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Analysis of changes in water storage capacity of Dongting Lake over the past 30 years and its
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Abstract: In order to study the changes in water storage capacity and the degree of ecological water
demand guarantee in Dongting Lake, this paper uses 231 satellite remote sensing images since 1994,
combined with hydrological data such as water level, runoff, and precipitation, to fit a model of the
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relationship between water surface, lake capacity, and water level in Dongting Lake in the past 30 years,
revealing the temporal changes in water storage capacity of Dongting Lake before and after the
operation of the Three Gorges Reservoir (TGD). The "annual distribution method of ecological water
demand" is adopted to analyze the degree of ecological water demand guarantee in Dongting Lake and
analyze the driving reasons. The results show that: (1) In the past 30 years, the average annual water
storage capacity of Dongting Lake has generally decreased, from 5.141 billion m? before TGD operation
to 4.583 billion m? after operation, a decrease of 10.85%. The largest decrease was in October, reaching
24.50%, which coincides with the time when TGD controls its discharge due to power generation in
October each year. (2) After the operation of TGD, the ecological security of Dongting Lake water has
become increasingly severe, with the annual minimum and suitable ecological water demand guarantee
degree and maximum ecological water demand exceeding degree decreasing from 96.38%, 68.05%, and
20.69% to 90.30%, 62.71%, and 16.84%, respectively. The minimum and suitable ecological water
demand guarantee in September and October has significantly decreased, exacerbating the autumn water
shortage and drought situation in Dongting Lake. The maximum ecological water demand in July and
August has significantly decreased, alleviating the hidden dangers of flood disasters in Dongting Lake
during the flood season. (3) The decrease in runoff, average annual precipitation, and continuous
sediment deposition in Dongting Lake are the main drivers of the reduction in water storage capacity and
security. Sand mining has expanded the lake capacity of Dongting Lake, but the increase in water storage
capacity is extremely limited. Satellite remote sensing technology provides a new technical means for
studying the degree of water storage guarantee in lakes, which has practical significance for supporting
the allocation of water resources and water ecological restoration in Dongting Lake.

Keywords: Multi-source remote sensing data; Dongting Lake; Changes in water storage capacity;

Ecological water demand; Degree of guarantee; Driving reasons
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Fig.1 Remote sensing interpretation map of water system in Dongting Lake area
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Fig.2 Changes in water level and water surface area of Dongting Lake
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Fig.3 Time series variation curves of minimum, maximum, and annual average water storage for each year from 1994 to
2023
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Fig.4 Multi-year monthly average water storage change curve before and after TGD operation
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Fig.5 Curve of monthly average water storage in typical years
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A — R RKE . SR, 7 A)E, REEW/KESRIED, i H35KERE ZEREH Y
IKEM 64.76%, 8 Aty Ja RIE™EME, 9 A2 EH/KE—BEIKT 2 FEHKI (12 A 2384E
2 A1) BHYIKE, BEMBEIHESK™E., 2023 i EBFENEKE (30.72x108m3) RAEIE 30
FERAFIEKE (57.86x10%m*) (1) 53.09%, JCIZAhKI . FoK IR Tk, I REW X Ak Tk
KIRES .
24 g/ RAMBEESEKE

WIVALEZS T /K B2 Ta 4ERRIBT VA AR W) 22 FE I A DR TE A2 25 R i FI/K BEUR T e 1E o R 5 24
UEAERIK R, SREIALETKE. RBRTKE. EYWETKE. SEURBETKE. N
EFKE. EBRTKES CEFRILZE, 2005) o A& R 22 0 2 GERILZE, 2005;
TS, 2021) N, B—MAESKHERFHAE —/MERYEE, XKkEmS, HER. T
PFRECABIARI SRR B/NTiKE. MEKENTRANESTKER, KEFHEER o KE, S5
TFVIREE . TSGR 8N, AEETHAREARRE, KESRKRAMWEMFINREREULER; L&
KBERKTRAESEKER, ANty ERE. B ANRAEGT =2 FEE, Wkt
AALMEE, ARRMEDOER IR, ZEF R SRR RS RS A IR, AR £
FEPE, JEMRCR/K AR . EHAESTHKERER/NESTKEMEM LR TS RN w8,
TELRY K AR RKAE S A b, S — 0 s R iR M A2 25 R 40 b S AR B M S 2
BGEY, R NVESTKEEESNESR. [N, $EKERHCEEESTFRKESELENR, A
RER T ERANAESTKE, BEONKT RRAESTKEN RSP S5 W) 2 R 1 2[Rl 52 3]
s, HEKEREANEET.

FRAE BT IR (PR A A S K BTHE TV, BRI/ B KRS B AR S TR /K& 1 RS ME oy
WA 52.82%- 126.53%F1 67.86%, & A/ B RAIE HASTHFKEUR 2.

®2 WEMZEASKRESEAN. K EBHESTKE  BA 1053

Tab.2 Annual monthly average water volume and minimum, maximum, and suitable ecological water demand of
Dongting Lake Unit: 10°m?

1A 2H 3H 4H sH e6H 7H 8H 9H 10H 117 128 #i
ZAEHABEKE 19.19 1962 2674 3848 63.00 89.47 129.82 106.79 83.75 S54.15 3427 20.69 57.16

RAMVESTKE 1014 1036 1412 2033 3328 4726 6857 5641 4424 2860 18.10 1093 30.20
RKAESTKE 2428 2483 3383 4869 7971 11321 16426 13512 10597 6852 4336 26.18 7233
EHASTKE 1302 1331 1815 2611 4275 6071 8810 7247 5683 3675 2326 1404 3879
2.5 AEMESEKEREZE

#1994 £E LSRR AL H WK A2 A A (1D, THE 1994~2023 42K H & K& 7Rk
Fefit B, AR A (8) - (9) , TR SRR FEW B AR & AR A TR K& PRBE A KA TR K
sHEHE (B6) .
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Fig.6 Minimum and suitable ecological water demand guarantee rates and maximum ecological water demand excess
rates of Dongting Lake in different years

ATDUE TR R NS K E R IREEAR BRI s, fREE KA 0N. B4, i
SRAEAABRA R RIFRRE; S HAESTHKENRBEREEAHNE N, —8N 60~80%, z¢
P35 64.48%, Ui BATHEEIIX 2K FEAZN SN SIS R B s At — e, sORAES
FKCEE [P)EE HH RE e e 1 3T B T ) 5 o S R 5 AR ) 2 R R SRR R, — O 5~20%, zi%ﬁ
18.13%, Ut BV B2 i 2 A VI AR AAAE R 5 o 35 U, i T E/K B R, BUf /K ALY BRK
BRI IR, HIB/N TR T TR, T S AR Z AR B X, 1E AR 2 R R

ISR LA TGD 1247 (2003 4 6 H) NEFIAIT &, 73 % TGD 1847/ (1994 4 1 H~2003 4 6 H)

BT
1 TGD 1217 J& (2003 - 7 H~2023 4F 11 H) BANKTE, 43015 TGD @477 Je e H ¥

RAESTEKE, EEAESTFKEREZMNGE KAESFRKEELE (B .
SB-c 19942003 RNESTMAKRREE e 2004-2023 MM ESBAKRRRE
SEc 1994-2003FEEEESHAKRRBE 4 2004-2023FEEESBAKRRBE
sE- 19942003 |AESBKBBHE A 20042023 FEBALEABKEBHE
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Fig.7 Monthly average ecological water supply guarantee degree change curve of Dongting Lake in the past 30 years

TGD 247 i R i /NS T KRR —BAE 95%LA L, ZHFE-FIREE AT 96.38%,

He 1 B 11~12 A HEREREEIER] 100%, {5 2~3 H X EAR, Fal2 3 B rkEE La
83.23%; TGD E1T /G i/MEST/KEREFEEAN T TGD BT AT SR 2 s, SRR

HH 96.38% &3 90.30%, Hd1 9~10 H B FREIRE IR, /N ERTRKEREER 735 H 97.33%.
99.68% %2 75.33%1 75.97%, XA HFI0kiliE 22.85%. HEIRE/INES TR KE RISk R
f%rﬁéﬂﬁ% 1El 2~4 A8 bFH#ass, JLHE 3 Ay, REEEEH 83.23% E7HE] 95.81%, N1 12.58%.

BFKEREIEEAE TGD 817 5 SA 2 T &, H TGD B17 I 68.05% T FE3I7K
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LRAEN 62.71%, 80 5.34%. AFAHGRIEAF GRS 9~10 A MERER, HAiE
HAESTKERIEE A H 57.67%F1 66.13% F F#3 40.83%F1 41.77%, “FIJW/N T 20.60%. 1~2
H. 7 AEEAS T KRR 2%, EEnEEREER, X 3 ANHHREE T
YIHEIE RA 7.14%.

BORAES TR K R R AR R RN . 3 B S T K B AR AL — R, RBUN FBE
&t (Rl SRR B IR, 5 3 R it s RS 22 /i), A EEH TGD 1847 AT 20.69% T
FEEIK L RAZ G 16.84%. Ak L, FEHNRICVERMERIHANE, 7~12 AU 1 A% 74
H AR, P i 26.13%08/0 31 15.26%, JRIEAN 10.87%. Hib 7~8 Hi W&, T
JRIEN 16.38%, HUGE 9~11 H, “FHIWIEAN 12.02%. 2~6 A% 5 N H LW, P
i 13.07%38 1% 19.06%, HEIEA 5.99%.

IR HTRI, ZWOKEEIZATIE 7~8 A BELTT, W/ TR EE I oK AR A TR K R A
B, TEGEARIR R WAL B ¢ FH Ra B AR, PR T R/ NERSTOKEIRBEFREE, R4 T 8% KAE
AP S B A ). =K ER R ML T BAE R AR TS 9 A e s Nk, SR EE B 9~10
H B/ NS TR KEAE B ST KRR RERE RN JN, 52m 7 KA A A2 B A S 25 i
WIS SRS =K LR KA (12 A 384 1~3 A ST FIEfbK, T EEW 2~4 H
BANVESTKERBEEIG N, X—FYIEG T a0, F4, AR TAaR%HE; 13 AEH
EATIKEREEEIGM, 558 1SRN REE . KM SR A5 & (A S A 5T .

3 AEMEKEENERER

MRAE A KPR P, T REI R B K B R I NI RE . AU S X KR
7 GHATA SRR S5 R .
3.1 BRI ERRERE K ERIF M0

T BN TAR R T A TRV R = AR« PRI . REVRI AR AN BE . o, JEelY
7K, BTG REHIITID T S IR RLME — R T 1994 4F DOk« = 1 P /K 4R N TiA%
T EE MR B WL 2 A A A il 2 B 8 BT

LLor e RETLHBERE oo “HA7 ABERE =T MR R

4000 f +

3500 | 7 T .
23000 | e — iy J
k] BN ke, NUSE SN 1 Y= 75235417728 P Sl . ¢ .

: . T, it S By ;
S 2500 F - % ey S e
e - & T R J H ‘e b e
000 k- s - i TS E et S0
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Fig.8 Changes in the inflow of "three mouths" and "four waters" into Dongting Lake and the outflow of Chenglingji Lake
since 1956

1994 SELISK, “PU/K"ZAEFEBNBETE 1721.69x10%m3, 5 30 FREH B ANTZR E
2237.28x10%m3 (] 76.95%; “—=”ZFAFEHNBRME 515.59x108m3, & ZAEFH S NI EI &
1) 23.05%. FAEUE, “PUACRMAETREB N BIKE S 8 3= FHAL. DL TGD 12417/ 2003 4F 6
H AR ET AL BN S EH TGD 1247HTH 2462.00x108m’/a %/ %] TGD 1817 51
2119.00x108m>/a, JRME N 13.93%. Hrfr, “«= O EH AR E D 121.52x10%m3/a, JRIE 20.37%,
b7 R/ 343.62x10%m/a 1) 35.43%; “PU/K AEI NI B IH/D 221.48x108m3/a, Y& 11.84%,
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AR B 64.57% . IR 2 EAE Y A B 2 B /&R, B TGD BTN 2
885.10x10%m3/a J& /b #| TGD 14T )51 2 471.63x10%m3/a, JRIEN 14.33%. SFEHL IR B 1
INEBGF NERERR/N . P NEREREAL, PR 5= 07 NERES 2
BRI N . I, TGD 817 G TR KR s>, A= T F<PU 7K N34 I 2 [R] 98
DR

X 1994 ALK = 117, “PY7K> NI AR & LA IR PRI B A0 55 VI B 08 28 /K B idb AT R 7 adh
FHRA T, g5 9.

100.00

y=0.0216x +21.99

R*=10.4489
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Fig.9 The correlation between the inflow of "three mouths" and "four waters" into the lake and the water storage
capacity of Dongting Lake

PR N AR B LA R IR AL A R 2 5 T e K R B 2 IEAH SR p<0. 05) 5
HI RO AR = DRI <DUZK? NSRS 1 B ) 2 7K B AR DS 1 R 070 ol
0.7144. 0.5372. 0.4489. [K1t, BREEAMRIREM &R B IVIR/INES, B o2 ML i &,
HUGER e = - fe il B A<D B i .
3.2 Bk EXERE R E K E IR0

B 7K 2 B M T K AR AR AL B 2SR R 3% (Wang et al., 2021) o K35 iR & K R IHA R
GHFEEARRT, 2021) Siit, 2000~2022 IR BEMITIE T A X 4 B K Bty s a5,
Horpi X B K= TGD I24THTI 1343.44mm FRE%] TGD 1E47)5 1 1248.40mm, k>
95.04mm, JHIEA 7.07%, HANFREMFEKEIEALF D HEEAAES (K 10) .
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Fig.10 Changes in annual precipitation and annual water storage of Dongting Lake Basin and Dongting Lake Area
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Fig.11 The correlation between the average annual precipitation in the Dongting Lake Basin and Dongting Lake area and
the average annual water storage in Dongting Lake

SRR TR, TRBEWIRAE . T R IX (A3 B K B S TR R AR 3 B K B A B R 3 IR IR AR G
( p<0.05) » FHHIX FE7K 5 TR BE 1 &5 /K 2 A MR SE =7, R2 24 0.7105; I FEMAI ) /K
SRR &K B A RF A I, R2 N 0.5798. FILER, MG KEAG R, HEEBRET
MAREE] 262 891.12km? (e NRILAIEZKFIES, 2021) , i EE3 X (1 A 18807.43km?.
KRR, o R ERK 28 K Sl & NS IAHRIG I, VN BEB K & 28 T R R
FONEA:, BT T BKE SR &K R
33 BTN REEPEKERRN

TS PE KA T AR S5 W =i AR A o AR T AR AR 2 BT 1998 A BE i VAL 38 A AE e K
KRG, S Bl e ST P Hdrit. IR HIEH . /KRB, 1998~2002 A= JE i [X 5k
JiR FH IR 333 ANEYE, AR 779km? GBlF 4 B 86T, 2011) o (EARERE R IR, I RE i) X
TEIB VLIV P 2 B S it (1) < XORIR A FR, AN 6 MRS, WA THAR 10.50km? CGRIKRSE, 20200 .
TR WE T S T AN 2702.74km? (RIKIREE, 20200 , ISWATHI AU 5 vE A AR A 0.39%. H
TIFEE— M BRI T A, BT 15 00 7RI B — /N TR B (1) 3R B, H R AR
W (7~9 A AReRIHR, FhAKIAFIE /K — A s KT, DRI, BRI FE a8 8 o e I e i)
BHIKERLNT 0.39%. FERTCHIER 2, 15 30 FREEW 7~9 H B H ¥/KEHN 107.51x10%m3, #E1t,
DR FH 340350 5 2 P TR 8 5 /K BB IR AN KT 0.42x10%m3, IR AR A BR

TR S A AR A 32 LR YD R A RS R S5 51 EE (Lietal. 2021) o fR4E (R EERIED A
Y (R NRIEAEKFES, 2021) , 1994~2022 4 EERHI 2 it HIN IRV &A1k i 2k & 12
FiR e
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Fig.12 Cumulative sediment inflow and outflow curve of Dongting Lake from 1994 to 2022

AT LAE W, 1994 ELIRINTAAEE . AT FEbe="F. %, po. EepuKe 2k N
SO 4.01x10%, SR BT H SR 2.21x108, YA TIREEB VYD BN 1.80x10%, %R HE
H 1.65¢m3 #E, A 1.09x108ms YRV TR, [R] KA B A B R B K s b o ik 2, R E
W2 VB IKE 57.16x108m?, [ B8 YOy AR S0 TR R 391 & K B kb T 1.90%

TR eV AU R T 3 I IARDTRR B S A0 IR o AR I8 R 48 VIR 2 Y1 SR b R K

(2012~2016) Y CGEIFEE/KFIT, 2012) , TEMRFFEWASTHERTHE T, B IF R Bk
0.75x10%, & 0.45x108m3. %I, U 2012~2016 4F, JEEBIE IR 2.27x108, 4 KA
1.38x10%m3, i REW 2 AEFE I BK B 2.38%. FE bR 20 T B 370 18 37 R J 0 3 b 30
¥ (2023~2027 45> ) CGHIEAEKFIT, 2021) , 2023~2027 S BER X HRITF R0 13.7652x108
t, A 8.34x10%m’, AR EE T S TR AL, ZHRI I Sit, WA Ry RIFREMIMA %, ERK
FERE B2 iR i i NE S B KB IR K R

4 LEip

AR 1994 4E LK 231 ANEFAHE) LRI, IR 30 G R BEBIKTH . W S5K407
MR BRI TGD 3247 15 5T FEI & /K I P AR FE, /i) & B AES TR /KE R
FEM B KA TR ERE AR, IS YERLAA ST k30 )5 A

(1) MRHE M IR 1« B 7K BE— KA RO R, REEMFIE/KEH TGD E17HT 1
51.41x10%m? 9/ > BI21T 5 11 45.83x10%m?, I 10.85%. TGD 217 /GBrAliKIH (1~3 A & 12 A)
BRGNS (B8 7.55%) , “FUKE (4~5 H 2 10~11 H) « #k# (6~9 ) FIHBEK
> 6.10x108m3 A1 21.03x108m?, IR 73778 12.52%. 18.81%. TGD FIK HLFERFA: 10 H
PRyl N, EAREEW 10 A2 A E /KRR 65.59x108m? 15D ] 49.52x108m3, JRIEIA
24.50%, HHILAETS TGD 1217 5 iR EEWHEA KA 5287 7 1 M H LR,

(2) RHA“ESFTKEBENBAETHERERY, TGD BT EEWHR/D. EHEAESTH KB R
FE Rl KA T K Bl 23 ) i 96.38% 68.05%F1 20.69%)% /0 5] 90.30%. 62.71%411 16.84%,
VLR E K AE S w2 e TR . H, TGD 28175, 9~10 AR/M. E@HASTKEMREER
H IS5 H 98.51%F1 61.90%% /5] 75.65%F1 41.30%, il 1 iFEEBIKZES K 5T FKIE: 7~
8 H B KA T /K FE i e R 1 H $8ME i1 29.52%080 /N2 13.15%, i B =I5k /K 22 78 VT EA T 35 vk R
W, Rl T IR R F R

(3) TGD i&17)a, WEEMIFII BB ER D T 343.62x10%m’/a (YRR 13.93%, H Ay
AKURME 11.84%, “=17JkME 20.37%) , FIIFFEKEIRIEN 7.07%, 1568 51 R BEHI K15 2210 1)
JR A AR R A X IR B K R 4h, I 30 SESRYBRVDIRFRAE IR fE 9 & K R b T

14



1.90%, HMIRDIFRY K T IR EEM I, 1L 2012~2016 {03 pE B 5 2K BN T 2.38%.

AR T TR I R TE WA &K R OR BRI R BE, XA A T B 3 IX /K B 5 2
REEKAES AR EER L MEB/KESZEH MR, e B2 IR T 25 EMKF.
A RIRELZHICIE, BIGEAF .
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