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Summary: Land-use in Hungarian landscapes have generally seen a decrease in agricultural land and increases in
uncultivated land cover and forestry. Such types of land-use change have a cumulative impact on the atmospheric
carbon that can potentially be sequestered across a landscape. The transformation of natural vegetation into
cultivated land-use types and cultivated into uncultivated types alter the operationality of soil carbon storage across
a time scale. This study looks at the land-use change and soil carbon storage potential, as an ecosystem service, on
the Szentendre Island (59 km?) in the Danube River, Hungary, in 1998 and 2018. Land-use and land-cover (LULC)
and topsoil carbon storage in 1998 and 2018 were mapped with the InVEST (Integrated Valuation of Ecosystem
Services and Trade-offs) Carbon Storage and Sequestration Model. Current LULC data were matched with carbon
pool data as inputs for the Carbon Model. The resulting maps present the potential carbon storage value of land-
use types across the Island for 1998 and 2018. Over 20 years, Szentendre Island experienced changes in LULC,;
an increase in artificial surfaces, forests, and pastures, and a decrease in arable land, natural vegetation, and
wetlands. Based on the land-use data, our results showed that potentially 736.97 Mg of carbon was stored in the
topsoil (0-20 cm) of the Szentendre Island in 1998, compared to 737.33 Mg of carbon in 2018. In conclusion,
consideration is given to the land-use change trends and the need for environmental impact assessments and
programs that increase soil carbon storage for the highest level of potential carbon sequestration on Szentendre
Island.

Introduction

Soil carbon storage, a vital ecosystem service, is the result of interactions among ecosystem
processes, like photosynthesis, biomass formation, and decomposition. The physical
breakdown of carbon-rich organic matter, or carbon-enriched compounds provided by plants in
symbiotic relations, provides the function through which carbon is sequestered into the soil
from the atmosphere (Ontl and Schulte 2012). Additionally, it increases soil organic matter
levels which improves soil structure and reduces soil erosion, resulting in greater plant
productivity and decreased environmental degradation (Brady and Weil 2016).

The continued release of CO» into the atmosphere throughout the Anthropocene has changed
the chemical constituency of the earth’s atmosphere and has resulted in global changes to our
climate (Lewis and Maslin 2015, IPCC 2007). Long-term carbon sequestration contributes to
the global regulation of the carbon cycle, aiding our need for decreasing dangerous levels of
gaseous carbon (Lal 2000, Smith 2004).

Soil acts as a large carbon pool (or sink) and is valued as a structure that enables large-scale
carbon sequestration (Lal 2004, Centeri et al. 2014). Various land-use management activities,
like agricultural practices, affect carbon storage processes (Schlesinger 1986, Jakab et al. 2016).
Effective management (e.g. forming terraces on sloping lands (Slamova et al. 2015)) can lead
to increased carbon sequestration whereas ineffective management leads to soil carbon loss
(Dignac et al. 2017, Szalai et al. 2016, Barczi és Centeri 1999).

Studies showed that land-use change and management decisions can have multiple impacts
on the structures, processes, and functions of ecosystem services of an area (Sanderman et al.
2017, Gutierrez-Arellano and Mulligan 2018, Yang et al. 2018). Specific LULC types are
favoured in the previously mentioned studies in efforts to sequester carbon. Natural vegetation,
such as forests and grasslands, holds a significant amount of carbon stored in the soil (Malhi
2002, Xiaoke et al. 1994).
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Land-use in Hungarian landscapes have generally seen a decrease in agricultural land and
increases in uncultivated land cover and forestry (Cegielska et al. 2018, Malatinszky 2016). But
few studies focus on landscape-scale carbon sequestration potentials. Land-use change has a
cumulative impact on the atmospheric carbon that can potentially be sequestered across a
landscape. The transformation of natural vegetation into cultivated land-use types and
cultivated into uncultivated types alter the operationality of soil carbon storage across a time
scale (Lal 2008).

Landscape managers and planners should know the baseline data and monitoring needs of
specific ecosystem services, such as carbon sequestration, to promote continued functionality
and provisioning of these services (Burkhard and Maes 2017). Avoiding net carbon emissions
through better land-use change and management policies, and increased restoration efforts is a
feasible and achievable action in managed landscapes (Janssens et al. 2003). It is important to
find a trade-off between the conservation of the biodiversity and the economic productivity of
permanent grasslands and also to avoid potential conflicts that arise from the changes in the
provision of ecosystem services valuable for different stakeholder groups (Kizekova et al. 2017,
Kovécs et al. 2015). Residents of the Szentendre Island, a Special Area of Conservation (i.e.,
part of the Natura 2000 network of the European Union, see e.g. Mockel 2017) in the
metropolitan area of Budapest, have indicated interest in the development of an eco-Island
which would make soil carbon storage data invaluable information to the Island’s managers
(Orosz et al. 2015). According to the latest analyses, the climate-vulnerability of the Szentendre
Island is low—medium (Buzasi and Dajka 2019) or high (Csorba et al. 2018), while the land
cover variability between 1990 and 2012 was low (Szilassi 2017).

The purpose of this study was to map the land-use and land-cover (LULC) and potential soil
carbon storage (as carbon sequestration) of the Szentendre Island in the Danube River,
Hungary, in 1998 and 2018. CORINE LULC data were analysed with GIS software and
matched with carbon pool data as inputs for the IN'VEST (Integrated Valuation of Ecosystem
Services and Trade-offs) Carbon Storage and Sequestration Model (Sharp et al. 2018). This
biophysical evaluation forms part of a larger study of soil-related ecosystem services,
particularly carbon storage and sequestration.

Material and methods

Study Area

The Szentendre Island (hereafter Island) study area (59 km?) is located along a 35 km stretch in
the Danube River in Hungary (47°43'14.2"N, 19°06'31.4"E) (Béhm 2015). It is home to about
10 000 permanent residents split into four settlements (Orosz et al. 2015). Part of the Island
falls within the Danube—Ipoly National Park and several Natura 2000 ecological network areas
are found on the Island (European Commission 2012, Gergely 2011). Agricultural practices
have taken place on Szentendre Island since the 17" century (Gergely 2011). The current
homogenous agricultural landscape includes sunflower, corn, alfalfa, potato, orchards,
vineyards and cereals as the main crops (Orosz et al. 2015).

Process
Land-use and land-cover (LULC) of the Szentendre Island in 1998 and 2018 was mapped with
ArcMap 10.4.1 (ESRI2017) based on CORINE 1998 (CL50, 1:50 000) Land Cover Data Layer
(FOMI 2016) and CORINE 2018 (CLC2018, 1:100 000) Land Cover Data Layer (Biittner et al.
2017).

LULC classes were mapped by transforming the raster CORINE layers into polygon layers
(shapefiles), where the same GIS road data was added for both maps as separate road maps for
these years could not be found (OpenStreetMap 2019). Both GIS layer maps were transformed
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back into raster data (10x10 m cell size). Both the CORINE LULC class raster data were
reclassed into simplified classes (patch types) displayed in the maps; natural vegetation, forests,
agricultural land, pastures, wetlands, water bodies, roads, and artificial surfaces (Table 1.). As
the distribution of water bodies around and across the Island was of small consequence, it was
disregarded in this study.

Table 1. Land-use and land-cover (LULC) types of the Szentendre Island reclassified from CORINE
nomenclature (detailed under description) (Bossard et al. 2000, FOMI 2016)
1. tablazat A foldhasznalat és felszinboritas tipusok a CORINE elnevezése alapjan (részletek a szovegben)
(Bossard et al. 2000, FOMI 2016)
Class (patch type) Description
Agricultural land ¢ Arable land consisting of fields larger or smaller than 10 ha in size.

*  Orchards, berry fruit, plantations; Areas of fruit/nut orchards (apples, plums, pears,
cherries, peaches, apricots, walnut, chestnut, hazel, almond, etc.) and berry fruit
(black and red currants, raspberries, gooseberries, etc.).

*  Complex cultivation; juxtaposition of small plots of diverse annual crops, pastures
and/or permanent crops. Includes alfalfa, barley, hemp, maize, millet, oats, plum,
potato, pumpkin, rye, sorghum, soybean, strawberries, sunflower, vegetables, walnut,
and wheat.

Artificial surfaces ¢ Commercial and Industrial: Areas of urban centres with public, administrative,
commercial, and industrial buildings, roads, parking lots and artificial surfaces (e.g.
cemeteries without vegetation) cover more than 80% of the total surface.

* Residential: Discontinuous built-up areas with family houses with gardens, leisure
areas.

Forest Broad-leaved forest in wet and dry conditions, plantations of broad-leaved forests, young
stands and clear-cuts, natural regeneration areas, forest nurseries.

Natural vegetation  Natural shrub- and grassland, with and without trees and shrubs.

Pastures Natural and fallow farms; significant cover of natural vegetation, abandoned arable land.
Fields larger or smaller than 10 ha size.

Roads Vehicle roads, tracks, residential streets, and carriageways.
Water bodies Rivers and channels with continuous water supply, artificial reservoirs.
Wetlands Fresh-water marshes.

Soil carbon storage of the Szentendre Island, in 1998 and 2018, were mapped using the
InVEST (Integrated Valuation of Ecosystem Services and Trade-offs) Carbon Model (Sharp et
al. 2018). InVEST Carbon Model aggregates carbon stored amounts from below-ground
biomass, soil, and dead organic matter according to land-use maps and classifications. Inputs
include LULC maps (raster) of 1998 and 2018 and carbon stock values per LULC class (an
excel file). For this study, reclassed LULC raster data were matched with carbon pool data,
using the Land Use/Cover Area frame Survey (LUCAS) Topsoil Database (0—20 cm topsoil
sampled) (Toth et al. 2013), as inputs for the Carbon Model (Table 2.). Artificial surfaces, roads
and water bodies were excluded from carbon storage mapping in the model.

Results and discussion

The resulting maps present the different arrangements of LULC classes and potential carbon
sequestration values across Szentendre Island for 1998 and 2018.
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Figure 1. Spatial distribution of land-use and land-cover classes across Szentendre Island in the Danube River,
Hungary in 1998 (left) and 2018 (right)
1. abra A foldhasznalat és a felszinboritas osztalyok teriileti eloszlasa a Szentendrei-szigeten (Duna), 1998-ban
(balra) és 2018-ban (jobbra)

The LULC class distribution for the Szentendre Island in 1998 was comprised of agricultural
land (22.45 km?), pastures (4.04 km?), forests (15.28 km?), natural vegetation (7.48 km?),
wetlands (0.04 km?), artificial surfaces (6.37 km?), and roads (3.5 km?). Together totaling 59.16
km?.

The LULC class distribution for the Szentendre Island in 2018 was comprised of agricultural
land (21.43 km?), pastures (7.18 km?), forests (15.87 km?), natural vegetation (4.07 km?),

artificial surfaces (7.28 km?), and roads (3.5 km?). Together totaling 59.33 km?.

Table 2. Net % change in LULC classes across Szentendre Island between 1998 and 2018
increase (green) and decrease (red), based on CORINE data
2. tablazat A foldhasznalat és a felszinboritas osztalyok (LULC) nettd %-anak valtozasa (ndvekedése zold
szinnel, illetve csokkenése piros szinnel), a Szentendrei-szigeten 1998 és 2018 kozott a CORINE adatai alapjan

LULC Class 1998 % 2018 % Net % Change
Agricultural land 37.95 36.12 -1.82
Artificial surfaces 10.77 12.27 +1.50

Forests 25.82 26.75 +0.93

Natural vegetation 12.64 6.86 -5.78

Pastures 6.84 12.10 +5.26

Roads 591 5.91 0

Wetlands 0.07 0.00 -0.07

Net changes in LULC class distributions between 1998 and 2018 (Table 2.) were observed
from the maps; there were an increase in artificial surfaces (+1.50%), forests (+0.93%), and
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pastures (+5.26%), and a decrease in agricultural land (-1.82%), natural vegetation (-5.78%),
and wetlands (-0.07%). The increase in artificial surfaces could be attributed to further
residential, commercial, or industrial area development on the Island. The increase in forests
and pastures, and decrease in agricultural land, may have been impacted by the additional
environmental protection afforded to floodplain gallery forests and adjoining belts by Natura
2000 sites, enforced by 2003 (Gergely 2011).

The difference (0.17 km?) in the total LULC between 1998 and 2018 is ascribed to the loss
of map resolution detail in the GIS map format transformation from raster, to shapefiles, and
back to raster for modeling purposes. However, the Island’s surface area may be increasing
through the change in the Danube river water level and flows but no evidence has been collected
to support this in this study.
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Figure 2. Spatial distribution of the potential aggregated carbon density (Mg.m™)
for 1998 (left) and 2018 (right)
2. dbra A potencialis 6sszesitett szénsiirliség (Mg.m™!) teriileti eloszldsa 1998-ban (bal oldalon) és 2018-ban
(jobb oldalon)

The InVEST Carbon Storage and Sequestration Model calculated that potentially 736.97 Mg
of carbon was stored in the topsoil (0-20 cm) of the Szentendre Island in 1998, compared to
737.33 Mg of carbon in 2018 (Figure 3.). The overall potential carbon stock of 2018 is higher
than in 1998 and this is due to the increases of forests and pastures, LULC associated with high
rates in topsoil carbon storage (Malhi 2002).

Agricultural land and forests make-up a large portion of Szentendre Island (64% in 1998 and
63% in 2018), so these LULC’s contribution to carbon sequestering plays a role in future
climate change mitigation and soil conservation. The high soil carbon storage capacity of forests
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is questionable, as in-field observations showed that some forest treelines had substantial
anthropogenic impacts where there were roads, water regulation features, dug holes, leftover
construction materials, and extremely compacted soil. Data on environmental pressures on the
Island are scarce which means that, possibly, various land-uses may not be at full ecological
functioning to provide soil carbon storage services.

It is suggested that environmental researchers and professionals carry out environmental
impact assessments. LULC change. These assessments assist with the biodiversity monitoring,
identification and evaluation of habitat development potentials, habitat capacity, evaluation of
landscape multifunctionality, and prospects for landscape planning (Burkhard and Maes 2017),
which will significantly contribute to increased soil carbon storage on the Szentendre Island.
Another intervention would include programs that increase soil carbon storage as nature-based
solutions (Nesshover et al. 2017). Strategies for increasing soil carbon pool capacity include
soil restoration and regeneration (Boecker et al. 2015), conservation agricultural practices
(Liischer et al. 2016), woodland regeneration, brownfield regeneration (Frantél et al. 2013),
mixed cropping, conserving natural areas, and efficient water and nutrient management (Lal
2004).

In-situ soil sampling (of above- and belowground biomass, soil, and dead organic matter)
for various LULC classes are needed for the validation of the InVEST Carbon Storage and
Sequestration Model results, and to determine the best management practices.

As this study was limited to desktop research, limitations include generalized soil carbon
stock for LULC classes based on country-wide soil samples, losing fine-scale detail due to the
resolution scale of both 1998 and 2018 CORINE CLC GIS data, no in-field verification of soil
carbon stock, and limited data available of land-use management specifics and practices are
undertaken on LULC classes which can drastically impact soil carbon storage. Informed
decision making in landscape management in this context would need comprehensive in-field
validation action and stakeholder engagement.

There is some uncertainty of the CORINE classification of pastures in this context. There is
little information from the data to indicate whether this includes meadows, hayfields, or natural
grasslands. In Hungary, grasslands are generally used as non-intensively managed as pastures
or hayfields and it is not clear how this land-use is categorized within CORINE (Biittner et al.
2017).

This study aimed to determine the soil carbon storage potential on Szentendre Island, as an
ecosystem service. After analyses, it was found that the Island potentially contributes to 737
Mg of carbon sequestration with its current LULC distribution. Various land-use changes
occurred on the Island between 1998 and 2018 that led to a slight increase in overall potential
carbon sequestration. If there would be an increase in LULC transformation from agricultural
land and artificial surfaces into forests, natural vegetation and pastures, then the Island could
provide increased carbon sequestration services. The map for potential carbon storage in 2018
can be used for location-specific management recommendations and future spatial planning of
the Island.
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A TALAJ SZENMEGKOTO KEPESSEGENEK VALTOZASA A SZENDENDREI-SZIGETEN
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Kulcsszavak: talaj széntartalma, foldhasznalati valtozasok, felszinboritas valtozasok, InVEST, 6koszisztéma-
szolgaltatas térképezése

A hazai tajak foldhasznalatdval kapcsolatban altaldban a mezégazdasagi miivelés alatt allo teriiletek csokkenése,
egyuttal a miiveletlen és erdds teriiletek novekedése figyelheté meg. A foldhasznalat efféle valtozasai kumulativ
hatast gyakorolnak a talaj légkori szénmegkoto képességére. A természetes novényzet megmiivelt teriiletekkeé,
azaz foldhasznalati tipusokka alakul, ami a muvelt teriiletek kés6bbi felhagyasaval idovel valtozasokat idéz el6 a
talaj szén-dioxid-tarolo képességében. Jelen tanulmany az 59 km?-es Szentendrei-szigeten 1998-ban és 2018-ban
vizsgalt foldhasznalat-valtozast és a talaj szén-dioxid-megkotd potencialjat, mint 6koszisztéma-szolgaltatast allitja
kozéppontjaba. 1998-ban és 2018-ban a foldhasznalat és a felszinboritas (Land-use and land-cover; LULC),
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valamint a termétalaj széntartalma az InVEST (Integrated Valuation of Ecosystem Services and Trade-offs)
széntartalom- ¢és szénkivonas-modell segitségével keriilt feltérképezésre. A jelenlegi foldhasznalati és a
felszinboritasi adatokat a szénmodell adataihoz illesztettiik a szénmodell bemeneti értékeiként. Az igy kapott
térképek megmutatjak a foldhasznalat-tipusok potencialis szénmegkotd képességének értékét a szigeten 1998-ban
¢és 2018-ban. 20 év alatt a Szentendrei-szigeten a foldhasznalat és felszinboritas jelentds valtozasokon ment at;
novekedtek a mesterséges feliiletek, az erddk és a legeldk, ugyanakkor csokkent a szantdk, a természetes novényzet
¢és a vizes ¢él6helyek aranya. A foldhasznalati adatok alapjan megallapitott eredmények azt mutatjak, hogy 1998-
ban a Szentendrei-sziget talajanak fels6é (0-20 cm) rétege potencialisan 736,97 Mg, 2018-ban pedig 737,33 Mg
szén raktarozasara volt képes. Kovetkeztetésképpen elmondhatd, hogy figyelembe kell venni a foldhasznalat
valtozas tendenciait, valamint a kdrnyezeti hatdsvizsgalatok és olyan programok sziikségességét, amelyek novelik
a talajban megkotott szén mértékét a Szentendrei-szigeten a lehetd legnagyobb 1égkori szénkivonas érdekében.



