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•National Public Body supporting the 
Ministry of Environment (MoE)

•Research Institute + National 
Environment Agency

•National coordinator of Regional EA 
federation

•National WISE node

ISPRA

•Support Environ. policies implementation
Produce standards + methodologies for monitoring + evaluation 
of env. status, flood hazard etc…
Make methodologies applicable by competent authorities!
Training activity

WFD transposed into national law and implemented at different
scales:

• National (standards, indications) MoE,ISPRA

• RBD (planning activity, design of general measures) River Basin
Authorities

• Regional (monitoring, implementation of measures, funding)
Regional Administrations

21 REGIONS/P 8 RBA (WFD) 47 UoM (FD)

2000: DEVOUTION
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1)

2)

National energy production 2014 
[103GWh]

Total:280*103GWh

542 Large Dams

Hymo Pressures on Italian Rivers….
Densely populated country and high levels of hazard 
and risk related to fluvial processes 

Magra River catchment

Water Framework Directive
(WFD)

Floods Directive
(FD)

SafetyEcological Quality

Renewable Energy 
(RES)

One river, (too) many objectives…?
Multi‐scale tools!
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Assessment of current hymo 
conditions in terms of:

HYMO quality (MQI) 

+ 

Morphological dynamics = 
flood HAZARD 

Inform decision on measures

Spa al context Temporal context 

Stage I: Catchment‐wide 
delinea on and spa al 

characteriza on of the fluvial 
system 

Stage II: Assessment of 
temporal changes and current 

condi ons  

Stage IV: Management 

m
e 

Stage III: Assessment of 
scenario‐based future trends 

Monitoring and assessment: 
MQI, IARI, IH,  HP &

HMWBs

Analysis of Possible
Measures

Selection & Design of 
Measures

Morphological reaches/WB

The Hymo toolbox

FLOOD HAZARD TOOLS:
• MDI
• EDC
• MDC/EDC

WFD TOOLS:

• MQI
• MQIm
• GUS
• IARI
• HP
• IH
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Hierarchical evaluations: scaling with the size of the 
problem/objective.

Morphology (including continuity):
MQI Morphological Quality Index
Habitat Integrity Index (Vezza et al. 2014)

Hydrology
(IARI) Hydrological Regime Alteration Index Based on IHA 

(Poff et al, 1996; Richter 1997)
Indicators of Hydropeaking (Carolli et al. 2014)

WFD Hymo assessment in Italy

Mesohabitat scale

Subhourly scale

• ISPRA designated by Italian MoE: national 
Hymo research core group 
(ISPRA&UniFI+UniTN+UniBZ+UniPD)+PoliTO..

• 2010: WFD HyMo Assessment method MQI. 

• 2011‐2013: Comprehensive methodological 
framework (IDRAIM) to support integrated 
management of geomorphological river 
processes explicitly including consideration of 
fluvial hazard (2013) 

• 2015: Extension to Europe through FP7 
REFORM project (MQI, MQIm, GUS)
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Large hydropower plants in the Alps: 522 for 282 TWh

Flow regime alteration in 
hydropower regulated river 
basin at yearly and sub‐daily 
scales (hydropeaking)

Dam 1

Dam 2

D
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ge

Application of 2 indicators* to quantify hp pressure

Measure of intensity of hydropeaking
HP1i  = daily maximum variation of Q

Measure of rate of variation 
(extreme daily ramping and 
dewatering rates)

1)

2)k = sampling step

* Boillat, J.‐L., Schleiss, a. J., & Meile, T. (2011). Hydropeaking indicators for characterization of the Upper‐Rhone River in Switzerland. Aquatic Sciences, 73(1), 
171–182
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HP2i  P90 (HP2k )i ;

HP2  median(HP2i )
Series of daily values as 
90° percentile of daily 
distribution of HP2k values

Population of sub‐hourly k 
rates

90th percentile as a measure of daily variations (range of variations) 
to exclude extreme values
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Thresholds based on a non‐parametric definition of outliers were
defined and calculated on unpeaked gauging stations data series

Medium pressure HP1 > LHP1 OR  HP2 > LHP2

High pressure:      HP1 > LHP1 AND HP2 > LHP2

Absent or low pressure:  HP1 < LHP1 AND  HP2 < LHP2
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1)

2)

It evaluates the level of pressures induced by 
hydropeaking on a fluvial water body

It is scientifically solid but easily applicable by the 
competent authorities

It is included in the suite of methods in legislation for 
Water Protection and Management

How to recognize thermopeaking from at‐a‐station thermal signal?

Which are the metrics heavily affected by TP?

Influence of seasonality?

hydropeaking

thermopeaking

Toffolon et al. (2010). Thermal wave dynamics in rivers affected by hydropeaking. Water Resources Research, 
46(8), 1‐18

Toffolon et al. (2010)
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17

48 temperature‐sampling stations
6 years of records
10 min breakdown

hydropeaking

thermopeaking?

reference behavior
defined by statistical threshold

29 unaltered 19 altered

INDICATORS

• avoid up and downstream measures
• minimize influence of local physiographic 

features

Yes‐no‐how much?

TPΔ

TPEn

unaltered

altered

2 different metrics for the sub‐daily thermal 
alterations

alteration of sub‐daily thermal variation 

alteration of sub‐daily fluctuation frequency18

Ratio between short‐scale (<6 h) 
and 24 h oscillation energy
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TPΔ,i distribution

unaltered altered
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TPΔ 0 TPΔ 1

the maximum sub‐daily 
variation is small compared to 
daily variation

the maximum sub‐daily 
variation is similar to the 

daily variation

median of the ratio between maximum sub‐daily (30 min) and the daily variation

oscillation period [h]

unaltered

altered energy of sub‐daily oscillations
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Ratio between short‐scale (<6 h) 
and 24 h oscillation energy

TPEn 0 TPEn 1

several short‐scale 
fluctuations 

dominating fluctuation 
of 24 h 

Thermogram unaltered, few frequencies

Thermogram completely altered
It contains all the frequencies!
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unaltered behaviour, 
statistically similar to 
reference group

altered behaviour, both magnitude and 
frequency of thermal fluctuations differ from 
reference stations

TPEn

TPΔ

interannual variability

 thresholds vary
with seasons

22

no relevant influence of physiographic characteristics

 elevation
 basin area
 basin mean elevation
 …

indicator values decrease with distance

no thermally altered stations further downstream of 12 km from 
HP release

Spatial scale: thermopeaking ≠ hydropeaking?

space

intensity
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summarizing…

define a reference behaviour of unaltered stations

 statistical approach to quantify the sub‐daily thermal 

regime alterations

 seasonality: in glacio‐nival regimes, summer appears to 

be the most sensitive one

 TP alterations seem to vanish sooner than HP ones

methodology can easily applied (no upstream‐

downstream measurements required) as screening tool

to identify thermally altered stations

Small hydropower plants: 5225 
in the Alps for 8.9 TWh (in 
Trentino, 239 small plants vs 33 
large plants)

Decades of hydropeaking…endless demands for licensing.......
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Malga Mare

Pian Palù

Cogolo

Maso Castra

Cusiano

Masi di Contra

Noce Bianco 
River: three
hydropower
plants using
the release 
from Cogolo 
hydropower
plant: 
hydropeaking 
mitigation in a 
8 km reach

HP 10X!!!!

One of the best river
in the world for
whitewater rafting 
(NatGeo and Lonely
Planet)

Noce River, NE Italy: 25 km

Conflict 
among 

stakeholders!!
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Peak flows: suitability in in 
August and September

Significant variations of 
suitability spatially and 
temporally (monthly and 
sub‐daily)

Space

Ti
m
e

Base flows: no suitability in 
in August and September

3) as part of the increasing regulatory and implementation efforts, 
hymo & hydropeaking in Italy are a central issue not only in 
research but in the agenda of gov. institutions, competent
autorities and hydropower companies

2) assessment and design methodologies must be grounded in 
scientific research, by nature interdsiciplinary (ecology, 
hydraulics/hydrology, geomorphology, ...)

1) hydropeaking part of multiple stressors due to water uses: 
diagnosis and mitigation as part of a broader hymo assessment
(+ environmental flow measures).
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