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How to balance the ecohydrological
functioning of headwater streams with their
surrounding anthropogenic pressures?

¢, Como equilibrar el funcionamiento hidrologico
ecologico de los rios con las presiones

antropogeénicas que lo rodean?

Pascal Breil y coll.
Instituto Nacional de Ciencia y Tecnologia de Inves

tigacion del Medio
Ambiente y Agricultura
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IHP's Eighth Phase

AXIS 1
Mobilizing International cooperation to
Improve knowledge and innovation to address
water security challenges 3 AXE S
EDUCATION,
-RELA WATER AND SECURITY
R aat AND WATER ARMONY FOR

DISASTERSAND  GROUNDWATER o
anonc  QUALITY A SUSTAINABLE

. "HYDROLOGI( T el
AXIS 3 ~p
Developing
institutional
and human
capacities
for water
security and

sustainability

-

-
-
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{{{ WATER SECURITY, ADDRESSING LOCAL, REGIONAL ANI| GLOBAL CHAILENGES >>>

6 Themes AXIS 2

Strengthening the Science-Policy interface
to reach water security at local, national,
regional, and global levels
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Sustainable
Development
Goals




nnnnnnnn

ited Nations - International
Educational , Scientific and + Hydrological
tural Organization . Programme [ ]

ecohydrology

programme

Is an integrative science studying the interaction between

hydrology and biota and using natural processes as
management tools to reinforce ecosystem services on a broad

range of landscapes (e.g.: coastal, urban and agricultural

areas)

Ecohydrology aims to increase resilience of river basins by
managing multi-dimensional parameters which are Water,

Biodiversity, Ecosystem Services for society, Resilience to
climatic changes and Cultural dimension (WBSRC), all in order
to achieve sustainability in both ecosystems and human

population
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e Sustainable management of landscapes should be an
integral part of the IWRM that must address the big questions
of our time - questions about eradicating poverty, enhancing
food security, promoting sustainable energy, managing
water and environmental resources, controlling disease,
mitigating natural and man-induced disasters, and fostering

sustainable cities

e The development of solutions to these global challenges need

to based on trans-disciplinary approaches recognizing
cultural and time dependent dimensions of human

wellbeing.
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Quantification of hydrological proce
biogeochemical cycles analysis in a
identification of threats

Evapo-transpiration

Total run off

Surface run off
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kb2 proponuje dodac:
biogeochemical cycles "analysis'
oraz

"and" identification of threats
kb; 31/05/2013



II - SECOND PRI
Ecological pri

Identification of biological processes
for enhancement of ecosystem

[ RETENTION IN THE CATCHMENT

by enhancement of landscape diversity

TRAPPING

- in plant biomass (seasonally
removed)

- storage in the unavailable
pool in bottom sediments

- pondage
- at the floodplain

{ SEDIMENTATION

HYDROLOGICAL CONTROL
hydrological control of biotic feed
back towards water quality
improvement in reservoirs
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Using biota to control hydrac
vice versa, using hydrology to

H revsmon g Dual regul CONSERVATION

=

Bioenergy
production

Aquaculture

Reservoir - / SN T Land reclamations
Hydrobioma [ 7 | \

pulation

River continuum —-byg
for fish migration

Sediment release/use system
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@ EcoHydrology Histarical Evol

X

[ Call for Applications: Erasmus | X _
0] E] www,unesco.org/rew/en/member-states/single-view/news/call_for_applications_era

estion des missions e.. E GRR {Gestion et Réserv... = Mes Congés 7| Zimbra: Réception (534) B SNCF Gd Yoy Fem FC
Frangais

UNESCO | Countrie

[630) ecohydrology-ihp.org/demaosites/maps

e @ P
E Gestion des missions e... E GRR (Gestion et Réserv... =7 Mes Congés |7 Zimbra: Réception (534) ES¥ SNCF Gd Voy fe® FCM Travel - Login

ational Commissions

s Master Course

he master is organized in 3

coperation with the UNESCO-HE,
niversily of La Plata, Argentina by o
smus Mundus Master Course in

he aim is to effectively contribute
ecohydrology approach for the

ources in a sustainable way for

Demonstration For development purpc For development purs : /
projects
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Four ecohydrology engineering solutions:

FAUNATECHNOLOGY PHYTOTECHNOLOGY HYDROLOGICAL FLOW ECOHYDROLOGICAL

@ INFRASTRUCTURE

Lodz- Riviére Ner:

Lodz- Riviere Sokolowka:

Riviare Pilica: 9

s 65% of the demosites
. are using the
° phytotechnologies as
&) ® o

Y jon.
o e ®O : EH solution
) : 48% -> hydrological flow

43% -> ecohydrological
infrastructure

2]

Legend + o0
® DEMOSITES 22% -> faunatechnology

@ Basins

@ Inland wetlands
© Rivers/Lakes
@

1:138 314 627 Estuaries/Coastal Water Data CC-
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SRR demonstration sites

B Pollutants and nutrients

10 B Water over

abstraction/Water man-
agement
Intensive land use

¥ Floods

H Droughts
Habitat loss

B Invasive
species

11 Loss of retention capacity of
vegetation
9 (marsh, riparian forest...)

Sum of the challenges
for the total number of demosites

17

0 2 4 6 8 10 12 14 16 18

The three main threats are the excessive presence of pollutants and
nutrients, intensive land use and loss of retention capacity of vegetation.




Web platform: an interactive network
e (collaboration with CIH, Itaipu’, Brazil)

The web-platform is the interactive environment that will enhance the dissemination of the
ecohydrological concept within different targets, from scientists to general public and to Member

'UI_
88
333

States
ecohydrology-ihp.org

EGCHYDROLOGY
WEB PLATFORM

ECORYDROLOGY

WEB PLATFORM
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APPLY TO THE EH NETWORK

If you have a lon m engagement with a solution-oriented project that applies a ecohydrelogical implementation

principle, you are welcome to postulate to the Ecchydrology Network. The main benefit of being partof the network is

ty that the p can get, deploying to a wider audience: more people can know the project. Every year

CO-IHP and specifically the Ecohydrology Programme reach several seminars and related events around the world

nating the hydrology concept and the demonstration sites information. Additional, an intangible good
cquired by projects inside of the network, an additional value regarding founds solicitation.

ydrology Demonstration site will be done through a two-step on line
rough an automatic user friendly process.

p: provide a main description of the demonstration site that will be submitted to the Scientific Advisory

ond and more detailed questionnaire (8

Demonstr.

o

Apply to the EH network o osy

programme

eApplication to become a
UNESCO EH Demonstration site
will be done through the web
platform and “demo cards” will
be constructed through an
automatic user friendly process.

MINIMUM CRITERIA FOR THE ESTABLISHMENT OF NEW ECOHYDROLOGY

DEMONSTRATION SITES

n site should aim at enhancement of ecological and sustainability status In the catchment in four
dimensions: water quality and/or guantity, biodiversity, ecosystem services and resilience (WBSR). Since the core of
e analysis (understanding of processes) and regulation ("dual regulation") of water-biota interplay, the
proposed demenstration sites should be able to demonstrate to what extent it considers/expands the existing
knowledge and understanding of this interplay, and the methods to achieve this goal.

Ecohydrology is th

There are three key ob

stablish new ecohydrology demaonstration sites:

Synthesize knowledge gaps for addressing ecohydrological issues related to critical water ecosystems, including those in arid and semiarid zones,
coastal areas and estuaries, and urbanized areas;

Showcase how better knowledge of the interrelationships between the hydrological cycie, livelihoods and ecosystems can contribute to more cost-
effective and environmental-friendly water management;

Demonsirate systems solutions and technology transfer opportunities through North-South and South-South linkages in order to harmonize the
ecosystem potential with societal needs.

The Ecohydrology concept should operate in demonstration sites on three levels:
* |INFORMATION (monitoring, collecting of empirical data, defining interactions and hydrolegy-bicta-society feedbacks);

* KNOWLEDGE (defining patterns and dynamics, describing and explaining processes, understanding water-biota interplay):
= WISDOM (ability to formulate policy. principles for action, problem solving by system solutions, stakeholders involvement education,

implementation).
PROCEED TO THE FORM



I S Ecohydrology Demonstration sites i

Untad Nedors © lnkraaianal
Ldraiony Saschicard « Hycrioges
Culry Ceaoraica - POy

ECOHYDROLOGY DEMONSTRATION SITES

Downloads

Region Country Count
Ecohydrology Web Platform
H H CATACOCHA-PALTAS E cuador 173
Operatlonal since 2016 Latin VICTORIA POND WETLAND Bahamas 248
-1 America & gsan MARTIN DELOS .
ecohydrology-ihp.org e S PyE— 261
RANA-ICE STUDY Costa Rica 273
NAIVASHA BASIN Kenya 380
Africa ASELLA CITY 285
RIBB WATERSHED & LAKE E thiopia

801

EGHYURULUGY PUTRAJAYA LAKE AND Valaysia J06
WETLAND

WEB PLATF“RM DAVAO CITY 324

P hilippines

e SAGULING RESERVOIR Indonesia 150
sia-
. METROPOLITAN BEWING
P acific China 239
SANJIANG PLAIN 327

MURRAY-DARLING BASIN 276
Australia

WESTERN SYDNEY 312

TRASIMENO LAKE Italy 251

CONSTRUCTED POROUS

RIFFLE France 38

KASTELA BAY Croatia 267
GUADIANA ESTUARY P ortugal 287
- E urope II;IIC-\JSIESTROM DRAINAGE s weden 313
KIELSTAU CATCHMENT Germany 462
NER RIVER 269
SOKOLOWKA RIVER Poland 443
PILICA RIVER CATCHMENT 270

September 2018 TOTAL 6,945



I & Dissemination Material 9

programme

e Ecohydrology as an integrative
science from molecular to basin
scale (2016).

e Historical Evolution,

UNA CIENCIA INTEGRAL DESDE ESCALA
MOLECULAR HASTA ESCALA DE CUENCAS advancements and

EVOLUCION HISTORICA,

s implementation activities

ACTIVIDADES DE IMPLEMENTACION

Now available in English, Spanish and
Chinese

unesdoc.unesco.orqg/images/
0026/002657/265736s.pdf

PROGRAMA HIDROLOGICO INTERNACIONAL
Divisifin de Clencias dal Agsa
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Problematic Method Results Discussion

17
What are headwaters ?

Strahler classification (EPA, 2009)

* Natural drains of order 1-2, from less than 1 meter to 2-3 m in width
* Watershed from hectares to some sq km.

e Easy to disturb by mechanical means

* Almost never gauged while......

they can represent 60 to 90% of a hydrographic network length!

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico



Problematic Method Results Discussion

18
EcoHydrological role of headwaters :

related Ecosystem Services

 Headwaters can have permanent or seasonal or intermittent flow regimes
» Often connected to upstream wetlands

« Contribute biodiversity dissemination

« Ensure low flow regulation

* Provide a variety of physical-chemical processes (oxic — anoxic)

* Fed downstream systems with minerals and organic matter

« Limit water temperature fluctuation

» Dissipate hydraulic energy......

« Economical impact of headwater degradation :
» Increasing cost of remediation efforts for downstream rivers belonging to EU
referenced water masses (EWFD)
* Increasing cost of flooding damages for near downstream urbanized riversides

e

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico
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How and Why headwaters are so degraded ?

Straigthening

Enlargement

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico
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20
Study area

1/ Analyze the degradation
level of connected lands and
river channel, considering
“baseline conditions”.

2/ Look for opportunities to

L
& recover part of the lost
& N ecosystem services using the
Oé? — spatial distribution of their
I — i potential.
E Cropland
i I Urban
L;? ~— River system
< & MM Flooded urban zones
1 0 1 2 3 4 km

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico



Problematic Method Results Discussion
21
Hydrogeomorphic study of 192 river sections

Collection of numerous geomorphic features..

Bank full flow width

Bank full height

Bottom
channel width

Mean local bottom gradient
05 0 05 115 2km

b o Roughness coef.

Manning-Strickler eq.

BFF = K* Rh (23) S (172) with an error of +/- 30% on S

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico




Problematic Method Results Discussion

r 22
Building of a regional hydrological model....

Regional flood peak model ost
2 25 "
8 !
~ 20 | S4
g~ +/- 30% error bounds o
v
E 15 ° 56
Q + §7
T
§ 10 ! - 58
[ 59
D 05 + 510
-~
(_B B 511
§ 0.0 512
2 0l 12 10 100 —s
Average Retiurn Period (years) e

* 2y- FP = baseline cond.

12 gauges stations, common period of 13 years, near
present conditions, 9.3 to 468 km2

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico
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Bank full flow & expected return period range

Ln Bank full flow (m3/s)

10.000

1.000

0.100

0010 +

0.001

Expected BFF as the 2y-flood peak with 30% error bounds

—2y- Upper error bound
—2y-Flood peak - Reg. Model
—2y- lower error bound

+ Geomorphic BFF

1 10

T T T TTTTT T
100
Ln Watershed area in ha.

1000

10000

Coloquio Posgrado Facultad de Ingenieria — 23 de nov

90

80
-
g :
5 B0F 1065
] (o]
o el =
i 50 052
e b= }
o 40 -04 o
a =
ENF 403 m
o] (V]
c 20 B _QQ —

\L | BFF (+)
10F —0.1
0 F—. | | :‘ 0.0 BFF (-) I
0 1 2 3 4 5
X Q> O o
«‘Z’(o @\é\ Q\‘{’\\ «‘Q(b
K g .9 O
O\ O

Riverside LandUse types

iembre 2018 — UAQ — Querétaro -Mexico



Problematic Method Results Discussion
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Headwater connected lands — opportunities?

~— Headwater network

Wetlands
I Exinsting
i . L Overland Runoff Production

mwed * Baseline condition i
I Hight
I Very hight

0 1 2 3 4 km
. — — r 0 12 3 A4km
T . —

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico



Problematic Method Results Discussion

25

Applying EcoHydrology Principles

Overland Runoff Interception efficiency :

-> Ratio of

Intense runoff production area
to
Potential wetland area

QGIS - P. Breil - 2018

Headwater network

in headwater sub-watersheds

I ban fooded areas

B8 0.00-1.00 Veryfavorable
1,00-2.00 Favorable
200-300 Less favorable

B 3.00-4.00 Mot favorable

1 0 1 2 3 4 km
I N

QGIS - P. Breil - 2018

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico



Problematic Method Results Discussion

26

Headwater degradation induces flooding and low quality water in downstream.

The EcoHydrological restoration of related ESs requires :

» The definition of baseline conditions (regional flood peak model; potential wetlands)
» Understanding of water flow pathways

e Spatial analysis of opportunities in connected lands

» Develop channel restoration a/o eco-engineering

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico



Ecohidrologia es un concepto de la UNESCO para
la gestion integrada del agua

UNESCO

U N ES C O “Construir la paz en la mente de los hombres y de las mujeres”

PHI-VIII: Garantizar el suministro de agua Uil

SOBRE LA UNESCO TEMAS PAISES COLABORAR EMPLEQ RECURSOS

Respuestas a los desafios locales, regionales, y mundiales

AL
WATEL-PELATD WATT SCARETTY
CHATTERLAND  GEOUMDWAITE _2nD WAl
WORCIOGICAE W A CHANING QuaiTY
GHANGE HVIRCNAN

; Ecohidrologia urbana - purificaciéon de agua de lluvia y retencién en el
entorno urbano, potencial para mejoramiento de la salud y calidad de
vida

Las poblaciones urbanas exigen grandes demandas de recursos y servicios para vivir, incluyendo agua, lo cual se convierie en una de las mayores
causas de la crisis hidrolégica mundial. La dinamica de expansion espacial de las ciudades se caracteriza por manchones altamente diversificados
ovedosos” que impactan la sustentabilidad de las ciudades. En consecuencia, |a calidad de vida y Ia salud
ara el desarrollo de ciudades . de ahi la de un nuevo p igma de manejo holistico de
irolégico, uno de los mayores impactos es el mangjo del escurrimiento. Sin embargo, es posible lograr un

o a la percepeion del manejo de agua pluvial mediante la aplicacion de mejores practicas de gestion y, mas
hidrologicas para la retencién de agua pluvial y su potabilizacién. La consideracion de mejorar la retencion del
»rdes” del plan espacial de la ciudad resulta en un amigable “paisaje urbano azul-verde”, con un consumo de
imulacion de contaminantes, asi como mejoras en |a salud humana y en los valores estéticos y culturales.

L a situacion del agu ] U N ES C O "Construir Ia paz en la mente de los hombres y de las mujeres”

EMPLEQ RECURSOS

Los desafios reiacionados con o S SOBRE LA UNESCO TEMAS PAISES COLABORAR

tomando una dimensidn globat &1 i

en cuanto a los efectos asociado

cantidad y la calidad son inadecu |
yracticas parala reduccion de los niveles maximos del agua de liuvia urbana mediante el desarrolio de sistemas.

‘etencion del agua de lluvia.

DImenSlén hldrOIéglca de una cuenca — identlflcar rlesgos pOtenClaIeS a planificacion urbana sustentable, basada en combinacion del disefio urbano sensible hacia el agua, asi como
y oportunidades para el desarrollo sustentable : i '

La cuantificacion e integracion de los procesos hidrolégicos y biologicos a escala de cuenca se basa en el supuesto de que los factores abidticos
50N de primera importancia y se vuelven estables y predecibles cuando ias interacciones bidticas comienzan a manifestarse. La cuantificacion
abarca los clave del ciclo b dgico (pr 6n. evapotranspiracion), los patrones de los puisos hidroldgicos a lo largo del continuum
del rio y el monitoreo de las fuentes de contaminacion puntuales y no puntuales, erosion y degradacién del hébitat. La integracion de la informacion
sobre los aportes del ciclo 0 y la distribucion Omi i un patron de r on de procesos dirigidos al uso sustentable de
los recursos hidricos y medioambientales. El PHI apoyara iniciativas de investigacion y desarrollo de capacidades que tengan por objetivo mejorar
nuestro entendimiento de fos vinculos internos entre procesos ecohidroldgicos a nivel de cuenca, con especial énfasis n la implementacion de los

sitios de demostracion ecohidrologicos de la UNESCO.

Objetivos Especificos
« Incrementar el conocimiento base y seguir desarrollando enfoques para la reduccion de amenazas como inundaciones y sequias,
reivindicando el caracter estocastico de 105 procesos hidrolbgicos en cuencas, mediante la armonizacion de Ia infraestructura hidrotécnica con
la distribucién y el manejo de ecosistemas retenedores de agua.
* Apoyar la investigacion y el desarrollo de directrices para incorporar la comprension del pasado en los Planes de Manejo de Cuencas
Hidrolégicas (p.gj. paleohidrologia, patrones de sucesion ecologica, dinamicas espacio-temporales de asentamientos humanos).
= Promover un modelo de desarrolio para reducir Ios niveles maximos de agua mediante la 6n de i ifico de ciencias

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico
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Muchas gracias por su atencion

¢, Preguntas ?

Coloquio Posgrado Facultad de Ingenieria— 23 de nov  iembre 2018 — UAQ — Querétaro -Mexico
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