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Abstract; In this work, we assess quantitatively the comprehensive effect of population increase, economic development, resource shortage and
environment pollution on the water environment of Erhai Lake in Yunnan. According to the basic concept of water environment carrying capacity (WECC)
and the specific conditions of Erhai lake, a model was established to optimize the water environment carrying capacity with population, irrigation area,
gross domestic product (GDP), chemical oxygen demand (COD), total nitrogen (TN), total phosphorus (TP) selected as an index system (IS) of
water resource carrying capacity (WRCC) and water quality carrying capacity (WQCC). Analytic hierarchy process ( AHP) was used to determine the
weight of the indexes on the water environment carrying capacity. The 2003—2009 water environment carrying capacity was calculated by IS-AHP. The
results indicated that population exceeded the carrying standard, economic pressure has increased rapidly and the eutrophication index (TN) exceeds the
carrying standard, fluctuating violently in most years in the water basin. The overloaded WECC is in accord with the real conditions of Erhai lake and the
WRCC has greater influence than the WQCC. The research may provide scientific reasons and suggestions for an economic development plan, ecological
environment protection and sustainable development of the water resource.

Keywords: water environment carrying capacity; index system (IS); Erhai Lake; analytic hierarchy process (AHP) ; gross domestic product (GDP) ;

chemical oxygen demand (COD)
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T ANH A SERZ R Z A RRAT, WA
WA B S ON S S ) R OBEUE G &, T A
F A2y (0% 5 R R U A R SR AR 2R . H
HIT , [ A A 1 T 48— 02 1 7K B0 85 7K 38 iF 58 O
25, HLE SR IR A A AT 5 82 % i 1Y) 3 W AT F
5% (Clarke ,2002 ; Campbell , 1998 ) . J1 43 , F& [EH 2% &
I 3 0 K BR5 AR A AR S R R YL B T K
BRI 0 72 S RIAE B — I | — 5 3 5 o
FORT AR ZS BARE TR, 5 0 (X ) K BR
SAE A AERy L A FRIA Y BE ) A K IR 5 ) RE T 4Rk
EH R T, B SO AN T & 8F At 2wl
FREE K e 1) de RORLASE (2% 3 e 5%, 2004 ;2005 5 38X T2
85,2007 ) . 38 3ok Xof 7K B 55 K 8 19 R AR5, BF 5E
NG TG 8 AR R RIF ML L R G sh 122 ik
Z HARB AU TE LN M 28 0 2% 10k 25 K B0 558 7K 28 )
AR AT T 5 vk (R K 2 45,2007 5 SV 45, 2008 5 4
JITAE,2008 ;) , 40 sk SCE 45 (2002 ) BF 528 i, B
VAR A O R S k BE A% B4 b B K B B R )
[Fa] L 14 552 J5 5 2 2 A8 5 (2005 ) 10 K 35 558 K 3 3
PO L SRS R BB AFTE A, L T IX
S K BR800 AR Bl AL DG R 5 T 2
55(2006) Rk R Geah Jy 205 ik 5L T A KIETTK
B R A BT, I X R 2y 48 bR R AT B4k TR
W 345 (2006 ) LAV I Ji2 38 4y 5] , A6 3 1 W80 9 O K
PRI R BB, T o3 B LK 98 R OR 88001 5 E AR
55 (2007 ) M E AR BE A, #ESr TRETON LM 22 I
25 18 DX K PR 58 K 3 ) P AR R R G T L
T KGR BT EB HTTE

T = W1 9A A £, 1 ALAE 1000 km® L4 E A9 A 13
AN WA RN BLZY 1200 J7 km® . H R I I 4 3 2 )
REE 35 < WA A T TR AR 2R A LR SR AL ALY
15 G A R 9R K T TE 16 Ja K T B AL A T
F = 5L ORI, W2 = A R IR K
T, TR LY 2565 km®. [l B, VEE I 2 A5 1L TH 1A
R H IR XY 0 A0 R BT Y 32 2R K R
Mo, BAT B SRRSO i L Bl K A Y
B APk AR A W) 2 A LS5 2 R RE , 2 R BN Y 2
AT AL 2 2 T T RS R R LAl (2, IR
[Fi) A T I 5 WV R A B OK e A 2 kT
IKAEP) R R BE T 45 1) 3L, 3R DR AP L AR T K I T 5t
WL 17 55 22 191 2h B 52 1) )™ H B ( 055, 2004
Feng et al. ,2008 ; 42 #E#£ 55,2009 ) . H i, #1 X H i
LK B 5 R 2 5 T F Y AR e D, O HLZ

K K BT IR 5 i R 2 7 P T B AT BT
K I 5205 15 800 i —.

PRI, A SC L B 7R 7K B 358 7R T R 2 A 8 Oy 4K
36 KRN R 3R BT R 381 2 H AR DU AR R BY I 45
KRR 12 PRI R PEH -5 2 R0 B (AHP) A1 45 &
(77 3%, T AT I O BOK 3R 58 R 300 5 o0 B I I IR
UK e 1 RE R oA 2 VR B R R, 1R K B
DR P A0 7K B35 DR 40 0k 58 B s 18 A Sy 32 U o 4
TSI AR A R B AR AR BT R AT 45 2 A
P AERE AR A

2 JKIFE A E S #E B ( Environment model)

2.1 HRRXBIR

P8 VA RN R RO N A W v Wt
KK F 43 K W& Aty (1), Ja i v V- U8 23 1) 7K
F LA TR E R B G N B A, Hh#E O B T AR
B m BLLY 2565 km® . I 35t A AR A5 w5 i IF 4
R R X, AR R, H B SR 2, P =
FLAEYSIEZ) 15 C 41 H B % 2250 ~2480 h,
AR A XTI B 66 % 5 3 S AT Ry 7Y R XL, AP 2 XL
2.3 mes AR R R 1048 mm, A
6—10 A (Fudik I T CR B H % B 36 M 2006 4 B
SR ) . KN e a5 R R
W FRAE KR A KA T L FE ) 4 5. 2009
AT RS ON T 350 5 N A A, B RV R BUE
(GDP)406 127G , #k Hufii B 20. 48 J7 hm? ( $ 45 ok I

Bl EHEREKER

Fig. 1 The water system of Erhai Lake
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F2009 4R KB H B B AN E RS TR 2k RS
AR .

T AL 8k K, ik 1974 my, i AL 251
km® 1% 5 28.8 {2 m*  Fi L& 42.5 km , % U i AR
0.748 km” I3 KK 21.3 m, F- 3K % 20. 6 m. H
i FE AW A 23 5%, RN T 0N B BT Ak
K, ZAEF-E AWK R A 8.25 {2 m*. JH I ME— 1 H
W] 98 g PR, 22 4R 2 K Dy 8. 63 44 m’
F 1992 AFAE P4 I ] 58 B 51 3F 5= 7 TR, 53 4F
PIE K2 0.5 42 m® CHUH U5 F (2008 4F = # 4&
IR AR ) -

2009 45 57 7K PR i 2 0 O T2, oK 1k 310K
5E T 6 TR, WA b R B S 4R AR AE
(mg-L™") 4: TP 0. 023 TN 0. 61 , 5 4 M £k 45 %«
2.58, FE M ARIEAR O TN. LR 595 Q45 Bl 3. 26,
BIRRESHEO 41 1L, b ThERRE T 5
TRk A S5 D DY, B O 15 G 48 bR AL AR B B
(B K I8 72009 4F 2 j 48 FREDIR DL 24D ) -

2.2 KIAFARBMAEA

KIRERBE I SIHES R LT RS
OB & AL TR AL ] 2. 7K B S85E 7K 2 g H K B R BT
K 5 S 7R 280 M R, R, TR BE IR R 300 (water
resource carrying capacity, WRCC ) 2 ¥ JH il & 4 &
i K MR K B A5 1R R YR BRE 0, K i K
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AR R E IR AR DL G 2 K 5T SR R 3
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Fig.2 The concept system of water environment carrying capacity
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Fig. 3 The model of water environment carrying capacity
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2.4 KHEAHIBFREE

IR IR AR BT R, K B8 PR AR ) R AR K B R AT
AR REAR (N (25598 br (8 1w AR L A )™
KME GDP) 57K Jit 7t 7R 28 07 2 45 K 3R] R B0 A AL
1GHAE IR (CODy, ) VB FRILHEPR (TN TP) . LI 5
PR B AL K B IR R B R K B R 3
B KRR B35 (1) ~ (4) PR,
CC g CC

CS. = .= 1
e, Y., W
CCPL = ¥ CS;uw, (2)

i=1
CCPZ = Y CS;uw, (3)

j=1
CCP = CCPL-w, + CCPZ-w, (4)

o, CS,(CS) N5 i (j) A48 br W AR BB 50 Ky 43 il
FR AN GEBE I AL GDPLj 4 HI5E R COD,, TN TP
F8 bR s CC,(CC)) S5 0 ()) 48 b 1 He 07 48 B, B S&
B I B A (8 CC,,,,,  (CC, ) S8R () D HEAR Y
TR R A F, B 2 R — E 25 I BT 1 A R A A o KR
{H ; CCPL S /K ¥ 8 1 & Gt (1 7R 48 1 5 CCPZ Sy K it
T RGEMRE T 5w, (w,) 5 () DIEBR I AE 5
CCP /K I 7K 3 T7 50, w, 53 51 R 7K 2 IR 7K 48 7
KT R R AN
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LRI RF T LI R HCIR DA B K 36 8
TREAE ) s HRE /N T 1IN R BUAR BLAE K 3R R
BAE Z N HREC R T LI REARDLE 1K
WEREAE ST AR BR BT B 1 a0 fE O,
UL B R PRI R R DL 2 (B0 ) K PR BT (=
) AR ARE i 2

3 IEFRERINES B (Index system)

JZ IR 43 #: (analytic hierarchy process, AHP) jii
Tk HE A A IR R 03 fife B S 2H PR 3R T X ]
BRSO R R A 0 B J2= IR Al A T A L
Ry 2N 8 A& R R A G M AR S 2R G TR
BT, B 2 DR SR T SRAHR A A SR
3.1 W HE B By A2k

X —Z WM& ITR KT E— B 5 —
8 T S R AT T LL AR, A R A . LA R
APRVZR 4 B BRI, 5 BB AT R X A A
Wr, 25 7 ReAk. AHP 33500 TN 1 ~9 B8 EE, X
A TCZR AU, P75 204 WA B, BARan sk 1 s

*1 AHPIRER
Table 1 The scale of AHP

i EX(HBERE S ))

1 P 5 j— R
3 PI% i b j Rk 22
5 PRI B ot T 2L
7 % by A R
9 PR G L g 2 x B
TP ) i v ]

1815 IR R

VIK RS RE T 9 8 Hbs (A) A1 24 T X Bk
FURR I, AR 4 K B8 050K 3800 R R #001 — R
G (B B2) Z [] ) AH XS B 24, A4 3 0 I e, 45
R 2 Prow; A B KRG AHP B3 5 3% 0] LIS 4%
T RGN R WA S5 R 05k 3 3k 4 s

F2 KIMERENAIMERE(A) R
Table 2 The decision matrix of WECC

K BEBR BT K B R BT
KB 1 172
KT AR ) 2 1

R3I KBIRAE N FIMER (BL) &

Table 3 The decision matrix of WRCC
AH T8 8% TH) R GDP
An 1 6 2
THE T T AR 1/6 1 172
GDP 1/2 2 1

R4 KRERENFWERE(B2) R

Table 4  The decision matrix of WQCC
COD,, TN TP
COD,,, 1 172 172
™ 2 1 1
TP 2 1 1

3.2 BHEENEWITE

K FIH—AET7 ik, F 545 3 45 40 Wi S B 0 R Ak
T e A P, E TSR A9 45 AR MR AR P A 4R AR 9 AL E
(%£5).

x5 EHBKRERENNOESEENERE
Table 5 The weights of the indexes of WECC

H )2 I 7 W bk &R B
An 0.6353
KW RE S 0.3333  EBEEA 0.1176
KBRS GDP 0.2471
CODy,, 0.2000
KR RE S 0.6667 TN 0. 4000
TP 0. 4000
3.3 —HERR

FEXT 2R G B2 AT A S B T, s
W F BT R AW AR, A A RE— M 58 2
b BT LB P T A X T R A LG (R, URE A L AT
it FEAE A — o B 1R 22, R Ik, 0 200 3E 47 AH 25 M F0
BR2E AT, X U B O — BOME AT R . 2 — 3
PEFER CR <O. 1 I, DA Ay 0 e B ) — Bk 2 vl DA
AT AL PG B 524 CR=0. 1 I, 3% %) 4 b
PR ABGE 218 0E.

i R — A g 1 8 A U R T R R B
4 CR 43508 : CR(A) =0.0000 <0.1,CR(B1)
=0.0220 <0.1,CR(B2) =0.0019 <0. 1. Il ] 7 45
M A B1 B2 (i) — g0bE v] DL 2, BAEE (14 43 fic 2
SRR

4 HEZHERY5S5#H (Computing results)

HAE (2003—2009 4 = j A 4R B0 A R
(2003—2009 4F KB B 16 M E R T Mtk
JEGETHA ) F1{2003—2009 45 Hr [E K B IR A 4k ) 15
FI| 2003—2009 4 H I 7K A 5 K 2 7 1Y 45 48 A R
AW 6. A0 EWETE AR A SE (GDP) By R
AR BOR B A B 7R 18 KO 3l o5 5 % e i 4
By T 2 K B8 b5, 0908 427 m'- A0 K H
4500 m’- hm > ( 2 #1 3000 m’- hm™>) ,200 m’- /
JC AT A A (COD, ) EA (TN) | K# (TP)
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¥ ¥ # 31 %

) 7R 2848 B R P (Ml 2% 7K 3R B i i A UE ( GB3838—
2002) ) 14 I 2 K J53 br o, 0 %)k 4.0.5,0. 025

mg- L™ 3 B 2 439 AWK 8.25 {2 m’
AR RE

x6 EHEBKREERBFNNESERENELR
Table 6 The indexes of the WECC of Erhai Lake
i 1\4121/ S T AL G/ coD,, TN/ TP/
10 A 10* hm? 10° 58 /(mg-L™") (mg-L°") (pg L™
2003 335.83 14.47 175.50 2.50 0.57 34
2004 338.34 14.02 201.24 3.42 0.57 31
2005 342.96 13.92 235.18 3.46 0.54 26
2006 343.97 14.04 275.28 3.10 0.66 25
2007 345.69 14.07 322.03 2.85 0.54 21
2008 347.48 14.40 371.70 2.59 0.41 19
2009 350.80 20.48 406. 80 2.58 0.61 23

B2 3 (1) 73 5 3 3 4% 2003—2009 4 1 if
IKERBE R BT 25 A AR AR B, T 50 (2) VAR
(3) A (4) MBLE 2 S T K 2003—2009

20 a
1.8 -
1.6 -
14
12+
1.0 -
0.8
0.6 -

— ¢

TR E

—— j\[]
04+ S E AR
02+ —&—GDP
0 | | | | | | | |

2002 2003 2004 2005 2006 2007 2008 2009 2010

18- 4

16
1.4
12
1.0 -
08
0.6
04
02

C

e

-:-\A/\_/.\‘\,?//_

——CCPL
——CCPZ
——CCP

S vl

0
2002 2003 2004 2005 2006 2007 2008 2009 2010

AR

AF K B IR R 30T K 5 R R 3R T Bk B B R
J1, AR I 4.

L6
1.4
1.2 -
1.0
08 | /—\‘\‘_‘
0.6
04 ¢ CODMn
—&—TN
02 —&—TP

| | | | | | | |
2002 2003 2004 2005 2006 2007 2008 2009 2010
40

4 2003—2009 FEiBREAZIR (a) JKFE(b) KFE (c) RFFERELBES

Fig. 4 Water resource carrying capacity(a) , water quality carrying capacity(b) and water environment carrying capacity (c¢) of Erhai lake during

2003—2009

i 2003—2009 4 JH- 78 3 350 7K 9% 6 7K 2% 1 10 AR
T3 ([ 4a) ] AL 4L 2 2 B 5 bR REAE N TR 3
JEYIR T 1,46 1.75 ~ 1. 81 Z[a] A2 4k, 36 B I i 3t
BN I A8 07 A L K, HL B AE A AR B L AR DN
VR T FROR K PR 2009 AE R ECh 1. 12 Ab, AR AR
378 0.77 ~0.80 Z A /N T 15 8:4F GDP R JE TR
0.41 ~0.98 Z ] /NTF 1 (HEZAE LI

i 2003—2009 45 i i 38 7K it i K 25 1 o0 AR
L% (& 4b) AT %0 A5 HLT5 YedE br b COD,, 7R 2R
f£0.63 ~0.87 Z [ ¥/NT 1, 2N EBH & EFR
oA bR B A (TN) 23R B 2008 4R 0.82 4, H
AEAE 1,08 ~1.32 Z Al #5 K F 1,2006—2009 4
A BE LB R B (TP) /R B 2 T R A2 1L
#2007 ARG /N F 1,2009 4 H E AR B IS A
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THE.

M 2003—2009 4 5 76 3 3K B 85 K 2 A O A2
e ([ 4c) sl DU Y« TH IR 80K 98 58 R #00)
B 2008 4ESRIYR T 1,2009 4F L b AR BE WS A T
Hop R A KR BURBR NIRRT 1, HE B4 ETHE
s K BR R T BB, A 2007 AR /N T
1,2009 4F b FAF BEWE AT T . 53 45 5 0k B I W O
N PR BOE AR, R TFREBIE TN K B3, "8
FRALFEAR AR (TN) 280 Ol As Hsh k. H E
B KGR AR F ) 0] 10 U S K R S5 R AR B
FEE RO,

T UK P B R 80k 2 & U R R I BE T 1t
BEAE RS SR S WA, I LA N H B 3 L T
ol B 3 S B K R T, R A S TS K Tk
W R ANA Y. 1T 575 B ) e 5 B0 I I 0TS e i
SR TR U 3K A 85 7R 0 X 8 DX 25 i A R o
AN T AL 2 2257 e B — s i il 201, 2K 3%
S A A 2 B R T E R BN A H R Y
TR, LTS YWy o0 J= 0 2R BN & 8 IR AR b
B (TN) 1 70K K

TIN5 T R VA A B U AE B DR I UK 3R BT
JRCHE , A fIE B i K B BT AR 2K T, 0 R T BN 28 O AL
LIRS ¥ g N NE S 1 N i TR DG i e B (62
UK BT PR AN AN K BRI AR 4 i W - O A i
FOR BT, LLBE 2 98 O T B, A 3R T Sk A
PR QIR IR Z5 M, K A s sl B0 1
G, K I3 &AL 5 25 K @R 248 L HE TS
I, 0 35 A HE R &, o s B A PR g B 5 D A
AV ACRETE L B 36 4 A N 7 25 75 g, AR k4R
[ 2 375 7K b B0t A U, /0 I K IR TR R B
TR BT

5 %52 (Conclusions)

1) 96 30 30K 5E IR K 2 RE F7 3 B D 3T dk A AL
TR TURBHAR , N HOREEAE 1.75 ~
181 Z [ ¥ RTF 1564 GDP R E R & 4F BT
e, TR BE K B

2) W K TR R #ORE ) IE 2 4
COD,, R#ZHEFE 0.63 ~0.87 Z A ¥/PNF 1, 82T
A E B SRR AR AR (TN) Z8UFE iy B 1
TR H W Bl iR K

3) UK B R BN ZHAERT 1
K BEIUR B 3 0 TOR B, HAE B AR BB

JK B R AR ) B R R RS B AR PR K B TRUR 4%
T X T K B S5 R A8 T AR T R R REOK

REEEE N F 8 (1962—), 5 A+ 68l #H &, EZNF
FHETT R A 5 IR A R R G M m R
T X% X 30 &K, #K#%M 2 H. Email
lixinshijianping@ 163. com.
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