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ABSTRACT
In Europe, implementation of the EU Water Framework Directive (WFD) has not yet provided a
solution for establishing the ecological status of temporary rivers because the river typology is
still unclear to water managers and remains a matter of controversy for some researchers.
TREHS (Temporary Rivers Ecological and Hydrological Status) is a software program
developed as part of the the LIFE+ TRIVERS project to help river basin managers implement
the WFD in temporary rivers. It is based on application of the EU FP7 MIRAGE project results
(FP7-ENV-2007-1- 211732) and associated publications (Gallart et al. 2012; Prat et al. 2014;
De Girolamo et al. (2015a and b), as well as Gallart et al. (2016) and Gallart et al. (2017), used
extensively throughout this manual.
The fundamental assumption underlying TREHS is that the hydrological features of temporary
rivers relevant for aquatic life are not flow rates (hydrographs) but rather the temporal patterns
of occurrence of aquatic mesohabitats. This includes the occurrence of pools of stagnant water,
which are not identified in hydrographs.
TREHS employs alternative methods for river regime monitoring as well as different metrics and
classifications to characterise river regimes, facilitating selection of sampling dates and enabling
comparison with the natural regime in order to assess the degree of hydrologic impairment
(hydrological status).
The main instrument used in TREHS is the monitoring station in a water body, as defined by the
WFD. Several different stations can be sited in the same water body in order to measure diverse
stream regimes, and this is especially recommended for temporary rivers due to their spatial
regime variability.
Table 1 in section B shows the hydrological status acronyms and concepts used in TREHS.
TREHS is intended to help managers monitor and understand temporary river regimes, select
appropriate sampling dates and use suitable methods to determine hydrological and
ecological status. Both results will contribute significantly to improve the management of
temporary rivers, raise social awareness of their importance and increase their inclusion in
policies related to water and biodiversity.
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1. TREHS PRINCIPLES, ICONS,
HOME PAGE AND FIRST STEPS

1.1.

SETTINGS,

Icons used in TREHS for the main guidelines

TREHS has top bar and left window icons, as well as others in different screens:

1.1.1. Top bar icons:
TOP BAR ICONS
Meaning

For more information

Show / hide map and list of stations
Station metrics listing

Section 1, page 6
-

Show Temporary River Regime plot

Section 2, page 25

Show Flood-Dry-Pools plot (Mf, Md,
Mp metrics)

Section 2, page 28

Settings

Section 1, page 12

Import / export data

-

Recalculate metrics/page1

-

Create new station

Section 1, pages 5, 10, 11

Refresh

-

Return to home page

-

Open manual

-

Back

-

Forwards

-

There are also five more options in the top bar: File, Edit, View, Tools and Help:
-

1

File: this can be used to create a new station, create a new element within a station,
open a database, open settings or close the application.

Recalculation may take several minutes if the database is large.
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Screenshot 1: File options

-

Edit: this can be used for direct or explicit editing (without or with confirmation), and to
recalculate all metrics/indices (this latter may take more time).

Screenshot 2: Edit options

-

View: this can be used to view an interactive map, which can be zoomed in by rolling the
mouse wheel up and down, and working stations may be selected by clicking on the
respective icons on the map.
It is also used to display stations in the left column window, with two different options: table
(left) or tree (right) (see screenshot 4). For the tree option, the categories may be collapsed
or extended by clicking on the triangles and arrows respectively, and the stations are
selected when clicked.
Both the TRP square and the FDP triangular regime plots may be selected for display. The
table option was designed for biological analyses, so it shows the dates of determinations.

Screenshot 3: View options

6
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Screenshot 4: interactive map, tree (right) or table (left)

-

Tools: this is used to recalculate all the metrics and to import or export data to an Excel
spreadsheet (screenshot 5).

Screenshot 5: Tool options

-

Help: this allows the user to consult the manual (the present one) or a brief description of
TREHS (screenshot 6).

Screenshot 6: Help options
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1.1.2. Left window icons:
These icons can be selected or deselected to show or hide the following elements in the list of
stations (blue and green icons correspond to hydrology and biology, respectively):

Meaning

LEFT WINDOW ICONS
For more information

Flow discharge data

Section 2, page 17

Interviews

Section 2, page 20

Observations/photographs

Section 2, page 22

Riparian quality index (QBR)

Section 3, page 30

Fluvial habitat index (IHF)

Section 3, page 31

Macroinvertebrate data

Section 3, page 32

Macrophyte data

Section 3, page 32

Diatom data

Section 3, page 32

Fish data

Section 3, page 32

1.1.3. Other icons:
Additional icons that appear in some TREHS windows, graphs or elements are:
OTHER ICONS
For more
Meaning
information
Edit
Search

Section 1, page 14

Save

-

Copy

-

Paste

-

8
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1.2.

Home page and first steps

First, the language of TREHS can be changed by clicking on the dropdown menu in the upper righthand corner. Then, TREHS offers two options (screenshot 7): open manual (the present one) or start:

Screenshot 7: home page

Click on start to open the home page (screenshot 8).

Screenshot 8: general screen

9
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Then, it is possible to:
or go to FILE  CREATE NEW STATION (screenshot 9).

A) Create a new station: click on

Screenshot 9: create a new station

B) Enter data on existing stations: when a station has already been created, it will be shown as in
screenshot 4. There are two options for entering hydrological and/or ecological data:
B1) Click on FILE  CREATE NEW ELEMENT (screenshot 1), and:
Step 1) Select the station (which has already been created):

Screenshot 10: select the station

Step 2) Select the element:

Screenshot 11: select the index or element

10
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Step 3) The selected element page opens (see sections 2 and 3: hydrologic and ecologic
status, respectively).

B2) Right click on the name of the station to open the option CREATE NEW ELEMENT
(screenshot 12). Then continue with step 2 (screenshot 11).

Screenshot 12: create new element

11
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1.3.

Settings

Before entering, analysing and/or visualising data, the first step should be to review the Settings,
shown in screenshot 13. Select Settings by clicking on the gear icon (

) in the top bar.

This page is used to select the main settings of the application:
-

Select language
Name of the database used (already extant)
Threshold discharges between aquatic states (default values are provided)
Minimum distance between different stations in the same river
Member State regulations for prescribed temporary regimes
Select editing and saving preferences
Display the stations in the left column window as a table or tree (see screenshot 4)

Screenshot 13: TREHS settings, showing the side windows with the interactive
map and the station tree.
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1.4.

First steps

The main page for the station is shown in screenshot 14. This page is used to enter general
information about the station in the upper window. When all data have been entered, the overall
results and diagnosis for hydrological and ecological status are displayed in the lower window.

Screenshot 14: main page for a station with general information and overall results (i.e. hydrological and ecological status).

The required identification data is (see blue box in screenshot 14):
-

Code: assigned by local administration or selected by the user.

-

Name of the station, text name assigned by local administration or selected by the user.

-

Synonyms and description: other names used for the same station, site or stream area.
Text description and any other relevant information on the site.

-

Group selection: the current station can be assigned to a new or extant group of stations (by
any criteria, such as location, geology or land use). To select a group, click on the
corresponding name. To create a new group, use the pencil icon (
).

-

Coordinates: the geolocation must be entered first in order to access the list of WISE codes
for the selected country.

-

Location: this consists of a sequence of European WISE hierarchical codes for the
corresponding water body:
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District
WISE code
Local code
Description
Description (INT)

TREHS displays these water body identification codes when the station coordinates are entered. Click
on the search icon (
) to view a list of the water bodies close to the station for selection (see
screenshot 15):

Screenshot 15: WISE code finder

If the water body is not shown, use the pencil icon (

) to edit it.

The remaining data entries in this section are:
-

Geolocation: ETRS89 longitude and latitude in geographic degrees and decimal fractions
Altitude in metres above sea level (MASL)
Geocodification: automatically selected together with the WISE codes
How to access the station: free space for text information

14
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2. HYDROLOGICAL REGIME AND STATUS

To characterise the hydrological regime and assess the hydrological status (i.e.
degree of hydrologic alteration) of rivers, TREHS allows the use of several
information sources. The present regime may be determined using historical data
on river flows, interviews with residents or observations obtained from in situ
inspections or from aerial or terrestrial photographs.
The reference (or natural) regime can be obtained from flow simulations obtained with any
rainfall-runoff model, historical flow data obtained before the hydrologic alteration, or any other
source.
For each station, TREHS determines six metrics for each entered data source, classifies and
plots the corresponding regimes and analyses the differences between the present and
reference regimes to assess the degree of hydrologic alteration or hydrological status (i.e. if
the hydrological regime is natural or has been modified by human action).
For metrics, the approach employed is based on two main ideas:
i)

Aquatic life in a temporary stream is determined by the temporal succession of three
aquatic phases (APs) or simplified transient sets of mesohabitats occurring in a stream
reach at a given moment, depending on the hydrological conditions (flow, isolated
pools and dry stream bed).
Using the statistics for these APs, six metrics may be defined to characterise the
regime: flow permanence (Mf), dry channel permanence (Md), isolated pool
permanence (Mp), seasonal 6-month predictability of the period without flow (Sd6),
equinox-solstice seasonality (ESs) and summer-winter seasonality (SWs) (for these
and other concepts used in TREHS, see Table 1).

ii)

Statistics and metrics of temporal AP patterns are necessary for four main purposes:
i)
ii)
iii)
iv)

To characterise and compare the stream regime.
To help select the most appropriate sampling dates given the stream regime.
To help interpret the results of biological samples in light of the aquatic phase
occurring on the sampling date and previous months.
To compare the present and reference regimes in order to determine hydrologic
alteration and the corresponding hydrological status.

The basic temporal unit in TREHS is the month, but this is aggregated into season when
interviews or observations are used.

15
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Table 1. Acronyms and concepts used in TREHS: (1)Gallart et al. 2012, (2)Gallart et al. 2017.

ACRONYM

CONCEPT

AF

Alternate-Fluent1

Al

Alternate1

Aquatic phase

Aquatic phase1

Aquatic state

Aquatic state2

Arheic

Arheic2

AS

Alternate-Stagnant1

ASFG

Aquatic States
Frequency Graph2

Edaphic

Edaphic2

Ep

Episodic1

ESs

Equinox-solstice
seasonality1

Eurheic

Eurheic2

FPD

Flow-Pool-Dry plot1

FS

Fluent-Stagnant1

Hyperheic

Hyperheic2

Hyporheic

Hyporheic2

Mf
Mp

Dry channel
permanence1
Flow permanence2
Pool permanence1

Oc

Occasional1

Oligorheic

Oligorheic2

Pe

Perennial1

Qp

Quasi-Perennial1

Sd6

Six-month
predictability of zero
flow periods2

St

Stagnant1

Md

SWs
TRP
WDF

Summer-winter
seasonality1
Temporary Regime
Plot2
Water Framework
Directive

DEFINITION
Aquatic phase regime from FPD plot: alternates between the three aquatic
phases, but flowing for longer periods (Mf>0.40 and Md≥0.10).
Aquatic phase regime from FPD plot: alternates between the three aquatic
phases (Mf≤0.40, Mp<0.40 and Md<0.60).
Simplified transient stage of temporary water condition occurring in a reach at
a given time (flow, standing pools, dry stream bed).
Transient set of mesohabitats occurring in a reach at a given time, determined
by water stage (hyperheic, eurheic, oligorheic, arheic, hyporheic, edaphic).
Aquatic state: zero surface flow but isolated water pools are present.
Aquatic phase regime from FPD plot: alternates between the three aquatic
phases, but remains stagnant for longer periods (Mf≤0.40, Mp≥0.40 and
Md≥0.10).
River regime graph: relative frequency of the aquatic states during months or
seasons throughout the year.
Aquatic state: waterless riverbed and alluvium, involving the disappearance of
any active aquatic habitat.
Aquatic phase regime from FPD plot: usually dry river with either flowing or
stagnant water at infrequent intervals (Md≥0.80).
Metric: temporal occurrence of zero flow periods: the relative frequency of
zero flow months in equinoxes minus the one in solstices.
Aquatic state: water discharge is sufficiently high to allow the occurrence and
connectivity of all feasible aquatic habitats in the reach.
Aquatic phase regime graph: triangle showing the complementary metrics on
the permanence of the three aquatic phases in the river reach (Mf, Mp and
Md).
Aquatic phase regime from FPD plot: usually flowing but otherwise with
isolated pools (0.40<Mf≤0.90 and Md<0.10).
Aquatic state: infrequent high water (flood) conditions.
Aquatic state: most of the stream bed is devoid of surface water in the reach,
although alluvium may remain sufficiently wet to allow hyporheic life.
Metric: long-term mean annual relative number of months without surface
water in the channel.
Metric: long-term mean annual relative number of months with flowing water.
Metric: long-term mean annual relative number of months with isolated pools.
Aquatic phase regime from FPD plot: river usually dry that sometimes, but not
often, has flowing or stagnant water (0.60≤Md<0.80).
Aquatic state: surface water discharge is scarce but sufficient to connect most
pools in the reach through water threads.
Aquatic phase regime from FPD plot: permanently flowing (Mf>0.99).
Aquatic phases regime from FPD plot: usually flowing, except for rare occasions
(0.90<Mf≤0.99).
Metric: temporal occurrence of zero flow periods: the unity minus the relative
frequency of zero flow months in the wetter 6-month period divided by the
relative frequency in the complementary (drier) 6-month period.
Aquatic phase regime from FPD plot: river usually in the form of isolated water
pools (Mf≤0.40 and Md<0.10).
Metric: temporal occurrence of zero flow periods: the relative frequency of
zero flow months in summer minus the one in winter.
Temporary regime graph: X-Y plot of flow permanence Mf (X) versus 6-month
predictability of zero flow periods Sd6 (Y).
Water regulation: European framework for water policy (European
Commission, 2000).
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2.1.

Data collection and management for hydrological status

Data entered into TREHS may come from three sources: i) flow discharge sequences
(measured or simulated), ii) interviews and iii) observations from in situ inspections or
from aerial or terrestrial photographs. These data are stored and analysed by the
software in order to obtain different metrics and graphs.

2.1.1. Flow discharge sequences: measured or simulations

Monthly flow data from a gauging station or model simulations are used to obtain
statistics on the occurrence of diverse aquatic states, following the method
described in Gallart et al. (2012, 2017). This kind of information only allows reliable
determination of aquatic states corresponding to the flowing water phase
(hyperheic, eurheic and oligorheic), and pool and dry channel phases corresponding to almost
zero flows, once the flow thresholds between these states have been determined. To identify
these thresholds correctly, field observations of aquatic states synchronous with discharge
measurements are required. However, in the absence of these observations, thresholds can
be provisionally determined using the shape of the flow duration curve (distribution function of
flow discharges) as generated by TREHS.
Accurate determination of the discharge reading corresponding to real zero flow is not usually
straightforward for several reasons: gauging stations are not normally designed to measure
zero flows, and small changes due to erosion/deposition of sediments in the gauging section
or inadequate maintenance of artificial control can modify the zero flow value. In addition, some
gauging stations may not measure water flow through the alluvium, whereas other stations are
designed to intercept subsurface flow within the alluvium in order to measure it as surface flow.
Therefore, low flow values may correspond to either arheic (isolated pools) or hyporheic (no
surface water) states. Furthermore, low monthly flow values may actually indicate a month with
a few days of flow and many days without flow, but with or without water pools. When flow
simulations are obtained using a rainfall-runoff model, it should not be forgotten that besides
the influence of the above issues on the flow data used for model calibration, most current
models are not designed to simulate zero water discharges. In practice, the user can decide
the value corresponding to actual zero flow and can assign smaller values to either the arheic
or hyporheic states. TREHS displays a warning message stating that the frequency of the
arheic (pool phase) is usually underestimated by flow measurements.
TREHS uses essentially qualitative information (aquatic states, aquatic phases and
flow-zero flow statistics); however, since hydrological information usually consists of
quantitative values for water flows, this kind of information can be entered in the tool to evaluate
statistics for aquatic states and flow-zero flow metrics.

Once a new station has been entered, click on CREATE A NEW ELEMENT (see section 1) and select
the option Discharges. A screen will appear, in which the following information is required (screenshot
16):
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-

Reference: terms to describe the data set. Obs and Sim are suggested for observed and
simulated flows.

-

Date of the data entry.

-

Author’s name or name of the person entering the data.

-

Observations such as the name of the model or gauging station, observation or simulation
period.

-

Threshold: flow value threshold corresponding to actual zero flows; this is required for some
flow simulations or records that do not identify the cessation of flow correctly.

-

Validated: select this box if the data results are being shown on the main station page, main
graphs and used for comparisons and assessments. This allows the exploratory use of diverse
model simulations or historical flow data periods. As many discharge elements as necessary
may be entered in TREHS for each station; only those which are validated will be used.
Unvalidated flow data will appear in light blue in the station tree in the left window.

-

Reference regime: complete this section if the data are to be used for a reference (natural)
regime. There is also an option for metric values to be entered manually instead of being
calculated from flow values; these metrics can be obtained by any other method.

Once the user has completed the general information, monthly flow data must be entered using a grid
format, where the columns correspond to months (13 columns, year number and monthly flows from
October to September) and the lines correspond to water years. TREHS accepts copy-and-paste
format from nearly any document, word processor or spreadsheet table. The system requires the flow
units once the table has been accepted, and subsequently the data are transformed into m 3 s-1. The
middle horizontal window on the page displays a graph with minimum, mean and maximum monthly
discharge values, while the bottom window displays temporary regime metrics for the entire record
on the left and for a selected water year in the box on the right. Their description appears when the
cursor hovers over the metrics.

Flow simulations obtained from an operational rainfall-runoff model should be
available for most water bodies. TREHS does not generate an original flow simulation,
but uses any available simulations, typically under assumed natural conditions or
including a water quantity pressure.
To convert flow statistics into aquatic state statistics, it is necessary to establish the flow
thresholds between them. Although precise determination of these thresholds is a
cumbersome task because the information available is usually insufficient, in practice an
approximate estimation will suffice because it is subsequently used for qualitative purposes
only. TREHS displays an automated temporary set of flow thresholds based on given fractions
of the observed peak discharge; the values of these fractions can be set in the settings page.

18
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Screenshot 16: display of the simulated flow data page.

Once all data have been entered, discharge distribution (flow duration curve plot) can be accessed
by selecting DISTRIBUTION OF DISCHARGES (screenshot 22) to open a new window showing the
flow duration curve (distribution function of discharges), the fitted log-normal distribution (to visualise
data anomalies) and the relative frequency of aquatic states in colour bands.
The AUTO icon will set the automated thresholds (depending on screen size and shape, it may be
necessary to hide ( ) the map and tables in the left window in order to see the AUTO icon).
If the aquatic state (colours) distribution is unsatisfactory, thresholds may be modified by dragging the
round icons from the upper part of the graph to the left or right sides in order to decrease or increase
the threshold flow value.
The flow value (in m3 s-1) and exceedance frequency corresponding to aquatic states are shown close
to the round icons. If the manual thresholds become anomalous, return to AUTO selection and repeat
manual selection.
Finally, select AQUATIC STATES (see blue box in screenshots 16 and 23) to visualise the statistics
on these states, shown in a table in the upper part of the screen, the aquatic states frequency graph
(ASFG) shown in the middle, and the metrics in the lower part. A colour bar showing the aquatic states
for one water year may be opened using the bottom right box.
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2.1.2. Interviews

Interviews designed to estimate aquatic state statistics are useful due to their
qualitative nature, as it is much easier to obtain information on the frequency of
occurrence of running water or stagnant pools from people than from quantitative
discharges of flowing water. However, the six aquatic states and the monthly time
resolution must be simplified in order to obtain robust results from the interviews. Hence, the
six aquatic states from Gallart et al. (2012) are aggregated into three simplified aquatic
phases (running water, stagnant disconnected pools and dry stream bed) and months are
aggregated into seasons.
Replacing data obtained from measured flows with information from interviews presents more
advantages than disadvantages (Gallart et al., 2016). The main temporary regime metrics Mf
and Sd6 can be obtained from interviews with acceptable quality for Mf and somewhat less
quality for Sd6. The main advantage is that the permanence of isolated pools or arheic state
(Mp) can be obtained from interviews, but only rarely from flow records.
The occurrence of this aquatic state in the absence of flowing water is of great biological
importance, as many species can live or survive there during less favourable periods. The
main disadvantage is that the three aquatic states corresponding to the flow phase (hyperrheic,
eurheic and oligorheic) are not distinguished in interview data.

First, click on CREATE A NEW ELEMENT (see section 1) and select the option Interviews. This page
is used to create a new interview by selecting the add icon ( ) above the interview (screenshot 17).
Enter all the answers to the questions and save the entry.

Screenshot 17: interview window in TREHS.
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Once monthly frequencies for the simplified aquatic phases have been entered, the system will
generate a warning if the sum of a column is not 3 months, displaying it in red. All information is
entered in the INTERVIEW EDITOR:
SECTION A: general interview information
-

Date of the interview
Ref. user’s reference for the interview
Interviewer: name of the person who conducted the interview
Interviewee: name of the person who answered the interview questions
Validated: if the interview is accepted (i.e. if it is consistent with other information), it must be
validated before being included in subsequent analyses, graphs and metrics

SECTION B: general questions on the temporary regime
-

(1) Occurrence and overall frequency of stream drying
(2) Occurrence and duration of the arheic state (i.e. pools)
(3) Occurrence of the hyporheic state (i.e. no surface water but saturated alluvium)

SECTION C: matrix of seasonal frequencies of the three aggregated phases
This matrix has four columns (i.e. seasons) and three rows (i.e. aquatic phases). The figure in each
of the cells represents the long-term frequency in months (i.e. may be fractional, screenshot 18).
Each column must total 3, which is the number of months in each season. This can be summarised
as:
-

Number of months when water flows in each season.
Number of months when stagnant pools occur in each season.
Number of months when surface water disappears in each season.

Screenshot 18: core information obtained in an interview. The figures in the table represent the long-term
number of months for each condition in the respective season. The figures at the bottom show the resulting
metric values; Mf: Permanence of flow, Sd6: Predictability of the dry phase, Mp: Permanence of pools.

Once a new interview has been entered, select the Validated box (screenshot 17) to include it in
subsequent analyses. After several interviews have been entered, all information that has been
validated will be used to calculate the Mf and Sd6 metrics (see bottom of screenshot 18) and to draw
a simplified ASFG plot (see section 2 “Metrics and graphs obtained with TREHS”).
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2.1.3. Observations: aerial photographs and direct observations

The primary purpose of entering these data in TREHS is to document the aquatic
state of the reach on the date when it was visited for water and biological sampling.
The entry can also include interpretations of past aerial photographs or terrestrial
photographs such as those taken using the Google Maps Street View time-lapse tool. Remote
sensing images can also be used.
As it is not always possible to identify the six aquatic states, these are aggregated into three
aquatic phases (the same ones used for interviews: flow or running water, stagnant pools and
dry stream bed). Similarly, the time scale is seasonal. Nevertheless, the original data may be
stored using the six aquatic states as well as the date of observation, so that this information
can be used in more detail when necessary.

First, click on CREATE A NEW ELEMENT (see section 1) and select the option Observations. Then,
enter the observation (i.e. in situ or aerial photograph) and save it (screenshot 19). To calculate all
metrics and graphs, TREHS requires three validated observations for each season.

Screenshot 19: observations: aerial photographs and direct observations (i.e. in situ)
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2.2.

Metrics and graphs obtained with TREHS

TREHS uses the entered data to calculate six metrics and generate three
graphs. This output is used to classify the station regime according to two
different standards, identify the best time for biological sampling and assess the
hydrological status (degree of conservation or alteration of the natural hydrological regime).
Nevertheless, classification criteria and threshold values to determine hydrological status can
be modified by an expert user to obtain a more accurate assessment.


Metrics: these are exclusive to temporary rivers and are obtained using the above
methods. Three metrics describe the time-compressed occurrence of the
corresponding three aquatic phases, whereas the other three metrics describe the
temporal occurrence of these phases. Metrics on the six aquatic states are not used
because there is not yet sufficient information. The selected metrics are:
-



Flow permanence, or Mf
Pool permanence, or Mp
Dry channel permanence, or Md
Six-month predictability of zero flow periods, or Sd6
Summer-winter seasonality, or Sws
Equinox-solstice seasonality, or ESs

Graphs: TREHS generates three graphs: Aquatic States Frequency Graph (ASFG)
and Temporary Regime Plot (TRP), both defined in Gallart et al. (2012), and the new
Flow-Pool-Dry plot (FPD), defined in Gallart et al. (2017).

Interim graphic and metric results are obtained separately and shown on pages corresponding to
the information sources used: flow discharge sequences (measured or simulated), observations
(in situ or aerial) and interviews.
Standard deviations of the metrics are also shown, based on annual values for observed and
simulated flows, or on the results of interviews or observations. These partial results are displayed
together on the main page for the station and in the report that can be generated for the station.
Select the HYDRO box on the main station page (screenshot 20, see blue box) to view the overall
hydrological results for the station:


Metrics and regime
-

Values for the five metrics corresponding to reference (natural) conditions and to each
of the three types of information.
TREHS stream regime classification, based on the permanence of the three aquatic
phases2 .
Prescribed stream regime, based on the regulations issued by the Member State when
transposing the WFD, if applicable.

2

Regime classification and hydrological status assessment are shown in a separate spreadsheet where the processes can
be inspected and the criteria updated by an expert user. Open TREHS.EH.LastResult.xlsx in the system temporary folder
(write %TEMP% in the top bar of Windows Explorer).
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Recommended sampling period

The probability of encountering suitable conditions for biological sampling is shown for each
season, using colour bars and the relative frequencies of the aquatic states.



Hydrological status

The degree of hydrologic alteration is shown in four severity levels, together with the confidence
level (i.e. significance of the differences in relation to their standard deviations) and robustness
(i.e. number of types of information used) of the assessment.
The criteria used for to assess status are also shown in order to help managers define the
remedial measures to be taken. A free space is provided for users to add known pressures and
other comments.

Screenshot 20: hydrological status summary
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2.2.1. The Temporary Regime Plot (TRP)

The TRP was designed to compare the two main metrics on the flow occurrence
obtained for different rivers. Thus, this plot shows flow permanence (Mf) and
seasonal predictability (Sd6). For more information, see Gallart et al. (2017).
Here, four sectors represent the temporary aquatic regime types defined by Gallart et al.
(2012): Perennial (P), Intermittent-pools (I-P), Intermittent-dry (I-P) and Ephemeral (E). This
plot and the corresponding classification have been superseded by the FPD plot and
classification (see below) that takes into account not only the occurrence of flow but also the
occurrence of isolated pools. The TRP plot has nevertheless been retained because it takes
into account flow phase predictability, which is not analysed in the FPD plot.

After all the available information has been entered into TREHS, the next step is to analyse the
different sources of information and conduct a comparison with other available stations. This can be
done by selecting the TRP icon in the top bar (see section 1).
The X axis shows flow permanence Mf and the Y axis shows the seasonal predictability of zero flow
periods Sd6. The grey triangle represents an area where the corresponding coordinates are
incompatible.
The TRP plot (screenshot 21) can show the current station, those belonging to a group or all the
stations in the current database. For example, screenshot 21 shows the display of all the data in the
current database. The data source can also be selected by choosing Models (red), Discharges (blue),
Interviews (green) or Observations (orange).
The uncertainty of determinations can be viewed as error bars or ellipses. Average values for the
metrics and the Euclidean distance between several points in the graph can be measured by selecting
groups of points.

Screenshot 21: TRP plot
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2.2.2. Aquatic States Frequency Graph (ASFG)

The ASFG summarises the relative frequency of the wetter aquatic states throughout
the year, using a monthly scale when employing flow records or simulations, or a
seasonal scale when showing the three aquatic phases obtained from interviews or
observations.
The purpose of this graph is to show the relative frequency of the different states or phases
throughout the year and the degree of seasonality of the regime, at a glance. It also provides
an initial indication of the best station sampling dates. However, it does not provide a
quantitative assessment of a river regime for comparison between rivers or reaches.

As indicated earlier, selecting the DISTRIBUTION OF DISCHARGES option will open a new window
showing the flow duration curve (i.e. the distribution function of discharges), the fitted log-normal
distribution (to visualise data anomalies) and the relative frequency of aquatic states in colour bands
(screenshot 22).
Once the flow thresholds have been accepted, the next step is to display the available ASFG by
selecting the AQUATIC STATES icon in the top ribbon (screenshot 23). This page shows the monthly
frequencies of occurrence of the aquatic states in numerical and graphic form. It also shows the
means and standard deviations of the two temporary metrics.

Screenshot 22: distribution of discharges and aquatic states for simulated flows at a station.

Furthermore, it is also possible to display the occurrence of aquatic states and metrics values for a
single year. The corresponding aquatic states are shown as colour bands below the temporal axis of
the graph.
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Screenshot 23: Aquatic States Frequency Graph window by month. The lower colour bands
indicates the occurrence of aquatic states in the water year selected.

When input data comprise flow records or simulations, aquatic states are shown by month (screenshot
23). However, when interviews and in situ and/or photographic observations are entered, aquatic
states are shown by season (screenshot 24).

Screenshot 24: Aquatic States Frequency Graph window by season.
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2.2.3. The Flow-Pools-Dry (FPD) triangular plot and classification

The FPD plot shows the permanence of the three aquatic phases in a single plot.
As these phases are complementary, the plot takes the form of a triangle. Each
of the three axes forms one of the altitides of the triangle, but the corresponding
scales are shown at the sides for ease of reading. The vertical axis (on the left)
represents flow permanence (Mf), with the percentage of Mf increasing from the base of the
triangle to the top.
The axis on the right represents pool permanence (Mp), increasing from the left side to the
bottom right vertex. Finally, the axis at the bottom represents dry channel permanence (Md),
complementary to the others (Md=1-(Mf+Mp)), with the lowest value on the right side and the
highest value on the bottom left vertex. For more information, see Gallart et al. (2017).
This graph classifies the river regime according to the permanence of the three aquatic phases.
The names of the classes were selected as descriptors of the regimes and do not present any
conflict with existing classifications. The boundaries were selected assuming the biological
importance of the corresponding permanence values (Table 2).

Taken from Gallart et al. (2017)

Click on
(see section 1 and screenshot 25) to view the Flood-Dry-Pools plot. This provides
information about:
- Flow permanence (Mf) and its uncertainty (resolution)
- Pool permanence (Mp) and its uncertainty (resolution)
- Dry channel permanence (Md) and its uncertainty (resolution)
- TREHS temporary regime classification: Perennial (Pe), Quasi-perennial (Qp), FluentStagnant (FS), Alternate-Fluent (AF), Stagnant (St), Alternate-Stagnant (AS), Alternate (Al),
Occasional (Oc), Episodic (Ep)
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This plot can be used to obtain information on the presence of surface water when flow ceases (i.e.
isolated pools), compare several sites and/or different sources of input data (e.g. flow records, flow
simulations, interviews, observations) and compare the reference with the present classification for a
station to determine regime alteration (i.e. hydrological status).

Screenshot 25: triangular FPD plot showing the complementary frequencies of the three main aquatic phases
in %: flow (Mf), isolated pools (Mp) and dry stream bed (Md). Mf frequencies increase from the bottom to the
top, Mp frequencies increase from the Mf axis to the right vertex and Md frequencies increase from the Mp axis
to the left vertex.
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3. Ecological status
The Water Framework Directive (WFD, European Commission, 2000) requires assessment of the
ecological status of a river by means of groups of aquatic organisms, namely biological quality
elements (i.e. macroinvertebrates, algae, macrophytes and fish). In addition, it establishes that
ecological status assessment must also include information on the hydromorphological alterations
that support these biological elements. Consequently, ecological status in TREHS includes both
hydromorphological and biological quality.
In order to determine hydromorphological quality, indices can be entered in TREHS, such as the riparian quality
index (QBR) and the fluvial habitat index (IHF). Biological quality can also be determined using
macroinvertebrate, fish, diatom and macrophyte indices.

3.1.

Data collection and management for ecological status

3.1.1. Hydromorphological quality indicators

Riparian forest quality index or QBR:
Step 1) Enter general data: observer, date of observation, observed section and other observations.
If appropriate, it is possible to indicate that this is a reference and/or temporary river (screenshot 26),
which is important, since in the latter case, an index will appear adapted to ephemeral rivers.

Screenshot 26: QBR index
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Step 2) Complete all sections of the index: otherwise, a warning will appear at the bottom of the
screen. Once all information has been completed and revised, click on Validated (screenshot 26) and
then click on Save (see section 1).

Fluvial habitat index (IHF):
Step 1) Enter general data: observer, date of observation, observed section and other observations.
If appropriate, indicate if this is a reference river.

Screenshot 27: IHF index

Step 2) Complete all sections of the index: otherwise, a warning will appear at the bottom of the
screen. Once all information has been completed and revised, click on Validated (screenshot 27) and
then click on Save (see section 1).
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3.1.2. Biological quality indicators

Step 1) Enter general data:
For the four taxonomic groups (i.e. macroinvertebrate, macrophytes, fish and diatoms), enter
information such as: observer, date of observation and other observations. If appropriate, it is possible
to indicate if this is a reference river (i.e. no impact or least impacted).
For macroinvertebrate and fish, more information is required:


Macroinvertebrate: indicate type of data (i.e. presence / absence, abundance ranges,
percentages or abundances per m2) (screenshot 28).



Fish: indicate sampling method, quantification method (i.e. by individuals or grouping by
species) and width (m), total length (m), average width (m) and surface (m2) of the river
section where the sampling was carried out (screenshot 29).

Step 2) Select taxa from the list (i.e. macroinvertebrate, macrophytes, fish and diatoms):
To select a taxon, look for the family name on the left-hand side list (SELECTOR), and double click
it.
To enter taxon values and other observations, double click on SELECTED TAXA (screenshots 28 to
31).
 Other information that is required solely for fish: enter number of individuals (REP),
length (LONG, in mm), weight (g), if individuals present anomalies and which ones,
number of individuals measuring less than 15 cm (IND <15) and other observations. CL
SIZE (class) and CL SIZES (number of different classes from each species) are calculated
automatically.
There is an option to search for the name of a taxon through the Filter, located at the end of the
taxonomy list.
There is an option to copy, paste or delete the SELECTED TAXA table (
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Screenshot 28: how to enter macroinvertebrate data

Screenshot 29: how to enter macrophyte data
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Screenshot 30: how to enter fish data

Screenshot 31: how to enter diatom data
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Step 3) Results:
The output values are shown on the right-hand side of the screen (screenshots 28 to 31). The software
calculates several metrics and indices currently used in biological assessments.
There is an option to export or import the SELECTED TAXA table. For diatoms, there is an option to
export or import results to OMNIDIA (screenshot 31).

Step 4) Validation:
Once all data have been entered and revised, click on Save and then click on Validated (see section
1).

3.2.

Visualisation of ecological status data

To view a summary of the ecological status, click on the ECO tab (screenshot 32).
There is an option to view all hydromorphological and biological indices by clicking on the
corresponding icons (screenshot 32, see also section 1).

Screenshot 32: ecological status summary
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