vasive riparian species and the effect of
climate change on flood conveyance
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Main pressures on wetland vegetation (in Hungary)

Overgrazing Improper plantation

Mining

~Minir

Overpopulated game °—~_

Improper grazing

Access water

. Invasive species
Establish. of new ponds P

Lack of mowing

Improper mowin
Destroying by ploughing

Trampling Drainage

Construction

Pollution

Improper water regime

s
Climate change is not mentioned!

Molnar et al. (2008): Threatening factors encountered:
Actual endangerment of the Hungarian (semi-) natural habitats.
Acta Botanica Hungarica



Climate change in Hungary

Annual mean temperature
change (1981-2016)
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Annual duration of heat-days : .
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https://www.met.hu/eghajlat/eghajlatvaltozas/megfigyelt_valtozasok/Magyarorszag/

80%

Climate change in Hungary

Until 2050 precipitation: **
-13-15% (drier summers, .

wetter Winters)_ 1s01 1811 1921 1931 1941 1851 1961 1971 1%81 1881 2000 2011
Annual pre iltatlon change (%) in 1981-2010 compared to '@

1901-2016 period

Drought index

= Withouth drought

.
o Heavy droughts



Climate change related hydrological changes

Average time of floodings over the year:

winter floods - summer floods Snowmelt index
The arrows indicate the distribution of the (first
floods Ty
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Bloschl et al. 2017: Changing climate shifts timing of European
floods,” Science 357


http://science.sciencemag.org/content/357/6351/588

Climate change (?) related hydrological changes
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Climate change (?) related hydrological changes

Forecast:

Rivers:
Decreasing run-off
Summer: long-lasting low stages
Winter: earlier floods, increasing stages
Small streams: frequent flash-floods

Lakes: negative water household (summer: drying up)

Ground-water: dropping level

Droughts: larger areas, greater frequency

Increasing water temperature

1961-1990 ALADIN S
N 2071-2100 G
. e : PaDi index #  change (%)
Drought vulnerability of SE Hungary m— 559 : o 60.00
and its change based on ALADIN | | 35.00

regional climate model 0 50 100 Km

Novaky B. (2005): Az éghajlatvaltozas hatdsa a felszini és felszin alatti vizekre (VAHAVA alapozé
tanulmany, kézirat). Godollé. 36 p.



Climate change related changes
INn Invasive species

New species, new invasions:

1930s 4% of the flora was invasive, now 12% (Borhidi 2009)
Redistribution of species:

Disappearance: Fallopia japonica (Beerling et al. 1995)

Increasing territory: Solidago gigantea (increasing summer temperature)
Extreme hydrology:

accelerating spread (Amorpha fruticosa, Solidago gigantea, Impatiens glandulifera)
Warmer winters and hot summers: creepers (Echinocystis lobata)

i

(3] alarﬁy stock photo

(Borhidi 2009; Kovacs-Lang et al. 2008; Czucz et al. 2007)



Spreading of Amorpha fruticosa on floodplains

History in floodplains: fh P
Introduced in 18" c: to support bank stabilisation ..., ' L . r”iii-;f:
1970s- in forest plantations ,_

1990s- on abandoned plough-fields and orchards C B ' _ |
2000s- supported by large and frequent floods "'»ll | |
Habitat conditions:
High temperature needs + frost-sensitive (¢climate change)
Heliophil: in artificial plantations, fallow lands

Flood tolerant -



The effect of Amorpha fruticosa on flood con

1. Vegetation density increase (Based on 60 plots
Natural forests: + 3%
Forest (Populus) plantations: +23%

Former meadows, pastures and plough fields: +76% (-100%)

Natural‘forest with invasive bushes

. Planted Populus < N
Amorpha thicket < .
< >
‘; ) ';;\l‘l:\!‘ -,‘.:_‘\n < r,‘ (”.:‘ ;;‘ ,\': A .';;":;,“;-' ‘ '
ATty s B S o R A N . LR =
s oA ',";*"‘3 P“t e T
. A - l‘- ' 4 ?;;%’I. s ».' i y : .- "‘ .



The effect of Amorpha fruticosa on flood conveyance
2. Vegetation roughness calculation

Based on:
1. Land-use categories combined with vegetation roughness values (Chow 1959)

2. Vegetation density calculations (2017 photographs)

Csongrad Mindszent Algyo6-Szeged
014 mean vegetation
A roughness

AMA | A A
o1o ake M R ‘fAAM W‘A‘A“‘AM‘

0.11 (2017, +invas)

0.09 (2017, G.Earth)

0.078  (1979-1985)

0.048 (1881-1884)

Vegetation roughnes (n)

0.035 (1861-1864)
0.023 (1784)

0 10 20 30 40 50 60 70 80 90



3. Modelled flood
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Hec-RAS modelling:

3. Modelled flood

Scenario 1: actual floodplain roughness
Scenario 2: Managed floodplain (Amorpha clearance)

%5 Mean in-channel flood velocity

A
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Mean overbank flood velocity

A: Middle Tisza

western floodplain  eastern floodplain

Flow velocity (m s™)
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B: Lower Tisza

western floodplain

eastern floodplain

Flow velocity (m s™)
03 02 01 00 0.1 02 0304

191.8

|

190.6

189.0

NA

188.0

i

187.0

186.1

184.9

183.9

AR

183.0

)

181.7

:

AAAA

03 02 01 00 0.1 02 03 04
Difference between scenarios (m s™)



Conclusions
18th century

Riparian forest are disturbed by
climate change driven hydrological
changes + invasive species

flood level

== s vy ST

wetland

meadow

19th century

The land-use in floodplains has
fundamentally changed
— vegetation roughness (0.023 —0.09)
— invasive Amorpha (— 0.11)

especially in Poplar plantations and 20-21st centuries
abandoned lands (density: +23-100%).

meadow with trees

In case of invasive species control
flood level: -10-35cm Amorpha thicke
channel flow velocity: - 30%

overbank flow velocity: + 100-200%  Future |
— fluvial processes mé:lgged floodplain (clearance of invasives)
b s =

Plantation with Amorpha
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