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Abstract; The area reduction, water pollution and ecosystem function degradation of urban lakes have threatened the city's
health and development. Monitoring the spatio—temporal evolution of urban lakes and its impact on the ecosystem service
values can help promote the perception of lake protection and provide informative data for using the lake resources in a

sustainable way. It is of great significance to maintain the stability and health of urban lake ecosystem. In this study, lake
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distribution information was derived from the Landsat images acquired on September 26, 1987, October 4, 1996, July 31,
2007 and July 23, 2016 in Wuhan urbanized area to investigate the spatio—temporal dynamic of urban lakes and its main
driving forces. Based on the varied natural, social and economic conditions in the study area, the ecosystem service values
of urban lakes in different studied years were estimated accordingly. The dynamic responses of urban lake ecosystem service
values to lake environment variations and human activities were also discussed. The results indicated that: (1) the lake
extent in Wuhan urbanized area shrank from 143.9 km® in 1987 to 61.9 km’ in 2016, with the decrease of 56.9%. Those
lakes with smaller size and shorter distance to the city core were found to be occupied more significantly. Thus, the criss—
crossing lake network in 1987 was divided into separate patches in 2016. (2) Human activities such as agricultural
production and urban construction were found to be responsible for the majority of the lake area reduction. The
implementation of lake protection measures resulted in the lake area increase. While the specific driving factors varied
during the studied period. (3) Due to the lake area reduction and water quality deterioration, the lake ecosystem service
value reduced from 2.095 billion Yuan in 1987 to 0.678 billion Yuan in 2016, a decrease of 67.64%. (4) The flood storage
had the maximum annual value in all ecological functions, followed by waste treatment, water retention, habitats
provisioning, entertainment, scientific research, climate regulation, carbon sequestration, oxygen generation, and dust
interception. Urban lakes had irreplaceable advantages due to the huge economic values in flood storage, waste treatment

and water retention.
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Table 1 Economic valuation approaches for lake ecosystem services in Wuhan urbanized area
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Fig.1 Lake distribution maps in 1987, 1996, 2007 and 2016 in Wuhan urbanized area
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Table 2 Lake spatial structures in Wuhan urbanized area

1 A He sk i TR FARH
Year Area/hm? Proportion/% Number Density Average area/hm? Shape index
1987 143.9 21.22 1131 1.67 12.72 32.25
1996 142.9 21.08 976 1.44 14.64 31.25
2007 57.9 8.54 204 0.30 28.38 14.34
2016 61.9 9.13 145 0.21 42.69 15.15
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Table 3 Changing rate of lake area during 1987—2016 in Wuhan urbanized area

I+ Period 1987—1996 1996—2007 2007—2016 1987—2016
AL Area change/hm? -1 -85 4 -82
AEYAE AL Area change per year/hm? -0.1 -7.7 0.4 2.8
AL Rate of change/% -0.7 -59.5 6.9 -56.9
BIZJE Dynamic Degree/% -0.08 -5.4 0.8 -2
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Fig.2 Distribution of lake area transfer during 1987—1996, 1996—2007 and 2007—2016 in Wuhan urbanized area
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Table 4 Benefits and values of lake ecosystem services in Wuhan urbanized area

— 1987 4§ 1996 4E
Ecological Function EXY V€ EASHE dilk LYV EASHE dilk
Benefit Value/JG Proportion/% Benefit Value/JC Proportion/ %
KR Water retention 4.7x10% m® 5.64x108 26.92 4.67x10% m® 5.60x108 26.52
FEHIK Flood storage 1.58x10% m? 9.04x10% 43.15 1.57x10% m* 8.98x10% 42.52
84555 Climate regulation 1.65x108 m®  21.31x10° 1.02 1.64x108 m®  21.16x10° 1.0
[&E§% Carbon sequestration 3.69%10" t 36.50x10° 1.74 3.66x10" t 36.24x10° 1.72
FE4. 02 Generation 2.71x10% t 10.86x10° 0.52 2.70x10* t 10.78x10° 0.51
P22 1 Dust Interception 7.17x103 t 1.07x10° 0.05 7.12x103 t 1.07x10° 0.05
H LK R Waste treatment 2.49x10° t 2.74x108 13.08 2.76x10° t 3.03x10° 14.35
AW B Habitat provisioning - 1.87x10% 8.93 - 1.86x108 8.76
HH R Science research - 0.42x10% 2.0 - 0.41x10% 1.94
AL AR Entertainment - 0.55x108 2.63 - 0.55x108 2.60
ST Total - 20.95x 108 100 - 21.12x10% 100
—— 2007 4F 2016 4F
Ecological Function B EEME dilk Gy & HSHE di
Benefit Value/JG Proportion/% Benefit Value/Jt Proportion/%
KU Water retention 1.60x10% m® 0.11x108 1.58 1.59%10% m® 0.11x108 1.62
FE K Flood storage 0.64x10% m® 3.64x10% 52.30 0.68x10° m* 3.89x10% 57.37
PWFTS A% Climate regulation 0.54x10% m? 6.92x10° 0.99 0.57x10% m? 7.40%x10° 1.09
[ Carbon sequestration 724.33 t 0.72x10° 0.10 1389.70 t 1.38x10° 0.20
FE4E, 02 Generation 533.30 t 0.21x10° 0.03 1021.97 t 0.41x10° 0.06
#72H18 Dust Interception 5.77x103 t 0.87x10° 0.12 6.17%103 t 0.93x10° 0.14
b /KBl Waste treatment 1.80x10° t 1.98x10% 28.45 1.33x10% ¢t 1.46x10° 21.53
A= M Habitat provisioning - 0.75%10% 10.78 - 0.80x108 11.80
HH BT Science research - 0.17x10% 2.44 - 0.18x10° 2.65
ALK Entertainment - 0.22x108 3.16 - 0.24x108 3.54
AT Total - 6.96x10% 100 - 6.78x108 100

A AR S5 DI RE M BRI, 255 DUAT (R Ak B 5 21, R &5 K i A A8 MR 45 (BB, o RV (EL 1Y)
48.84% , LU ALK T (19.35% ) (7R /KR (14.16% ) FEAEA YIS HL(10.07% ) SCHUER SR (2.98%) L H
BHIF(2.26% ) TS (1.03%) | 155 (0.94% ) B4 (0.28% ) Az A2 I8 (0.09% ) £ S M55 h (., (HASIR]
AR A HE SR 45 B A LA AN 52 4 — 38, 1987 4E 1 1996 4F K4 i b A5 — 3, A= 25 IR 45 400 {8 Fc 2 RO T 3 40 1)
RIHEBEK (42.83%) ISR KIR (26.72% ) FFAL K T (13.71% ) , 305 BIR 55 (B 19 83.26% 52007 4 Al
2016 AEA R HL 9] — 35, B 3 AR AT & LK (54.84% ) Bk /K 5T (24.99% ) FlH2 AL A MiA B (11.29% ) |
ARV AR 91.12% , S TE F 38 XA B s 0 A A= A5 A 55 D R A B H , [ e e 4 L R0 /A B 4 2 WU
FIAE LA, (B T RO T &R 5, AR SRS Rk Rl AT 2 L, DUIRSS IME L R /NA
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WA AR A A A RS ThRE A (AT, HE s FRACA 0.05%—0.14% , 3R & B AR 1) 0.1% ; (HARPE R
PO PR i RO AR ES S, 2016 AR R IR X R I B H 8.48 tv/km?  AF B[R 50 68993.3 t, AfF5T
fE AR WA A B E A 6165.2 t, 5 4F R 1) 8.94% , HA: BREE AT 2

4 itig

4.1 ABRGMRSS PALMNEXT L

WA B AR S R G A AR A5 5 T AR A S BRI S T e PR A A IR 55 D REAR Fr BB AHOC EEHK
SRATHIAK A S R G B RS TIRE, 25 S T E N BB AR RS R ST 71 MR R 1 LRI AR AR
BRGNS A ST RE LIRSS M EEAT X LU (6 5) o DS P AT A i 38 A S 0 R
F1% BN A 25 55 A (ELAZE L M09 R0 0 PAY R M A 285 AR G 7 8- S (L0, DAY [ B SR R 1 Ao 19 IR 55
(- SR A i B DT 2 i s 2 DA K S TR A R (0 A 0 AN BL A W Ve B
IKAEI A2 (B, BRI I X I K SR 5 KR 98 38 P K A LK ST A AR 55 (0 (L H4 B T N Bl
S RGP EE, (R E B K A A S5 Ay B AR 2 B o T W R A S R A (e, 12 I
O VA M PR T 5 5 510 A SR 55 B RO AT X R MR R 4T, AR R 2 S K il R S A A 2
B N B e I e et S [ T DO e MERU2: NS A YN S B2 WND/S s B e AN L N R |
S AR T T A K R K T A SRR BN Y BT [ SR R A 3 R G A
A TIRE AL IR S5 U .22 5K, N [RIBHF 7 08 T b A5 25 28 5 14 P9 R DA ARG TR R A S [] 212 | H A2 3
HA I DCBAREAE AR BT 5 RO R R R A T S TR A R AT L

x5 FEESUREBANMEESIT/ (x10° JT/km?)

Table 5 Economic values per km? of the main ecosystem services for lake and wetland

HAThE R K IE P E UK [# i B4 Wbk
Ecological function Water retention Flood storage CO, sequestration 0, Generation Waste treatment
EN TSSOl (E]

205.5 628.3 13.55 4.0 245.1
Averaged value from this study
P o 5 3 - P00 (2B AL FE D) 893.3 927.7 180.2 178.0 578.9
Average value from inland wetlands (variation) ~ (89.2—1461.3)  (100.3—1710.8) (35.1—402.0) (30.7—406.7) (121.5—1218.1)
WA B P 3 (B (R ARE) 161.3 282.5 63.3 31.0 18.7
Average value from natural lakes (variation) (33.5—400.2) (84.3—653.4) (2.6—142.7) (2.9—79.1) (6.9—37.5)

4.2 RIS DIREM(EAL RO L

B IR XA K I S 2 B0 A S R G, A S RS D RE M (A4 B P, 8 25 K B0 A S A0 18 Lh T
K, 5 B A E R 48.84% , B AEZS R ge 720 X Ry L FE 34 33.029%—56% , 25 S 3 AR — 30 i 3
I DX T AR KT TR TR K TR A A S A L B SOR TR E KR B IIRE , 4398 19.35% il 14.16% , 5if A58
T LA SR W O NIV (=Rl 1 115 NI (S R T (=B RN I =R S 2l N E A0 SN > 11 1 5 riop 18 RUE B QLB 2
SRR ARG, R T A RS RGO RS T RERE AR R S 2 S 25 AR AR T RE 1 AR S5 (.
FUAEA BT DX 3] AR PR B K K B A 3% K IR S K AR i AT 1 A S T RR R S5 (8, ¥ S A R W v i, B
A AR T EHAL A RS RGO RS E A E AR AV ; JU AR R b 28 7 56 e 9] 5
b AR AR T L DX, W R AR S R G0 T ARRER 0 MO S5 AERRAR L 5 U DR B K Ry TR B
FCRE TR AT, SEIRTT AR ISR AP kT A A R G AR ORI A BIESE Hh AR 2 A E A B A R T
SAE(1.03%) BB (1.22%) Difie , FE 3R A 25 R G h A 3 i 7 B 20 4051 10%—20.86% il
7.75%—20.46% , £ P 7E TR AR S R G0 TR B VR /K S RE A 10 AR i A i, S O T A K S
TR 25 R A M (E L E 22 T B K
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4.3 WA KRS

ARSI FH i B AR Bh S /AT 1987—2016 A7 2T =2 308 DX T ZK 5 Ay B 2 Vi AR R AiE S IR sh A R, 8 1
PRUHIIA K 8 25 R G R 55 (5% N 28305 2l B I T ) 25 i 7 F o 1 A, B L 48 7~ 0V K S 43k i A
BRGL LT EZVER , B0 ZSIE 20X 38T 570 i 23 v A K A= A5 R 45 TR A (B A s i) (EATS A7 AE — 2 1)
RZE NG E I R 58 P 25 TR B A 8 R GRS N B 252 B35 K BT, TR B 45 3R 52 ), AR A7 2
DM EAR BT 1987 1996 ,2007 2016 4F-AH A8 Ar42: B AH R B 57 ) S Prfs SLHUE, PRIE T — & i RF#E  H
FORIRI A T WA SR IR T AR AR S A S AT IR R 4270 R TR 225 B Z 158 R R | A Re IR,
LR RLARERG, R, ZEAR BT K SRR A i B BB R SO SR AR AR S I RE IR S (B, i T
R 55 7 2CHE LA B e &, 25 SR BIWF T 45 SR A0 vl Lot | B R I AR G R 45 SR 0 3808, XA — e R 2
AR SME AL R S340, W a T AR TIER  ER RS RS MEANCZ R I b IR SR
e (SRR R W E IR, B A7 AN [R) 22 5% % Je sl T30 w2 U5 R F O = A8 B KT AN {8 D 4 55 N SC IR R A 52 ), A
KA RE SR AR T 58 1Y H AT

5 #ig

FEFBIEZAL S GIS HiA X 1987—2016 AT 3 IR DX A /K 50 i 25 AR A 647 Wi, 7 b Sk -
S BT A RS T 4 A 7S R GRS B S AR AR R NI A B % S T WA s s A R H A
ARSNGB T EDW R AR T A A O IR A E S RGN E L, FEAMIRESIEIT .

(1) SBT3 AT AR 5 5 DX R TR B A LG DA 1987 419 21.22% B %1 2016 4F11 9.13% , 29 4
) LA 82 km?® I T 56.9% 5 101 B 87K 28 h I R R 526 1 IO 265 4% Jra B S50 28 Jbi b B 43180 ) Ak ST BB
LB T 3k T A X 9 T AR R B S WA AR N B R e

(2) Nt 20006 sl sl 3 XA sh A AR e i 229K 5) 7 . D 1987—1996 4F . 11311 K it kA 1k
RN =0.7% , T2 B 5 4% FH s 22 18] (055 46, SELI0 b w760 ] FH 3 0 25 A0 U 346 2 W0 30 v ARVAE Ak i) =B IN @
1996—2007 4F- . WHTH A it 3k S A AR Ak 38k —59.5% , 2B 5 4% FH b R EE 18 FH b 1) 48, LA 3d T 46 4l 2 7
G b ™ I R A 3 el i A () S E0HA AR 208100 B 2007—2016 48 VA S AR LR 6.9% , T2
2 5 U FH b R R B A T PR AP B B 5% 19 R 1 ST it 2 T 38 DX I T AR n ) FR DR A

(3) 38T T 9T B Sk e AR a2 G 50D 4 A AR 5 K 1 A 2 IR 25 A (B R i/, Ik i A 3 75 e A Tl
15 Yl B R 0 5 R P K SRR A o8 T 39T S A T AN L K R ) A A T REIR Ak , BRI T AR A B2
FAEBRGRSME, 1987—2016 4, mIL F 38 DI K Ak A R 45 (i H 20.95 {27t/ 51 6.78 147T,
29 4ENHL D 14.17 4270, 9800 T 67.64% ; o 1996—2007 4[] el /b 33 B e b | SE 3 B4R /b 6.19% 32k
BIRSANE 1.29 1278,

(4) WAL MRS D RE N EAS BOR B, IRTT IS 45 22 S IR 55 T BE ) Lo B AR YA - IR & kK > Ak K >
A TR K R > B AL AE PG L 3> SCAR R R > BB BHIE > JH 5 005 > [ > B > 3 A Mk, B SR IR T W0 71 R i 3k 32
B ST RE Y BT AR 55 0 (A0 LU b A 28 R 8 ST ARG, (B AR A I 5 kK TR IR KR Al BT | S 4t
A= P 2 A5 IR 55 DR AR S M E K, A B A AE S R GEA AL KA W54 SRS Uire Bk i
(BN AFO R S T R B it 1T 7, oA AR IR AN T 200
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