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Abstract

TREHS (Temporary Rivers Ecological and Hydrological Status) is a PC application developed for helping
the River basin managers the implementation of the WFD to the temporary rivers. In order to understand
the rationale behind TREHS, the main concepts are firstly introduced in this manual. Second, data needs
and output results are explained. Finally, TREHS layout and user interface are presented and the different
applications are described step by step using screenshots.
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1. TREHS principles: Aquatic States, metrics and gr  aphs

In Europe, the implementation of the Water Framéwirective (WFD) has been unable to provide a tatufor
the establishment of the Ecological Status of tenauorivers because even the river typology id aticlear for water
managers and a matter of controversy for some mese®. TREHS (Temporary Rivers Ecological and ldiatyical
Status) is a PC application developed for helpimg River basin managers the implementation of tHeDWto the
temporary rivers, based in the application of tte EHP7 MIRAGE project results (FP7-ENV-2007-1- 212y and the
derived publications (Gallart et al. 2012; Pratakt 2014; De Girolamo et al (2015). Reading theserke is
recommended for a sound use of the TREHS tool.

The used approach is based on two main ideas:ei)nthcroinvertebrate aquatic life in a temporargastr is
controlled by the temporal succession of Aquatateé¥ (AS) or transient sets of mesohabitats oeupini a stream reach
at a given moment, depending on the hydrologicaldimns. ii) using only the statistics of the mal$ with/without
flow, two metrics may be defined that allow the r&tderisation of the regime: the flow permanencd) (&hd the
seasonal 6-months predictability of the period withflow (Sd6).

1.1. The Aquatic States

The ASs summarize the transient sets of aquatimhadstats occurring on a given stream reach atrcphar
moment, depending on the hydrological conditionise Tollowing ASs may be defined as relevant in ¢ggelogy of
temporary stream reaches, in a sequence from wettarier. The terms were selected in a way sintiathe widely
accepted grades in aquatic ecology for nutrientiaidity (i.e. Eutrophic, Mesotrophic, Oligotropt)i or pollution (i.e.
Oligosaprobic, Mesosaprobic) that grade from thlghést (hyper-) to the lowest condition (A-, hypas¥ing here the
Greek suffix “-rheos” as indicating flowing water:

a. Hyperrheic: infrequently high water (flood) causeajor movement of stream bed alluvium and the dfiftnost of
the aquatic fauna in the reach. In permanent sge#ms state corresponds to flow above bankfidthdarge, but
temporary streams may not show distinct channekfa®bservations of temporary streams suggestfiiads
cause a strong but short-lived disturbance in aguatmmunities, whereas their occurrence is comsitidnighly
relevant to the health of river systems. In lowdigat rivers of dry areas, overbank floods mayHeeperiods of the
highest biological productivity due to the relea$@utrients from sediments and detritus in the\adll plain.

b. Eurheic: water discharge is high enough to allog dlecurrence of all the available aquatic habitatthe reach,
including the abundant presence of riffles, andatiow optimum hydraulic connectivity between thevaise
habitats. This is the habitual state in permangaams and the one with the widest range of diggsain temporary
streams; a succession of riffles and pools (maditdts) is the rule, with great variability in matrabitat
conditions.

c. Oligorheic: water discharge is low but sufficieatdonnect most pools in the reach through watedeats. Riffles
are absent or limited to scarce rapid flow areasvéen main pools. When few riffles persist, theflgif
macroinvertebrate community can be still effectfge bio-monitoring, but it ends to resemble thatpmiols and
edges, due to decreased flow and increased |eattitalbs.

d. Arheic: surface discharge is null or close to zénat, a number of water pools remain in the streaih Iif this is
alluvial, some sub-surface connectivity of wateryroacur, allowing the preservation of the physiaaoical quality
of the water in the pools for some time at ledsthé stream bed is impervious, the pool watersvateerable to
undergoing quality deterioration trends or cycM#en the disconnection lasts for many weeks, thaspiend to
disappear (through evaporation) and water qualidy wheteriorate rapidly. In large dryland riversrqigtent pools
(usually named waterholes in Australia) play a iynrole in river ecology as refugia of many spedering the
long periods between flow events.

e. Hyporheic: most of the stream bed is devoid of azefwater in the reach, although alluvium may renvaét
enough to allow hyporheic life (alluvium water cent is higher than the field capacity point). Otdyrestrial fauna
may be observed on the surface of the stream hedifice the hyporheic zone may be a refuge forynaanimals
when surface water is absent it should also beideres! an aquatic mesohabitat.

f.  Edaphic: the entire stream bed is devoid of surfaater in the reach and alluvium is dry enoughnpede active
hyporheic life (alluvium water content is lower thield capacity and similar to the surroundingsai terrestrial
locations). The active life in the alluvium is slarito the edaphic life in the interfluvial soilsit some invertebrates
may survive in desiccation-resistant stages insdibystrata for some time. Only terrestrial faunatsxbn the surface
and, if the state lasts for many weeks, the rived tlmay be invaded by terrestrial plants, creatimgite different
ecosystem.
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1.1.1. Getting statistics on the Aquatic States

Statistics of the temporal patterns of the ASsn@@essary for three main purposes: i) to charaetamd compare the
stream regime, ii) to help selecting the more appate sampling calendar given the regime of theash and ii) to help
interpreting the results of the biological samptggen the aquatic states occurring on the samptiatg and the
antecedent months. The basic temporal unit in TREHSe month.

There are three possible sources of informatiorofdaining the statistics of the ASs addressedREHS: Stream
discharge records, stream discharge simulatioresredat with a rainfall-runoff model, and the resatsnterviews made
to the neighbours and users of the fluvial syst€he first and third sources correspond to actugihtes whereas the
second corresponds to a virtual regime that magakefust the climatic conditions or can also imduthe effect of
human surface or ground water abstractions. In fachporary streams are typically undergauged osmghe most
current situation is to have only simulated flowsl @he results of interviews for most of the wdtedies to be managed.

The conversion of flow records or simulations iatpuatic states statistics needs the establishnii¢hteshold flow
discharges that separate the diverse aquatic staiethe flow duration curve can be easily trapslahto an aquatic
states duration graph. An accurate definition esthflow thresholds would be a cumbersome taskimgedany field
observations synchronous to flow discharge measm&snbut in the practice approximate values wdll dufficient,
taking into account the qualitative nature of theatic states and the nature of the use of theiissts.

On the other hand, interviews designed for estimgathe statistics of the aquatic states take adgendf their
qualitative nature, as it is easier to get infoioratfrom people on the frequency of occurrence wfning water or
stagnant pools than on quantitative dischargedowfifig water. But both the number of aquatic stadad the time
resolution had to be simplified in order to obtesbust results from the interviews.

1.1.2. Aquatic States Frequency Graph

The main result of the analysis of the statistitshe ASs is the drawing of the Aquatic States Besqy Graph
(ASFG). This figure summarizes the long-term ASass@al patterns in the form of monthly frequencsccurrence
of the diverse ASs during one water year.

Figure 1 shows a set of 8 ASFGs obtained from d&vstreams in the Mediterranean. The relative itapoe of wet
and dry states throughout the year and the dedreeasonality of the regime may be assessed areglfrom these
graphs. The regimes are ordered with the wettes ame¢he upper part and the drier in the lowest.pEne left row
correspond with the least seasonal regimes (lovabitity among the months) whereas the right rowespond to the
more seasonal ones (clearer differences amongdhéhs).
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Figure 1. Aquatic states frequency graphs for a8 Mediterranean streams. Reproduced from Gaédaal (2012).

These graphs were made for long-term analysiseatrtbnthly scale. THRES allows also the represemtadf the
aquatic states for a single water year, in ordealtow the help analysing the regime control on giamy results.
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1.2. Temporary Regime metrics

The ASFG method given above allows appraisal ofatipgatic regime of the reach, as it describes thennannual
prevalence and timing of aquatic states for a sirezach by month. Nevertheless, the informatiomshis too complex
to be synthesised in a few metrics and it dependt® somewhat subjective selection of flow thrédtioTo circumvent
these limitations, it may be hypothesized thatdbssation of flow is the key feature defining thyiatic regime in a
temporary stream and, therefore, the statistigssahetrics will summarize the main characterist€she regimes of its
aquatic states, as seen in its ASFG. Thereforeselected the metrics that synthesize the two madradhogical
parameters that are relevant to river ecologydtiration and predictability of periods with and lvatit flow.

These metrics, as used in TREHS are the long-teeannannual relative number of months with flow, (Wking
values between 0 and 1) and the the six-month sabpcedictability of dry periods (Sd6) definedequation 1:

6 6
Sd, =1- Fdi/ Fd, (Eq. 1)

1 1

where Fdi represents the multi-annual frequenciégsflow months for the contiguous 6 wetter monttighe year and
Fdj represents the multi-annual frequencies ofo@+fmonths for the remaining 6 drier months. Wet dng 6-month
periods mean here those with fewer and more zew-ftequencies, respectively. This variable is disienless and
takes the value of O when zero flows occur equiipughout the year in the long run and 1 wherthadl zero flows
occur in the same 6-month period every year. Wherrégime is fully permanent, this metric cannotcbeputed, so
the value of 1 is set to indicate full predictaili

1.2.1. Temporary Regime Plot and Types

The metrics obtained for diverse streams can berhebmpared if plot in the Temporary Regime PIBRP) as
shown in Figure 2. In this figure, the metrics dam¢a for the same streams of the Figure 1 are shbwthis figure, four
sectors representing the four temporary regimestypere defined by Gallart et al (2012): Perenr®| (ntermittent-
pools (I-P), Intermittent-dry (I-P) and Ephemer&).(

This plot can be used to compare the regimes adrsieystreams. In the example shown in the Figuiecn be
observed that the wetter (upper) streams in ther€id) appear in the right part of the plot (high maktrics), whereas the
more seasonal appear in the upper part here (i§mietrics).



LIFE13 ENV/ES/000341 » The TREHS Manual

. [ J
Celone

0.9

0.8

0.7 —

0.6

0.5 —

0.4

0.3 1

Seasonal predictability (Sde)

0.2

0.1

0O 01 02 03 04 05 06 0.7
Flow permanence (Mf)

Figure 2: Plot of the temporary regime metrics MfdaSd6 obtained for the same streams shown in ited-1. The
four sectors represent the diverse types of tempaegime: P: Perennial; I-P: Intermittent-pools;D: Intermittent-
dry; E: Ephemeral. Reproduced from Gallart et d012).

Another function of this plot is the comparisontleé metrics obtained for the same stream when sivsources of
information are used. This means, for instance,cthraparison of the potential regime obtained wittaiafall-runoff
model with the regime obtained from flow recordsneighbours interviews. In this case, it is possitd analyse the
alteration of the regime resulting from human agtivmpacts such as water abstractions. Both thelifean distance
between impacted and unimpacted regimes and timsiticms between regime classes may be compardd tivé
standard errors of the metrics in order to assesgasure of regime alterations. An example of tisis of the TRP is
shown in Figure 3.
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Figure 3: Plot of interannual Sd6 versus Mf metrigsactual (black points) and natural condition®dr points). Error
bars show standard errors. Arrows linking two capending points represent the degree of hydroldgatteration.
Taken from De Girolamo et al. in press.

2. Data needs

The main unit of TREHS is the monitoring statiorthin a water body, as defined by the WFD. This aptre
possibility that the same water body have divetssam regimes. The diverse kinds of informatio¢ofed to TREHS
are of three types: i) Identification and locatiprilow data iii) interview results.

2.1. Identification and location data (heading page)

- Name of the monitoring station, textual name as commasked by the corresponding Water Authority
- Synonyms and description:Other names eventually used for the same staii@ngisstream reach. Textual
description and any other information relevantie site.
- Code:itis formed by a sequence of hierarchical codes:
Member State
River basin district
River basin
Water body
Monitoring station
- Location: ETRS89 longitude and latitude in geographic degesel decimal fractions. Altitude in metres a.s.l.
- Observations: Any relevant information, such as the existencknafwn pressures on water quantity or quality
by the monitoring station.
- Group selection: The current station can be assigned to a newtanegroup of stations (by any criteria such
as location, geology, land use...)
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2.2 Hydrological information

TREHS uses essentially qualitative information @toustates and flow-no flow statistics) but, as thore usual
hydrological information is in quantitative valuekwater flows, this kind of information can be irigo the tool in order
to appraise the statistics of aquatic states awtflo flow metrics. Flow data units in TREHS are s (cubic metres
per second or cumecs), usually averaged for aghefione month.

It is expected that flow simulations obtained wéth operational rainfall-runoff model will be avdila for most
water bodies. TREHS does not provide any origilad fsimulation, but uses any available simulatiagpjcally under
assumed natural conditions or eventually includiogne water quantity pressure. Occasionally, flovords from a
gauging station may be available for the monitorgtgtion or water body. Finally, TREHS includes ailfty to
incorporate estimates of flow regime obtained fiatarviews made to water users of stream neighbours

The management of flow information obtained fromdelosimulations or gauging data are analogous, edsethe
information obtained from interviews is directly afialitative nature and is being managed in a diffeway.

2.2.1. Flow data or simulations (Obs. Or Sim. pages , DATA banner)

The following information is needed:

- Date of the data entry

- Author’s name, or person entering the data

- Observationssuch as the name of the model or the gaugingatati

- Model data: modelling origin of the data, natural orest simulated flows and periods of simulations if
different

- Threshold: flow value threshold corresponding to actual ®m; this is needed for some flow simulations or
records that do not properly identify the cessatibfiow.

- Monthly flow data must be input using a grid formatith the columns corresponding to the months (13
columns, year number and monthly flows from OctotmeSeptember) and the lines corresponding to water
years. TREHS is able to accept this format by capy-paste of nearly any table from a document, word
processor or spreadsheet. The system asks folotmauhits after the table has been accepted, abnseswently
the data are transformed into monthly averaggd’m

2.2.2. Setting flow thresholds between Aquatic Stat  es (DISTRIBUTION OF DISCHARGES banner)

The conversion of flow statistics into aquatic ssastatistics needs the establishment of the ffwesholds between
aquatic states. Although a precise determinatiothe$e thresholds is a cumbersome task, becauseisheot usually
the adequate information, in the practice and apprate estimation is sufficient because the subsetuse of it is only
of a qualitative nature. TREHS proposes an autadriaterim set of flow thresholds based on givewtitms of the peak
observed discharge; the values of these fractiange set in the tool settings.

Once the DISTRIBUTION OF DISCHARGES banner has bselected, the AUTO knob will set the automated
thresholds. If the distribution of the aquatic stafcolours) is not satisfactory, the thresholdy ha modified by
dragging the round knobs in the upper part of tiaglg to the left or to the right sides in orderdepectively decrease or
increase the threshold flow value. The flow valireri3 s-1) and exceedance frequency correspondiriet aquatic
states are shown close to the round knobs.

2.2.3. Managing Interviews

Interviews made to the fluvial system users andhtsurs are recommended for getting several kifidsfarmation
on the fluvial system, but here only the informatihat can be used for assessing the statistitlseoAquatic states as
well as and the value of the temporary regime mefs analysed.

All the information is to be entered in the INTERRWS EDITOR:
A SECTION: heading of the interview

Date of the interview

- Ref. user’s reference for the interview

Interviewer: name of the person who made the interview
Interviewed: name of the person who answered the intervievstipres
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- Validated: in the case of this interview is accepted, wébards to the consistence with the other informaito
must be validated before being taken into accoamsdibsequent analyses, graphs and metrics.

B SECTION: general questions on the temporary regime

- (1) Occurrence and overall frequency of streamrdyyi
- (2) Occurrence and duration of the arheic statel§)o
- (3) Occurrence of the Hyporheic state (no surfaaters but saturated alluvium)

C SECTION: Array of the seasonal frequencies of three summdritates

This array has four columns (seasons) and threes (@wmmarized states). The figure in every onehefdells
represents the frequency in months (may be fraafjahis state occurs in the long term. Every calumust sum 3,
which is the number of months of every season. aisbe summarized as:

- Number of months when water flows during every saas
- Number of months when stagnant pools occur in eseagon
- Number of months when surface water disappeargdryeseason

This information, after validation of the interviews used to calculate the Mf and Sd6 metrics andiraw a
simplified ASFG.

3. Output results

TREHS manages the input information to calculatériceeand generate graphs; from this output, tiggnre of the
station is classified, the best periods for biotafjisampling may be proposed, and a first assesswhi#ime hydrological
status (degree of conservation of the natural Hgdrcal regime) is made. Nevertheless, beforefitrad diagnostics on
the hydrological status are attained, the actuaifaan expert user is needed in order to takeantmunt the information
not automatically generated by the tool.

Graphic and metric results are separately obtaaradi shown in the diverse pages corresponding tadiverse
sources of information managed: observed discha(@s), simulated discharges (Sim) and intervie&ndard
deviations of the metrics are also shown, basetth®@@annual values for observed and simulated flawd,on the results
of the diverse interviews made in the correspondiage. These partial results are gathered togaththre station
heading page as well as in the report that candbered for the station.

The overall automated results consist of:

- The values of TREHS metrics obtained from the thypes of information: flow simulations, flow reds and

interviews.

- TREHS stream regime classifications correspondinghe metrics obtained with the three diverse typkes
information

- Prescribed stream regime, based on the regulassnsd by the Member State in the transpositiach®WFD,
if applicable.

- Normalized Metric Distances (NMD) in the TRP (Edelan distance divided by the maximal standard
deviation) when comparing simulated versus obserasdwell as simulated versus interviews metrics
determinations.

- Interim determination of the hydrological statusngsthe following criterion: NMD<1: good; 1<NMD<Zair;
2<NMD<3: poor; 3<NMD: bad.

From these results and taking into account allitfiermation behind, the expert user is then invitednsert the
following outcomes:

- Determination of the hydrological status of thdista

- Recommended biological sampling periods, with aessment of the probability of finding a range afiatic
states during these periods.

- Recommendation of using alternative methods foessng the ecological status when the stream regiaies
common aquatic biological methods impracticable.
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Finally, TREHS can be required to produce a dedaigport with all the relevant information fromiagle station, or
a listing of the main results obtained for all gtations included in a group, a River Basin, a Rbhasin district, or a
Member State.

4. TREHS layout and user interface

Subsequently, a set of TREHS screenshots are cotadhin the shake of clarity when using the appilica

Screenshot 1: TREHS settings and starting pop-up.

The settings page of TREHS is shown in Screenshtitig selected clicking on the gear icd?)(in the heading
banner. This page allows selecting the main adjestsnof the application:

- Language used

- Online server for the maps

- Name of the data base used in the exercise (newtant)
- Default threshold discharges between aquatic states

- Member state regulations for prescribed temporagjymes
- Toggle of the Interactive map display

When any page is shown, clicking on the view ico), the sig@ windows with the interactive map and the station
tree is shown as in Screenshot 2.
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Screenshot 2: TREHS settings page showing thealaténdows with the interactive map and the staitnee.

The interactive map can be zoomed rolling up andndeards the mouse wheel and the working stationg Inea
selected by clicking on the respective icons inrttap.

The stations tree shows the hierarchical arrangewmfemember states, River Basin Districts, RivesiBa, Water
Bodies and Stations. The categories may be collhpsextended by clicking on the triangles and wsroespectively,
and the stations are selected when clicked.

When a new station is to be added, it is necegsasglect the plus knobhj in the right lower corner, and a window
pops-up for introducing the Member State and theenaf the station (Screenshot 3).

Screenshot 3: Pop-up for the addition of a newiatat
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Screenshot 4: heading page of a station with threegs information and the overall results.

The heading page of the station is shown whensitliscted (Screenshot 4).

This page allows the input of the general infororatof the station in the upper part and displagsdterall results
and diagnosis in the lower part, when all the detee been provided. Before typing it is necessargetect the pencil

knob in the lower tool bar, and the introduced infation can afterwards be validated or cancelledséhecting
respectively the OK of the recycle knobs in thedowool bar.

Once a new station has been introduced, it is sacg$o select in the item ‘new discharge analyisishe tree of the
left window to open the flow data. This can be dated or observed flows.
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Screenshot 5: Display of the simulated flows datgep

An example of the data page of simulated flowsdastation is shown in Screenshot 5. The user hasate the
heading information, to copy and paste the datd, gmd to add the zero-threshold discharge, ifithisecessary given
the type of the model used.

Once the flow data grid is in the system, the mep is the selection of the ‘DISTRIBUTION OF DISERGES’
button in the heading bar. This opens a new winddtlv the flow duration curve (distribution functiaf discharges),
the fitted log-normal distribution (just to visusdi eventual anomalies of the data) and the reldteguency of the
aquatic states in colour bands (Screenshot 6).
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Screenshot 6: Distribution of discharges and aquatates for the simulated flows in a station.

The flow thresholds separating the aquatic staiéisis window are initially those selected in tledtings page. These
thresholds may be modified if there is some add@tianformation or the initial results are not apgpriate, by selecting
the pencil knob in the lower bar and moving leftrightwards the circles above the colour bars.

Once the flow thresholds have been accepted, tkestep is the display of the ASFG available byesthg the
‘AQUATIC STATES' button in the header. This pagesls the monthly frequencies of occurrence of theatiq states
in numerical form and in graphic form. It also shotlve mean and standard deviations of the two teampmnetrics.

Furthermore, it is also possible to show the o@ne of aquatic states and the values of the radficonly one
year. The corresponding aquatic states are shoartaloured bar below the temporal axis of the lgi@zreenshot 7).



LIFE13 ENV/ES/000341 » The TREHS Manual

Screenshot 7: Aquatic States Frequency Graph window lower color bar shows the occurrence of aigustates in
the water year selected (1941-42)

The same steps are to be made if there are obsBovedecords for the selected station. As thisas common, the
usual next step is the management of interviewkdrcorresponding window (Screenshot 8).

This page allows the creation of a new interviewsbiecting the plus knob in the heading bar, andreng all the

responses to the questions. When the monthly frege® of the simplified aquatic states are entdareisystem warns if
the sum of a column is not 3 months.

Once the new interview is entered, it is necessamjecide if it is to be taken into account fortfar analyses, by
selecting the ‘Validated’ box. After several intews have been included, they appear in the lgfeupvindow, along

with the resulting values of the metrics. The lovedt windows show the results of the set of intens in a TRP as well
as in an ASFG.

After all the available information has been erddéréo TREHS, the next step is the analysis ofdiverse sources of

information as well as the comparison with othegikable stations. This can be made by selectinglfRe knob in the
upper banner.
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Screenshot 8: Interviews manager window in TREHS.

The analyses shown in this page may be seleatedtfie options in the upper part. It is possiblsttow the current
station, those belonging to a statin group ortall $tations in the current data base. The datzs@an also be selected
by choosing Models, Discharges or Interviews. Ybg error of the determinations can be viewed bgrebars or
ellipses.

The average values of the metrics as well as thdidean distance between several points in thehgm be
measured by selecting groups of points (Screer&hot

As stated before, this graph allows the comparisbithe data obtained from diverse stations. As sanwle,
Screenshot 10 shows the display of all the datahén current data base, note that most of the pangsred,
corresponding to simulated flows.
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Screenshot 9: TRP shown for the current statiore d¥erage metrics and the distance between thdatiomresults
(red dot) and the gauging station (blue dot) iswhadn the lower window.

Screenshot 10: TRP shown for all the data availabléne current data base.

20
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