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ABSTRACT

Due to the development of the economy, wetlandsuswally occupied and destroyed by human beingghwimakes
wetland resources more and more tense. In ordefutther understand the changes of wetland resoumeBianbai

District, Maoming City, Guangdong Province in retgears, this study using ENVI5.3, Arc GIS 10.1ivsmie as a study
tools and combined with the land use type map ahBai District in 2010 and 2020 to create a wetlatistribution map,

meanwhile, to calculated a Land Use Transfer Matid TM) for analysis the wetland changes in thisarThis study
concluded that, firstly, In terms of temporal anmhal changes, the wetlands in Dianbai are maitiycentrated in the
southwest, northeast, south and southeast, andhitaeges in the middle and east are the least. Sibgocompared with
2010, the wetland area in Dianbai has increasingtgly in 2020, the reason of wetland loss may be t man-made
encroachment and global warming. Thirdly, the ardathe estuary has increased a little bit and haerb successfully
protected. Final, the main purpose of this studyoisiraw people's attention to wetlands, restorel @notect wetland

ecosystems, as well as urging developing sustanstbhtegy by government.

KEYWORDS:Wetland; Land Use Transfer Matrix (LUTM); Geogragdli Information System (GIS); Remote Sensing
(RS); Dianbai Area

INTRODUCTION

On December 24, 2021, the 32nd Session of the B@rdommittee of the 13th National People's Corgrefsthe
People's Republic of China adopted the WetlandeRtioin Law of the People's Republic of China, whigh come into
force on June 1,2022(National People's Congresal)d0 shows that the protection of wetlands hasobee a trend in
China, and thinking about how to implement effeglyvand deeply in the future. The concept of wetlaarrowly refers
to the transition zone between land and water,gamerally refers to all large areas of water bodiesarth except the
ocean (more than 6 m deep). Nevertheless, the npafiwetlands is generally considered in a broefihdion, that is,
wetlands include swamps, peat lands, wet meadakss| rivers, flood detention areas, estuariesdatichs, beaches,

reservoirs, ponds, paddy fields, and sea areasweiter depth of 6 meters at low tide.

In terms of broad definition, wetland covers onb ®&f the earth's surface, but provides living emwiment for
20% of the known species, mean while together faithsts and oceans which is called the three nejosystems in the
world, that has irreplaceable ecological functiarths as climate regulation, maintain biodiversitpastal protection,
purify water quality and flood storage, etc., Algds an important part of the global carbon cy@an et al., 2022). Thus,
it enjoys the reputation of "the kidney of the bart
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Wetland ecosystem belongs to the water ecosysténchvis also a transition area between an aquatisystem
and land. Its biological community is composed ofaguatic and terrestrial species. Besides, itematcirculation,
energy flow and species migration and evolutionrafatively active, and it has high ecological daig/, species diversity
and biological productivity. Therefore, the reséaend attention of the wetland ecosystem have atgreaning of

environmental protection.

The United States, the United Kingdom, Australial ather developed countries have long understoed th
importance of wetlands to the environment. In tl§' 0k, they began to formulate laws and regulatmmswvetland
protection, and have formed relatively perfect laamsl regulations on wetland protection, and cretdegeted systems
according to the actual situation of each regioaq,Y2019). Thus, from this background of perspectie "3S (GIS, RS,
GPS)" technology has been introduced in the manioand research of the wetland environment siheel®80s (Wang
et al., 2021; Chen and Wang, 2022)

The wetland research started late in China. Sineel®90s, the Institute of Geography of the Chirfessdemy
of Sciences has compiled the swamp map, the Nat&a interpretation database and the swamp Afiaina (Yao,
2019). China has a large range of east, west autti,sand a vast territory, not only is the totatlaed area large, but also
in each region. According to statistics, China'slamd area accounts for 10% of the world’s wetlamdsaking first in
Asia and fourth in the world. In China, wetlands distributed from the cold temperate zone to tbpits, from coastal
areas to inland areas, and from plain areas tegqamountains. There are often a variety of wetltgpds in one region,
and one wetland type is often distributed in migtigreas.

Although there are many wetland resources andgj@ties in China, due to the large population aedweak
awareness of wetland protection, meanwhile by dpiet) of economy, the wetlands in China have vayyattenuation,
degraded or even disappeared in terms of quantity tgpe. As one of the three major ecosystems,athephy and
extinction of wetlands have weakened the naturgulegion capacity of various regions in China, asalising the

ecological environment is gradually unbalanced.

In recent decades, with the great population eiphpsdeveloping economic and the advancement of
urbanization, in order to meet the needs of huneeldpment, many wetlands have been occupied foramsd and even
become extinct, increasingly affecting the healtlewelopment of human beings themselves. Thus, humeargs are
obliged to pay more and more attention to wetlardgges. Based on above opinion, this study wikus and study the
wetland’s change status in Maoming Dianbai Distiitbugh RS imagery and technology, so as to redlie wetland’s
change status and influence in this area, and plerforward general suggestions on the countermeasaf wetland

change.
STUDY AREA.

Dianbai District is located in the west of GuanggldProvince, east of western Guangdong region, autheast of
Maoming City (shown as Figure 1). Between the &asjitude 110°54 ‘~111°29’, and the north latitl@lE*22 ‘~21°59'.
It is about 50 kilometers wide from east to webwt 55 kilometers long from north to south, withaad area of 2128
square kilometers, 40 meters iso-depth sea arahaft 4300 square kilometers (including 20 mewvgliepth sea area of

1132 square kilometers, and 10 meters iso-depthare@aof 480 square kilometers, or 48,000 hectares)
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Figure 1: The Administrative District Map of Maomin g City.

Dianbai is located in a low latitude area souththef Tropic of Cancer, which belongs to a tropicansoon
climate. The year climate is warm, abundant liglindant rainfall, water and heat in the same sedass frost and no
snow, like spring. The terrain of Dianbai Distrgtbpes from northeast to southwest, north and easthigh, low in the
south and southwest, and the south around the Shitta Sea, the harbor roundabout. Mountain apas) and coastal
terraces each account for one third, that is, tivthris the middle and low mountains, the middlalisng the river plain
and low hills, the southwest is the loess hillg, south is the coastal terraces. There are maessrin Dianbai District, the
main rivers are Shalang River, Rudong River, LongRiver, Madian River, Dagiao River, Magang RivBgnchang
River, Zhaitou River and so on. Among them, ShalRngr is located in the north of the territory, iath is the largest

river in Dianbai District, also the mother river Dfanbai.

In 2020, the total area of wetlands in Maoming &t§9,263.2 hectares, and the eastern and nontrettands are
scattered, with the southern, southeast, westatrcantral wetlands, among which the southern anthsast are the most

dense, while the Dianbai wetlands covered the ntgjof the southern and southeast wetlands.

From 2010 to 2020, the economic development tréridianbai has been under good circumstances. Aaogrd
to the county report of “Economic Development Irdiexthe coordinated development index of "One NaclArea, One
Belt and One Region" in 2020 shows that, Dianbai fzmmked among the top 10 districts with strongneadic strength
around eastern Guangdong, western Guangdong atitenoGuangdong, ranking seventh among the 29agstAmong
the single indicators, Dianbai ranked second antbeg74 counties (cities) and districts around eas&uangdong and
northern Guangdong with a total GDP of 66.376 dnilliyuan, and the local general public budget resenamked first,
being the only district with more than 2 billiongm

However, according to the statistical data the ayerprotection rate of Maoming wetland is only aki181%.
In the economic development of nearly ten yeams,atea reduction of Dianbai wetland is not onlyeetiéd by natural
factors such as climate change, but also mainhseralby human factors, including reclamation, wetlgollution,

artificial digging and drainage, etc.

| Impact Factor(JCC): 5.8648 — This article can be dowatted fromwww.impactjournals.us




[ 12 Zhixiao Lu & Ruei-Yuan Wang|

METHODS AND DATA

Framework of Process

In this paper, the RS images of Land sat are usedassify the Dianbai wetland distribution map dyserial of RS
technology processing. Unsupervised classificati@thod is used to classify the images, and theiltlisbn map of
Dianbai wetland is obtained. Then, the images obthby the Chinese Academy of Sciences (CAS) aprpcessed, the
raster images is subset, and then the images fefefit years after fusion are intersected to makarad Use Transfer
Matrix (LUTM), which is analyzed and summarized @ating to the result maps. The whole processingéngork is

shown as Figure 2.
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Figure 2: The Processing Framework of this Study.
Images Processing

The data used in this study are the Land sat imag2610 and 2020 which retrieved by the websit&ebspatial Data
Cloud (GDC), then making radiation calibration, aspheric calibration and other preprocessing. jpoa@ting with other
data acquired from the Data Center of ResourceEanidonmental Science (DCRES), China Academy oéSmes (CAS),
which the land use RS detection data and imag&uahgdong Province in 2010 and 2020 are used.tWbifkS data are
respectively cut to obtain the land use RS detactiata and images of Dianbai District, Maoming CiBuangdong
Province in 2010 and 2020.

Method of LUTM

This study uses static analysis and dynamic arslgespectively, static analysis is using unsupedvislassification
method, obtaining the wetland distribution map @1@ and 2020, then using ArcGIS10.1 software tagse the land use
status image in 2010 and 2020, and then calcutadepeocess the area transfer matrix of land usegehbetween 2010

and 2020, then the images for dynamic comparatiedyais.
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The Land Use Transfer Matrix (LUTM) is a two-dimamsal matrix based on the changing relationshighef
current situation of land coverage in the sameoregihe analysis of the resulting transfer matrialdes two time phases
and different land classes, which describe thesygfdand use that change in different years, dbagethe location and
area of change (Liu and Wang, 2022). It can noy ogflect the above static fixed area and fixedetianea data of each
class, but also reflect the richer area transfexamh class in the initial stage and the trandferaoh class area at the end
stage. In terms of the area, reflect the regiomatl luse change. The area change is first refléctéte total change of
different land use types. By analyzing the totarde of land use types, the total change trendraf use change and the

change of land use structure can be understood.

Table 1 is the display data of the LUTM, where oatuT1 represents the initial phase and row T2 sgis the
next phase. Al to An indicates n different land erotypes. Suppose column Pn=Pi (initial phase lype), and row

Pn=Pj (next phase land type). Pij represents the af the initial phase Pi to the next phase Pj.

Table 1: Land Use Transfer Matrix (LUTM)

T2
" Ia A2 | .. [ An
AL | P11 | P12 | .. | Pin
AL | P21 | P22 | .. | P2n
An | Pn1 | Pn2 | .. | Pnn

In this study, the RS images of 2010 and 2020 westeacted using ENVI software. Firstly, the imagesre
classified by SVM classification, visually interped, and the classification results were acquicedffe distribution map
of Dianbai wetlands in 2010 and 2020. Then, throtlgh LUTM analysis to obtain relevant data, attfingll cut the
Dianbai land use type map, import into Arc GIS waite, then loading the attribute table, and letidingl use classification
type connected to the layer. The purpose is combifand classification type "value" to the layear,dget the specific

Dianbai land use type map.

In order to reflect on the changing land use irfedént years, the new land use type map shouldutibeir
processed. The process must convert the rasterirdataector data and then analyze it. To makestiigssequent image
processing and analysis more convenient, the \eetbrimages are fused (fuse the ground classes tiw¢éhsame
attributes). Then, the "intersection" operatiorthaf two fused images is analyzed to obtain the rooneentrated changing

area of the wetland in the Dianbai area, and theratea of each class in the "intersection" imagealculated.

Finally, conducting the calculation of the transfeatrix, the attribute table of the "intersecticimiage is
transformed into an Excel file, then transformeit ia data perspective table according to the rements of the LUTM,

that is, the Dianbai LUTM is obtained, and then¢hange of the Dianbai wetland can be studied.
RESULTS AND ANALYSIS

Analysis of Wetland Distribution

In 2010, the land use in Dianbai District can badg#id into 10 kinds, among which four kinds beldagvetlands, namely,
reservoirs, paddy fields, rivers and tidal flathofgn as Figure 3). By wetlands, reservoir pits pndds in the southern
coastal areas, and paddy fields in the southweshwest and north areas; rivers and canals irsdiheast and northwest;

tidal flats are more scattered in the white ared,some are more concentrated in the river esaratycoastal areas.
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Figure 3: Land Use Status of 2010 and 2020 in DiaabDistrict.

As the whole, the wetlands distribution in 2010 welsitively scattered inner the Dianbai area (slaswFigure
4c), except for the coastal areas in the southlédaoimpared to 2020, the wetlands in both yearg wencentrated in the
area of north and south (show as Figure 4). In 20#0layout of wetlands in Dianbai has not changjgdificantly (show
as Figure 4d), but it can still be seen that weltahave a trend of expanding and mass developidemiever, the tidal

flat at the estuary has a more obvious degradati@momenon, the area has shrunk.
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Figure 4: The Distribution Map of Dianbai Wetlandsin 2010 and 2020.

In addition, in terms of Dianbai wetland changeaatbere are different degrees of wetland losslawgtincrease

and wetland remain the same, including the maitawdtloss and increase area is the north and sesthwgion, wetland

remains the same area is mainly in the northwhstestuary, and coastal areas (shown as Figu@vgyall, from the
change map of the wetland in 2010-2020, the tenhpmc spatial changes situation of land use, caseka that the places

of wetland changes in the Dianbai are mainly cotraéed in the southwest, northeast, south and sasthand the central
and east have the least changes.
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Figure 5: The Map of Wetland Change Situation in Danbai from 2010 to 2020.

Analysis of LUTM

After the above classification and calculation, thdTM table is obtained in this study (shown as [€aR).Then

calculating the land use change situation, in @sttro the year 2010 period, the net increase nistoaction land in 2020

is 22.83 knt; The net reduction in dry land is 20.45 knThe net increase area of bare soil is 6.0%;Kine net increase

in sandy land is 0.89 kf The net increase in meadow area is 0.5ZKfine net reduction area of forest is 26.86%m

The wetlands areas (including rivers, reservoiasidy fields, and tidal flats) is 9.09 Kmmet increasing in which only the

tidal flats area is reduced.

In addition, the study found that the detail chaggsituation of land use, specifically on the foypes of wetland

changing status such as the rivers changes taddyi$ covering 2.06 ki reservoir changes to dry land are mainly covering
15.10 kn¥, paddy fields changes to forest, dry land as a&ltonstruction land, covering area are 42.83 844 knfand

21.97 km“respectively; and tidal flats change to dry landl @onstruction land that covering 6.44 Knand 4.83 km

respectively (excluding the mutual transformaticetween the four types of wetlands). Totally, theldyafields are

increasing from 2010 to 2020. However, exceptliergaddy fields the wetland transformed from oldweds is very small.

Table 2: The Dianbai Land Use Transfer Matrix (LUTM)

Year 2020
D . Constr Bare | Sand .| Padd Tidal
Year 2010 | Meadow Iar?(/j Rivers | obs™ | Forest | " 20F | 1 dy Reservoir | o dsy flats
Meadow 3.43 4.26 1.19 8.82 0.60 0.18 4.24 1.18
Dry land 3.43 440.75| 1.40 90.69 6.30 0.29 17.75 27.74 | 4.10
Rivers 1.01 2.06 1.81 0.42 0.29 1.00 1.00
Construction 0.89 69.07 0.18 37.34 21.23 0.70 0.59 7.22 27.56 3.09
Forest 12.01 0.89 24.89 | 521.88| 0.41 0.42 10.84 50.33 411
Bare soil 1.88 0.12 1.06 1.54 0.54 0.87
Sandy land 041 0.18
Reservoir 0.18 15.10 3.00 7.25 8.94 27.99 2.05 4.92
Paddy fields 3.34 32.44 0.59 21.97 42.82 2.46 4.18 94.74 3.59
Tidal flats 0.12 6.44 1.01 4.83 3.46 5.40 2.81 24.26
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Aggregate Analysis

From Table 2, compared to 2010, the wetland ard@ianbai District was increasing in 2020, by 9.08 % In terms of

area, the wetlands area in Dianbai did not decréasiead increased, indicating that there is nattiention and protection
to the wetlands in Dianbai. However, from the petsjve of the main transfer direction of wetlandystnof the wetland in
Dianbai has been transformed into construction kmdi dry land, so it is speculated that the ma@isaa probably for the

loss of wetland in Dianbai is affected by humandezand climate.

For instance, in response to the call of the gawemt policy, Dianbai earnestly implements the ahveive-
year plan for the national economic and social Wgreent of Dianbai County (2006-2010), hence thedustry,
agriculture, commerce, rural areas and towns haveeeed gratifying development, enhancing the dgwelent of
Dianbai, and making develop more rapidly in théof@ing decade. Thus, after 2010, the growth of paggan and Dianbai
accelerated the industrialization and urbanizagimtess, the first, second and third industriest jdevelopment, actively
promoted urban construction and rural revitalizatibherefore, as we can see based on this devetddawtor, the main

sources of urban land increase are rural settlesneggervoirs, ponds, paddy fields and tidal flats.

However, the process of urbanization requires laocupations, including reservoirs, ponds, paddidieand
tidal flats. Activities such as agriculture, roaghstruction, and urbanization often cause indiderhage to the wetland
system. Hydrological changes associated with theseities affect water supply and drainage patexcross the surface
and groundwater divisions, reducing the size asttidution of ecosystems dependent on these watecas (Baker et al.,
2007).

In the objective background of global warming ire thast hundred years (Zhou, 2021). With the economi
development of the Dianbai causing environmentdlupon is serious, in the lack of purposeful humparotection
measures, the part of the Dianbai itself is vergdit’ so that the small wetland gradually aridityl &recome dry land.
Under the dual pressure of human-made activitidscimate change, the strict degradation and disagmce of wetlands
in Dianbai from 2010 to 2020 made the already savetland resources more tensely, the original ystesn was

destroyed, and the quality of wetlands declineddigGe et al., 2019).

In addition, Dianbai coastal area has a superiogigphical location, due to being near Bohe padtmany other
ports, however by frequent human activities thabsis damage to the tidal flats. According to tbenprehensive strategic
positioning of Guangdong's marine economy, the pattern of marine comprehensive development oE&taones, three
circles, three belts" and " one Peninsula in teBsiy Area", Dianbai has become a key developmesd af the Marine
economy in western Guangdong, and is committeadnfdementing the construction of a beautiful Bayaafilaoming
Municipal People's Government, 2017). Howeverhim d¢onstruction process, it is inevitable to reweéhe impact on tidal
flats. Meanwhile, the construction of Dianbai cahstenic spots and some improper behaviors ofstsuwill also destroy

the coastal tidal flats. Therefore, as shown fragufe 3, the tidal flats at the estuary of the Diairare degraded.

Nevertheless, recently the construction of DiarshBiautiful Bay Area also created a very successfsg. Until
2019, Dianbai had the largest contiguous artifiongrove planting demonstration base in the cguttie rare 2,600
hectares, forming a unique "sea forest" landsc@jpe. mangrove nature reserve area is about 2,00@rksc and the
wetland park is about 420 hectares. Mangrove isigigpin the tropical and subtropical coast intatidone, by mangrove

plants as the main body of evergreen trees or stoiiwetland woody plant community, in the purifioa of seawater,
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wind waves, solid carbon storage, maintaining hiediity plays an important role, hence acquirecasta@uard” "ocean
green lung" reputation, is also an important halidagrowth and breeding places to rare and engl@ugwaterfowl, fish,
shrimp, crab, and shellfish. The attention andewiddn of mangroves is worth learning from the wvehobuntry and even

the whole world.

In short, the Dianbai's wetland in the north andutbwest, their loss and increase reasons needefurth
investigation, but the northwest and the estuaopstal areas of wetland development condition isdgd\nalyze the
reasons, due to the southwest has large paddydigtiidbution, and Dianbai climate belongs to sopical climate which
suitable for rice growth, the number of paddy field related to the food security, so the stabditghe southwest paddy
fields has made great contribution for wetland @ctibn. However, the estuary and coastal areagpefmea small part of

wetland degradation, most of the wetland is wedkt@cted.

As we know, wetlands provide a variety of resoufoeshuman production and life, and have variousiagical
benefits such as flood control, climate regulatiord habitat functions. However, with the developtr@insociety and
economy, the acceleration of urbanization prodegsjan activities (urbanization, deforestation, @gtural reclamation,
etc.) as external stress factors, and combined méthral driving factors by relatively small spaarea, accelerated the
wetland landscape area reduction, landscape fratiemm ecological degradation factors (Leiet 2010). Thus, for the
attention and protection of wetlands, differentcgka should take reasonable and effective measemsding to the
current local problems and the causes of wetlamgtadiation, to restore and optimize the protectibrmvetlands in an
orderly manner.

At present, the construction of ecological civitioa has become a national policy. Facing the sesguation of
tighter resource constraints, serious environmegyagHltion and ecosystem degradation, in ordemt&uee the sustainable
development of wetland ecology (Ge et al., 2018)s study makes the following suggestions:(1)Resiee natural
selection results of the local ecological structigieould not recklessly transform the original egidal structure; (2)
Should be correctly committed to constructing amiremment-friendly society with economy, societydaanvironment
win-win condition. Attach importance to the deveimmt of human and land relationship;(3) The govemnshall take
compulsory measures, such as cracking down thficaitioccupation on rivers for landfill, excessivenovation and
transforming wetlands into construction land, thetrengthening the protection of Dianbai wetlandsd durther to
formulate an effective wetland management mechad§nResidents should actively respond to the "tmghrbon”
policy, firmly believe that green mountains andaclevaters are gold and silver mountains, protedtiegenvironment and

wetlands, as well as start implementing from thdwvese
CONCLUSION

This study, incorporating RS and GIS technologwestigated the wetlands situation in the DianbadaarAfter
implementing image classification, land area caltah and land use transfer matrix, the wetlandhgbka in this area

between 2010 and 2020 were compared, and the falipresults were obtained:

 In terms of temporal and spatial changes, the we#lain Dianbai District are mainly concentratedtlire

southwest, northeast, south and southeast, areh#fmges in the middle and east are the least.
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e Compared with 2010, the wetland area of Dianbatridisshows a little bit increase in 2020. It igther found
that the mangrove wetland area at the estuary d&rs $uccessfully protected, and also can enhaagardtection

of wetland.

»  For the reduction of wetlands, the main reasonsh&r@romotion of urbanization, economic developtmeaman
occupation and destruction of wetland resource®imnbai District. Coupled with global warming, some

wetlands with poor quality have degenerated inyolainds.

e It is suggested that targeted measures must be fakmediately to continuously strengthen the atbentnd
protection of wetlands, restore the lost wetlarsbueces, and establish a good relationship betyweeple and

land as well as developing sustainable strategy.

Overall, the conclusion of this survey can be ussda basis for improving public awareness of wdtlan
protection, and as a reference for other reseasdioeinvestigate and study wetlands. The reasaoeladive to Beijing,
Shanghai, Guangzhou and other economically develggreas, Dianbai economy is relatively backwardoppes
ecological consciousness is not strong, but alse tduthe development being relatively backwardursdtecological
resources protection is relatively good, but dewelapidly in recent years, causing the environmectat of natural
ecological resources such as wetlands. In thisrdegee should fully protect the existing naturablegical resources,
restore the natural ecological resources which waestroyed before, and should still establish cleaters and green

mountains while obtaining economic development.
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