J. Lake Sci. (4176 4+5) , 2022, 34(3): 699-710
DOI 10. 18307,/2022. 0300
© 2022 by Journal of Lake Sciences

KBRS RPNV IR IR B R P E LR

ICE A S R R 2R
(1P EPRFERRARTFEBE , WA K 15 J9h PS5 A B R BOR E R TR %, JLat 100012)
(23R IR 24 B, b AT 100084)

W OE: H, IE WA E IR ORI 2 [ 50 B AW AL AR EREE AR A LT LOR, [ Sk
PEAKW G FOB 2 =07 SFE IS YA AR B RS BOR, B2 30 4F 20 DL sk e IR TS e A 2, WA
VRIS PRAPAT 5 P YRR BIALE AT A SO E T3 S =W TR TR SR S Ts  JR TR I AR
2, KBTI 2 E TAE AR A BN, IR, 2 =17 IR BEALURIE T T K BUR I R AR Y. AR SCR GRS T3
P A BB IIA DR ST PR P BRAE AR SRR ST B e WA e TSI A P R AR R AR WAV R 45 0, SR S R SEiR AL
BB — B R, B R TR R A PR A B A SR IR 22 A1 B, B U R R A A A S R G R R Y
TR R A A A5 R GUIR AL BARAR JSUIA] A SRR 2R S U Sk 4 i S O B VA A A 22 e Sy S A DRI 2R 2
FR G R LR, LA 252 A B, R T DA I U ek L BRI A JR A R WA WA B B8 I ) P T i
. FERIK A AR R, LADUKAR Y o5 PR W KSR LATRWEAE 4 o 00 35 00 © K 387 S 40l AR S W 4 [ — 2 ik
A8, A7 A _E G SR ELRN T e S B, /K AR A S i R B — PR B LS. AWK A2 28 R SRR S e e B 1 12, I
TWNAZ B TR AR WA A 35 R G0 A LR AR A2 2 BT SIEE , A REAR A = AU BREE 2R . o [ A I B & TR 81 K
BRACHF WA 89 31, BEREAE HEWITF IR U ah 2 A0, SURER ORI /K BRI B A0 0, IR K AR AR R e i A0 s s
SN R R A PRI B A B A5 TR R BRI AL A5 R G B M AR P B AR BT ST, S 5 1] 58 3 e 0T I /K o e o
UHSEZS A

SRR K BB s WIH s LEAS R GE s RIS K

Theoretical basis and Chinese practice for environmental protection of lakes with better
water quality *

s

Zheng Binghui' | Cao Jing"*, Wang Kun', Chu Zhaosheng' & Jiang Xia'
(1: National Engineering Laboratory for Lake Pollution Control and Ecological Restoration, Chinese Research Academy of En-
vironmental Sciences, Beijing 100012, P.R.China)

(2 School of Environment, Tsinghua University, Beijing 100084, P.R.China)

Abstract: At present, the problems of lake eutrophication and cyanobacterial blooms in China are still very prominent and the state
attaches great importance to the ecological environment protection of lakes. Since the “Ninth Five-Year Plan” , the government has
started to control the “old three lakes” of Lake Taihu, Lake Chaohu and Lake Dianchi, but it has spent huge treatment costs. After
nearly 30 years of governance, the trend of further deterioration of water quality in the “old three lakes” was initially curbed. Ac-
cording to the degree of lake pollution, lake control and protection can be divided into three types: “pollution control type”
“combined prevention and control type” and “ecological conservation type”. The governance of the “old three lakes” was a typical
“pollution first, treatment later” model, and the lakes with better water quality mainly belong to “ecological conservation type” , so
the treatment model for “old three lakes” is not suitable for the protection of lakes with better water quality. This paper systemati-
cally summarizes the formation of the concept of priority protection of lakes with better water quality in China and the implementa-

tion history of special lakes with better water quality. According to the characteristics of the lake with better water quality and the
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general process of ecosystem degradation and restoration, the basic idea for the protection of the lakes with better water quality was
put forward. From a thermodynamic perspective, the entropy increase process of nitrogen and phosphorus nutrient input into the
lake ecosystem was analyzed, revealing the root cause of the degradation of the lake ecosystem and the importance of source control
of nitrogen and phosphorus pollution load into lakes. The ecological security pattern of lake basin is the basis for ensuring the health
of lake basin ecosystem. From the perspective of landscape ecology, this paper clarifies that optimizing the use of soil and water re-
sources in lake basin and optimizing the development pattern are important ways to reduce the environmental pressure on the lake.
The transition process of the “clear water state” dominated by submerged plants and the “turbid water state” dominated by phyto-
plankton in shallow lake ecosystems is not along the same pathway. There are upper and lower critical thresholds, and the aquatic
ecological restoration process shows a hysteresis phenomenon. From the theory of steady—state transformation of lake water ecosys-
tem, we clarified that the lake ecological restoration project should be implemented before the degradation transformation of lake e-
cosystem to obtain higher protection benefits. The support of 81 lakes with better water quality through the special national finance
can not only promote the economic and social development of the lake basin, but also ensure the improvement of the quality of the
lake water environment and improvement of lake water ecosystem. We recommended to strengthen the summary of different types of
lake protection models, conduct in—depth research on the theory of ecosystem succession and protection technology of lakes with
better water quality, and support the state to carry out the protection of lakes with better water quality systematically.
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Fig.1 The relationship between the theory of entropy increase and lake ecosystem degradation and restoration
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Fig.2 Ecological security pattern of lake basins
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Fig.3 Three modes of ecosystem transition with external conditions
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Fig.4 The response hysteresis curve of submerged vegetation with increasing TP concentration
(solid dots represent the positive transition of submerged vegetation from clear state to turbid
state with increasing TP concentration in the late 1960s and early 1970s; the hollow dots
represent the gradual reduction of TP concentration that eventually led to the reverse

transition from turbid state to clear state in the 1990s) [¥+*]
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Fig.5 Seven hypothetical recovery trajectories of Chl.a concentration increasing and decreasing with TP
concentration (the dotted curve indicates the environmental goal of Chl.a concentration; (D) is the path of
Chl.a increasing with TP concentration, (2) is the reverse regression path of Chl.a concentration
decreasing with TP concentration increasing, @) are the leftward hysteresis paths under different
environmental conditions, @@ are the rightward hysteresis paths under different environmental conditions ;
the dotted line represents the Chl.a threshold or reference state or control standard, and the ecosystem

restoration trajectory may cross this line many times to achieve the restoration goal ) 1*’
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WA A S ER BN, 2014 4E 9 F JEUERBEAR I | IR e e Rk 2 B3 25 L S B & Al 1 R IR Bt
WA AEZS TR B BA B (2013 — 2020 4F) ), H4 365 /K TR A HIIH AR, WA 1 WA G4 Ak 2
SR AR A | R 2016 4F, sp R IEL BB A 218 42T, R4 E 77 AN WA S A A R A
TAE, A ST AR S AR T 400 420, 3 K 29 M8 (X 1) -

3.3 KRB F AR IP ET LR

TER IR 2 Pt S P & TS 5 F , 3 T BR AW S 1 AR 2 J8 7 s B S S ir B R e i 5 B
TFRIFRERIRA. ARHE 2010— 2020 4E( FF EFRERIRALA IR , 2010 4F L sk Woil g 8 oW e v, PR B R A
TE I 5 LU 1) S S W, v RS R R IO o 09 S W L TR . 2010 4R P RE R SR G I
S 22.2% ,2020 4E R[5 4.5% 52010 AR 28 5 H ol 33.3% ,2020 4F I Tk 61.8%. 2010 4F | /K 5 i
IEVBEYA ] | TE A 0T g T 2K/ 3R, A ) 80 L ) R R 380 A V2K 5, T30 ) L 1 T AR JE 140 Ay
2V KOKIR , FEEAREBR SR R I T 45 2019 4R, BRI B IE I K R G g IV 2, e g
Ui g M2, PR TE AR 2 W 42 oA IV 2852020 4, FHL H 7K FE R K B 1, T R R B TS L.

P12 S TR R FH 7 2 4ty TR B A (L T A 55 0 g X 2 3 90 2R D M M o LA
40.6% , b5t I A4 10 AT 5000 17 0 A s o5 LU 53k 65.4% . BIR A N 1T 75, 91 1 70 K D b IR
SN R 47.29% LRI GERIHb 5 T A X B K SR S A S, 4 FE A R K U ok
FIAFR R AR TH. 2009 4EAE o R K R UK BR AR AR 73% , B K TR A WIE B BRBE 4P 6 B, K
BRI K TR b ke, e K T P K M A I A 2, 2016 4R LUK S 35 4R TR R 4, 2016 4E 33k
IR BEIRAR AN 93.6% ,2019 4EIRFRFR T 5y 95.8% ,2020 4EIAFRAT & A 97.7% .

Zeid LIS , K TR AW K A A A AR B AL Y AREE 2016 4F, 4 A rh e I B R L Y 77
AR R P, 17 AN K T S AR A BT B 0, 57 AWK TR AR AR T e 9 2 28 Ve v b 2 250
SRR S, 7T A R v T ARSI N 175.67 km® Y T ARIK 52 444.47 k|, 25 230 b v AR
1168.53 km” , WHF A SRV B3R RS, 0° T =7 Lok, S K R R (e T2, 4 28 /S H k%) 1T
K R T AT W R AR T WK SRR B T T2, AR K B — AR Xk B T 280K Bk, 4 s
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4 BERRE
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PRRTR I oK A S PR R P I FE RAE 55 I B 00 ™ 2 =380 R TR [ S B E I, [ S A Ty
A LI LORBUIT UG T REWIANG B OR3P TAR  AE 9% 7 M A0 ) 3 A [ AR, AT T OB B,
FRTwIL 8 ) T 8 =80 K B2 B A R 3 (X RR - Seis gt SR B 108 o AR R, J P 2 o =
W7 BKAEZS RGURAE R AL, g KA S oK 4, T Ho— A R G R A A8, R8BS L A el idh
e o R BLR A R LA BEAE B 0 22 (36 RS AR S 3 B0 IR A 1 BRAR 2 4. X7 3 11 2R 05 ot A A
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THAR BT AR 25 R GUMDOE HERZS T HEAT (R 47 AR B S BA PR fe KAL Y R AP 4%, AT i
TR BRI R AN SO BB K.

o T FIWIA RS S RS R R B A AR, 1 S5 2T TR A 25 2R e HEAR A 60 9 A F
A BRI AR A R G AR ARPRES s HAR % ™ 2t e P 0 HE AR B B RS AT B 9 A PR J8
B ) A K BRI I — 91— R AL A ERET AR AP SR

1) A WA T (0 R A 2. LAWIA AR B0 S Rl , B0 WA DR T 5. LAISITE /K SRR 8 24 AUK AR
SRGUE ) AR, U5 QI 23 73 A R AL LUK OK SCRUR A5 SR Wi DR 3R A 2 28 0 6 i it 454 I
RORII RN, M WA AR E T IR EAT 3391 03 DCORAP. A o i 3, O 22 5% R e 5 I DR . Pl 22
DE BV 2R A JR L AL S5 4G LA SN T N B RGBT S54RI A 3% S 155 R B IR 214k
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AR T W e X - i e % b DX TE B BRI T ), 18 STl £ e IR B 4 R D 5 90TE < St )
THE YR DURRIRE IR S A A A VR4 TR A — ) =8 Bt AR A 2 A% .
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