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Introduction  
ÅThe WWF Nature reserve in Marcheggis located on 

the Morava River downstream of study area

ÅThe Morava River flows through the warmest and 
driest region in Austria 

annual mean P = 553 mm and T= 9.6°9ЯШ]ìШƖĲĦőċƖŊĲШӇШΡΜШůů

ÅSince 1980, trend toward higher air temperature 
(+1.9°C) in the Morava River Basin (AFRY, 2022)

ÅBetween 1961т1990 and 1991т2020, shift in the 
timing of low-water events from fall/winter to early 
summer/summer (AFRY, 2022)

ÅOn the Austrian side, land use is crop production
Å Lower Austria has the most irrigated area: 77,628 ha
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(www.wwf.at/das-schuetzen-wir/fluesse/march-thaya-auen)

Hohenau an der March

Angern an der March



Objective
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To evaluate the effectiveness of natural water retention measures (NWRMs) at different spatial scales in 
a semi-arid region of eastern Austria.

The key focus is to:

üQuantify the impacts of selected natural water retention measures on hydrological components of 
discharge (low flows), soil moisture content, evapotranspiration and on crop yields.

(wyominghydrology.com/watershed-management)



Methodology : A catalogue  of NWRMs
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ÅA literature review was conducted to identify natural water retention measures that have a positive 
ŔůƓċĦƣШŸŰШƣőĲШũċŰĬƚĦċƓĲќƚШƽċƣĲƖШƚƣŸƖċŊĲШĦċƓċĦŔƣǃЮ

ÅThe identified measures were evaluated based on several criteria.

Measure
SWAT+ 

model

Rele-

vant

Increases 

storage of 

surface runoff

Slows surface 

runoff
Higher evap. Higher inflitration

Increases soil 

water storage

Increases 

water storage

Increases water 

availability 

during dry 

periods

Increases flood 

protection

Winter cover crops Y Y ++ +++ +++ + +

Soil cover (cover crops) Y Y +++ ++ ++ ++

No tillage (not working the soil) Y Y +++ +++ ++

Earlier seeding Y Y/N. +++ ++ + +++

Intercropping Y ++

Narrow row spacing Y ++

Mulching Y ++ +++ + ++

Permaculture Y ++ ++ ++



Methodology : Hydrological Model SWAT+
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ÅSWAT+ is a process-based, spatially explicit hydrological 
model with detailed representation of agricultural crop 
management practices and landscape vegetation.

ÅModel run at a daily time step,1991-2021 (5 year warm-up). 
ÅÑőĲШŉŔŰċũШĦċũŔĤƖċƣĲĬШċŰĬШƻċũŔĬċƣĲĬШůŸĬĲũШӛШReference Model

Calibration/Validation

ÅSoft calibration 
Å annual water balance

Å annual crop yields  (irrigation amounts and harvest index)

ÅSensitivity analysis
Å Sobol method (Saltelli et al., 2010) 1500 iterations

ÅHard calibration
Å Dynamic Dimensioned Search algorithm (Tolson & Shoemaker, 2007)

Å 50 iterations, global search batch size of 16 parameter sets / iteration

Å§ĤŢĲĦƣŔƻĲШŉƨŰĦƣŔŸŰаШĬċŔũǃШĬŔƚĦőċƖŊĲШu]EШӄШΜЮΡ



Methodology : Study area (whole  catchment )
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Morava River subcatchment from the gauge Hohenau  to the gauge Angern a.d. March (1,485 km²)

Morava study catchment area set up with SWAT+ 
(Reference model ) 

Main crops  grown in the Austrian 
part  of the study  area

Area 
(km2)

Winter cereals 335.0

Pasture land 108.4

Tuber crops 61.4

Silage maize 49.7

Summer cereals 47.1
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Methodology : Study area (middle  catchment  scale )
ÑőĲШјZaya ÅŔƻĲƖљШsubcatchment (534 km2) - located completely in Austria - was examined in detail and 
further divided into 3 subcatchments

Outlet: Niederabsdorf

Subcatchments 1, 2 & 3 are 
headwater streams

Zaya study catchment set up with SWAT+ 
(Reference model ) 



Methodology : selected  NWRM
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Scenario 1 Agricultural management changes
Å Implement no-tillage on approx. 50% of agricultural land 
Å Implement cover crops in winter

Scenario 2 Forested riparian buffer strips
Å Implement forest riparian strips of approx. 6 m wide on each side of 

the river bank

ÅConversion of agricultural land, former wetlands, and HQ300 
floodplains into permanent grassland

Å Implement grassed waterways on field with potential rill erosion

Scenario 3 Beaver dams
ÅAll first-order rivers with forested areas nearby
ÅBeaver dam was placed every 900 meters along the water way



Change field management practices on crop land: 

o No-tillage , with harvested residues left on soil 
surface (638 km2)

o Winter cover crops  planted after the main summer 
crops (638 km2)

These measures were implemented on the Austrian side
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Scenario 1: Agricultural management changes

Changed agricultural area in yellow in SWAT +



Change riparian crop to decidious forest

o Along all waterways, 6 m wide buffer  strips  
on each river bank

o changed to јfrsd_tecfљШыΡЯΥШťů2)

Implement permanent pasture on areas that 
represent:

o Grassed water  ways

o Previous wetland  areas

o HQ300 flood  areas

o changed to extensive pasture јfescљШыΠΠШťů2)

These measures were implemented on Austrian side
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Scenario 2: Forested riparian buffer strips

Example of riparian land use change on part of the Zaya in SWAT +

Permanent pasture (fesc)

Decidious forest (frsd_tecf)



Implement water retention beaver dams

o Small reservoirs

o Every 900 m on first-order streams

These measures were implemented on the Austrian side only
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Scenario 3: Beaver dams
Blue dots represent the beaver dams in SWAT+ 

Beaver dam with wetland



Calibration /validation  of Reference Model
§ĤƚĲƖƻĲĬШċŰĬШƚŔůƨũċƣĲĬШĬŔƚĦőċƖŊĲШċƣШљNiederabsdorfњЮШΝΦΦΝ-2000 validation, 2001-2021 calibration period. 

Calibration Validation

KGE NSE PBias KGE NSE PBias

yearly 0.58 0.36 -2.4 0.71 0.79 -6.6

monthly 0.63 0.30 -2.4 0.80 0.60 -6.6

daily 0.54 0.02 -2.4 0.54 0.23 -6.6

Calibration and validation statistics at the Zaya catchment outlet, gauge station "Niederabsdorf"

Average yields  [Mg/ha] from  2000 - 2020 
Statistics from Lower 

Austria
Simulated with 

SWAT+
Alfalfa  (forage crops) 6.7 6.8

Barley (Summer cereals) 4.1 3.8

Maize (silage or grain) 10.0 9.5

Fescue (pasture) 3.6 3.4

Soyabean (legumes) 2.4 2.6

Sugarbeet (root crops) 30.4 24.0

Sunflower (oil seed crops) 2.7 2.8

Winter wheat  (Winter 
cereals) 5.2 5.1



Results : Agricultural  Management 

ÅThe agricultural management scenario led to overall higher 
soil moisture on altered fields. For the simulated period; an 
average increase of 10 mm/2 m soil depth.

Change in soil  moisture  content  in the year 2017

Å In the dry year (SPI-3< -1), soil moisture storage was 
improved in almost all subcatchments every month.
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Discharge 
change 

[%] 

SWC change [%]
changed cropping 

area
whole 

catchment
Sub-catchment 1 0.7 4.7 1.6
Sub-catchment 2 0.7 3.9 1.4
Sub-catchment 3 1.2 5.6 1.9

Zaya catchment
1.4

(6.0 l/s)
1.8

(3.2 mm)

Change in mean discharge and SWC (0-2 m) from May to July, 
during dry years (SPI-3 < -1)

Difference in mean monthly soil moisture content (0т2 m) 
between the Reference and Agricultural scenario in 2017 



Crop yields  increased  overall
ÅWinter wheat yields increased on average by 9%, 

and the other main crops increased by an average 
of 2% during the simulation period (1991-2021).
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Results : Agricultural  Management 

Yield change [%]
Barley Maize 

(silage)
Sunflower Winter 

wheat 
Sub-catchment 1 0.6 1.2 0.8 7.4
Sub-catchment 2 1.4 1.3 1.7 7.5
Sub-catchment 3 2.6 2.1 1.7 11.1

Zaya catchment
1.7

(0.07 kg/ha)

1.6

(0.20 kg/ha)

1.4

(0.04 kg/ha)

9.3

(0.58 kg/ha)

Average change in SWC during the growing season of each crop vs. annual crop 
yields for the altered HRUs (each point represents one year).  x-axis: area-

weighted average SWC change (0-2 m depth); y-axis: area-weighted average 
annual crop yield change.   
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Impacts on low  flows  in Zaya catchment (Outlet Niederabsdorf )

ÅLow flow  event is defined historically as Q = 0.16 m3/s

ÅLow flow  NQ7: the sum of 7 consecutive average daily discharge during a dry spell

Results : Agricultural  Management 

Reference
Agriculture

Reference
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Mean monthly  7-day low flow  at Zaya catchment  outlet  (Niedersabsdorf ) 
for  the period  1991-2021

Difference  in mean monthly  7-day low flow  (%) compared  to the Reference Model at the 
Zaya catchment  outlet  (Niedersabsdorf ) from  1991-2021, n = number of low flow events



Month

Reference
Forest riparian buffers

Results : Forested riparian buffer strips
Implementing deciduous trees along waterways and the conversion of former wetlands from crop production 
to permanent grassland led to increased transpiration and, consequently, lower soil moisture content.

Changes in the actual  evapotranspiration  (ETa)

ÅThe greatest differences in evaporation simulated during the months with the highest tree LAI (JuneтSeptember).
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Mean monthly evaporation [mm] for the reference scenario and the land-cover change scenario 
(Scenario 2) in the headwater area reaches for the period 1991т2021

(LfULG) Haselbach bei Pulsnitz 
www.wasser.sachsen.de



Results : Forested buffer strips
Change in soil  moisture  content

ÅCompared to the reference model: forested areas led to 
a decrease in soil moisture (light brown circles), 
primarily due to higher canopy interception and 
transpiration compared with crop land

ÅThis is particularly evident in the upper and middle 
reaches, with more riparian deciduous forests.
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Transpiration

Difference in mean monthly soil moisture content (0т2 m) 
between the Reference and Forest Buffer scenario in 2017

Headwater  Subcatchment  2 Zaya catchment

R
ef

er
en

ce
Fo

re
st

 b
uf

fe
rs

(LfULG) Haselbach bei Pulsnitz 
www.wasser.sachsen.de


