SPIRAEANTHUS, Ne 3 2026

MPHTH 68.47.03
DOI: 10.71130/3079-6245-2026-8-3-88-98

CARBON SIiNK POTENTIAL OF GREEN BELT AFFORESTATION
E. Oktan'", F. Yiimsel?, O. Ozkan?
K aradeniz Technical University, Faculty of Forestry, Department of Forest Engineering, Trabzon,
Tiirkiye
2Artvin Coruh University, Faculty of Forestry, Department of Forest Engineering, Artvin, Tiirkiye
* Correspondence: oktan@ktu.edu.tr

Abstract. In the fight against climate change, forest ecosystems and green belt afforestation that draw down
atmospheric carbon dioxide are vital carbon sinks. Beyond carbon storage, these practices deliver multifaceted
ecosystem services such as erosion prevention, biodiversity conservation, and the improvement of air quality. This
review examines the effects of green belt afforestation on carbon sinks in the light of the national and international
literature. Applications worldwide — China’s Three-North Shelterbelt, Africa’s Great Green Wall, and schemes in
Europe — demonstrate that substantial amounts of carbon are stored in biomass and soil. However, large-scale projects
in arid and semi-arid regions, as in China, can adversely affect the hydrological balance by increasing water
consumption. This makes it essential to strike a delicate balance between carbon capture and the management of water
resources. Consequently, the success of green belt projects should not be measured solely by the number of seedlings
planted. In future projects, carbon capacity, water balance, and biodiversity should be evaluated together, and
ecosystem-based planning should be undertaken in the right place and with the right species.

Keywords. green belt afforestation, carbon sinks, carbon sequestration, climate change, sustainable forestry,
ecosystem services.

KACBLI BEJAEYJEPAI OPMAH/ABI OCIPYAIH KOMIPTEI'ITH CIHIPY 9JIEYETI

Annanta. KiimMaTTeiH e3repyiMeH Kypecyne aTMoc(epanblK KOMIpTeri TUOKCHUIIHIH ICHIeHiH TOMEHICTCTiH
OpMaH »KOXYHelepi MEeH KachlUl Oelmeyiepli OpMaHABI ecipy TaxipuOenepi MaHBI3ABI KOMIpTETi KOPBI OOIBII
TabbIIagsl. byt 3epTTeyain MakcaThl YITTHIK KoHE XaJIBIKapaJIbIK 9/Ie0HeTTep Heri3iH/e sKachll Oeneyiepai opMaHIbl
ecipyIliH KeMipTeri KopliapblHa ocepiH KemleHni Typnae Oaramay Ooieim TaObuiambel. JKYMBICTBIH FHUTBIMH JKOHE
MIPAKTHKAJIBIK MaHbI3bl KOMIPTETiH TYTYy MEH Cy pecypcTapblH OacKkapy apachlHIarbl TEHTepiMAi aHBIKTAyJa >KaTbIp.
3eprTey omictemeci IyHHeXy3iHAETi ipi xkoOamapaerH — KertaiigeiH Ym ConTycTik KOpFaHBIC OelaeyiHiH,
Ad¢pukansie ¥ier XKacbln kaObIprachIHbIH kaHe Eyponanars! 6arnapinamManapblH HOTHKEJIEPIH TallayFa HeTi3ereH.
Herisri HoTHXeJep KepceTKeHaeH, Oy jxobajgap OMomacca MEH TONBIpaKTa KOMIpTEeriHiH aWTapibIKTai MeJmepiH
KMHAKTayFa MYMKIHIIK Oepesi. JlereHMeH, apuaTi jKOHE JKapThiIai apuTI alMaKTapaarskl ayKbIMIbl OpMaH ecipy cy
TYTBIHYJIbI apTTBHIPBII, THIPOJIOTHSJIBIK Tele-TeHIIKKe Kepl ocepiH Turizyli MyMmkiH. JKyprisinren 3eprreyaiH
KYHIBUIBIFBI OpMaH ©cipy >X0OallapblHbIH COTTUNII TEK OTHIPFBI3BUIFAH KOLIETTEP/iH CaHbIMEH elleHOeyi Tuic
eKeHJIriH aanenneyinne. Toxipubenik MaHbI3bl peTiHe Ooamak xodanapaa KOMIPTeri ChIbIMIbUIBIFBI, Cy OallaHChI
XKoHE OMOSPTYpiuTiK Oipre OaranaHBIN, KOXKYHEere HEri3fenreH jXocmapiay TYPBHIC OpBIHIA JKOHE COHKec aramn
TYPJEPIMEH XKYPri3inyi THIC IeTeH KOPBITHIHIBI KACAIIIBI.

Tyiiin ce3aep: >xacbu1 Genpeyiepai OpMaHsl ©cipy, KeMIpTeri Kopiiapsl, KOMIpTeri CeKBECTpIIeHYl, KITMMATThIH
e3repyi, TYPaKThl OpMaH IapyallblUIbIFbl, SKOKYHEIK KbI3METTep.

HOTEHIHUAJI AEITOHUPOBAHUSA YIVIEPOJAA IIPU CO3JAHUU 3AILIUTHBIX
JIECHBIX ITOACOB

AHHoTanus. B Ooppbe ¢ m3MeHEHHEM KJIMMaTa JISCHbIE SKOMCHUCTEMBI M CO3JAaHUE 3AIIUTHBIX JIECHBIX ITOSICOB
(3€TIEHBIX TI0SICOB), CHIDKAIOUIME YPOBEHb aTMOC(EPHOTO YIVIEKHUCIIOrO Ta3a, WIpaloT pojb BaKHEHIIMX CTOKOB
yraepoja. Llenasro 1aHHOTO UCCIEI0BAHUS SABIISIETCS KOMIUIEKCHAs OLIEHKA BIMSHUS JIECOPA3BEACHUS B 3€JIEHBIX MOsICaX
Ha yTIepoJHbIE ITyJIbl B CBETE HAIMOHAIBHOW M MEXIYHapOAHOW nuTepaTypbl. HaydHas u mpakTudeckas 3HaUUMOCTb
paboThI 3aKiIr0YaeTcst B OINpeieIeHu: OajlaHca MEK/Ly YJIaBIMBaHHEM yTIiIepoJia ¥ YIPaBJICHHEM BOIHBIMU PECYPCaMH.
Meroonorust ncciaeJOBaHUsl OCHOBaHA HA aHAIMTHYECKOM 0030pe pe3yJbTaToB KPYHMHEHIINX MUPOBBIX IPOEKTOB —
Tpex-CeBepnoro necHoro nosica B Kurae, Benukoii 3enenoii crensl B Adpuke U 3K0JIOrHdeckux nporpamMm B Eporre.
OCHOBHBIE pe3yNIbTaThl MTOKA3BIBAIOT, YTO MacIITaOHBIE ITOCAIKN TO3BOJISIOT aKKyMYJIHUPOBATh 3HAUYUTEIHHBIE 00BEMBI
yriaepoaa B 6umomacce u mouse. OfHAKO peann3anysa TaKHUX MPOCKTOB B aPHOHBIX M IMOJyapHIHBIX PETMOHAX MOXKET
HapyLIUTh THAPOJIOTHUECKUN OajaHC M3-3a MOBBIIIEHHOTO BOJOMOTPEOICHUSI HacakAeHUH. LIeHHOCTh MPOBEJEHHOTO
HCCIIEJOBAHMS 3aKII0YACTCsl B 0O0CHOBAHUM TOTO, YTO YCIIEX 3€JICHBIX MOSICOB HENb3sl OLEHUBATh MCKIIOYUTEIHHO 110
KOJIMYECTBY BBICAXKEHHBIX CEsHIEB. [IpakTHueckoe 3HadeHHE WTOrOB pabOTHl 3aKIIOYaeTCs B PEKOMEHAAINH
BHEJIPEHHS TPHUHLMUIIOB SKOCUCTEMHOIO IUIAHMPOBAHUS B OyAyIIMX IIPOEKTaX JIECOpa3BeAEHHs, /e YIJIepOoaHas
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€MKOCTb, BO,Z[HI)II7[ OamaHc u 6Hopa3H006pa31/Ie JOJDKHBI OLCHHMBATbBCAA COBMCCTHO, C HOH60pOM MpaBUJIbHBIX BUI0B
JACPEBLEB JI1 KOHKPETHBIX JIECOPACTUTECIIBbHBIX YCHOBHﬁ.

KaroueBble ciaoBa: JICCOPAa3BEACHUE B 3CJICHBIX IOsACAX, CTOKU YIJIEpOda, CCKBECTpaluAa yrjicpoJa, U3SMCHCHUC
KiIuMmara, yCTOﬁ‘IHBOC JICCHOC XOBHﬁCTBO, 9KOCUCTCMHBIC YCIIYT'H.

1. Introduction
From the Industrial Revolution to the present day, the growing use of non-renewable energy,
together with rapid population growth, industrialisation, urbanisation, and changes in land use, has
led to a substantial rise in atmospheric greenhouse gas concentrations. The accumulation of
greenhouse gases — particularly carbon dioxide (CO:), methane (CHa4), and nitrous oxide (N20) —
affects the global climate system, driving increases in temperature, shifts in precipitation regimes,
and a greater frequency of drought, flooding, and extreme weather events [14]. The fact that the
global mean temperature has risen by approximately 1.1 °C relative to the pre-industrial period
demonstrates that climate change is no longer a threat anticipated for the future but a global
environmental problem whose effects are aready being felt today [14]. As one of the most visible
components of nature-based solutions in the fight against climate change, green belt afforestation
plays an important role in offsetting anthropogenic emissions by creating carbon-sink areas on the
urban fringe [14].
In combating climate change, capturing atmospheric carbon through natural processes is as
important as reducing greenhouse gas emissions. In this context, carbon sinks are defined as
mechanisms that absorb atmospheric carbon dioxide and store it in biomass, soil, oceans, and other
natural systems [15]. Among carbon sinks, forest ecosystems occupy a prominent place owing to
their large areal extent, high biomass productivity, and long-term carbon-storage capacity. Through
photosynthesis, forests draw carbon from the atmosphere and store it in living biomass components
such as the stem, branches, leaves, and roots, while also retaining it for long periods in dead organic
matter and soil organic matter [12]. Forest ecosystems worldwide are reported to store
approximately 662 billion tonnes of carbon, which constitutes a significant proportion of global
carbon stocks [13] (Figure 1).

Distribution of the global forest carbon stock

= Soil organic matter [45%]
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Figure 1. Distribution of the global forest carbon stock (approximately 662 Gt C) among soil
organic matter, living biomass, and dead wood and litter. Source: FAO [13].

The carbon-storage function of forests is not limited to existing carbon stocks; forests aso
contribute to the removal of significant amounts of carbon from the atmosphere each year. For this
reason, afforestation, reforestation, and sustainable forest management are regarded as among the
most effective nature-based solutions for mitigating climate change [2,8]. Indeed, a globd
assessment of natural climate solutions estimated that conservation, restoration, and improved land-
management actions — of which forest pathways constitute the largest share — could provide a
substantial fraction of the mitigation required to hold warming below 2 °C [25]. In recent years,
particularly in regions experiencing rapid urbanisation, green-infrastructure systems and green belt
applications have been regarded as important instruments in the fight against climate change.
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Green belts are ecological systems composed of wooded areas, stands, recreation areas, walking
areas, and other green spaces created around cities or in particular locations. Initially developed to
prevent the unplanned sprawl of cities, green belt applications today fulfil numerous ecological,
environmental, social, and economic functions [1]. These areas provide multifaceted contributions
such asimproving air quality, preventing erosion, conserving biodiversity, reducing noise pollution,
and enhancing recreationa opportunities[9].

One of the most important ecosystem services of green belt afforestation is carbon sequestration.
Carbon sequestration refers to the process by which atmospheric carbon dioxide (CO:) is captured
by plants and soil and stored over the long term [16]. As the biomass that develops through
afforestation increases, the amount of carbon stored increases proportionaly. Fast-growing tree
species can fix high amounts of carbon in a short time, whereas long-lived species contribute to the
formation of larger carbon stocks over thelong term [17].

Carbon storage does not occur only in the roots, stems, and branches of trees. Forest soils are also
recognised as an effective carbon pool within the global carbon cycle. Soil organic carbon forms
through the decomposition of plant residues and the accumulation of root biomass and can be stored
for long periods [18]. The increase in the amount of organic matter entering the soil through
afforestation contributes, over time, to an increase in soil carbon stocks. This demonstrates that,
over the long term, green belt afforestation can store substantial amounts of carbon not only in
biomass but also in the soil [19].

Studies conducted within the scope of urban forestry revea that the carbon-sequestration capacity
of urban trees and green spaces is considerable. While young stands can fix high amounts of carbon
during their rapid-growth phase, older stands form larger carbon stocks [20]. In addition, various
studies have shown that mixed-species stands have higher biomass productivity and carbon-storage
potential than single-species stands [21]. Therefore, in green belt afforestation, not only the size of
the area but also species diversity and sustainable forestry should be taken into account.

Studies carried out worldwide show that green belts are of strategic importance for carbon
management. In particular, green belt afforestation applied in East Asian and European countries
has been found to make important contributions to the protection and enhancement of carbon stocks
[6]. Tirkiye, owing to its different climatic zones and rich ecological conditions, has considerable
potential for afforestation. The erosion-control, rehabilitation, and afforestation efforts undertaken
in recent years contribute to increasing the country’s carbon-storage capacity. Alongside genera
afforestation efforts, however, the number of studies that evaluate green belt afforestation
specifically in terms of carbon storage and carbon sequestration is limited. Within the scope of
combating climate change, revealing the carbon-sink functions of these areas and integrating them
into management strategiesis of great importance.

2. Green Belt Afforestation

Green belt afforestation refers to afforestation and planting activities established in a planned
manner around sensitive ecosystems. It lies at the intersection of the disciplines of modern forestry
and urban ecology and is regarded as an important component of sustainable land use. One of the
most important functions of green belt afforestation is carbon sequestration — the storage of carbon
dioxide by plants. During the growing season, trees store carbon in their roots, stems, branches, and
leaves, for this reason, green belt afforestation is recognised as an important carbon-sink area. Its
carbon-storage capacity is influenced by many factors, including species selection, climatic
conditions, soil structure, the silvicultural interventions applied, and stand age. Whether a stand is
mixed or single-species also affects its storage capacity. Mixed-species stands are reported to offer
higher ecosystem resilience and carbon accumulation efficiency than monoculture plantations [7]; a
recent global analysis of paired plantations likewise found that multispecies stands accumulate, on
average, about 25% more aboveground biomass than monocultures [27]. Green belt afforestation is
implemented for purposes such as storing carbon, preventing erosion, forming windbreaks,
preventing air pollution, reducing noise, and creating recreation areas. One of the most important
examples of green belt afforestation in the world is the Three-North Shelterbelt Programme in
China
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3. Green Belt Afforestation in the World
Green belt afforestation is one of the important forestry activities applied worldwide to mitigate
environmental problems; to combat drought, fire, and desertification; to control urban growth; to
conserve biodiversity; and to increase carbon-sink areas. Particularly since the second half of the
twentieth century, the pressures placed on natural areas as a result of rapidly increasing population,
industrialisation, and urbanisation have led to the spread of green belt applications in many
countries [9]. Today, green belts are considered not only an element of urban planning but also part
of nature-based solutions in the fight against climate change [14].
In the modern forestry sense, the first applications of the green belt concept emerged in England.
Various planning policies were developed, particularly after the Second World War, to prevent the
unplanned growth of cities. Within this framework, the London Green Belt is regarded as one of the
world’s best-known green belt examples. It covers an area of more than approximately five hundred
thousand hectares and comprises forests, agricultural land, pastures, and natural habitats [1].
Through this application, the undesirable spread of urbanisation has been limited, the continuity of
natural areas has been protected, and recreation areas have been provided for city residents.
Alongside the well-known London Green Belt, the world’s largest green belt afforestation effort is
being carried out in China. This effort, the Three-North Shelterbelt Programme launched in 1978, is
also popularly known as China’s Green Great Wall. At its core lie the aims of preventing
desertification, reducing sandstorms, protecting agricultural land, controlling erosion, and
increasing carbon-storage capacity. According to data from the Chinese government, approximately
50 billion seedlings have been planted and millions of hectares afforested under the programme.
Research has shown that substantial amounts of carbon have been stored and that vegetation cover
has increased as a result of the programme [3]. At the same time, the project has become open to
various criticisms. In particular, it has been argued that intensive afforestation in arid regions lowers
groundwater levels and places pressure on the water balance [10,11]. China’s Green Great Wall
therefore demonstrates that the relationship between carbon storage and the conservation of water
resources must be carefully evaluated.
South Korea is one of the countries with intensive urbanisation; nevertheless, it is among the
countries that have successfully maintained green belt applications for many years. The green belt
established around the capital, Seoul, in particular, was created to control urban sprawl. Research
shows that these green belt areas make important contributions not only in terms of carbon-storage
capacity but also in conserving biodiversity, improving air quality, and providing recreation
services [6].
The most important green belt project on the African continent, the Great Green Wall, encompasses
large-scale restoration and afforestation efforts carried out aong the Sahel belt to the south of the
Sahara Desert. Led by the African Union, the fundamental aims of this initiative are to prevent
desertification, increase soil fertility, reduce poverty, increase carbon-storage capacity, and restore
ecosystems. According to United Nations data, the project aims, upon completion, to restore
millions of hectares of degraded land and to store significant amounts of carbon [22]. In the United
States, large-scale protective green belt afforestation was carried out following the Dust Bowl
disaster of the 1930s.
Tiirkiye, with its different climate types, topographic structure, and rich ecological diversity, is
among the countries where afforestation has been practised for many years. Increasing urbanisation,
industrialisation, the risk of desertification, and pressures on natural resources, particularly after the
1950s, have heightened the importance of green belt afforestation. Green belt afforestation effortsin
Tiirkiye are prominent around large cities, and their fundamental aim is to protect natural resources
and to provide healthier living spaces for urban populations. When green belt applications
worldwide are considered, it is seen that, despite being established for different purposes, they offer
certain common benefits: erosion control, prevention of desertification and air pollution,
conservation of biodiversity, development of recreation areas, control of urbanisation, and the
increase of carbon sinks.
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4. M aterial and Method
This study was prepared to evaluate the effects of green belt afforestation on carbon sinks. Its
material comprises scientific articles, theses, proceedings, technical reports, books, and institutional
publications. Within the scope of the literature review, scientific sources were examined using the
keywords carbon sequestration, carbon storage, carbon sinks, green belt, green belt afforestation,
urban forestry, climate change, combating climate change, afforestation, and sustainable forestry.
On the basis of the data obtained from the literature review, the studies were evaluated under the
headings of the green belt concept and its applications, carbon sinks and forestry, green belt
afforestation worldwide, carbon sequestration and carbon storage, and the environmental effects of
large-scale afforestation projects. In particular, the Three-North Shelterbelt Programme in China,
the Great Green Wall project in Africa, and green belt afforestation projects in Europe were
examined, and studies addressing the outcomes of these projects in terms of carbon storage,
combating climate change, and ecosystem services — as well as the effects of large-scale
afforestation on water balance, biodiversity, and ecological sustainability — were evaluated. The
data obtained were analysed and the findings of the studies were interpreted comparatively.
5. Discussion
Green belt afforestation has become one of the most prominent nature-based solutions in the fight
against climate change in recent years. Large-scale afforestation projects are implemented in many
parts of the world to reduce the amount of atmospheric carbon dioxide through plants, to increase
carbon-sink areas, to prevent erosion and desertification, and to restore degraded ecosystems to a
functiona state. In the face of rising carbon emissions at the global scale in particular, afforestation
is often regarded as a rapid and effective solution. Green belt afforestation generaly provides
important benefits such as carbon sequestration, erosion control, combating desertification,
conserving and supporting biodiversity, and improving air quality.
The long-term effects of intensive afforestation carried out in arid and semi-arid areas, in particular,
have become an important subject of debate anong scientists. At the centre of these debates lies the
Three-North Shelterbelt Programme in China. Launched in 1978 and planned to continue until
2050, this project is regarded as one of the largest afforestation efforts in the world. According to
data released by the Chinese government, tens of billions of seedlings have been planted under the
programme, millions of hectares have been afforested, and significant progress has been made in
combating desertification in the northern parts of the country [3]. The frequently cited statements
that “more than 50 billion seedlings have been planted” are striking in demonstrating the scale of
the project. When the positive aspects of the project are considered, important successes are
evident, particularly in reducing sandstorms, controlling erosion, and increasing vegetation cover.
Studies based on satellite imagery have shown that vegetation density has markedly increased in the
northern regions of China [3]. Moreover, it is reported that a significant amount of carbon has been
stored and carbon sequestration enhanced through the project, and the Three-North Shelterbelt is
therefore presented by many international organisations as a successful afforestation initiative in the
fight against climate change.
However, the project has not only been presented as a success but has also drawn criticism.
Research over the past two decades, in particular, has drawn attention to the effects of large-scale
afforestation on the water balance. At the heart of these criticisms lies the view that intensive
afforestation in arid and semi-arid regions can disrupt the natural water cycle [11]. As is wéll
known, trees consume water to sustain their growth, and fast-growing species in particular have
high evapotranspiration rates. Because precipitation is scarce and limited in arid regions, an
increase in the amount of water consumed by trees can reduce the recharge of groundwater reserves.
Some studies conducted in northern China have shown that soil moisture has decreased and
groundwater levels have fallen in afforested areas [10].
Studies carried out on the Loess Plateau, in particular, have revealed that although the increase in
vegetation cover produced positive outcomes for carbon storage, water consumption at the
catchment scale also increased. Feng et a. [10] reported that ecological restoration increased the
ecosystem’s carbon-storage capacity, while subsequent work by the same research group
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demonstrated that the rising evapotranspiration associated with revegetation is bringing the Loess
Plateau close to its sustainable water-resource limits, beyond which human water demand would be
compromised [26]. This indicates that a balance must be struck between increasing carbon-storage
capacity and conserving water resources. Jackson et a. [11], in a particularly striking assessment,
stated that in some regions water is effectively traded for carbon.

Nevertheless, it would not be correct to adopt a one-sided approach when evaluating the water-
balance criticisms in China, because a significant proportion of the regionsin question faced serious
problems of erosion, desertification, and land degradation before the project. It is generally known
that, through afforestation, soil losses have been reduced, sand movement has been limited, and
agricultural productivity hasincreased in some areas [3]. Therefore, when the project is evaluated in
its overall scope, it can be regarded neither as a complete failure nor as a flawless application.

From a scientific standpoint, the real issue is not afforestation itself but where and with which
species it is carried out. In their assessments, many researchers note that the characteristics of
natural ecosystems were not sufficiently taken into account in China’s early applications and that
high water-consuming species were preferred in some regions [4]. In addition, it is known that
monoculture plantations established over large areas reduce ecological resilience and provide
limited benefit for biodiversity compared with mixed plantations. At this point, the new approach
that has emerged in recent years is to proceed according to the principle of the right afforestation in
the right place.

When this approach is considered, it is seen that, although green belt afforestation efforts worldwide
share similar aims in terms of carbon-sink capacity, they produce different outcomes. The Three-
North Shelterbelt Programme in Chinais alarge-scale project covering millions of hectares and has
achieved important gains in increasing carbon-storage capacity [3,5]. By contrast, although green
belt afforestation in South Korea has been carried out over more limited areas, it has produced
successful results in protecting existing carbon stocks, limiting land-use change, and sustaining
ecosystem services around cities [6]. Green belts applied in European countries, meanwhile, are
generally managed with a multi-purpose approach that, alongside carbon storage, includes
conserving biodiversity, developing recreation services, and controlling urban sprawl [1].

When the studies in the literature are examined, it is seen that green belt afforestation increases
carbon sequestration and enhances the storage of atmospheric carbon in biomass and soil. When
evaluated in terms of water balance, green belt afforestation has both positive and negative effects.
Afforestation reduces erosion, increases the water-holding capacity of the soil, and can support the
infiltration of precipitation. However, intensive afforestation in arid and semi-arid regions in
particular can increase evapotranspiration and thereby cause a decline in soil moisture and
groundwater levels [10,11,26]. This shows that the success of green belt afforestation is determined
not only by the amount of carbon stored but also by water balance, biodiversity, ecosystem
sustainability, and the climatic and hydrologica characteristics of the region.

Considerable differences exist among various green belt and urban green-space applications in
terms of carbon-storage capacity. For China, Fang et a. [5] reported — on the basis of a fifty-year
national forest inventory — that the carbon stock in the country’s forest biomass was approximately
5.06 Pg C in 1949, declined to about 4.38 Pg C by the early 1980s, and subsequently roseto 4.75 Pg
C by 1998, with planted forests sequestering roughly 0.45 Pg C since the mid-1970s and their mean
carbon density increasing from 15.3 to 31.1 Mg C ha™' (Figure 2). It should be noted that these
figures describe the trajectory of China’s forests at the national scale rather than the Three-North
Shelterbelt Programme alone; they nonetheless illustrate how a forest estate can shift from a net
carbon source to a net sink as afforestation and regrowth proceed.
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Figure 2. Trajectory of forest biomass carbon storage in China between 1949 and 1998: a net
release until about 1980, followed by recovery driven by forest expansion and regrowth. Data:
Fangetal.[5].

In South Korea, studies of urban green spaces have quantified carbon storage at both the stand and
the city scale. In a study of an urban park in Dagjeon, mean carbon storage was determined to be
15.3 t C ha'!, reaching 21.4 t C ha™' in some grid cells [23]. At the city scale, surface-soil carbon
stocks (0-30 cm) in the urban green spaces of Seoul, Daegu, and Dagjeon were determined to be
105.6 Gg C, 43.6 Gg C, and 26.4 Gg C, respectively [24] (Figure 3). These results show that green
belts and urban green spaces are important carbon sinks.
I:lurhil‘l green-space soil carbon in three Korean cities
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Figure 3. Surface-soil carbon stocks (0-30 cm) in the urban green spaces of three major South
Korean cities. Data: Yoon et al. [24].
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These differences arise from climatic conditions, soil properties, the species used, stand age, and
management practices. Mixed-species stands, in particular, are reported to achieve higher biomass
productivity and to store more carbon than monoculture plantations [7,21]. A recent global
synthesis of matched single-species and multispecies plantations found that, on average,
multispecies stands had about 5% greater tree height, about 7% greater diameter at breast height,
and about 25% greater aboveground biomass than monocultures, mainly as a result of interspecific
complementarity [27] (Figure 4). For this reason, rather than afforesting large areas solely with fast-
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growing species, the establishment of mixed stands suited to ecological conditions is now
recommended.

: Multispecies plantations autperform monoculturas

Tree hieight +5.4%

Dlarmeter at | B EY
Breast haight
TS S

0 5 10 15 20 25 a0
Increase relativie Bo morac ulbures ()

Figure 4. Mean increase in tree height, diameter at breast height, and aboveground biomassin
multi species plantations relative to monocultures, from a global synthesis of paired stands. Data:
Feng et al. [27].

When the similarities among the studies are evaluated, all of them reveal that green belt
afforestation makes important contributions to erosion control, carbon storage, the improvement of
air quality, and the enhancement of ecosystem services. The main subject of debate, however,
concerns the long-term environmental effects of large-scale afforestation. While some studies
evaluate these projects as successful applications in the fight against climate change [3,5], others
stress that the pressure on water resources — particularly in arid and semi-arid regions — must be
taken into account [10,11,26]. The scale of the global mitigation that afforestation can redlistically
deliver isitself contested: although influential analyses have presented tree restoration as among the
most effective climate solutions [2], subsequent commentary has cautioned that such estimates can
be overstated when pre-existing vegetation and soil carbon, future environmental change, and the
displacement of non-forest ecosystems are not fully accounted for [29]. For this reason, the
contemporary scientific approach has shifted from planting the maximum number of seedlings

toward an understanding of ecosystem-based planning.

When evaluated from Tiirkiye’s perspective, the number of studies addressing the carbon-sink
functions of green belt afforestation is seen to be quite limited. One of the principal reasons for this
is that afforestation efforts in Tiirkiye have, over the long term, focused on erosion control,
rehabilitation, and the improvement of degraded areas. Where forest carbon has been quantified, the
focus has typically been on the dynamics of existing forest estates; for example, an inventory-based
assessment of forest carbon pools in western Tirkiye reported a measurable increase in stored
carbon over recent decades in response to changes in forest structure and management [28]. In
addition, the scarcity of long-term carbon-monitoring studies in green belt areas and the lack of
regular data on biomass and soil carbon stocks constrain the research that could be undertaken on
this subject. With the growing importance of combating climate change and carbon management in
recent years, scientific studies amed at increasing the carbon-storage potential of green belt
afforestation should also be prioritised in Tiirkiye.

In conclusion, when the literature is evaluated as a whole, it is clear that green belt afforestation
increases carbon-sink capacity; nevertheless, the success of these projects cannot be explained
solely by the amount of carbon stored. A balance must be struck among carbon-storage objectives,
water balance, biodiversity, and ecosystem sustainability. For this reason, in green belt afforestation
to be applied in the future, it is of great importance to adopt an approach of afforesting in the right
place, with the right species, and with an ecosystem-based planning mindset.
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6. Conclusion and Recommendations

In this study, the effects of green belt afforestation on carbon sinks were evaluated by considering
application examples from around the world and from Tiirkiye. The literature review revealed that
green belt afforestation provides numerous benefits to the ecosystem, such as reducing atmospheric
carbon dioxide, increasing carbon-storage capacity, preventing erosion and desertification,
improving air quality, and supporting biodiversity. The growing importance of natural carbon sinks
in the fight against climate change, in particular, has placed green belt afforestation in a strategic
position within sustainable forestry.

In terms of carbon sequestration, green belt afforestation contributes to drawing atmospheric carbon
and storing it in biomass and soil. For this reason, it is regarded as an important complementary tool
for reducing greenhouse gas emissions and increasing carbon storage. In the light of the literature
reviewed, the following recommendations can be made:

» In green belt afforestation, species suited to the region’s climate, soil, and water conditions
should be selected.

 In afforestation projects to be carried out in arid and semi-arid regions, the necessary analyses
of water resources should be conducted and the possible effects on those resources assessed in
advance.

» Mixed-species afforestation that protects and enhances biodiversity should be encouraged
instead of monoculture plantations.

» Long-term monitoring studies aimed at increasing carbon-storage capacity should be
expanded.

» Green belt projects should be planned not with a carbon-only focus but with an ecosystem-
services approach, and the criteria of carbon storage, water balance, biodiversity, and
ecological sustainability should be evaluated together.

« The green belts established around cities should be more effectively incorporated into climate-
change adaptation strategies.

Ecosystem-based planning of green-belt afforestation

“the nght tree, in the rght place, for the nght reason™

Right species: Watar-balance
[ native, mixed, [ 3 & hydrological [ =2
drought-adapted check

Multi-benefit cutcome
carbon sequestration - blodiversity ' water security - livelihoods

Figure5. A conceptual framework for the ecosystem-based planning of green belt afforestation, in
which site assessment, appropriate species selection, hydrological evaluation, and adaptive
monitoring jointly deliver carbon, biodiversity, water, and livelihood benefits.
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