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Abstract: This paper studies the long-term trend of socio-economic indicators with the watershed and water quality data of the lake
from the year 1988 to 2013 AD at Lake Erhai, the second largest freshwater lake located in the Yunnan-Guizhou Plateau in south-
western China. A powerful analyzing tool called Change-point Analyzer is employed to analyze the inflection points of all-time se-
ries. Our results show that each of the main eutrophic indicator has a worsening inflection point over the past 25 years. The inflec-
tion point of total phosphorus (TP) appeared the earliest (1996) , followed by that of permanganate index ( CODy, ) (1999).
While, inflection points of total nitrogen (TN) , chlorophyll-a ( Chl.a) , translucency (SD), and comprehensive trophic level index
(TLIc) were in 2002-2003 with TN concentrations doubled, Chl.a concentrations increased 10 times and SD decreased by 50%. Lake
Erhai ecosystem experienced an abrupt regime shift from a grass-type lake to an algae-type lake in 2002-2003. Most socio-economic
indicators for Lake Erhai Basin have two or three inflection points with the first one between 1994 and 1999, which is 2 to 3 years
earlier than the inflection points of eutrophication index. This suggests uncontrolled rapid socio-economic development had directly
promoted the eutrophication in Lake Erhai. The second one occurred from 2006 to 2010 when eutrophication indicators did not show
a further deterioration trend, which may be related to effective pollution reduction measures of the basin and self-regulation capacity
of lake ecosystem. Multiple regression analyses show that the development of animal husbandry and economic crop cultivation had
the major impact on water quality. Therefore, our results suggest that increasing agricultural non-point source pollution control will
be the key method to curb eutrophication in Lake Erhai.

Keywords: Inflection point; eutrophication; regime shift; socio-economics; Lake Erhai

w EFKME Yedis ] 5 16 PR 5K £ 30 (2009ZX07106-001-006) %E Bly. 2016 — 06 — 13 Wicks; 2017 — 03 — 30 Y f& i
. BE/NME(1978 ~) 5B i+, E T ; E-mail: shoutfar@ aliyun.com.



Mo B S T g R ARG B I R A AE (1988 — 2013 ) & AL 2 22 3K ) 57 71

WA B TR A — R A BRI R 58 B K R [ R — ) e e T A ke , — T THT B 7 4
N Tl A 77 B B 435 R BROR A 28 B T %2, T K A 095 K e 3 K, 5 S SRR 1 2 2598 3
TR B8 1 KR R R, 5K FOBAL B B R NG o8 SV F 2 AR S I 5 % — 5 1T, H 25 2R 8L WA
EE AN, 2277 T 5 0 6 T Al 7 B A 0 K PR T R A S B R e (2008 —
2010 4F) " 3k [ F K X A9 35 B30 (T BUK F 10 km®) i, b 5 8 R AR 25 9 9030 S B Y
78.7% , P FRWIA & 14.6% , FLA 1 5 B 3RS A p i R (6.7% ) Ib T 208 FR 2. b
X SRR, PR T SO DX I LT A BT 7 SR Ak, JL R 25 5 R R X R LT ORI L M3 X 4. 5 it
2 S DK 2k P ARSI IX 2 S5 — A TG 4 T 5 5 7R A R 3 0 i X R I 2 2 S0 X A Ak T
EEFRACHI B B SR, A FE S T AT 200 A4 e B A =2 — , 0T B4 ) X K R B A A,
A e AL K R 4 I A 2 TR M R W B BT SR AR S ST A A R G R A R A
S AR, T R B E BRI K7 P, ACHF ST 3 T 1988 — 2013 45 5 T i Sk £ 28 T G0 3 4
A K T sk R , X ST A R 14 R () 28 o A 7 s 453 s AT I 3, T T O SR AL
P ¥ 3 A8 () e 2 2R B BB R 2%, g TER VR 5 1 S s 9 ) 2 4 A4 F

. 99°50'  100°00°  100°10'  100°20°  100°30"
1 MR 57EE - . . .

Vs

1.1 R XiE 26°20' - ‘ N
VEIF (25°36' ~25°55'N, 100°0" ~ 100°17'E) B = T

B 5 R IEIR KA, S VY fe R I T B i, B

TR KRR EL T K AT 249.8 km® KR 00 ] ,

2565.0 km” , # K IKEE 21.0 m, FHI7K I 10.5 m, FEZS 6

VN~

S
28.8 42 m*(J8 1) I 240 T4 4K 1965.8 m, -
JEBEFE R SRS SRR A IR 1SC ) ]

SR WA A BRI T A R A SRR BT
12 1055 mm AL L 1970 mm. /K R &K, A
WA /NI AL 117 4%, B AR 3 A0 45 0k 0] 2
BT VT BB T A /R TR A
B AT EIE . Tl 7K 1 2K W, L o 24
0 4 28 Pk 2 RS 0 1 e R

1.2 BRI 25°40) 1 i
L2.1 R 22X RS R EMM - E o
5 2 R SRS T P (hutps // tongi. enki. T EmA
net) IR H 1990 — 2013 4E( =M A G AHAEL) . 230 0 jokm
CRPEMGAE YY) (KBRS ) (KB —
AN R 28 55 R 22 R R GE A ) S Ge i Wk el 1 TR AR K D A 4

PP E TR R ] R AR U kS R R A G B @ Fig.1 Lake Erhai Basin and water sampling sites
TR A% 2 IR (Rl Toll AR R 4 ) Z4F

TS Y SR BT H AR ™ 2 Bl I s SR A28 75 T Ml R 2 8 A B e i A 10 2 A Y
ST , DR IAR SCAR 25 A P9 Tl B 7K A 05 7K I e it A 10 260 , T 0 A TR = A7l (55— L5
TR BRI, LA Bl A R () T 2R R, A EAAE Y R TE I RIZ B E )
PR R AR TR St R G B R B RN R ) AR G R K7 i S T AR
JLPe AR 7

1.2.2 # AR SR Mz B A BRI oot o kTR O 1 R P 25 B 58 W 0 R S8 1 T T
TR 1988 — 2013 4F: [ 7K BB B W 0 BCHE , 7K B 48 4% 32 A0 5 0 (TN L B (TP) | i i R £ 4 4L
(CODy,) JBWIE(SD) 142 a( Chla). AWK FRWEII AL 8~ 13 A~ 1), RAESI —4F 6 Yak 12

25°50'+




72 J. Lake Sci.(#ia#3) ,2018,30(1)

WK AR BTHE BRI 2 5 7 vk TN Y B SR G BRBR 1 44k 28 51 43 o BE s, TP e B SR T AR B BT 4301001
JE 3, COD, e R IR T2 , Chla WS SR U B S IO 1, SD SR ZE [T Ak ™ 36T COD,, TN TP |
Chl.a F SD 5 MR H I A5 6 8 FRR AT (TLIe) ™

1.3 Git o

% Taylor Enterprises 2\ &) (45 5 20 Mr 4 Change-point Analyzer v2.3 47 & & 5 ALK i 48 b5 Al kL2
R R EARAR B3 s R 34T , 3% 030 TR D7 T 1 Sl 4 2H B - 2408 2 [ A B SRR LA S 8080
PSR BB AGHR 1 BLA 22 A5 05, FEAR AL AR50 05 00 B 0 DA B 450 ) B ] A DX g L
I RENF

WX Xy X FOR o AR G TR BB S, .S, LS, HHEOTE T

D ERHFFME: X = (X, + X, + - + X,)/n.

2) ¥ ZFRAAIIRE Sy &N 0.

3) A Y ATE (X)) FPFIE (X)) Z W0 25 0 3 b —A BEBURN(S,_,) b, 35 2wy RBRTE
(S,),Bp:8,=S_,+(X,-X) ,Hdi=12.-n

S JR AR S BB Z ) 9 22 1 SRR LR 22 (BRI O, IRtk BRBURI SR DL 0 853R( S, = 0).

A)AE S 53R AR IR, B AL A Ry BTG R 5% IO 1) W BsF 18] ( LG AnAFAy ), h Al SRR 1t 42 05 1l ()
FIRBUEFE S P E I SR B A B ZE . SR B Bl (Bootstrapping ) AR S (45 68, P B (i iy &
1EKT-.

KRG SPSS 16.0 X & S FRfbiibn (V) 5§ EZA S K U865 (X) AT 2 n | 4341 (V=
b X, ++b X,).

Yo B AR T £ (R TR 537 Dl 25 7 78 B (4 IR0 PR LA 7R B AR 22 ) J5 T R4S 3 14 1ol 05 7 #
AR UEAL [T E 7 AR AR AT B WA R ECH R R R ARk U RECRTEER TSR Y A S X,
Xy oo X JITBCEALSL I 2 2 S 1) Tl VAR 500, R (B A R /N B S B T - AL S 2 B 46 5 (X, ) X 8 974k

BhR(Y) B IR

2 HR

21 B EERNIEBIRA R T BB RIBASH

54T CODy, [TN TP (Chl.a SD FI TLic S48 bR B ¥R BE R AR AR fL A 35 (18] 2) s AL B 004317 45 5%
(3 1) Sy WA BRI 17 50 AR fh Ha SRR AE

CODy,, H 1995 4F i 25 4F L #a s, i th 3l 2 P35, 1999 AERTIE LSS 1 R4, Wk B (B b in skt
ETE R T 28K AR A T 2K BT, 7 2003 — 2004 A (A1 R BIEAE , hy 1995 P EM 2 52 2. 5
2 P ERAE 2005 4, W BE(E IR R IRE 8 , A HLTS YR BUA BT i {BL1E 2010 4F 22 )5 XU [l 71
2a).

TN ¥ B 7 1988 — 2002 474 /i) &b F45 41 T 2K it , (A 7E 2003 4EFTF M (R 1) , 765 M 2~3 4F
(2001 —2003) fy T 257K 5 X BB A TR T X 2003 — 2013 47 # 8] TN ¥k B — B 445 7 20K O | 3%
| 1990— 2001 4F3][H] TN ¥ /K V193 2 £%. 2008— 2013 4F4iH] TN ¥R B8 TA3E (&1 2b) .

TP ¢ B AR AL 338 TN T SF-R, JeAR e T KP4 b R Esh (18 2¢). Giit45 R BoR TP 78
1996 4EH L 1 IR P (R 1) MR EERE I —E EFERFH,1996— 2013 4£(1 TP P34k BE{E 11 1990— 1996 4F 15
15.6% (P<0.01). TP J 3%y T 2K B2l 1996 4R 2Z [T 1Y) 40% N R ZE 1996 4E 2 J5 i 5% 247, 1T
JEAN 7K R A BB S 7 18 .

TRIFIEZS Chla #RFETE 2002— 2003 AF M) B 1 B3 (R 1) 20 B 1 FHidiE. 2002 422 /i, 418
Chl.a ZEF5AE MK, AR 1.0~3.5 mg/m®. 2002— 2003 4E[A], Chl.a ¥ 5 H 2k BTt #de4:
Yy MK - 58 22 4 i /K SF-. 2003 4F 22 J5 119 Chiloa SP-34 9 2 2003 4R 2 15 P-4 5 1Y) 10 4343, 2009 4F
ZJii Chla ¥R TRE (K 2d).



Mo B S T g R ARG B I R A AE (1988 — 2013 ) & AL 2 22 3K ) 57 73

557 (a .- 55rd
W@ . - | 2@
45t . . | 4st
O 40y : 1 : 0% =40t
DSt e Egé . . £ 35t
= 30F 7 .. $ £301
= 25¢ . +$ = 25+ .
8 20 [{]%I%éé ------------------- A R 12K 2 20f /
O 15 - . S 151 .
S L it st o P RTEITT TO,
(U ey ey Ty~ 0 o — I S 7D 00 D I A 1 B 0N S = T en
SRR ER SIS SRS QANAARANNNNNSEESRSSISEERER
1.2 (b) | X | 71 (o)
1.0 - ... m¥k 6 R \
—_ ) - . 5 - ;
2 08 gl L]
=2 P J E4 | .
Soof et i) R AL, 5 HLH-
E [ A |_|_| T o EBIEN 3 TT | Li'l :
F N T
“plmlan e T T i
0.2 et 12k L T
ILr"fT[;I T T'T" T . ! o
Ol.‘rv'.'-.::‘.: ....... N On........................
RO AN NN — ——— DN OO0 — —
DARRAANNRNRNZSIISISISISSSSIISK 2222 AR TE SRR
"
0.08 () 350 (M l ; i
0.07 . o - (
__0.06 . 40 Lo I';LI é E|
5 0.05 - l | : m%  35¢ 'J1 . L E ¢
2 . - o L L o
£ \ < 30
I
225 . T
Fg‘g;l“;l‘l II]I'IIF!] 'll ll Aééﬂi %g &
iR i
T e T Y T e ey U T L R TN I LR
RN NOOOOOOOOOOD — DD OO — — — — ‘E':
AN NN NNCOOOOOOOOOOO0D AN DTN OOODODODODODODODODDOO
[S S IS [ IS [ [N [N [oN [N [N [aN oSN ] R e I R I e e B I o I oS I SN I S I o oS I NI N I SN I oS QN I SN I N

2 19882013 4RI = BK BT b i) B4R A2

Fig.2 Interannual variation of water quality indicators of Lake Erhai from 1988 to 2013
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Tab.1 Inflection point analysis of the eutrophic indicators of Lake Erhai
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Fig.3 Interannual variation of main economic indicators of Lake Erhai Basin
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Tab.2 Inflection point analysis of socio-economic indicators of Lake Erhai Basin
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Tab.3 Standardized coefficients of linear regression analysis between

water quality indicators and main economic indicators
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