c:\mynewtestsub Proj="EAST BRANCH"

Double quotes are necessary when there are spacesin the name of the working directory or
project.
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