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uăIllnessó ðreasonsand ways to improve

uăPrecautionsó - predictions of ecosystemsstatus
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The thing takes place in the Anthropocene é



Hohensinner , S. & Eberstaller-Fleischanderl, D. (2004)

Historical development Danubenear Vienna 1726 ð2001



Ali Mehran, et al., ScientificReportsVolume 7, Articlenumber: 6282(2017)

Accounting for anthropopression... or 
water resources in the Anthropocene?



Concepts



River Health

u The termñriverhealthòwasintroducedaround30 yearsagoandappliedto

assessingriver conditions. It was seen as analogousto human health,

offering thegeneralpublica betterunderstandingof ecologicalchallengesin

freshwatersystems. However,it wasunclearhow rivers'physical, chemical,

and biological characteristicsmay be integrated into conservationor

restorationmeasures. In this respect,we declarea healthyriver ecosystem

ñthat is sustainableand resilient, maintainingits ecologicalstructureand

function over time while continuing to meet societal needs and

expectations.òIn the EU context,the similarity, in a sense,but focusedon

theriver termñgoodecologicalstatus,òhasbeendefinedandformsa central

pointof theWaterFrameworkDirective.
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Environmental hydraulics research for river health : recent advancesand challenges

Paweġ Rowinsk , Tomasz Okruszko, Artur Radecki-Pawlik, E&H, 2022
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River continuum concept

(Vannote et al. 1980)

Focusses on the longitudinal connectivity along

the river.

Upstream:

Narrow, shading, high flow, macrophytes limited,

allochthonous Corg

Middle:

Wider, more light, low flow, macrophytes abundant,

authochthonous Corg

Downstream:

Too wide and deep, less light, higher flow,

macrophytes limited, suspended matter



Flood Pulse Concept

(Junk et al. 1989)

Describes the lateral connection between the

river and its floodplain

Floodplain material is main source

Can be temporarily (e.g. winter flooding)

First developed for tropical rivers (Amazon,

Okavango Delta , Pantanal)



Riverine productivity model

(Thorp & Delong 1994)

Puts local instream primary production and

riparian leaf fall central

Corg from (far) upstream is not nutritional enough

anymore

Local primary production (e.g. algae) can still be

substantial

Different habitats ~ physical conditions



RCC: headwater streams and small rivers

FPC: large floodplain rivers

RPM: large rivers with restricted channels



THERE ARE COMPLEX MULTI - SCALE CONTROLS ON RIVER - FLOODPLAINS

River types

After A MULTI-SCALE HIERARCHICAL FRAMEWORK FOR DEVELOPING UNDERSTANDING OF

RIVER BEHAVIOUR TO SUPPORT RIVER MANAGEMENT.

A.M. Gurnell1*,



THE HYDROMORPHOLOGY OF NATURALLY-
FUNCTIONING RIVERS IS DRIVEN BY:

i. Regional characteristics: particularly climate 

ii. Catchment characteristics: translate properties of the regional climate into flows 
of water and sediment, 

iii. Valley setting: dictates topographic slope and lateral confinement of river 
reaches, 

iv. Reach properties: moderate response to flows of water and sediment from 
upstream (bank / bed sediment calibre and structure, aquatic and riparian 
vegetation).

v. Ecosystem engineering by plants: affects character and dynamics of reaches and 
habitats.

RESULT: REACH HYDROMORPHOLOGICAL ASSEMBLAGE & DYNAMICS
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u Environmental flows (e-flows), also called ecological flows or

biological flows, can be defined as the hydrological regime required

to sustain river and associated water dependent ecosystems, as well

as the human livelihoods depending on them More specifically, e-

flows covers both the quantity and quality of water required

spatially and temporally to maintain desired river ecosystem

conditions. They have been typically defined as the minimum

amount of water required for a river, but more recently, e-flow

science has evolved towards the idea that flow regime should be as

natural as possible, and capture low and high flows, flow variability ,

rates of change, seasonality, etc. E-flows are essentially the river

environmental water requirements (Edwards et al. 2021).

Evironmental flow



Evironmental flow

Environmental flow is the water regime provided within a

river, wetland or coastal zone to maintain ecosystems and

their benefits where there are competing water uses and

where flows are regulated (IUCN2003).

Levis.sggw.pl



Building blocks method to capture e-flows
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Habitat for pike: 20 days of flooding from March to May

bank flow

hydrobiological flow

Plant communities of flood plains:

short/medium/long floods from March to October

time of occurrence of plant communities

time of occurrence of pike

scheme after Piniewski, 2012



IHA parameters

u Indicators of Hydrological Alteration (IHA) is a desktop technique for

defining environmental flow requirements introduced by Richter et

al. (1996, 1997). This approach recognizes that all characteristics of

the flow regime are ecologically relevant .

u The IHA method contains a subset of 33 parameters of flow regime

providing information about hydrological alteration in five

classifications: magnitude, timing, frequency, duration and rate of

change.

u On the basis of the literaturőreview, we may assess which IHA

parameters are ecologically relevant .
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Biebrza Wetlands
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Vegetation of the riparian wetlands





Results of chemical analysis

Chromanski et al, Ecological Engineering, 2011



Hydraulic model topological scheme
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No

Sc

Flooded

area[

km2]

Average

depth[m]

Flow

condition

1 93.29 0.65 MAX

2 83.84 0.61 MAX

3 83.21 0.60 MAX

4 179.55 1.44 MAX

1 61.35 0.49 AVG

2 56.54 0.46 AVG

3 56.27 0.45 AVG

4 113.74 0.68 AVG

Variation of the flooded 

area and the water depth on 

the floodplain for different 

land use scenarios

(MAX Q=229.20 m3/s.

AVG Q=70.51 m3/s).



Restoration



Case study location

Marcinkowski, P.; Grabowski, R.C.; Okruszko, T., 2017b Controls on anastomosis in lowland 

river systems: towards process-based solutions to habitat conservation. Science of the Total 

Environment, 609, 1544-1555. 



Temporal degradation

1900 1966 1997 2012



Region

Catchment

Landscape unit

Segment

REACH

Geomorphic unit

Hydraulic unit

River element

CHANGES THROUGH TIME
PREDICTING THE 

FUTURE

Conceptual models

Statistical and Empirical 

Models

Analytical and 

Numerical Models

Physical Models

INFORMATION FROM 

THE PAST

Decades
aerial photography, airborne 

LiDAR and terrestrial laser 

scanning satellite imagery 

and multispectral data, 

Centuries
documentary evidence 

(diaries, deeds, etc), land 

surveys, historical maps, 

topographic surveys of the 

river channel (e.g. repeated 

longitudinal profiles and 

cross sections) and 

terrestrial photography

Millenia
sedimentology, stratigraphy 

and geoarchaeology



Stagesof analysis (brief description )

Biogeographic region (1) Catchment (1) Landscape Units (2)

Segments (7)
Reaches(35)



Timber rafting

Fish dams
Cattle breeding

Water mills







Conservation measures

u Park Protection Plan, approved in2017 introduced the concept of active 

protection measures in order to maintain the multibranching system of 

the river segment

u Following measures, which mimic former activities, are considered:

umowing

udredging

udamming

u This issue rose the discussion on protection of the status or of the 

processes. Thus some control sections have been proposed for the 

further experiments.



Hydraulic model

u Matlab designed,

u Steady flow conditions ,

u One-dimensional flow is

considered,

u River flow expressed in terms

of energy conservation 

equation,

u Dischargewithin each river 

branch is uniform ,

u Flow is subcritical .



Calibrated model



Mowing


