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ABSTRACT

Based on the background of Carbon Peak and Carbautrillization (CPCN), this study aims to appliesri®ee Sensing
(RS) images of Shenzhen in 2008, 2013 and 201&iwmedwith RS and Geography Information System)(@k$hnology
to classify Land Use/Land Cover (LULC), calculatet Rrimary Productivity (NPP), and then estimate #arbon storage
of green space in Shenzhen. The results show tiaigdthe decade from 2008 to 2018, the green sjppa&henzhen is
reduced and the construction land has increasedhénprocess of land transfer in Shenzhen, bottivat#d land is non-
agricultural and the reclamation of constructionnth is withdrawn, green space carbon reserves deettan the
beginning and then increased. The reason is theg¢gispace was transformed into other types of fieomd 2008 to 2013,
resulting in the reduction of green space carbaragie. However, the change of green space from 202918 is not
obvious. Due to Shenzhen advocates a low-carbonoetp and green development, resulting in an ineréascarbon

storage.

KEYWORDS:Net Primary Productivity (NPP); Land Use/Land CoyELLC); Remote Sensing (RS); Carbon Storage;
Climate Change

INTRODUCTION

In the process of industrialization, greenhouse gasgssions dominated by carbon dioxide cause glelzaming and
various accompanying extreme weather and natusdstirs (Bonneuil et al., 2021; Cheng, et al.,, 202 and
Wei,2022; Quevauviller,2022; Tao et al., 2022). &Wedg greenhouse gas emissions has become the aommo
responsibility and obligation of all countries. Fara series of environmental problems caused blgajiclimate change,
the Paris Agreement clearly proposes to keep tbbafjlaverage temperature rise within°@ relative to the pre-
industrialization level by the end of this centuand make efforts to control the global averagep&nature rise within
1.5°C to reduce the risk and impact of climate chandeo(@hury et al., 2022; Sun et al., 2022; Peng.e2@P2;Yu et al.,
2022).

Following the trend of the times, China propose@@®20 to strive for a national strategy to achithe goal of
carbon peak by 2030 and carbon neutralization B0OQDPCN); (Qian, et al., 2022).Commonly, there tave ways to
achieve carbon neutralization: one is to reducbaraemissions, the other is to pay attention tactreon sequestration of
natural ecosystems (Li, 2021). Studies show thahgthening the carbon sequestration capacity wfralaecosystems is

one of the most economical and effective ways teediand absorb carbon emissions (Yang et al.,)2022
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With the development of China on urbanization pglithe control and monitoring of urban carbon einiss
have a high correlation between CPCN (Shen eR@21; Imani et al., 2022; Tao et al., 2022). Du¢htw high degree of
human activities and agglomeration in cities, besidausing a serials of urban heat island effebgruair quality, urban
ecosystem change, also they have a high carborsiemisffect (Mahamba, et al., 2022). Therefore, hoyway attention
to and solving the problem of urban carbon emis$oan important indicator of government policy.n@eally, green
space, lakes, wetlands and other natural ecosydtenes strong carbon sequestration capacity (Byomkesl., 2012;
Dan-jumbo et al., 2018; Chen et al., 2019; Akalet2®22; Zhang et al., 2022). Besides contributmghe protection of
urban ecology, its function also plays an importate in the cultural adjustment of living actieiti and leisure, and is also
an important indicator of sustainable urban devalept. Thus, making good use of these carbon seqtiestecological
spaces in the city will contribute to the monitgriand control of urban carbon emissions, and preriw policy of CPCN

(here in after referred to as the “dual carbon”lg@ian, et al., 2022).

Urban green space, in a broad sense, refers @aoeals covered by vegetation within the city. Asmaportant part
of the urban ecosystem, urban green space carafbon and produce oxygen, and effectively allevthte heat island
effect. It is the main direct carbon sink way oé tbity. Carbon sink refers to the process, actigityl mechanism of
removing carbon dioxide from the air. Carbon sinkthe terrestrial ecosystem mainly refers to thewm of carbon
dioxide absorbed and stored by forests (Li, 202t)the capacity of forests to absorb and store aradtioxide. By
enhancing the carbon sink function of urban grgmts, the city can achieve carbon and oxygen balamcalleviate the
carbon sink pressure of forest land outside the itihelps to reduce the significant impact ondarction, life and ecology
due to the increase of carbon dioxide concentratiod plays an important role in achieving the gddlCPCN" (Shen et
al., 2021; Yu and Wang, 2021;Qian, et al., 202ar/and Zhou, 2021) Therefore, the quantitativeystiicdcarbon storage

in urban green space has guiding theoretical aactipal significance (Wang et al., 2022).

As the first batch of low-carbon pilot cities, carbemission trading pilot cities and sustainableettgpment
agenda Innovation Demonstration Zone (IDZ), Shenzhes guiding significance for China's economicstauttion and
development, low-carbon environment and green titis also the worthwhile study area of this pageius, this study
takes Shenzhen as the research area, uses RemsiegI®S) data and technology to realize LULCgifastion through
Support Vector Machine (SVM) supervised classifaratmethod (Mirik et al., 2013; Chen, 2019; Talukéa al., 2020;
Xiong et al., 2020; Liou et al.,2021), meanwhileesisneteorological data as the data source to d@stniNet Primary
Productivity (NPP) through Carnegie-Ames-Stanfopfach (CASA) model(Potter et al., 199Bield et al., 1995; Li et

al., 2012), and finally using the vegetation-carsequestration model to estimate the carbon starb§eenzhen.

This study is organized as follows: literature exvs are first presented, that refers to the maorih) concepts
and technological trends in this study. In thedaing section, the study area and analysis methsdaell as process
framework are presents, along with data processihg. fourth and fifth section layout the analysésults of LULC
change and the carbon store on the study areatdhfggure out what's real condition happen. Fipah summary of the

discovery on the monitoring benefits of this staahg describing the contribution significance.
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LITERATURE REVIEW
Carbon Storage of Urban Green Space

As the most concentrated area of human life, cdmsount for a large part of carbon dioxide emissidvieanwhile, with
the acceleration of urbanization, carbon dioxideissions are increasing. Studies show that 97% dfora dioxide
emissions come from urban areas. Thus, it is urgestudy the carbon sources and sinks of citiggréwide decision-
making basis for urban green and low-carbon devedop. Urban green space is one of the factors de@se urban
carbon sequestration, so the quantitative reseamctine carbon sequestration capacity of urban gspewe is of great
significance (Shen et al., 2021; Zhang et al., 20@&2nerally, relevant research on carbon storatimation of the forest
ecosystem was carried out with the help of ecoligisethods (Guan et al, 1998; Kashaigili et al120Wang et al.,
2022).Carbon storage is the reserve amount of naelement, the quality of carbon element or the amhaf material,
usually refers to the amount of carbon in a canbool (forest, ocean, land, etc.) (Wang et al., 20%4ng et al., 2022).At
first, the methods mainly include sample land ineeyn methods and biomass model methods. In ternsamhass also
known as plant biomass, it refers to the dry wemfhtrganic matter contained in unit area at aatertime. Later, it was
gradually transformed into the measurement of gadtorage and carbon sink combined with RS teclyyol¥ang et al.,
2005; Lu et al., 2008; Wang et al., 2021; Zhang et &122). RS satellites and other technologies canmigaly acquire
their change information in real time by means mdce-time monitoring, which will play an efficierggulatory role in

maintaining ecology and promoting carbon absorption

In the estimation of green space carbon resertiesstudy is based on the estimation of forest careserves
first. After the measurement of forest biomass, fihvest carbon reserves are converted at a cept@portion. The
research on forest carbon reserves was first daoig in Germany, and then Japan, the United Kingdod the United
States gradually joined the ranks of carbon resepstimation. Nowak (1993) estimated the total @arkeserves of
American cities; Jo and McPherson (1995) estimdbed carbon absorption and release of green spacdghicago
residential area; Rowntree and Nowak (1991)estithttie carbon storage of urban forests in the whisléged States;
Myeong et al. (2006) used RS technology to estirttedeaboveground carbon reserves of urban forestew York City
by establishing a relationship model between NDiWd aboveground forest carbon reserves of urbarstr8ordoloi et
al.(2022)used an integrated satellite-based apprttacnodel space carbon stocks and carbon sinktattéor different

LULC patterns in northeast India.

The research on carbon storage in China startgéttinvolved in development in recent years. Thatith the
continuous attention to global climate change, €binscholars have also started to study and estimatcarbon storage
and carbon dioxide absorption benefits of urbaedts. Such as Guan et al. (1998)outweigh the guesece carbon storage
in the built-up area of Guangzhou by using the mesakdata; Hanet al. (2003)introduced the appbeatif RS and GIS
technology in modern urban green space, and appéiewte sensing and GIS technology to evaluateettzdogical
benefits of urban vegetation. Zhou et al. (201@ppsed an estimation model of carbon sequestrafiarban green space
vegetation based on remote sensing data in, amtitheenodel to estimate the aboveground dry biormadsaboveground

net primary productivity of urban green space vatjet.
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The NPP and CASA

The Net Primary Productivity (NPP) of vegetatiofers to the carbon absorbed by green plants thrpagtosynthesis to
remove carbon from their own respiration (Denglet2022; Zhang et al., 2022). The remaining orgardrt can reflect
the carbon fixation capacity of plants. It is oéat significance for tracking regional carbon ressy studying the carbon
cycle, and helping to achieve “CPCN” (Xu et al.190Zhang and Zhou, 2021). In terms of Carbon Ptwlt,is, the peak
of carbon emission refers to the peak amount diaradioxide (or other major greenhouse gases)catify discharged

into the atmospheric environment at a certain foiat (period). Additionally, Carbon Neutralizati@also known as net
zero carbon emission or net zero carbon footptgtoncept is divided into narrow and broad se@sebon neutralization
refers to the net zero emission of carbon dioximé,it is not the complete absence of carbon dmxchissions, but the
long-term balance between emissions and absorpitio. broad sense, carbon neutralization meansonigt carbon

dioxide but also other major greenhouse gases @si€tt, N,O, Sk, etc.) should reach net zero emissions.

As for the studies of NPP, the method of samplestigation and inventory was first used, focusingte role of
ecosystems in the carbon cycle with the methodarhass. With the development of time and technal&fy technology
was introduced into relevant research, and RS t#oby can quickly and efficiently obtain the badata of regional and

large-scale ecosystems.

In recent years, with the development of spatiallysis technologies such as RS and GIS (Amraoal.e2022;
Uwiringiyimana and Choi, 2022; Zhao and Du, 2028 light energy utilization model driven by RSalatas developed
rapidly, with CASA model as a typical representatithe combination of light energy utilization mbdepresented by
CASA model and RS technology provides convenieoncdhfe study of NPP model. The CASA model is widebgd to
estimate NPP at present. The CASA model builds 8hparameter model based on the mechanism of vegetat
photosynthesis. After inputting meteorological ddsmd area, photosynthetic effective radiationvegetation, coverage
status and other parameters, it can estimate raiglamd NPP and global carbon cycle. It estimate® khrough RS data
and meteorological data, which not only avoids ¢hbection of complex parameters, but also can tely simulate a
wide range of NPP. In addition, the RS data adopi@sl strong periodicity, wide observation area high spatial-
temporal resolution, making it become a main metfawdestimating NPP and carbon reserves of foressystem (Potter
et al., 1993;Wang, 2021; Zhang et al., 2022)

The research on the NPP of vegetation in China Isnaiegan after 1970. Such as Piaoet al. (2003nestid the
NPP of vegetation in the Yangtze River Basin; Ztale{2005) estimated the NPP of vegetation in iivlengolia, China;
it is concluded that the carbon sequestration liisnafoduced by forests play an important rolehia global carbon cycle;
Liet al. (2015) estimated the carbon reserves @ighi-La based on CASA model; Abdureyimu (2018)due CASA
model to inverse the NPP value of lli Valley, cdétad the vegetation carbon storage using empinicalel, and analyzed

the temporal and spatial distribution charactersstif vegetation carbon storage in Ili Valley.
STUDY AREA AND METHODS

Site Description

Shenzhen, a prefecture level city under the jurtgmh of Guangdong Province, is a sub provincidy,cspecifically

designated in the national plan, a megacity, aspegial economic zone, a national economic ceatemternational city,
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a scientific and technological innovation centeregional financial center, and a trade and loggstienter approved by the
State Council. Shenzhen has nine administrativericis and one new district: such as Luohu Distrietitian District,
Nanshan District, Baoan District, Longgang Distri¥antian District, Longhua District, Pingshan Dist, Guangming
district and Dapeng new district (show as Figurel).

Shenzhen, a coastal city in southern China, isdacen the south of the Tropic of cancer. It isdted at 113° 46
to 114° 37E and 22° 27to 22° 52 N in the south of Guangdong Province, on the bask of the Pearl River Estuary,
adjacent to Daya Bay and Dapeng Bay in the Eai;dtljacent to the Pearl River Estuary and Linggémg in the West.
Shenzhen River is connected with Hong Kong in thatls It borders Dongguan and Huizhou in the ndBince the 40
years of reform and opening up, Shenzhen has gtamsform a small fishing village to an internabmetropolis step
by step, from a traditional agricultural area beeoen global urbanization area, creating an urbdpizamiracle of
"Shenzhen speed"(Wu et al., 2020).Becoming onéh@ffour major central cities in Guangdong, Hong ¢toRacao,
Dawan District, a national logistics hub, an intional comprehensive transportation hub, an iaténal science and
technology industry innovation center, and one lbif@'s three national financial centers, it wilsp no effort be building
a leading demonstration area of socialism with €béncharacteristics, a comprehensive national azieanter and a

global marine center.
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Figure 1: The Map of Shenzhen Administrative Divisbn.
Methods

Determine the technical process of the researcbrditgy to the main contents and methods of theareke hence this
study proposes a processing framework (the techinamaework shows Figure 2). The technical routdiigded into four
parts: such as data acquisition and preprocessiagsification of LULC types (including the landpty transfer matrix

calculation), NPP calculation as well as green sgacbon storage calculation.
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Data acquisition and preprocessing. The data is #tud' is using Landa-8 satellite series data and
meteorological data. The RS data are preprocesgatigping, radiometric calibration, atmosphericrreation
and mosaic, and the solar radiation data are eamilby using the empirical model. Then, extrattedNDVI,

Ratio vegetation index (SR), FP£and APAR b preparing for the NPP of Vegetation calcula

Classification of LULC types. Based on m-source RS data fusion, the SVM classification metisoused tc
classify the study area, and proving by kappa veextract the regional LULC data, and then calculhie

regional LULC dynamic degree as well as calculateland type transfer matr

NPP calculation. Based on the classification resefiturban LULC types and the results of physical ahemica
paraméers of vegetation, combined with meteorologicaiadand the maximum solar energy utilization rat

vegetation, the CASA estimation model is establisioerealize the estimation of NF

Green space carbon storage calculation. Incorporatith NPP an LULC area data that were used to calcu

X
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Figure 2: The Framework of Process Method:

Data Source and Processing

The RS images used in this study are downloaded fhe free imagery website which is provided by spetial Date

Cloud (GDC). Landsa®images were downloaded in 2013 and 2018without landsaB images were available in 20(

so Landsat-5 images weused. The relevant data is shown in Tak

Table 1. Metadata of Satellite Images used in this Resedr

Year Satellite Senso Original Bands Pixel Resolution Path/Row
Numbers

121/044

2008 Landsat-5 ™ 1,2,3,4,5,7 30m 122/044

2013 | Landsat-8 OLI 1,2,3,4,5,7,8 30m 122/044

2018 | Landsat-8 OLI 1,2,3,4,5,7,8 30m 122/044
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This study uses ENVI 5.3 software to carry out dat®f process such as radiometric calibratiomaspheric
correction, image mosaic and clipping for the insgéthe three periods respectively. The atmosplemirected images
are extracted, and the NDVI is calculated by nefiraied (NIR) wavelength and red light band (R).n&ally, the
calculate expressions are used as follows: NDVIR-RINIR+R (Liou et al., 2021; Gouzile et al., 2022)

Additionally, the NPP calculation involves soladiaion data. According to the existing empiricatrula of
total solar radiation (Du et al., 2003; Zhou et aD22), such as the solar radiation data of Shemih calculatedQ =
Q,(a + bs)Where), is the total astronomical, radiatiprbare the empirical coefficients, ands the percentage of

sunshine. The sunshine hours are from the statigtiarbook of Shenzhen.
Dynamic Degree of LULC

LULC dynamics usually can describe the intensitjaofl change in a certain period of time and ptetie trend of LULC
change. The expressions are described as formufai(@t al., 2021).

_Up=Ug 1
K ==2—%x_x100% (1)

a

Where:K is the dynamic degree of single LULC type in tifidye interval isT; U, is the initial area of a land
type study;U, is the area at the end of a land study. A positalee ofK indicates an increase in land area and a negative

value indicates a decrease in land area.
Classification Method and Accuracy Evaluation

Using ENVI software, fully considering the LULC aiaateristics of Shenzhen and referring to the laladsification
method of Maitiniyazi and Kasimu (2018), the LULgpés of the study area are combined into five-fitass LULC
units, as shown in Table2, namely green spaceywag@s, cultivated land, construction land andsaduand (Fatima and
Javed, 2021), and then the SVM method used to gigpahe classification to obtain the LULC dateBtienzhen.

Table 2: The Classification of LULC Coverage/Utiliation in Shenzhen

Primary Classification Secondary Classification

Town

Construction land Traffic land
Settlements
Industrial and mining land

Water areas Reservoir
Lakes

Green space Woodland

P Grassland

Cultivated land Farmland
Bare ground

Unused land Other lands

Visual interpretation is used to verify the accyra€ supervision and classification results in Stiem, and the
overall accuracy is more than 90%. In this stuthg ¢verall classification accuracy and kappa coeeffit are used to
evaluate the accuracy of LULC classification resulthe overall classification accuracy is equath® sum of correctly
classified pixels divided by the total number ofgds. The value of kappa coefficient indicates:-Q.20 extremely low
consistency, 0.21-0.40general consistency, 0.4Q-thédium consistency, 0.61-0.80 high consistenay@B1-1 almost

completely consistent.
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NPP Calculation

As an important part of surface carbon cycle, N®Ehé main factor to determine ecosystem carbda ginthe study of
the impact of global change on the ecosystem, Ni3Fbacome an indispensable index (Tang et al.,)ZHi8 principle of
RS technology in carbon sequestration research @alculate the relationship between absorbed tiadiand primary
productivity by recording the spectral responselahts during photosynthesis with sensors, so abtain NPP, and then
estimate the carbon sequestration capacity of qlafitcording to the mechanism and structure of riedel, the
commonly used NPP estimation methods can be diviltedthree types: statistical model, light enetgjization model
and process model. Based on the data of land fitasgin results, in this study the improved CASAadel is used to
estimate the NPP of Shenzhen, gradually calculd®/INSR, FPAR and APAR, and finally calculate thé® The

calculation process is as follows:
(1) Normalized Vegetation Index (NDVI)

In 1973, NDVI was proposed to observe the amouneggtation on the earth's surface, which has be@midespread
and practical method so far. The principle is gtabrophylls in plants has a large amount of absmnpof red light (R)
and strong reflection of near-infrared light (NIR)DVI can be used to observe the vegetation cof/éara. The closer
NDVI is to 1, the higher the vegetation densitytig closer to 0, the lower the planting densityaflis, the vegetation leaf
surface has strong absorption characteristicsarvisible red light band and strong reflection eaéeristics in the near-
infrared band, which is the physical basis of qgifatite RS monitoring of vegetation index (Liouadt, 2021; Gouzile et
al., 2022; Zhou et al., 2022).

Vegetation Index (VI) is a quantitative radiatioalwe that reflects the relative abundance and igct)f green
living vegetation. It is often used to characterihe physiological status of vegetation, green lissnand vegetation
productivity in the study area. At present, morantl20 kinds of VI have been proposed, such as Réagetation Index
(RVI), Difference Vegetation Index (DVI), NormalideDifference Vegetation Index (NDVI), Enhanced Viegen Index
(EVI), Perpendicular Vegetation Index (PVI), Soitasted Vegetation Index (SAVI), Modified Soil Adjument
Vegetation Index (MSAVI), etc. Among them, the NDl the most widely used. The formula (2) for ctdting this

index is:

NDVI = YR ()

NIR+R

Where the NDVI range is [- 1, 1]. It is calculateg near infrared wavelength and red light band.
(2) Ratio Vegetation Index (SR)

The characteristics of plants reflecting and abisgrinfrared light are used to reflect the richneplants. However, this
index will have large errors due to regional andssmal differences, so it is impossible to directhe this index to

compare the relative relationship of image plantmdifferent regions or at different times. Reneted by formula (3):

1+NDVI(x,t)
1—NDVI(x,t)

SR(x,t) =

Where NDVI (X, t) represents the NDVI value of dixdn period t, which is calculated by the formula
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(3) Fraction of Photosynthetically Active Radiation(FPAR)

The FPAR refers to the effective radiation of plsgtthesis incident above the vegetation canopy,ishahe absorption
ratio of PAR (Photosynthetically Active Radiatimereived by the vegetation canopy. Its calculati@thod is as follows:
The maximum values (NDVLy SRna) and minimum values (NDV4,, SRyin) of NDVI and SR of vegetation types are
calculated respectively through the cumulative descy of 95% and 5%.Within a certain range, thereailinear
relationship between FPAR and NDVI. FPAR can beemheined according to the maximum and minimum valoks

NDVI of vegetation and the corresponding maximurd amnimum values of FPAR(Zhu et al., 2006).

The values of FPAR,andFPAR,,are independent of vegetation type. 5% NDVI vakgresents desert and bare
land, and 95% NDVI value represents that the véigetas in full coverage. At this time, the correspling FPAR, .« is
0.95; 5% NDVI value represents bare ground, andatsespondingFPAR,, is 0.001(Zhu et al., 2006), which is expressed
by formula (4):

FPARypy; = — a0V min_ o (ppAR  — FPAR,.;,) + FPAR,, (4)

NDVI(i,max)_NDVI(i,min)

The research shows that there is also a lineaigeship between FPAR and ratio vegetation indeR)(&hu et
al., 2006), which is expressed by (5):

FPARgy = —0=Rmin) o (ppaR  _ FPAR,,. )+ FPAR,,;, (5)

SR(i,max) _SR(i,min)

In order to minimize the error, the study combitles FPAR estimated by NDVI and the FPAR estimatge&R,
and takes the average value as the estimated ghlBAR. Since the non-vegetated area has NDVleyahe FPAR is
calculated by region according to the current latabsification situation of Shenzhemis the adjustment coefficient
between the two methods. Take the average val@e5ofMaitiniyazi and Kasimu, 2018) and combine eiqua(4) and
equation (5) to obtain equation (6):

0 Construction land

aFPARypy; + (1 — a)FPARg; Green space (6)

FPAR(x,t) = {

(4) Absorbed Photosynthetically Active Radiation (RAR)

The APAR refers to the proportion of photosynthefiiective radiation absorbed by vegetation inttital solar radiation,
which reflects the strength of photosynthesis afetation, and the carbon sequestration capacityegétation. The light
and effective radiation of vegetation depends enttttial solar radiation and the characteristicthefplant itself (Jiao et

al., 2020). Represented by equation (7):
APAR(x,t) = SOL(x,t) X FPAR(x,t) x 0.5 (7)

In formula (7),APAR(x, t)is the Photosynthetic active radiatidiMJ.m’t") absorbed by the vegetation in
pixel x in time periodt; SOL(x, t)is the total solar radiation(MJ.m”t") received by pixek in time periodt, which is

calculated by empirical formula(Du et al., 2008PAR(x,t) is the proportion of photosynthetic effective etitin

absorption of vegetation in pixels; 0.5 represémtsproportion of total solar radiation used foofsynthesis.
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(5) NPP of Vegetation Calculation

NPP of vegetation can be absorbed by plants, APARa&tual light utilizatior{)expressed by two factors, the unit is (g
C-nf):

NPP(x,t) = APAR(x,t) X e(x,t) (8)
e(x,t), represents the actual light energy utilizatiopie®l x in montht.

Carbon Storage Calculation

The following vegetation carbon sequestration m@édéhng and Gu, 2012; Zhou et al., 2022) is mairdgduto estimate
the carbon storage of vegetation in the study avbah is estimated by the area of different landez, NPP of vegetation

and carbon conversion coefficient of different vagjen:
E=Tx&xc (9

Where, E represents the carbon sequestration anuduand cover type (kg)T refers to the land area Im
corresponding to the land cover tygerepresents th&lPP of land cover type (gC-7) ¢ means the conversion factor

between vegetation biomass and carbon contendis(@Wang and Gu, 2012).
ANALYSIS OF LULC CHANGE

In this chapter, the spatial-temporal change aiglgynamic degree analysis and transfer matrixyaizaof LULC in the
study area will be carried out respectively (Zhad Bu, 2022). Before this analysis process, RS @ragust be classified
first, but the accuracy of classification is gefigr@valuated by kappa value. Finally, the kappaffioient of the

supervised classification results is above 0.9icated that with high accuracy. The results amywshin Table 3:

Table 3: The Results of the Classification Accuracfvaluation

2008 2013 2018
Accuracy Assessment 96.63% 96.46% 92.89%
Kappa 0.95 0.95 0.90

Analysis of Spatial-Temporal Change of LULC

The supervised classification method selects thi $& obtain the LULC data of Shenzhen in three qisj and then
carries out classification statistics to obtain #patial distribution area and area of various LUtyBes (as shown in
Figure 3, Figure 4, Figure 5 and Table 4). In ortlemore intuitively unfold the LULC change in tistudy area, the
LULC change area and LULC dynamic degree in Shenaleze calculated.
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Figure 3: The LULC Map of Shenzhen in 200¢
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Figure 4: The LULC Map of Shenzhen in 2013.
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Figure 5: The LULC Map of Shenzhen in 2018.

Table 4: The Area of LULC Change in Shenzhen from @08 to 2018 (unit: hrd)
2008 2013 2018

LEmE e Area Proportion Area Proportion Area Proportion
Construction Land  85490.7 43.8% 89054.0 45.6% 9mB86 47.0%
Green Space 91677.6 46.9% 89531.3 45.8% 891Y8.4 69%5.
Cultivated Land 2161 1.1% 3384.9 1.7% 2496/.3 1.39
Water Areas 6997.5 3.6% 6925.3 3.5% 4854.2 2.5%
Unused Land 9039.1 4.6% 6468.4 3.3% 6950.7 3.6%
Total 195365.9 100.0% 195365(9 100.0% 195365.9 (0PAO.

It can be found that the LULC types in Shenzhemaaly construction land and green space, followedvater
areas and unused land, and the cultivated larfteitetist (shown as Table 4). In 2018, for exantpke construction land
and green space area reached 91886%2ahoh 89178.4 hfnaccounting for 47.0% and 45.6% respectively, evttile total

proportion of cultivated land, water areas and eddand was only 7.6%.

From 2008 to 2018, the construction land in Shenzimereased by 6395.5KmAs a carbon source, the
construction of land is one of the important fasta&ffecting carbon emissions. The vegetation isiged, and the
solidification effect of vegetation on carbon irthir is greatly weakened. Meanwhile, vegetaticidiees will also emit a
large amount of carbon, and the solidification efffef soil on carbon will also be weakened, resgltin an increase in
carbon emissions. From 2008 to 2013, the greendeeaased steadily by 2146.3h2013 to 2018, which showed that

Shenzhen attached importance to urban greenintpandarbon development.

The cultivated land area increased slightly frond®® 2013, increased by 1223.hrand decreased in 2018.
The increase of urban population, rapid economield@ment and industrial structure adjustment amgoirtant reasons
for the decrease of cultivated land. The water satg@s decreased year by year, indicating that éweldpment of
urbanization has eroded a large number of watexrsamghich is not conducive to environmental pratectn Shenzhen.
The unused land showed a downward trend from 20@®13 and increased in 2018, indicating that émel Isupply and
demand in Shenzhen is tight, and the unused lagih&ually developed for construction or other jpses.
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Dynamic Degree Analysis of LULC

The single LULC dynamic degree mainly represenés dhange degree of a certain land type in a cer&gion. The
dynamic degree of single LULC of Shenzhen in 20083 2013-2018 and 2008-2018 is calculated fronatgu (1).

The results are shown in Table 5.

Table 5: The Dynamics Degree of Single | LULC in Sinzhen

Land Type 2008-2013 | 2013-2018| 2008-2018
Construction Land 0.0083% 0.00649 0.0075%
Green Space -0.00479 -0.0008% -0.0027%
Cultivated Land 0.1133% -0.05259 0.0155%
Water Areas -0.0021% -0.0598% -0.0306%
Unused Land -0.0569% 0.01499 -0.0231%

It can be seen from Table5 that during 2008-20L8ivated land and construction land increasechatrate of
0.0155% and 0.0075% respectively, while green spaeger areas and unused land decreased at thefrat®027%,
0.0306% and 0.0231% respectively. The area of naetgdn land increases year by year, with a rapaéase rate. The
increase rate from 2008 to 2013 is faster thanftbat 2013 to 2018. The area of green space dexseazar by year, but
the reduction rate decreases from 0.0047% to 0%00&he single dynamic degree of the water areasedsed from
0.0021% to 0.0598%. The reduction of the water sang#l have an adverse impact on the ecologicalirenment of
Shenzhen. The rate of unused land has changeddemnease to increase, indicating that Shenzhendeilelop other

types of land to increase LULC.
Analysis of LULC Transfer Matrix

Applying the LULC area transfer matrix to quaniiaty analyze the change direction of differentdatypes and
understand the evolution process of land type$iénstudy area. It can be seen from Table 6 andeTalhat the LULC

change in Shenzhen during the two periods showedthracteristics of one land type changing toretyaof other types.

Table 6: The LULC Type Transfer Matrix from 2008 to 2013 (unit: hnf)

2013
2008 Construction Green Cultivated Water Unused Total
Land Space Land Areas Land

Construction Land 72484.4 8696.8 1162.5 1605.4 41 | 85490.7
Green Space 10207.9 76392.2 2014.8 2065.Y 996.9 T7TH 6
Cultivated Land 897.1 815.4 262.6 150.8 35.2 2161.1
Water Areas 5906.6 1696.2 473.5 857.7 105.2 9039.2
Unused Land 1351.2 341.7 81.4 3224 4900.8 699[7.5
Total 90847.2 87942.3 3994.8 5002.2 7579.5 195365.9

From 2008 to 2013, green space was the main typarasffer out, with a total of 15285.3htransferred out, of which
the area converted to construction land was tlgedar accounting for 67.8% of the total transfewwatiarea; Secondly, it is
transformed into water areas and farmland. Therdposition of organic soil will be accelerated i rocess of farmland
cultivation, so the conversion from forest to faand will lead to the release of greenhouse gasésasucarbon dioxide from the
terrestrial biosphere to the atmosphere. The amitn land is mainly converted into green spadth 8696.8hrfi transferred
out. The withdrawal of construction land reclamatiall increase the green area, which will increaeggonal carbon storage to
a certain extent. The 897.1hwf cultivated land is converted into constructiand and 815.4hfinto green space. Cultivated

land can be regarded as carbon sink to some eteithe whole, good soil can store more carbonrttlease.
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Table 7: The LULC Type Transfer Matrix from 2013 to 2018 (unit: hnf)

2018
2013 Construction Green Cultivated Water Unused Total
Land Space Land Areas Land
Construction Land 80150.8 6032.2 460.9 1341.4 1070.| 89056.0
Green Space 6218.8 80460.6 779.6 1717.4 355.0 531
Cultivated Land 1135.4 1067.0 826.0 304.6 51.8 IB34
Water Areas 3459.0 1140.0 403.9 1323.0 142.4 64608.3
Unused Land 922.3 478.7 25.9 167.8 5330.8 692b.4
Total 91886.2 89178.4 2496.3 4854.2 6950.7 195365.9

From 2013 to 2018, construction land and greenespae still the main transfer out types. Due tpysation
growth, transportation and housing will inevitablgcupy a certain green space area. However, cothpatie 2008-2013,
the transfer out area of green space decreasddating that Shenzhen attaches importance to gintethe ecological
environment, and vigorously carries out to build forest, to create a garden city, and strivesctieze the "National
Forest City". Secondly, the conversion of cultichtand to construction land and green space issitiy® ecological
evolution process, which can significantly increise carbon sink function of terrestrial ecosystermich is also related
to the implementation of the national policy ofurgiing cultivated land to forest.Additionally, theater areasare mainly

transformed into construction land.

With the rapid development of Shenzhen, the transfeconstruction land has gradually increased.ticated
land, green space and unused land are the maicesoof construction land. During this period, waodl has been
transformed into cultivated land. It can be seemt thefore 2013, Shenzhen was mainly in a high-spkselopment
period. In the process of urban construction, #gm@aid for construction land is increasing, theesoélcarbon source land
is increasing, and the growth rate of constructiod is large, it should lead to an increase ifb@aremissions, and the

forest land with high carbon sink is losing.

NPP AND CARBON STORAGE ANALYSIS

NPP Analysis

According to the analysis and calculation of thigly (as shown in Figure 6, Figure 7 and Figurelt8,maximum NPP of
Shenzhen in 2008 was 160.6 g &:the maximum value in 2013 was 134.0 g €amd the maximum value in 2018 was
134.4 g C-rh showing the characteristics of high in the eastapuntainous areas and low in the central andemest
regions. Based on the analysis of the LULC classiiibn map, the green space is mainly distributethé economically
backward southeast region, and the eastern regiorainly forest or mountainous region, with abundegetation types
and relatively high vegetation NPP. The central aedtern regions have rapid economic developmesguént human
activities, dense urban distribution, relativelyadingreen space distribution and low vegetationecage, so the NPP of

vegetation is low.

In the decade from 2008 to 2018, the NPP firstekesmd and then increased. From 2008 to 2013, Stenzis
in the stage of rapid development. Obviously, aaresion land occupied a large amount of green spadedestroyed the
surface vegetation coverage, resulting in the deahf NPP. From 2013 to 2018, urbanization acceddra large amount

of cultivated land was occupied, and the cultivdtel area decreased. However, as can be seerfgume 7 and Figure
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8, the NPP value of construction land in 2018 iaseal significantly compared with that in 2013. Téason is, during this
period, Shenzhen also strengthened ecological emtistn, and increased the construction of roagmrepace and park
green space, resulting in an increase in the gaeea of Shenzhen. Thus, in 2018 Shenzhen won ttaeofi "National

Forest City". However, due to urban expansion, pathe green space was converted into construtdiod, so the NPP
value changed slightly.

s High :160.555

g Miles w0
0 2 4 8 12 16

Figure 6: The NPP Distribution Map of Shenzhen in R08.

e High:133.907
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0 2 4 8 12 16

Figure 7: The NPP Distribution Map of Shenzhen in 213.
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Figure 8: The NPP Distribution Map of Shenzhen in 218.

Carbon Storage Analysis

According to formula (9), the calculation of carbstorage of green field in Shenzhen in 2008, 2048 2018 was
4.26x10't, 3.58x16t, 4.2x10 t respectively. The results are shown in Table 8.

Table 8: The Carbon Storage of Shenzhen in the Ped 2008, 2013 and 2018

Green area (h 91677.6 89531.3 89178.4
Greenland average NPP (g C)m 102.88 88.8 106.99
Greenfield carbon storage (t) 4.26%10 3.58x10 | 4.2x10

The results show that the change of carbon stavhgesen space in Shenzhen first decreased andrtberased.
From 2008 to 2013, the change of LULC in Shenzlentd the decrease of carbon storage of urban gyesee. During
this period, the carbon sequestration capacityribhu ecosystem vegetation weakened. The main reéagbat the green
space with the highest carbon sequestration capaai transformed into other types of land, andgifeen space area was
transferred out by 15285.3 AnThe decrease of the green space area led toreadecin carbon storage of vegetation.
However, from 2013 to 2018 the carbon reserveshmdnugreen space are increasing, it is due toaittetiat after 2012 the
state has vigorously promoted the constructionooiagical civilization and focused on promoting gmedevelopment,
sustainability development and low-carbon develapmiriven by policies, the urban development intcad and western

regions of Shenzhen has gradually realized thefoamation to green development.

With the continuous expansion of urban constructionShenzhen, the contradiction between land-use is
prominent, and the high density of population amddings makes the ecological environment face sewhallenges.

Therefore, Shenzhen has promoted a policy of "tdmeensional greening”, which peculiar ideas hasttdw land" from
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roofs, walls, three-dimensional bridges, etc., baodd greening in the air. This policy may also dree of the important
factors affecting the change of carbon reservestidn green space in Shenzhen. In this contexgdbkgical benefits of

Shenzhen have been raised to a new level.
CONCLUSIONS

Based on the LULC change and NPP calculation oétagmpn, this study estimates the carbon storagghgnzhen and

analyzes the change of carbon storage. The reshdts that:

e During the period 2008-2013, the regional LULC tygganges have obvious differences. Constructiod lan
increased by 3565.3Hmcultivated land increased by 1223.9Amand green space decreased by 2146.3hm.
Among them, the decreased green space is maimlgfénraied out as construction land, and cultivagedihs well
as construction land are mainly transferred in.sTiat kind of change we realize which resultimghie decrease
of vegetation may also lead to the decrease oftadge carbon storage, indicating that the carbtmage

capacity of vegetation in Shenzhen was generalgkemed during this period.

e From 2013 to 2018, the difference of LULC type®idd obvious, the change range of green space suswaall,
however the area of construction land is still @aging, so thatthe green space, and cultivated \eatér areasas
well as unused land are converted to constructiod.INevertheless, during this period, the NPPrb&m green
space showed an upward trend, meanwhile carborvessis increased by 0.95 compared with 2013 oftb@s,

which may has a certain relationship with returrfisgnland to forest and green policy development.

From the perspective of above analysis results, ghidy adopts the combination of RS and GIS tdolggato
analyze the land transfer of land environmentahgea in Shenzhen in recent decade, as well aslai@hguthe NPP of
green space and carbon storage, which can effctblaain the environmental monitoring benefitstbé study area.
Meanwhile, it can obtain further empirical proofcaoding to the comparative evaluation of Shenzhenigronmental
policies. Therefore, the experimental proof andtidbuation significance of this study have two cricperspectives.
Firstly, in terms of technical analysis, verify tf@asibility and rationality of RS and GIS techrmjp as well as the
availability and contribution in the long-term erorimental perception monitoring in the future. Selly, in terms of the
practice of policy and decision-making, this stymtpves the effectiveness and contribution of urgesening, provides
effective proof for the continuous promotion of tlieial carbon” policy in near future, and has adreémpirical tool on

the road of sustainable development.

Therefore, to achieve the goal @drbon Peak and Carbon Neutralizatipnve should vigorously develop urban
greening, increase urban green vegetation, reatuteprotect forest, wetland, marine and other estesys, and increase
the capacity of land and marine carbon sinks. temeyears, there have obvious implementing effengss on Shenzhen,
that has actively built urban greenways, commugitgenways and regional greenways, and built a dlered park
construction system of "Natural Park, Urban Pardgn@unity Park", so as to form a green environmeitiiepn with good
ecology, beautiful landscape, distinctive charasties and harmonious development between man atdres and

contribute to the realization of the environmewrtabon neutral vision.

Overall, the monitoring and analysis data of thigdg show that good greening policies and acticars indeed

achieve the purpose of environmental improvemedifpsavide feasible thinking for the realizationtloé “dual carbon” goal.
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