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ECOHYDROLOGYECOHYDROLOGY  --

  Integrative toolIntegrative tool for  for achieving achieving 

good ecological good ecological status status of freshwater ecosystemsof freshwater ecosystems



„Twentieth-century water policies relied on the construction of massive„Twentieth-century water policies relied on the construction of massive

infrastructure in the form of dams, aqueducts, pipelines, and complexinfrastructure in the form of dams, aqueducts, pipelines, and complex

centralised treatment plants (...). Many unsolved water problems remain,centralised treatment plants (...). Many unsolved water problems remain,

and past approaches no longer seem sufficient. A transition is under way toand past approaches no longer seem sufficient. A transition is under way to

a „soft path” that complements centralised physical infrastructure witha „soft path” that complements centralised physical infrastructure with

lower cost community scale systems (...) and environmental protection.”lower cost community scale systems (...) and environmental protection.”

GLOBAL FRESHWATER RESOURCES: SOFT-PATH SOLUTIONS FOR THE 21GLOBAL FRESHWATER RESOURCES: SOFT-PATH SOLUTIONS FOR THE 21stst CENTURY, CENTURY,
(SCIENCE: 14 Nov. – 5 Dec. 2003, Peter H.(SCIENCE: 14 Nov. – 5 Dec. 2003, Peter H. Gleick Gleick))



DIVERSIFIED LANDSCAPEAGRICULTURAL
LANDCAPE

Closed nutrient cycling, Closed nutrient cycling, 
minimal loss to freshwaterminimal loss to freshwater

  Open nutrient cycling, Open nutrient cycling, 
 high loss to freshwater high loss to freshwater

 EVAPOTRANSPIR.EVAPORATION
INTERC.

Surface runoffSurfaceSurface  runoffrunoff

Groundwater flowGroundwaterGroundwater  flowflow

Groundwater flowGroundwaterGroundwater  flowflow

Surface runoff
Erosion
Surface runoffSurface runoff
ErosionErosion

INTERNAL
NUTRIENT
CYCLING

INTERNAL
NUTRIENT
CYCLING

GLOBAL CLIMATE CHANGES
 instability of hydrological processes

increase of temperature

GLOBAL CLIMATE CHANGESGLOBAL CLIMATE CHANGES
 instability of hydrological processes

increase of temperature
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CHROMOSOMAL ABERRATION INDUCED BY EXTRACT FROMCHROMOSOMAL ABERRATION INDUCED BY EXTRACT FROM
CYANOBACTERIAL BLOOMCYANOBACTERIAL BLOOM
in in in vitroin vitro human lymphocytes human lymphocytes

A - A - chromatid breakschromatid breaks, B - , B - chromatid exchangeschromatid exchanges, C- , C- dicentric chromosome and acentricdicentric chromosome and acentric fragment fragment..

A CB

Zatoka Zatoka TrestyTresty,  ,  
Zbiornik Zbiornik SulejowskiSulejowski, 1996, 1996

Ujęcie wody pitnej, Ujęcie wody pitnej, 
BronisławówBronisławów, IX 1999, IX 1999

    
  Microcystis aeruginosa Kutz.

(Osiecka, Zalewski, Tarczyńska, 1996)

EUTROPHICATIONEUTROPHICATIONEUTROPHICATION
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HIERARCHY OF FACTORS
determining TP and TSM concentrations in the Pilica River

HIERARCHY OF FACTORS
determining TP and TSM concentrations in the Pilica River

QN QW

PÓŁROCZE:  z i mo we  ( XI  -  I V)
PPO4 DP TP TSM MSM OSM

∆Q 0, 4 36 0, 5 40 0, 4 25 0, 6 28 0, 5 81 0, 4 78
Q_1 0, 4 06 0, 6 22 0, 6 48 0, 4 82 0, 6 85
Q_3 0, 5 76 0, 5 80 0, 4 12 0, 6 44
Q_7 0, 4 77 0, 4 76 0, 5 74

Q_30 0, 4 96 0, 4 96
T_1 0, 4 01
T_3 0, 4 48
T_7 0, 4 29
P_1
P_3
P_7

PS - 0, 4 45 - 0, 4 98 - 0, 6 70 - 0, 4 47 - 0, 7 85

PÓŁROCZE:  l e t ni e  ( V- X)
PPO4 DP TP TSM MSM OSM

∆Q
Q_1 0, 4 88 0, 3 43 0, 5 74
Q_3 0, 4 53 0, 5 75
Q_7 0, 3 16 0, 4 40 0, 4 87

Q_30 0, 4 06 0, 3 99 0, 3 69 0, 4 04
T_1 0, 5 38 0, 3 59 0, 3 77
T_3 0, 4 23 0, 3 49
T_7 0, 4 30 0, 3 66 0, 3 47
P_1
P_3
P_7

PÓŁROCZE:  z i mowe  ( XI  -  I V)
PPO4 DP TP TSM MSM OSM

∆Q 0, 355 0, 442 0 , 45 9 0 , 48 8 0 , 50 0
Q_1 - 0, 3 60
Q_3 - 0, 4 54
Q_7 - 0, 299 - 0 , 61 7 - 0 , 49 0 - 0, 6 09

Q_ 30 - 0, 456 - 0, 573 - 0, 522 - 0 , 77 0 - 0 , 73 2 - 0, 4 25
T_1
T_3
T_7
P_1 - 0, 3 71
P_3 0, 294 0, 374 0 , 50 6 0 , 52 4 0 , 51 7
P_7

PS

PÓŁROCZE:  l e t ni e  ( V- X)
PPO4 DP TP TSM MSM OSM

∆Q 0 , 69 1 0 , 52 8 0, 5 51
Q_1
Q_3
Q_7 - 0 , 55 0 - 0 , 55 9

Q_ 30
T_1 0, 482 0, 548
T_3 0, 594
T_7 0, 604 0, 581 0 , 47 0
P_1
P_3 0 , 52 2
P_7 0 , 68 5 0 , 44 9 0, 6 10

WINTER

SUMMER

HYDROLOGICAL
FACTORS

TEMPERATURE

PRECIPITATION

HYDROLOGICAL
FACTORS

TEMPERATURE

PRECIPITATION
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Influence of biodiversity on productivity andInfluence of biodiversity on productivity and
sustainability of grassland systemssustainability of grassland systems
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ENHANCEMENT OF ABSORBING CAPACITY OF FLOODPLAINENHANCEMENT OF ABSORBING CAPACITY OF FLOODPLAIN
for nutrients trappingfor nutrients trapping

W 2

water inflow

52%

29%

18%

1%

TOTAL PHOSPHORUS ACCUMULATION
IN FLOODPLAIN BIOMASS

TOTAL PHOSPHORUS ACCUMULATIONTOTAL PHOSPHORUS ACCUMULATION
IN FLOODPLAIN BIOMASSIN FLOODPLAIN BIOMASS

INITIALINITIALINITIAL

164 kg P500 100 m

WATER INFLOW

I  WP
II  WP

III  WP

4% 6% 2%

88%

ENHANCEDENHANCED

350 kg P

Meadow species Carex gracilis et vesicaria Phragmites australi  Salix sp.

 International Centre for Ecology Polish Academy of Sciences, Warsaw 
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RETENTION
of nutrient and water in the

catchment

DENITRIFICATION
in unaerobic conditions

of wetlands

TRAPPING
- in plant biomass (seasonally

removed)
- storage in the unavailable pool

SEDIMENTATION
- in the river valley
- in the back waters

- small retention

BIOFILTRATION
- reduction of algae biomass

HYDROLOGICAL
control of water quality

SELFPURIFICATION
- mineralisation of organic matter
- reduction of spiralling transport

rate

TRANSFORMATION
into biomass in land

water ecotones

ECOHYDROLOGICAL ECOHYDROLOGICAL  APPROACH APPROACH  FOR FR  FOR FRESHWATER ECOSYSTEMESHWATER ECOSYSTEM
MANAGEMENT AND RESTORATIONMANAGEMENT AND RESTORATION
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Department of Applied Ecology University of Lodz  



CO2 assimilation

 reduction of fossil 
fuel use 

decrees of CO2
emission 

 

bioenergy

employment
opportunities

Sewage treatment
 plant 

constructed wetland
 - willow plantation

water quality 
improvement

tourism development 
simulate economic growth

 of the region

sewage

APPLICATION OF ECOYDROLOGY AND PHYTOTECHNOLOGIESAPPLICATION OF ECOYDROLOGY AND PHYTOTECHNOLOGIES
FOR SUSTAINABLE DEVELOPMENTFOR SUSTAINABLE DEVELOPMENT

 International Centre for Ecology Polish Academy of Sciences, Warsaw 
Department of Applied Ecology University of Lodz  (Zalewski i in. 2002)



Pilica River

WATER TREATMENT PLANT
500 m3/day

PLANNED
WILLOW PLANTATIONS

POTENTIAL ENDUSERS
OF BIOENERGY
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GOALGOAL
Millennium goalsMillennium goals & & good ecological status good ecological status

Integrative analysis of
DYNAMICS

of hydrological and
biological processes

ASSESSMENT
- Ecological status- Ecological status
- Hydrology- Hydrology
- Hydrochemistry- Hydrochemistry
-- Biomonitoring Biomonitoring
Considering remote sensingConsidering remote sensing

data on catchments anddata on catchments and
specific of its anthropogenicspecific of its anthropogenic
modifications from the pointmodifications from the point

of view of integrityof view of integrity

POLICY
eg. Water Framework Directive

VISION
Millenium goals

Ecohydrology of river basinEcohydrology of river basin
for sustainable water biodiversity and ecosystem servicesfor sustainable water biodiversity and ecosystem services

(Zalewski 2004)

PROBLEMPROBLEM
scarcity of water of goodscarcity of water of good

 quality of and related ecosystem services quality of and related ecosystem services  

ADAPTATIVE IMPLEMENTATION
The use of ecosystem properties as an

complementary tool  to hydrotechnical solutions:
- Consultation with authorithies, stakeholders
- Adaptative assessment and management

INTEGRATION AND
HARMONISATION

all range of regulatory feedbacks  (E-H) and
hydrotechnical facilities in basin scale for restoration
and enhancement of carrying capacity considering

socio-economic and climatic scenarios

Identification of
REGULATORY FEEDBACKS

between hydrology and biota for potential application
in water management

ECOHYDROLOGYECOHYDROLOGY



ECOHYDROLOGY  
HYDROBIOLOGY

International Journal of 
ECOHYDROLOGY & HYDROBIOLOGY 

http://www.unep.or.jp/ietc/Publications/Freshwater/FMS5/

Guidelines for the Integrated 
Management of the Watershed 
– Phytotechnology and Ecohydrology

Integrated  Watershed
Management

 - Ecohydrology and Phytotechnology -
Manual



LocationLocation
of the Centre for Ecohydrology under the auspices of UNESCO in Polandof the Centre for Ecohydrology under the auspices of UNESCO in Poland

Campus of the Lodz Branch of
Polish Academy of Scicences,

Lodz, ul. Tylna 3

Department of Applied Ecology,Department of Applied Ecology,
University of LodzUniversity of Lodz

ulul. . BanachaBanacha 12/16, 90-237 Lodz, Poland 12/16, 90-237 Lodz, Poland

CCentreentre for Ecological Studies, for Ecological Studies,
Polish Academy of SciencesPolish Academy of Sciences

u. u. KonopnickiejKonopnickiej 1, 1,
Dziekanow LeśnyDziekanow Leśny, Warsaw, Poland, Warsaw, Poland





SUSTAINABLE MANAGEMENT OF FRESHWATER RESOURCES
 in the context of the decision making theory

SUSTAINABLE MANAGEMENT OF FRESHWATER RESOURCESSUSTAINABLE MANAGEMENT OF FRESHWATER RESOURCES
 in the context of the decision making theory in the context of the decision making theory

Opportunities
 

                 - The use of ecosystem properties
    as management tool

Amplification of opportunities  
 0

          Elimination of threats

Threats

- Mitigation of point and non-point pollution
  and erosion

- Elimination of catastrophic floods
   and droughts

Zalewski, 2000, 2001 International Centre for Ecology Polish Academy of Sciences, Warsaw 
Department of Applied Ecology University of Lodz  



Computer modellingComputer modelling
a DSS for optimisation of ecological and economical systemsa DSS for optimisation of ecological and economical systems

 International Centre for Ecology Polish Academy of Sciences, Warsaw 
Department of Applied Ecology University of Lodz  



THE NAIVASHA LAKE



Sequentional  constructed wetland 
for organic mater and nutrient trapping
conversion into biomass (agriculture)

RuductionRuduction of eutrophication  of eutrophication 
by conversion nutrients by conversion nutrients 

into agricultural production andinto agricultural production and bioenergy bioenergy

Human population 
growth (10x/20years)

Eutrophication 
of lake - decline 
of water quality 

horticulture development

Organic matter and nutrients 

Transfer into the river 

Agricultural and pastoral land use 

Deforestation



PARANA RIVERPARANA RIVER 



ItaipuItaipu Reservoir  Reservoir 

22 mln mln tourists  tourists 
per yearper year 

0,20,2 mln mln tourists tourists
per yearper year 

ProposedProposed  ParanaParana floodplain  floodplain 
Biosphere Reserve Biosphere Reserve 

Alternative economic development
and social feedback

decrease of deforestation
and agricultural pressures

Reduction of human impact
 on the floodplain

 
biodiversity protection 



Ecohydrology and Eco-efficiencyEcohydrology and Eco-efficiency  conceptsconcepts
for sustainable water resources managementfor sustainable water resources management

(Zalewski, 2002)

Sustainable Water ResourcesSustainable Water Resources
SWR = EeSWR = Ee-x-x + Me + Me-x-x + ACE [1+ln(1+y)] + ACE [1+ln(1+y)]

The Ecohydrology principle as 
component of the equation 

of sustainability water resources (SWR) 
in the face of global change

ACE – increase of ecosystem absorbing 
            capacity against human impact
E –       reduction of energy use
M –      reduction of material use

Reduction of impact
ECO-EFFICIENCY

Enhancement of ecosystem
ABSORBING CAPACITY

EH principle
+



Conclusions –Conclusions –
The cooperation inThe cooperation in    the framework of UNESCO IHP providedthe framework of UNESCO IHP provided
background to formulate principles of Ecohydrologybackground to formulate principles of Ecohydrology

FRAMFRAMEEWORK – Integration of water and biota interactionsWORK – Integration of water and biota interactions
using as template  theusing as template  the mezocycle mezocycle of water circulation of water circulation
within a basin  (scale, dynamics, hierarchy of factors)within a basin  (scale, dynamics, hierarchy of factors)

TARGET – increase of carrying capacity of ecosystems –TARGET – increase of carrying capacity of ecosystems –
biodiversity and „ecosystem services” on the basis ofbiodiversity and „ecosystem services” on the basis of
understanding evolutionary established resistance andunderstanding evolutionary established resistance and
resilience to stress.resilience to stress.

METHODOLOGY  using ecosystem properties asMETHODOLOGY  using ecosystem properties as
management tool – hydrology to regulate bioticmanagement tool – hydrology to regulate biotic
interactions and biota to control hydrology.interactions and biota to control hydrology.



IndonesiaIndonesia

PortugalPortugal

ArgentinaArgentina

MajorMajor International Co-operation International Co-operation
of the ICE PAS and CEHS ULof the ICE PAS and CEHS UL

JapanJapan

France/ParisFrance/Paris

Italy/VeniceItaly/Venice



Department of Applied Ecology,Department of Applied Ecology,
University of LodzUniversity of Lodz

ulul. . BanachaBanacha 12/16, 90-237 Lodz, Poland 12/16, 90-237 Lodz, Poland
tel.tel. +48 42 635 44 38/39+48 42 635 44 38/39
fax.fax. +48 42 6+48 42 666  5555   819 819

e-mail: e-mail: mzalmzal@biol.@biol.uniuni..lodzlodz.pl.pl

International Centre International Centre for for EcologyEcology,,
Polish Academy of SciencesPolish Academy of Sciences
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tel./fax. +48 tel./fax. +48 442 2 681 70 07681 70 07
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Contact us:


