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Centennial Evolution and Driving Mechanisms of Piaoweizhou in Dongting Lake
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Abstract: (Background)The rapid expansion of the Dongting Lake wetlands is a key factor leading to lake
shrinkage, decreased flood storage capacity, and exacerbated wetland ecological issues. (Methods)Based
on historical maps from 12 time periods since 1924 and multi-source aerospace and aviation remote
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sensing data, this study comprehensively utilizes remote sensing interpretation and historical
geomorphological comparison methods to systematically analyze the spatiotemporal evolution process of
Piaoweizhou, the largest wetland island in East Dongting Lake, over the past century. (Results)The results
indicate that from 1924 to 2024, Piaoweizhou has continuously advanced in a tongue-like shape towards
the Junshan and Chenglingji areas in the northeast, expanding from 78.21 km? to 494.23 km?, with an
average annual net increase of 4.16 km?. Its evolution process exhibits significant phased characteristics:
rapid expansion from 1924 to 1944; continuous slow expansion from 1944 to 2004; and a slight shrinkage
trend from 2004 to 2024. The development and evolution of Piaoweizhou are controlled by multiple factors:
the hydrological pattern where the water from South Dongting Lake enters East Dongting Lake through a
narrow channel and then suddenly widens, which serves as the hydrodynamic foundation shaping its
morphology and expansion direction; sediment supply from the basin and its selective deposition, which
provide the material conditions for wetland island development; and human activities such as large-scale
dike reclamation since the 20th century and lake sand mining in the early 21st century, which are the main
driving factors for the wetland island's transition from expansion to shrinkage in the past 20 years.
(Conclusion)The research results provide crucial historical basic data and scientific support for the
protection, restoration, and water-sediment regulation decisions of Dongting Lake wetlands.

Key Words: Historical maps; remote sensing technology; Dongting Lake area; piaoweizhou;
spatiotemporal evolution; driving Mechanisms
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Fig.2 Typical information sources for spatial expansion of the Piaowei Delta since 1924
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Fig.3 Spatial Evolution Map of Piaoweizhou since 1924
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RFFEATRIA, FHPIK 4.19 km?/a; 2004 FIHIFIRUE(E 514.50 km?, b5 5% NS5 ZE 400 B,
2004—2024 EAEHIZESE 1.01 km¥/a.

(2) ERMMK B KB) 15645 DA S5 N RiGsh 2 BER ZM A6 RER I,
PHMEAHE T T BT SOUREE 1 00 2 7 73 R /KL RO A YRR X o 19521954 4= A i 1 B2 1) 7t ] 7Kk 9
Jei o TV RS R VIR BV SR A 0 e 7 W TR N 2R TR BE V) i R SR R B KK R =y, B 1 IR A2 1 7K 3
J156A%F . TREBFE BV E SIS Y kE R 2 B A, iEStREE RN E
M R e SEBE B SR RAE N E BN BN IR, RIE 20 SR Y TRk AR 1 E SR
BHLH]

(3) AWHFE R G SL AN 5K 50 & DhRe R 6 8 & AR RS E 5 5 Kb iH
AR AL TRV RE, (A2 BIR SRR, VA T A Ml — PR . B, P
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P93t IX T T AR, FC T A P A 25 28 G635 A B SO LA B A AR 5 1R
TR SR, HL IR LR 1500 X F AR RS b B 0 RV 5 R T: RIAT, Ziftik.
Wl AT RS SCRAR IR, BRI AR S R R Ok 5 Y
TR IR ST AL, 5B TT 4 & SRR 0 07K 30 J BRI T T s MeAh, A9 3
A PR AE AL, LT A R 20 W R 2, SRS T A0 InSAR HoR 55 5 KR
Bl it o R = R

References

Asselen,S.V.,Verburg,P.H.,Vermaat,J.E. et al.,2013. Drivers of Wetland Conversion: a Global Meta-analysis[J].PloS one,
8(11):¢81292. DOI:10.1371/journal.pone.0081292.

Chen,B.S.,1986. Comprehensive Investigation and Research Report on the Regulation and Development of the Dongting
Lake Area[R]. Changsha: Office of the Hunan Provincial Territorial Commission (in Chinese).

Chen,Y.Y.,Lv,X.G.,2003.The Wetland Function and Research Tendency of Wetland Science[J]. Wetland Science,1(1):
7-11(in Chinese with English abstract).

Feng,C.,Liang,X.,2024.Xing. Impacts of Natural and Anthropogenic Factors on the Evolution of the Water Environment in
the Dongting Lake Area over the Past 500 Years[J]. Bulletin of Geological Science and Technology. 2024,43(05):235-
248(in Chinese with English abstract).

Hunan Provincial Local Chronicles Compilation Committee.,2007.Hunan General Chronicle (Volume 1)[M]. Hunan
People's Publishing House.404-405(in Chinese).

Hunan Provincial Local Chronicles Compilation Committee.,2007.Hunan General Chronicle (Volume 2)[M].Hunan
People's Publishing House.718,734 (in Chinese) .

Lai,H.Z.,M0,D.W.,2004.Impacts of Tectonic Subsidence and Sediment Siltation on Flood Control in the Dongting Lake
Areal[l]. Acta Geographica Sinica. 2004,(04):574-580(in Chinese with English abstract).

Liang,J.,Cai,Q.,Guo,S.L.,et al.,2012.MODIS-based Analysis of Wetland Area Responses to Hydrological Processes in the
Dongting Lake[J],4Acta Ecological Sinica,32(21):6628-6635(in Chinese with English abstract).

Li,C.L.,Tian,S.R.,Song,Y.C..et al.,2023.Population Viability Analysis of Pére David’s Deer(elaphurus davidianus)in
Dongting Lake, Hunan Province[J].Acta Theriologica Sinica,43(03):280-292.DOI:10.16829/.s1xb.150710(in Chin
ese with English abstract).

Long,X.R.,Lin,H.,An,X.X.,et al.,2022. Evaluation and Analysis of Ecosystem Service Value Based on Land Use/Cover

Change in Dongting Lake Wetland[J]. Ecological Indicators. 136. DOI:10.1016/J.ECOLIND. 2022.108619.

Police Department, Ministry of Internal Affairs, Republic of China,1944. Inspection Report of the Lakeshore Land in Hunan
Province[M]. the Police Association of the Republic of China(in Chinese).

Qiu,L.,Yu,S.C.Tang,F. et al.,2024.Evolution Characteristcs of Bottomland in Dongting Lake Since the middle of the
Republic of China[J]. Resources and Environment in the Yangtze Basin,33(06):1250-1261(in Chinese with English
abstract).

Ran,F.W.,Nie,X.D.,Wang,S.L..et al.,2023.Sedimentary Environment Evolution Characteristics of Dongting Lake Indicated
by Grain Size over the Past Century[J]. Journal of Lake Sciences. 35(3):1111-1125(in Chinese with English abstract).

Ran,X.Y.,Zhu,D.J.,Li,D.X.,2021.Changes in Water and Sediment in Dongting Lake and Influencing Factors After the
Operation of the Three Gorges Reservoir[J]. Journal of Hydroelectric Engineering. 40(3): 30-38(in Chinese with English
abstract).

Schultz,G.A., Engman,E.T.,Han,M.,et al.,2006.The Remote-sensing Technique in Hydrology and Water Management[M].
Beijing:China Water Power Press,127-132.

Wang,K.Y.,1998.Regulation and Development of Dongting Lake[M].Hunan People's Publishing House.126-127(in
Chinese).

Xie,C.Y.,Wang,Q.J.,Zhang,Y. et al.,2024.Monitoring Surface Deformation of Dongting Lake Beach Using SBAS-InSAR

11


https://scholar.cnki.net/home/search?sw=6&sw-input=Long%20Xiangren
https://scholar.cnki.net/home/search?sw=6&sw-input=Long%20Xiangren
https://scholar.cnki.net/home/search?sw=6&sw-input=An%20Xuexian
https://scholar.cnki.net/journal/index/SJES1470160X2139
http://dx.doi.org/10.1016/J.ECOLIND.2022.108619
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E9%81%A5%E6%84%9F%E6%8A%80%E6%9C%AF
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E9%81%A5%E6%84%9F%E6%8A%80%E6%9C%AF
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E9%81%A5%E6%84%9F%E6%8A%80%E6%9C%AF
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE
http://cn.bing.com/dict/clientsearch?mkt=zh-CN&setLang=zh&form=BDVEHC&ClientVer=BDDTV3.5.0.4311&q=%E4%B8%AD%E5%9B%BD%E6%B0%B4%E5%88%A9%E6%B0%B4%E7%94%B5%E5%87%BA%E7%89%88%E7%A4%BE

Technology[J]. Science of Surveying and Mapping.49(04):80-91(in Chinese with English abstract).

Yang,L.,Wang,L.C.,Zhang,M..et al., 2021.Variation of Water Body in Dongting Lake from in Situ Measurements and

MODIS  Observations in  Recent  Decades[J].International ~ Journal  of  Digital  Earth, DOI:
10.1080/17538947.2021.1907464.

Yuan,Z.K.,Yuan,S.B.,2004.Species and Utilization of Wild Plant Resources in the Dongting Lake Wetland[J]. Hunan
Forestry Science. 31 (5):43-46(in Chinese with English abstract).

Yu,S.C.,2021.Evolution of the River-lake Pattern in the Dongting Lake Region in the Past 100 Years based on Historical
Maps and Multi-source Remote Sensing Data[D]. China University of Geosciences,DOI:10.27492/d.cnki.gzdzu.
2021.000242(in Chinese with English abstract).

Yu,S.C.,Li,C.A.,Zhang,Y.Z.,et al.,2021.Analysis of the Temporal and Spatial Evolution of Lakes in the Dongting Lake Area
in the Past 100 Years[J].National Remote Sensing Bulletin, 25(09):1989-2003(in Chinese with English abstract).

Yu,S.C.,Qiu,L.,.He,Q.H..et al.,2025.Exploring the Spatiotemporal Evolution of Bottomland in Dongting Lake based on
Multisource Remote Sensing[J]. Remote sensing for natural resources, 37(02):228-234(in Chinese with English
abstract).

Yu,S.C.,Wang,L.C.,Xia,W.P..et al.,2020.Spatiotemporal Evolution of the River-Connected Lakes in the Dongting Lake Area
Since the Late Qing Dynasty[J]. Acta Geographica Sinica. 75(11):2346-2361(in Chinese with English abstract).

Yu,S.C.,Yu,D.Q.,Wang,L.C., et al.,2019.Remote Sensing Study of Dongting Lake Beach Changes Before and After
Operation of Three Gorges Reservoir[J]. Earth Science,44(12):4275-4283(in Chinese with English abstract).

Yu,S.C.,Zhang,Y.Z.,He,Q.H. et al.,2024.Spatiotemporal Evolution of the Dongting Lake Beach in recent 90 years[J].Journal

of Earth Science. 35(06):2081-2098. https://doi.org/10.1007/s12583-023-1867-6.

Yu,S.C.,Zou,J. Xu,Z.B. et al.,2025. Analysis of Water Storage Changes and Their Security Levels in Dongting Lake over the
Past 30 Years Based on Multi-Source Remote Sensing Data[J/OL]. Earth Science. 1-17[2025-10-
13].https://doi.org/10.3799/dqkx.2025.167(in Chinese with English abstract).

Zedler,J.B.,Kercher,S.,2005. Wetland Resources: Status, Trends, Ecosystem Services, and Restorability[J].Annual Review of
Environment and Resources, 30(1): 39-74.

Zesmi.S.L.Bauer,M.E.,2002.Satellite Remote Sensing of Wetlands [ J] . Wetlands ecology and management, 10(5): 381-
402. DOI:10.1023/A: 1020908432489.

Zou,J.,Yu,S.C.,Zou,C..et al.,2025.Spatiotemporal Evolution of Dikes and Polders in the Dongting Lake Area by Integrating
Historical Topographic Maps and Remote Sensing Images[J/OL]. Earth Science. 1-13[2025-10-13].
https://doi.org/10.3799/dqkx.2025.156(in Chinese with English abstract).

XS HE IO

IR . B0 [X VR T R 5 5 SR AR 2 [R] AV W P 8 B R R R I A 2,1986.

BRecr, BZEE. RIIIRE SIRMAREMET R T A[T]. EHERE, 2003, 1(1): 7-11.

172, 3245500 a >R AR5 A PR 3 % IR e i1 X 7K B S5 AR () 5 ) [ 5 R 38 1, 2024,43(05):235-248.
WA EmEE RS WmEEE (B M]. Kb 3E AR B ,2007:404-405.

WFE MG B mBER RS WREEE () M) Kb AR HRAE,2007:718,734.

AL IN 52 22 ] AL G I AR YD URA AR R IR Je  IX B 3k B s el [J]. 3 2 2% 41,2004, (04):574-580.

e B FRARZR, 55, T MODIS P BE TR AR K S RE[T]. AR 223K, 2012, 32(21): 6628- 6635.
25 NS P 2R 2R T A, 5 T e I o W R R A A 77 43 AT [0] 25 7 41k, 2023,43(03):280-292

R A 0o i, R W 5. RS I v SO0 A AT 2 T N Y AR R AU [D] A VLU ek B U 5 1 855,2024,33(06): 1250-1261.

B RGE, Fo/NR, R 22,5 B AR WAL BE 4R 7R TR PR B AR AR AE (] WA FR,2023,35(3):1111-1125.
E, REE, P, ZWoKEZAT IR EM K AR Koz R [T]. 7K I3 K A=k, 2021, 40(3): 30-38.
v T B A B R (M. N RS H AR, 1998:126-127.

WHERIR, F IS 5K, 55 55T SBAS-InSAR 4 AR ] B 1y 4 1 26 T A% s I [J]. 052 734 27,2024,49(04):80-91.
AU R T 73 50 PR AN 22 Y53 R S ()T A SRR 9 DX YU FR3 J Ak [D]. [ MR K 2,2021.D01:10.27492/d..c

12



nki.gzdzu.2021.000242.

AR A 22 5K 7K 8, A5 I AR SRR B 1 DX 58 P VTV B 2 VB AR 23 BT (0] 38 IR 541, 20211,25(09): 1989-2003.

AR, BB Z K e, B T 22 YRR SR TR B T M B 2 AR B A (D). AR R TR R IR, 2025,37(02):228-234.

AR R, AT B T 55 38 R DI SK T 2 58 DX a8 Y380 9 9 ) 2 3 AR [T B 2441 ,2020,75(11):2346-236 1.

AU R RIS 55 S IRK RIS AT T J5 TR 2 W I T AR AR AR SR IR [T]. M 3R ) ,2019,44(12):4275-4283.

AR ARG AR M, S B T 2 VR SR BOHR 103 30 4R TR RE W 25 K B AR AN, B A R R B 43 A [J/OL). Hh BR L 22,1
17[2025-10-13].https://doi.org/10.3799/dqkx.2025.167.

S AR, 3 AU T WA b BT A A A B VR P 2 5 T e R R O] 91 R Al L 2%,2004,3 1 (5):43-46.

¢%%lﬁ§%%ﬂﬁMﬁ%ﬁ%%i@@@mgﬁiﬁ[]¢%El%$w%ﬁmwM.

ARGE, AR IR = AR EE, S5 A T S M T P 55 U R A T T B W X 5 B B A i AR [J/OL]. M BR R 2 ,1-13[2025-10-13].
https://doi.org/10.3799/dqkx.2025.156.

YEE TEREE -

PE# 10 A0HE SOTBRCENME, #3558 MmS . EEIRENRESLE, 75T’ 3 Mgk, FATET
3 BRI B 25 AR A 18 AR RS

TE# 20 RIKIR TESH5BRCENEY, HOTE 1SRN SME 1 R%mE, 7oTE T 4 ERMINE
B AL ) 90 5

1B 3: AR FEZSH5RECENAE, 2504880 MBS BRI, fatET 2 5 8ES AR
P2 (0 4m 5 FTR 2 (0 4mil5

TE# 4 R FHEZ 5 AR AL B 2.2.2 thiliE(E B0, A3TE 5. B 6 Mg, 7 TTIMEE SERIUK
ARG VAN 5

VE# 5. B85 RS 5AREEE A FER 2.2.2 P BRI, AR 7. & 8 il

1B 6: T EBSSARKIEACIER 2.2.2 s BRI, 73R 9. B 10 Mgl

TE% 7: BARKE S 55 S5 OCRIIEERE T, 7T 4 IR, FTIe SO AR R R

BREBRATR: RINR, WHEA KD T ROKEZARMNIEH 49 SHHEE BRTEFS L, 410004, HTE:
13687303311, E-mail: 22581400@qq.com

13



