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River connectivity / continuity...

...concerns water, sediment
and organisms

River continuum
concept

: Flood pulse
/ﬁ concept
hredders

\ Predators
razers
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Vs. river fragmentation...

...impairs water, sediment and

organisms
h \ ?
L4h ab-c ¢

RIVER FRAGMENTATION:
WHAT EXTENT? WHERE? HOW TO ASSESS IT?
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.. and disrupts ecosystemsi.
services .
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Ecological Status of European Lakes & Rivers

T ( ] —
e e AT e 9- W ?);*\ —A0%, Proportion of classified river
a e . :

2 I
\, >90% Good

and lake water bodies in
different River Basin Districts
(RBD) holding less than good
ecological status or potential

m < 10%
1 10-30%
B 30-50%
B s0-70%
B 7090
|

[] EEa member countries
not reporting under
Water Framework
Directive

[] No data

- Outside coverage

$

EEA 2015

Most EU watersheds fail to meet WFD targets

Habitat loss & fragmentation is a key problem!




Fragmentation of major EU rivers
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Globally, Europe is the
continent with the smallest
number of completely
unfragmented large river
systems (Nilson, 2005)

Accessibility for migratory fish
—— Accessible from sea

No barriers, but not connected to sea
—— Inaccessible or poorly accessible

Not yet evaluated

Despite the
WEFD, all major
EU rivers
remain poorly
connected and
unaccessible to
migratory fish

PBL Netherlands
Environmental Assessment
Agency, Oct 2015




AMBER: Adaptive Management of Barriers in European Rivers
Horizon 2020, €6.2 M, 20 partners, 11 countries 2016-2020
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N7 alDurham § i g EJLL.!W @U((

Swansea University l_}“i\.-ersi[‘: ' o U""'rm w * Cork, -4-7
Prifysgol Abertawe ‘

o
- -

n —~ ) . O
ﬁz . i \ / \@ @ ingenieurbiiro un m []

RS rourecnico per Southampton : S €DF

IV e Satimen Can iy WWF kauppert

8 Universities — Swansea, Durham, Highlands & Islands, Southampton (UK), Cork
(Ireland), Oviedo (Spain), POLIMI (Italy), DTU (Denmark)

4 Industrial partners - EDF (France), IBK (Germany), Innogy (Germany), Sydkraft
(Sweden)

4 NGOs - WFMF (Netherlands), WWF (Switzerland), CNSS (France), AEMS (Spain)

4 National/EU Research Centres - IFl (Ireland), ERCE (Poland), SSIFI (Poland), Joint
Research Centre (European Commission)

- Laura Wildman (Princeton Hydro, US), Martina Bussettini (ISPRA, IT),
Josh Royte (The Nature Conservancy, US), Guillermo Giannico (Oregon State University, US)

AMBER
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http://www.amber.international/

Adaptive Management of Barriers in European Rivers

History

Values & attitudes
Ecosystem Services
Decision making process

Water supply
Fisheries : : :
: Fish migration
Hydropower morphological .
Flood risk River morphology &
00a s t Habitats
managemen Sediment connectivity
Nutrients

AMBER



Challenges for restoring river connectivity in EU

1. Number of barriers in EU rivers is unknown

- Definition of ‘barrier’, country coverage, scale

2. ... but certainly more than we can mitigate for
- Best estimate (based on regional data) =

0-6 tO 1-8 mi"ion damS & WEirS! (Garcia de Leaniz, pers.comm)

3. Prioritisation tools are required

AMBER




Challenges for restoring river connectivity in EU

Change in %

+ 40
+ 20
+ 10
+5

Increase
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Projected changes in river flows
over baseline values (JRC 2012)

AMBER

W Solar thermal

B Solar photovoitaic
B Geothermal

M Liquid biomass

W wind

W Hydro

I Biomass and waste

10%

Hydro

5%

o O
R R R R

v
S

Breakdown of renewable energies/total

4. River flows will decrease,
...where water is most needed!

5. Increase in hydro to meet
EU energy targets

6. Impacts of barriers will
worsen
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Challenges for restoring river connectivity in EU

Hydroelectricity boom in Europe
« 2020 target of 20% energy from renewables

 Pumped Hydro-Storage (PHS) important for
attenuating solar and wind electricity

« Expected investment of €26 billion in PHS
alone between 2013 and 2020

The European Market for Pumped Storage Power Plants, Ecoprog, April 2011. https://setis.ec.europa.eu/publications/setis-
magazine/power-storage/europe-experience-pumped-storage-boom



https://setis.ec.europa.eu/publications/setis-magazine/power-storage/europe-experience-pumped-storage-boom

Challenges for restoring river connectivity in EU

7. Much is known about restoring fish [salmonid] passage,
little about other taxa or fluvial processes

WWW.FISHPASSAGECONFEREN CE.com

«FISH PASSAGE 2015 >

International conference on river connectivity best practicns and innova!




Challenges for restoring river connectivity in EU
8. Not all barriers can — or should — be mitigated
i.e. Aquatic Invasive Species

B O
B ok D

e
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40 120 130 140 150 |

Topmouth gudgeon Barrier to prevent immigration of
invasive salmonids (NZ)

AMBER



Challenges for restoring river connectivity in EU
8. Not all barriers can — or should — be mitigated
i.e. cultural heritage

Roman bridge (Cangas de Onis, R. Sella)

AMBER



Challenges for restoring river connectivity in EU
9. Better decision & prioritization tools are needed!

Barrier Impacts:
Sajg 2

10 km

- Number
- Location
- Passability (?)

Barrier
p=0.5

Ocean DClp=83

Barrier Mitigation:
- Cost
- Opportunity
- Benefits (?)

Dendritic connectivity index

AMBER



New opportunities for restoring river connectivity

1. New technologies

eDNA/meta-barcoding

% ._A .
s
- S
5. T -."\:
R

* e.q. soil, water, air

environmental DNA (eDNA)

* from o bulk environmental sample

* organisms or their parts were not isolated
* mix of DNA from multiple individuals & species

/

(!nhcorganismol eDNA (ieDNA)\
* inside a living organism
* replicates
* protected by living processes

Ve

Drones for quick surveying & remote sensing

Modelling

B~

Cximorgcnismal eDNA [eeDNA?
* not inside a living erganism
* no longer replicates
* experiences degrodgﬂon

. -
o S8°Y)

-




New opportunities for restoring river connectivity

2. Citizen science & local engagement

e Smartphone apps/ CS portals

Helping to improve the connectivity of our river
network

S .
&N niverobstacles

AMBER



Selected AMBER products

e European stream barrier inventory and ATLAS (2019)
e Barrier assessment smartphone app (Spring 2018)

AMBER



Selected AMBER products

* Adaptive barrier management guidance and decision
support tools:

e River infrastructure assessment and classification software
tool (passability and hydropower potential) (2018)

Toolkit molecular methods (2017)

Remote Sensing based Rapid habitat assessment
methodology (2018)

Habitat modelling toolkit (2018)
* Barrier impacts on sediment connectivity (2018)

AMBER



Selected AMBER products

* Book: Best Practice Guidance on Adaptive Barrier
Management in Europe (2020)

e Scientific Publications

https://amber.international/peer-reviewed-publications/

AMBER


https://amber.international/peer-reviewed-publications/

6 Main Case Studies

4. R Garry:; Scotland

3'Fermoy/ClonduIane Weir - R. Munster Blackwater/ (Ireland)

2. PoutesiDam -iR"Allier (France)

i f o

adaihorce (Spain)
T

5. Wioclawek Dam - R: Vistula (Poland)




Fraction of Input

Selected AMBER products

Barrier impacts on sediment connectivity
CASCADE - CAtchment Sediment Connectivity And DElivery

m Ode/ \} Source grain size Sediment Flux [kg/yr]
V‘f'"' T—— . ® ~ 1.42E10
Y Coarse sand/-

fine gravel 1.51E9
5.60E7
3.08E7
Sediment sorting , Distance to sources | 1 o667
0.9
1.41E7
0.8
0.7 9.78E6
06|
7.12E6
0.5
0.4 | 5.04E6

03

| | 3-16E6
|

Schmitt, Bizzi, Castelletti, 2014, Geomorphology

28



THE AMBER ATLAS

AN EUROPEAN ATLAS
OF RIVER BRRIERS

POLIMI: Barbara Belletti, Simone Bizzi, Andrea Castelletti
JRC: Wouter Van de Bund
WFME: Rosa Olivo del Amo, Pao Fernandez Garrido
CNSS: Gilles Segura

AMBER



River fragmentatlon a worldwide issue

%«.\. . =~ % . jpos a4 m
o — oy X = o _ - u!u!-
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s g

Vorosmarty et al. 2010 (Nature)

Major dams (> 10 m)

Legend
Barriers density every 300kmq

-
3
.
20
;50
AMBER



River fragmentation in Europe: state of art
Continental, National, Regional scale

Continental

Major dams (> 10 m)

Legend
Barriers density every 300kmq

.
3

20
50

AMBER



River fragmentation in Europe: state of art
Continental, National, Regional scale

Continental + national

All barriers
(also < 10 m)

-_ \ yd "
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Legend
Barriers density every 300kmq
.
3
20
N 50
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River fragmentation in Europe: state of art
Continental, National, Regional scale

Continental + national + regional

All barriers
(also < 10 m)

-t»‘ "
' '--51:';' "
LIRS RPN N
R ‘
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Legend \
Barriers density every 300kmq 75”“
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a
20
. 50
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Number of barriers

AMBER

600
400
200

2000

1000

3000
2000
1000

GRanD database (world-wide)
T l T

Type of barriers for different datasets

10 20 30 40 50 60 70 80 90 100
Swedish National Database
T T I T T T I T
| | | | | | | |
20 30 40 50 60 70 80 90 100
French National Database
I I | T T T T T
| | | | | | | 1
10 20 30 40 50 60 70 80 90 100
%10 US National Database
| I 1 T
| | | | | | |
10 20 30 40 50 60 70 80 90 100

Barrier height (m)



B National inventory
" | Regional inventory
B Yet to be contacted

Created with mapchart.net &

AMBER

v
Data availability

Do &




Data availability: a first survey

WORLD NATIONAL REGIONAL
GRanD Sweden France Switz. us Guadi.ana Ebr'o
Basin Basin
Latitude/Longitude Yes Yes Yes Yes Yes Yes Yes
Name of obstacle Yes Yes Yes Yes Yes Yes Yes
Name of River Basin Yes No Yes No Yes Yes No
Name of river Yes No Yes No Yes Yes Yes
Height Yes Yes Yes Yes Yes Yes Yes
Width Yes Yes No Yes Yes Yes Yes
Storage Volume Yes Yes No Yes Yes No No
Date built Yes Yes No Yes Yes No No
Type of obstacle No Yes Yes Yes Yes Yes No
Origin of obstacle (natural / artificial) Yes Yes No Yes No Yes No
Construction type/material No Yes No No Yes Yes No
Obstacle conditions (good, bad) No No No No Yes Yes No
Functioning, ;:;;:tczidngjwen flood Yes No Yes ) Yes No No
Fish passage/other facilities No Yes Yes No No Yes Yes

Update: November 2016

River fragmentation of European rivers
is largely unknown

AMBER



Need for a pan-EU ATLAS
PROBLEM (many) ... == R

National and regional (and provincial!) Scattered data availability
databases

Fragmentation extent?

«.SOLUTION
(a starting point)

<> O
o

Databases
“incomplete”

ey e nam gt

WDF &
. Ecological state 2 =

European Barrier Atlas
=8~ P
AMBER




AMBER ATLAS

Barrier ID-card

New ID defined within AMBER
H ID of the source database

AII ba rrlers Link to data source

EU country
matter Latitude (WGS84)
Longitude (WGS84)
Name of the river
IEEET Name of river basin
Barrier height (m), i.e. the structural height
Dam, weir, spillway, etc.
Date of building (end)

AFTER

Post-processing

~ Catchments
/” "':-'3?\\.‘:
i N
Data Dams (Cwm:%‘. Rive

validation \
~I7 Lakes £7

A commovh“pan-EU data coverage -
ECRINS

All existing databases

AMBER



AMBER

ATLAS outcomes

Fragmentation of EU
/ rivers

5 Data accessibility
and gaps

\ Protocol for
barrier reporting
Data storage
Relational database

Impact assessment \ " > s

Management

4

Diackomous



AS outcomes

Continental scale indicators for river fragmentation
JRC TECHNICAL REPORTS caused by barriers (based on DAMPOS)

furvpaan
Cormevésnion

Assessment of the effectiveness of
reported Water Framework Directive -
Programmes of Measures

Part Il — JRC Pressure Indicators v.1.1:

nutrients, urban runoff, flow regime and
hydromomhological alteration

At PIRISCEN, Albenio Alce, Bruna Gelzzati, Ange! Udias,
Orgs Vigiak, Bernard Bissaline, Fayga! Boursoui, Ad de Reo,
Emilano Gelali, Marco Pastori, Wouler van ds Bund

We expect that the
AMBER ATLAS can

improve this kind s A
of analysis sindl




ATLAS outcomes

M Geographic or socio-economic
/—  drivers for barrier distribution (and

river fragmentation)

Fragmentation

. L8N Macksm -

Link between river fragmentatlon and the ecologlcal state
under WFD

River fragmentation and...
sediment connectivity,
flood risk, ecological
connectivity

AMBER



Data validation and update

P

DATA VALIDATION

Dam existence

AMBER APP

S
L a2,
H >
.‘-‘ /

:
3
” -
7, 2
:
"

Effective
data coverage

Citizen science

Coming soon... Stay tuned!

BARRIER MONITORING (?)

AMBER



Data collation strategy and progress

w {\:’bféy

Amber coun O
Amber network
Not Amber countries o

a F :

Progress update Nov. 2017
- 13 out of 14 Amber countries p
- 3 out of 8 Amber network

- >50 % Not Amber countries

Created with mepcharinel ©

AMBER



Barrier density (Amber countries)

Barriers > 10 m

70

65

60

Latitude
(8)]
(4)]

o))
o

45

40

AMBER

T

Data collation: first results

0 5 10 15 20 25
Longitude

Belletti, Bizzi et al., June 2017 (Deliverable D1.2)

+40.038

0.025

1 0.02

0.015

0.01

0.005

Density per kilometer
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AMBER

Key
parameters

WSource__IDW

URL imrai'n)

Countryi
X_coord

~ Y_coord

River

Basin
Height

parameters
Source ID
URL (main)

Couhtry
X_coord

Data availability: first results

Denmark France Germany
X X -
NA htto://ww -
w.sandre,
eaufrance
fr
X X -
X X -
X X -
X X -
X X -
NA X -
X X -
NA NA -
X X -
Spain Sweden Switzerland
X X X
http://w  https://bio https://s.ge0
ww.map topkarteri .admin.ch/6f
ama.gob. nglansstyr 35418806
es elsen.se
X X X
X X X
X X X
NA X X
NA X NA
X X X
X X X
NA NA NA
NA NA NA
NA X NA

Ireland

§§xxxxxxx

England

NA

- v
x§>xxxxxxx

Italy Netherlands

NA X
htto://w  http://www
wwregls sportvisseri
troitalian  [nederland.
odighe.it nl

X X
X X
X X
X X
X X
X NA

NA X

NA NA

NA X
Scotland Wales

X X
http://ww NA
W.SEP5.0ME

uk

X 5

X X

X X

X X

NA X

X X

X X

NA NA

NA NA

NA NA

Poland

Northern
Ireland

NA
https://w

ww.daera-

ni.gov.uk

Amber countries

45



Data collation: first results

Barrier density (Amber countries)
Including barrier < 10 m

70

65

Latitude

45

40

AMBER

T

T

T

T

Longitude

Belletti, Bizzi et al., June 2017 (Deliverable D1.2)

13.5

N

o
Density per kilometer

0.5
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Data collation: first results

i ':" :3

‘\'/e?y. detailed and
consistent
database

Only main dams recorded
but consistently at

1 47
AMBER national scale



Data collation: first results

Barrier types (Amber countries)

DENMARK ENGLAND FRANCE IRELAND
3037 17521 Seuil en riviere 90170 Seiil 6 fivisr 1666
artificial lake with barrier (9%) water ,mi" (5%) S (g%]DAM (z%i radier (8%) _enrcchements (7%) Bridge Apron (6%
parrier regulation waler level (8%} / \ \ Semage. 5] Breiefider (554 Weir (22%)
SLUICE (8%) Barrage an
culvert water fall (4%) \., WILL 2%} \ remblais (7%) Bidge
= { T Apron (13% ]
fish farm (8%) | Bt (0%} (12%) Sluice (1%)
| urknown (32%) | ! S B
lake f lochre (2%) J Seuil en rivigre / Roc ocl
ek for removal ochre {2%) \ V. Raderde pont (%) déversolr (32%) Obstucion {14%)
purmp ‘or dewataring (3%) 7 sluice (1%) o I : .. N )
e 9 - ulve! % Ye
WERTA=) Seil en riviére {15%) o FoIe, 42kl

ad crossing (28%)

NETHERLANDS
2604

Culvert (3%,
Fish passage (4%)

NORTHERN IRELAND
1938

Pumping station (12%)

Sluice (shipping) (4%)

unknown (7%) i
Weir (63%)

n/a (100°%)

SWEDEN
2936

rga__d passagefbrdge (7%)

SWITZERLAND
6918

—-_Weir (149}

1] 3
culvert (16%) other obstacle (13%)

DAN (4%)

L
/\ Unknown (19%)
'1
| LOCK (5%)
\
A

Bed-load dam {49%)

AMBER

small hydropower plant (100%)

ARTIFICIAL
WEIR (19%)

SCOTLAND
1513
bridge apron {4%)

culvert (13°«6?//

dam (21%}

ford (3%] “Urknown (9%)

ITALY
529

nfa [100%)

SPAIN
15107
GRAVITY (32}

y N
/[ \

/
{

weir (94%)

293 different types!

48



Data collation: first results

Fish pass (presence and types)

DENMARK ENGLAND FRANCE IRELAND ITALY
3037 17521 90170 1666 529

Passe & bassins successifs (3%)

Baulk 8%) gypass channel (2%) Afaskan A (6% Weir rermoval (10%)

2 Unknown (5%)

Not Present (44%
atiisan Rock ramp

Larinier super or sweep (4%)
active baffle (19%)
Plane bafflle
, Denil {7%)
P&T (3%) PN (75%)
Present (479%) Notches/gapsislote (2%) g+ plunging (14%) Absence de passe (92%) nfa (100%) n/a (100%)

NETHERLANDS NORTHERN IRELAND POLAND SCOTLAND SPAIN
2609 1938 461 1513 15107

Fish friendly pump (2%)
De Wit Fish passage (3% = f‘°‘ applicable (15%) NA (17%)
Cascade (2% :
Byipass.{ 2(%)) cascade (3%)
adjusted Prasent (11%)
managament (3%)
Not Present (73%)
Unknown (53%) nfa (100%) n/a (100%) n/a (100%5)
SWEDEN SWITZERLAND WALES
2936 6918 3508
Present {3%)
Nt Present (97%) nfa (100%j nia (100%)

49
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Need for data validation

VALIDATION STRATEGY 4 FIELD VALIDATION

+ NUMERICAL ESTIMATION

5 rivers x 20 km each = 100 km river network (per country)

L

Representative of a wide range of river types

Name Classes Rough reference values
Altitude Lowland <200 m a.s.l.
Mid altitude 200 - 600 ma.s.l.
Mountain >600masl
Slope Low slope <0.02 mm*
High slope >0.02 m.m?
m Single-thread Number of channels =1
Multi-thread Number of channels > 1

A photo of the barrier — provide a reference for the picture
Lat/Long coordinates for e.g, via GPS chipset on phone

Date of record In format day/month/year

Dam, weir, culvert, ford, ramp and bed sill, sluice, unknown
<0.5m,05-10m,10-20m,20-50m,50-100m, >10.0 m
Barrier still useful/in-use, Y/N/don’t know

Full width, Y/N

| Anabramching

Single-thread Transitional Multi-thread
Contned angio-Mroad
&)
Uncanfinad avgie-Mread Braided
Straight Sinuous  Meandesing
Wandenng




Field validation: barrier types

WEIR

e e

CULVERT

RAMP &
BED SILL

AMBER



Field validation: test application in Italy

o field sites
main hydrographic network
,Mamcchia - Pe River

i selected river basins

ROME

10 &m dowrstream mach 0 0,5  1km B

04590 180 km . . A

10 km downstream reach

Liiatisyl N
Section Orco Crivi Dors M
1 1915 209 244 157
2 1217 196 194 77
1 0.06 0.006 0.0009 0.008
2 0.07 0.004 0.002 0.008
1 ST ST ST MT
2 ST MT ST ST
1 1.14 1.06 131 1.06
2 111 1.18 1.67 1.05
1 3 2 2 2
2 3 2 2 2

61
43

0.002
0.001

ST
1.09
1.08



Field validation: test application in Italy

43 barriers x 100 km river length

29m

mber of barriers

85m

am Weir Ramp Unknown

m Marecchia mAMmo

Orco Scrivia




Field validation: test application in Italy

o R

43 barriers per 100 km river length

Dam height (m)
Barrier density (field) = 1 barrier each 2 km!!! % At ga-n
> e ®:170-25

e
VS. National DB | %3 iy A
%

; & . e
scrivia | : only on main dams, % 8%
: . 5,

' Marecchia .?‘( N o
Arno o b-.t»

~9
¥ ».
Some drivers e s’
10000 0 100 200 300 400km -..,.ﬁ

0 1 ‘ .‘

O 2

O 3 @ 1 Uses
o |F: ®
8 1000| 4| ® . 2m
E Os g o8
[z (Ve 8 06 ~
© " ~ 35m

" Q('; 8 i
2 i © S 04 65m
z o 095m
0% - i = i
Altitude L il &
Power plant Bed Water Crossing  Unknown
10 stabilisation  supply
0,0001 0.001 0.01 0.1
Slope (m.m') (log) Orco u Scrivia m Dora Baltea mMarecchia, ®Amo

oDam e~ Ford o Ramp oUnknown o Welr



Field validation: test application in Italy

Comparison with other existing Arno basin
databases (regional, basin authorities...) 2

| .4 el Lo !’3 vy * 8 )
Piemonte region € SR e i e e SO

-»
. .4 ~ ' . .’-
oY .
S S
r - P \‘. “c¢ s
.ﬁ s ”» a" i 'l
- » {‘ "‘- v 1"'.’0 .'--: .4\ >
“ . - DCL
- :...0’. y 1 .
ke .~
2
\ 7w
s g — "’: k3
Samiens ratansl 00 N |- .r x
oty D10 20Km PP
ARG | F - :ﬁf
-
s
. .
P S b ¢ 77
" T SN,
= L=
‘ ' .i - -
N .
~ . = . ' d "*t ’s.
AT PR o .
Sl Jeomct K Y = o
bty
“ N SR o 3
. :r{‘ o Trmgmect
F 2 .
.
®  bamers regional DB . 4 . Yo }: J :l" s
-
® barmiers regional DB (defenses) . ? o: ,q.
\ A bamers natonal D8 R S )
I‘~\Q L ..
N Po River o
main hydrographic netwark
0 10 60 km E selected rver basns
- - oty el
Premonts Reglon yOIDErRPC cetrict datatase [ §
Ralian boundaries A perrien eatxe L N
. 0 0 26Wm
NG |



Field validation: test application in Italy

Comparison with other existing databases (regional, basin authorities...)

- Scrivia and Dora Baltea: none of the databases at the local level record the barriers that
has been observed during the field work, except 1 dam of national interest along the Dora
Baltea

- Orco river: 2 barriers observed during the field work are also displayed in a regional

database for flood and soil defenses (a weir and a ford). 2 more fords are also recorded in
the regional DB but not observed during the field work

Y
8
8 {
o -
gap taork N

- Arno river: 9 out of 11 barriers are recorded in the database from the northern
hydrographic district

=)
o
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Data validation: test application in Italy

e W
43 barriers per 100 km river length «?‘&.h"

Dam height (m)
Barrier density (field) = 1 barrier each 2 km!!! o2 S&
..‘"*-’t\ b Ve ®170-25
'.% River network
: et
e VS. National DB ‘*-3‘2_‘ iy A
- . : RRNS
scrivia | : only on maindams| % Ee
. : &t
% e
mo Iy ?
LY ;..
Comparison with EU scale " P
AN Barriors — 0 100 200 300 mm‘%"ﬁ‘
70+ las L8
65 | 3
] 7
g g
355 | :
= 3
E z
45+
40 ¢
57
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ATLAS expected outputs: in progress

ATLAS + Field Validation Data at Pan-EU scale

All Barriers

70+

5
2 3 [_ 9 2 .
=l ] Scrivia B0 0 0.5
. 6 1 03
a5 | Marecchia 7 0 0.35
0 0.35
40 | =3

40 -5 0 5 10 15 20 25 a0
Longitude

Expected barrier density at Pan-Eu scale inferred by:

* Field Validation datasets
* Physical Setting
* Socio-Economic Drivers

AMBER
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Hydro

\ Informatics
Lab

Politecnico di Milano

Natural Resources
Management
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