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E-flow assessment and monitoring in ltaly

Minimum e-flows are required by Law (D.M. 28 Luglio 2004).
Used methods can vary on a regional base but they mostly
iInclude:

» Hydrological regionalization approaches using Q97 as a
reference;
» Hydrological indices, mean annual / low flows.

E-flows are then evaluated and monitored through a given
methodology where Dbiological and hydromorphological
Indicators can be used.



E-flow assessment and monitoring in ltaly

We think that hydro-morphological aspects are well suited to
design, evaluate and monitor e-flows.

Biological indicators (e.g., WFD) are currently used in lItaly to
evaluate e-flows but they may be subject to limitations due to:

The need of simulating a large range of e-flow scenarios
Absence of target species

Time lag for population recovery

Natural population variability

Influence of fish restocking

Angling

Presence of alien species
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Local hydro-morphology and
habitat modelling tools

Habitat modelling tools can be used to design and monitor
e-flows, as well as to evaluate the impact of both hydrological
and morphological alterations on the aquatic and riparian

ecosystem.
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Habitat as a metric to evaluate e-flows

Quantifying spatio-temporal variation of HABITAT resources for
biota could be used as a metric that links

1 - hydrology (hydraulic conditions, flow regime);
2 - morphology (channel geometry, shelters, reproduction areas);
3 - biology (aquatic and riparian communities)




E-flow monitoring program
Valle d’Aosta Region

Table 1. List of indices used to monitor the Savara stream between 2008 and 2013
Index Acronym Reference Ecological parameter

Level of Pollution from Macro- LIM D.L.152/99 Water physico-chemical
descriptors quality
Extended Biotic Index IBE Ghetti (1997) Benthic invertebrates

Fluvial Functional Index IFF Siligardi et al. (2007) Hydro-morphological and
biological characteristics

LIM to assess ecological status LIMeco D.M.260/2010 Water physico-chemical
quality

Standardisation of river STAR_ICMi Buffagni and Erba Benthic invertebrates
classifications, Intercalibration (2007)

Common Metrix Index

Intercalibration Common Mancini and Sollazzo Diatoms

Metrix Index (2009)

Macrophyte Biological Index for Haury et al. (2006) Macrophytes
Rivers

Ecological Status of Fish Zerunian et al. Fish
Communities Index (2009)

Morphological Quality Index Rinaldi et al. (2013) Geomorphology

Aggregate Index of Hydrological Goltara et al. (2011) Hydrology
Alteration Richter et al. (1997)

Index of Habitat Quantity Vezza et al. (2014) Habitat
Index of Habitat Stress Days Vezza et al. (2014) Habitat




E-flows monitoring program
Valle d’Aosta Region — Savara stream

Table 2. Monitoring data for the Savara stream during e-flows implementation
(analysed period 2008 - 2013). Both ecological status and index values are reported.

Year Min LIM IBE IFF LIMeco STAR ICMi IBMR ISECI IQM IIHA ISH ITH
e-flow -ICMi

I I I i - - - - .
2008 0 0y (3.6) (226) 0.59 0.18 0.05

I 1I 11 - - . = - .
2009 130 /s (560) (9.0) (226) 0.73 0.55 0.31

I 1I 11 I I I Vv
(520) (8.8) (226) (0.95) (1+) (0.95) (0.2)
I 1I II I I I Vv L &
(520) (9.0) (226) (1.00) (1+) (0.91) (0.2) (0.88) °-

I 1o I I 11 I V
(520) (9.0) (226) (0.98) (0.83) (0.89) (0.2) 0.75 0.75 0.35

S I TR VAR
(520) (9.0) (226) (0.96) (0.83) (0.89) - (0.2) (o.g) 9-/1 0.67 0.33

2010 1301/s 0.72 0.51 0.24

2011 1301/s 70 0.49 0.23

2012 3251/s

2013 3251/s




E-flows monitoring program
Valle d’Aosta Region — Savara stream

Table 2. Monitoring data for the Savara stream during e-flows implementation
(analysed period 2008 - 2013). Both ecological status and index values are reported.

Year

Min
e-flow

LIM

IBE

IFF [LIMeco

STAR ICMi
-ICMi

IBMR ISECI IQM IIHA ISH ITH
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0

I
(520)

II
(8.6)

I1
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II
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II
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0.55

0.31
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11
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I I
(1+) (0.95)

Y

(0.2) 0.72

0.51

0.24

2011

130 1/s

11
(9.0)

II
(226)

I I
(1+) (0.91)

\' I

(0.2) (0.88) 9-79

0.49

0.23

2012

325 1/s

II
(9.0)

11
(226)

11 I
(0.83) (0.89)

Vv
(0.2) 0.75

0.75

0.35

2013

325 1/s

11
(9.0)

1I
(226)

11 I
(0.83) (0.89)

v 1
(0.2) (0.88) 2-71

0.67

0.33




E-flows monitoring program
Valle d’Aosta Region — Savara stream
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E-flows monitoring program
Valle d’Aosta Region — Savara stream

Table 2. Monitoring data for the Savara stream during e-flows implementation
(analysed period 2008 - 2013). Both ecological status and index values are reported.

Year Min LIM IBE IFF LIMeco STAR ICMi IBMR ISECI IQM IIHA [ISH |ITH
e-flow -ICMi

I I I i - - - - .
2008 0 0y (3.6) (226) 0.59 [0.18 |0.05

I 1I 11 - - . = - .
2009 130 /s (560) (9.0) (226) 0.73 ]0.55 ]0.31

I 1I 11 I I I Vv
(520) (8.8) (226) (0.95) (1+) (0.95) (0.2)
I 1I II I I I Vv L &
(520) (9.0) (226) (1.00) (1+) (0.91) (0.2) (0.88) °-

I 1o I I 11 I V
(520) (9.0) (226) (0.98) (0.83) (0.89) (0.2) 0.75 [0.75 |0.35

S I TR VAR
(520) (9.0) (226) (0.96) (0.83) (0.89) ~  (0.2) (0.88) /1 [0-67 10.33

2010 1301/s 0.72 |0.51 |0.24

2011 1301/s 70 10.49 0.23

2012 3251/s

2013 3251/s




Habitat modelling tools

Channel hydro-morphology Species distribution

Quantitative habitat evaluation
over space and time




Meso-scale habitat models

» Include in the analysis a large range of habitat variables (hydraulic
variables, cover availability, water temperature, shore characteristics,
biotic interactions);

» Analyze environmental conditions around an organism, not only at
the point where it is observed;

» Are more flexible to be applied where hydraulic models can not be
easily calibrated (e.g., mountainous high-energy systems with exposed
cobbles and boulders)

» Mesohabitats correspond in size and location to geomorphic or
hydraulic units and they are integrated with the Geomorphic Units
survey and classification System (GUS, D6.2 Part 4, REFORM)

> Allow a more appropriate selection of river representative sites and
results can be upscaled to river sectors or entire catchments



Habitat-flow rating curve
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Habitat time series

Streamflow time series
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Habitat indices for e-flows evaluation

We proposed two habitat indices:

ISH — Index of Spatial Habitat availability
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E.g., Taro River - Piane di Carniglia (PR)
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E.g., Taro River - Piane di Carniglia (PR)

Legend
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Habitat-Flow rating curve

F. Taro - Piane di Carniglia
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Taro River — Piane di Carniglia (PR)
Year 2007

Reference Altered
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ISH
Index of Spatial Habitat availability

Area disponiibile [m?]
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ISH, = 6495 / 7207 m2 = 0.90




Habitat time series

Curve UCUT

(Uniform Continuous Duration Under Threshold)
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ITH — Index of Temporal Habitat availability

[TH = IIliI](E_ﬂ'EB AGS)SPECiE

AGS, 0 = 228% ITHp 4 pe = 0.42




IH — Index of Habitat Integrity

Tabella A4.2 - Valori di ISH, AGS ¢ ITH calcolati per il caso del F. Taro a Piane di Carniglia.

Specie/stadio vitale ISH AGS ITH

Trota fario - adulta 0.92 1.60 0.54 — -

Trota sp. - giovane 0.97 0.86 0.72 IH=(0.90 +0.42) / 2 = 0.66
Vairone - adulto 0.95 0.13 0.95

Vairone - giovane 0.99 0.93 0.70

Barbo — Barbus sp. 0.90 2.28 0.42

Cavedano - adulto 0.97 0.83 0.72

Ghiozzo - adulto 091 0.94 0.69

Legend

Species distribution
Brown trout - adult
- Absent

Present

Abundant

0.40 = IH < 0.60 Moderate

0.20 £IH < 0.40 Poor
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Sediment release from dams

Sediment by-pass

.
dand-; -

g
T SR+ :1 l‘”‘“‘\




Including morphodynamics
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Unsupervised mesohabitat classification
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Conclusions

Most of the current biological assessment methods (e.g., WFD)
used to evaluate e-flows are designed to assess the overall water
quality impairment.

For some of the biological communities (e.g., fish) the hydro-
morphological alteration may not be the only driver of community
composition, which can be artificially altered by massive restocking,
angling or introduction of alien species.

The proposed habitat indices can be considered flexible tools since
they can capture both spatial and temporal alteration of habitat
structure.

They can quantify the effect of both hydrological and morphological
alteration and the analysis can be carried out for different kind of
pressures.
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