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Background: NbS, large-scale, NWRM
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Fig.2|Heterogeneous wetland loss across countries, peatland regionsand
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Floodplain restoration — NBS, large-scale, NWRM & 55 Gady
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Floodplain restoration

benefits:
CLIMATE CHANGE
- Climate adaptation
ﬂ - Flood risk mitigation
- Drought mitigation

DROUGHT NO INUNDATION

- Microclimate benefits

- Heatwaves mitigation

- Sustainable landuse

FLOOD PROTECTION - Nature conservation
benefits

- Ecosystem services

- Green infrastructure




Carbon stock (+GHG balance) & 5% Guty

WWF FOUNDATION

Soil carbon stock of ecosystem (t C/ha):
Soil organic C content (SOC)
+ biomass (BGB, AGB)

Wetlands: 61+9 t C/ha?
Grasslands: 56+11 t C/ha?
Arable lands: 55+11 t C/ha?
Forests: 49+13 t C/ha?
Significant regional differences!

WETLANDS:
High biomass productivity!
Their soil organic carbon is the highest!
Global carbon sequestration of wetlands:
830 Tgl/year?
~20-25% of global soil carbon
~5-8% landcover of inland wetlands

@ WWF Hungary, Szilvia Adém



Carbon stock (+GHG balance) & 5B Gy
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National Greenhouse Gas Inventory#
(IPCC)
Water supply increases biomass
production
= carbon sequestration in wetlands’ soll

20t C/ha/20year

BUT
for wetlands CO, / carbon sequestration
calculation is not enough, can be
misleading!

Because wetlands can be both sinks or
emitters of the 3 main GHGs! (depending on
the conditions)

© WWEF-Hungary
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(Carbon stock +) GHG balance & i (Cttoly
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GHG = CO,, CH,, N,O

Global Warming Potential®
CH, = 34x CO,
N,O = 298x CO,

...over 100-year time horizon

4

We had to estimate the full GHG
balance with all 3 main GHGs.

GHG balance: CO,equiv./year/ha




(Carbon stock +) GHG balance & == Gudy

WWF FOUNDATION

(70+ national and international literature)

GHG balance of ecosystem?

positive: sequestration (sink)
negative: emission (source)

Forests: 2—-4 t CO,equiv./year/ha
Grasslands: -0.35 — +0.15 t CO,equiv/year/ha
Arable lands: -0.7 — -4.6 t CO,equiv./year/ha
Wetlands: sporadic data -5.4 t ... (?7?7)

Wetlands are very diverse,
so their services are very variable.

g Lack of information.
s ™ " Floodplain = mosaic of ecosystems. 8




Methods and materials

Péter Koncz, Déra Hidy, Eszter H. Téth, Marton Dencs6, Matyas Farkas,
Tamas Ecker, Szilvia Adam
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Carbon pools and fluxes

Flowchart of Biome-BGC MuSo

itrogen pools and fluxes

THE

e Model runs: Biome-BGCMuso® & &8 Gudy

precipitation

respiration  photosynthesis biomass transport
l t l transpiration =
irrigation t evaporation

* mortality

* growth
* allocation %3 {gf i fert i‘l '

flooding on. deposition infiltration
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Past and present phase: simulation of grazing and
flooding based on historical data (2012-2023)

Pre-defined scenarios: (2024-2052)
2 reality +10 potential!!!

e Present GHG budget with or without flood at both sites?
e Pasture or arable land?

e Arable land (maize) with or without flood?

e Arable land (maize) with or without fertilizers?

Parametrization and calibration:
former project experiences for arable lands
fleld measurements (SWC, TS, assimilation)
GHG measurement only for validation! .



Net GreenHouse Gas Balance (NGB)* of the active floodplain site**
400

POSITIVE = sequestration

NEGATIVE = emission B 2012-2024

BN 2025-2053 (A45)

Pasture without flood is and | 2025-2053 (A85)
will be GHG emitter. 200 - -

Pasture with flood is/will be . ‘
the best in GHG sequestration. w |
T |

From GHG point of view the
the intensive arable land is the
worst choice.

g CO, equiv / m?/ year

Arable land with flood and -200
without fertilizer could work.

* Net amount of the 3 GHG (CO,, CH,, N,0)
accumulating or lost in ecosystems at the -400
regional scale

1 1 1 1 ] 1
Pasture Pasture Arable land (Arable lan Arable land Arable land

without with flood maize aiz maize maize
** Average of the cumulative fluxes based on flood wihout flood wit without with flood
process oriented biogeochemical model runs - REALITY with flood without
Biome-BGCMuSo, Hidy (2024) fertilizer fertilizer without fertilizer

fertilizer



Results 2. — medium level — 4500 ha

Péter Koncz, Szilvia Adam
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Actual landuse and potential
landuse after NWRM

Today (2016) Future (??7?)

Grouped by
the need for
landuse change,
Intervention

Y5 landuse
may remain
as usual

Pastures

Arable lands Landuse change! '(

Hay meadows

Orchards
Steppes, grasslands

Floodplain forests
Water bodies

Arable lands

Tree plantations

Marshlands

Salt meadows

Populated area =———=FloOd:protecti = Populated area




GHG balance of 4500 ha floodplain before (2023) and after (2053) landuse change

m Before After

10000

5000

. T .

-5000

t CO, equiv/year

-10000
-15000
-20000

Tree Floodplain Orchards Grasslands Croplands Wetlands |[SUMMARY
plantations forests

Before the restoration (2012-2024) the ~4500 ha was severe emitter of GHG



Results 3. — landscape level — 150.000 ha
Koncz, P., Hidy, D., Adam, Sz.
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|l anduse
conversion

Arable lands
100% — 0 %

Mowed meadows
11% —35%

Grazed meadows
6% —20%

Floodplain forests
5%—5%

Wetlands
0,2% — 20%

Corine Land Cover categories
of deep floodplain 19 11
areas along the River Tisza

CLC Code

“ 112: Discontinuous urban fabric
“ 121: Industrial or commercial units
124: Airports
142: Sport and leisure facilities
211: Non-irrigated arable land
“ 221: Vineyards

222: Fruit trees and berry plantations

231; Pastures
242: Complex cultivation patterns

243: Land principally occupied by agriculture, with significant areas of natural ve

311: Broad-leaved forest
, 313: Mixed forest
321: Natural grasslands
324: Transitional woodland-shrub
411: Inland marshes
@& 511 Water courses




The GHG balance of deep floodplain areas (144 000 ha)
along the River Tisza before and after the FUTURE landuse change

H Before After
200 000
100 000
-~ _
[
> .100 000
=
=
8" -200 000
O
o]
-300 000
=400 000
-500 000
Arable Managed Other Natural Natural Transition Wet Marshes Open | SUMMARY
land grassland broad willow- grassland woods, meadows water
leaved poplar shrubs
forest forest

surface



Conclusion

1. Periodical floods increase the carbon sequestration
ability due to the enhanced biomass production, which
may offset the net methane and nitrous oxide emission.

2. Floodplain restoration-induced land use change can
transform the landscape from a net greenhouse gas
emitter into a net greenhouse gas sink.

3. Drought reduces the carbon sequestration potential, so
the future emission without floods will increase.

4. Shifting from arable land to sustainable land use in
floodplain areas supports both climate and biodiversity
goals.

5. Not all arable lands have to be converted into
grasslands or wetlands. Arable lands with periodical
floods and without fertilisers may also sink carbon with
acceptable yield averages.




GENERAL CONCLUSION

Floodplain restorations,
as a nature-based solution (NbS),

can also be interpreted as a
climate adaptation measure with mitigation benefits,
which can reduce vulnerability to weather extremes
and increase resilience.




Press release about the study Press release about the study

and its summary in Hungarian and its summary in English
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Thank you for your
attention!

© WWF Hungary, Szilvia Adam


mailto:sadam@wwfcee.org
https://wwf.hu/kibocsatobol-elnyelo-a-helyreallitott-arterek-szerepe-a-klimavedelemben/
https://wwf.hu/kibocsatobol-elnyelo-a-helyreallitott-arterek-szerepe-a-klimavedelemben/
https://wwfcee.org/news/floodplain-restoration-can-transform-landscapes-from-greenhouse-gas-emitters-into-sinks-reveals-pilot-scientific-research
https://wwfcee.org/news/floodplain-restoration-can-transform-landscapes-from-greenhouse-gas-emitters-into-sinks-reveals-pilot-scientific-research

References 1. (presentation):
1. Fluet-Chouinard et al (2023): Extensive global wetland loss over the past three centuries. Nature 614(7947): 281-286

2. Koncz, Péter; Horvath, Laszlo; Somogyi, Zoltan; Kottek, Péter; Weidinger, Tamas; Acs, Ferenc; Kroel-Dulay, Gyorgy;
Fogarasi, Jézsef; Molnar, Andras; Pasztor, Laszl6 et al. (2021) A tlizifatermelés, az éghajlat- és a mikroklima-szabalyozas mint
Okoszisztéma szolgaltatas értékelése — Az 6koszisztéma allapottdl a ténylegesen igénybe vett okoszisztéma-szolgaltatas
értékelésig.: A kozossegi jelentbsegl természeti értékek hosszu tavi megbrzését és fejlesztését, valamint az EU bioldgiai
sokféleség stratégia 2020 célkitlizéseinek hazai szintli megvalositasat megalapozdé stratégiai vizsgalatok projekt, Okoszisztéma-
szolgaltatasok projektelem. Budapest, Agrarminisztérium. 191 p.

3. Mitsch, W. J., Gosselink, J. G. (2015): Wetlands (5th edition). Wiley, New Jersey.

4. NIR (2019) National Inventory Report for 1985-2017. Hungary. Compiled by the Hungarian Meteorological Service, Unit of
National Emissions Inventories. Budapest.

5. IPCC (2013) Climate Change (2013): The Physical Science Basis. Contribution of Working Group | to the Fifth Assessment
Report of the Intergovern-mental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J.
Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New
York, NY, USA, 1535 p. (web) https://www.ipcc.ch/report/ar5/wg1/

6. Hidy, D., Barcza, Z., Hollés, R., Dobor, L., Acs, T., Zachary, D., ... & Fodor, N. (2022). Soil-related developments of the
Biome-BGCMuSo v6. 2 terrestrial ecosystem model. Geoscientific Model Development, 15(5), 2157-2181.


https://www.ipcc.ch/report/ar5/wg1/

References 2. (presentation):

7. Agrarminisztérium (2019): Okoszisztéma alaptérkép és adatmodell kialakitasa. Agrarminisztérium, Budapest
DOI: 10.34811/0sz.alapterkep.dokumentum

8. Mészaros, Janos (2015): Folyészabalyozasi térképek geodéziai alapja Doktori (PhD.) értekezés, Ebtvos Lorand
Tudomanyegyetem, Foldtudomanyi Doktori Iskola, Budapest.

9. Timar, G. és Racz, T (2001) Foldtani folyamatok hatasa a Tisza-volgy arvizi biztonsagara. Magyar Hidrologiai Tarsasag "Duna-
Tisza medence viz- és kornyezetvédelmi nemzetkozi konferenciaja" konferencia.

10. Muranyi, G. és Koncsos, L (2022): Tarozasi alkalmassagok az Alfoldon. Vizatvezetés, vizvisszatartas, vizpotlas.
https://www.researchgate.net/publication/361925566

11. Muranyi, G. és Koncsos, L. (2022): Analysis of nature based flood management in the Tisza River Valley, Hungary. Pollack
Periodica. DOI: 10.1556/606.2022.00456


https://www.researchgate.net/publication/361925566

	1. dia: Greenhouse Gas (GHG) balance of floodplain restoration – Tisza river NBS case      
	2. dia: Content
	3. dia: Background: NbS, large-scale, NWRM
	4. dia: Floodplain restoration – NBS, large-scale, NWRM 
	5. dia
	6. dia
	7. dia
	8. dia
	9. dia: Methods and materials
	10. dia
	11. dia
	12. dia
	13. dia
	14. dia
	15. dia
	16. dia: Results 1. Model runs – local level – 20-30 ha
	17. dia: Model runs: Biome-BGCMuso6
	18. dia: Net GreenHouse Gas Balance (NGB)* of the active floodplain site**
	19. dia: Results 2. – medium level – 4500 ha
	20. dia
	21. dia
	22. dia
	23. dia
	24. dia
	25. dia
	26. dia: Results 3. – landscape level – 150.000 ha
	27. dia
	28. dia
	29. dia
	30. dia:  
	31. dia
	32. dia: Thank you for your attention!
	33. dia
	34. dia

