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Abstract; In order to highlight the importance of the ecosystem purification and human regulation in the carrying capacity of
water environment, the concept and evaluation model of water environment carrying capacity was built based on the
ecosystem pollution purification and human-regulated pollution reduction. As a study case, water environmental carrying
capacity of Dianchi Basin was calculated in 2015. The results illustrated that the environmental capacity comprehensive
index of Dianchi Basin was 1.16, which was in an overload state. Regarding the distribution of environmental capacity, the
north was higher than the south. The limiting factor of the north and south were Chemical Oxygen Demand and Total
Phosphorus, respectively. The transfer of pollutants in the water transfer project was equivalent to 16% of the water

environment carrying capacity, which was very important for the improvement of watershed environment. The reduction
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capacity of human regulation has taken up more than 50% , which has become a non-negligible part.

Key Words; watershed environmental carrying capacity; ecosystem purification; human regulation; Dianchi Basin

bEE 2Pt o ny K K BEIR B KI5 Y KA AR A K PR B ) R H 4 5, & O il 20 A2t 2x]
FREE R R A, T [ ™ s /K A8 BRI RE 094t MUK BEIETT & KSR FIK I RE X AN 15 = 1 JE e 45 2
Fbr, i sh &P it 4 SRR BE R #Re ) Dh il & '™ . K IR 45 7K 4 ) ( Water Environment Carrying Capacity,
WECC) 1 Ry i i X IR 22 U5 425 5K RBE WIp IR R JBE , S DXl P P 2 R 25 1) B R A, X DX Ik %
R KA KA SR B4R T

H I, ZK RGP 18 AR IE GE — e BRI PP AR 2R o TP 55 A 2 B R LRI R BOBIZE5 3
Wt Rl S5HJ RRATAY Hs J IRAS - AR AL Al TS G R 1) £ O TR] RO A A BT AN R A R R LA AR T
Z X5, B AN LUKIRES R G0 R B R & 5F Uy B AR, R 2 BRI BEALPEAN 1 3] it Sk 2R
SR 38 RIS S i R K R 8 Ak 42, CAEHETS 25 A SR AL i Bt vh R AR S R G ik D ae
5 AT PRI R A B AR A LUK SR IR KI5 Ye s il Fat S 455K 8k 3 A F R G i
IK IR B HE RPN R R | R TR AR RN X )5 2200 SREE I € 48 P A, PEAr iR DU T KBRS 7R 20y, HORr

HEFRRR S BEFFE N LUK BB 7R 3R 1 Ak BR58 I 7 v W) J2 0 2 /K IR B AR 3500 25 &V E M 8 4, SR FH 45 ¥ 7
TR R B 72 A5 R PRANEE , PG T IR K B3 NS T 18 A A K BRBE R 38 T, VPG 48 A A1 5K gL g
MR IR, LB AR PR 4TS YIRS bR BT 8 A AL S0 AR IRAUK AR 3 M F RGP ik
B 18 M HEHRAY HK B AR ) PN FE AR R IR AU B 5 FR PR AR, ) P BRI 25 5 PEAN AR R X6 7 3 7T
IKIREE R S ATV, HAS AR R i S T 15 K AL B S b7 26 R 45 \ TR b | B = A SV AL A 56 35
PR RE L RFH AR BRI RS R R B 2 B A S R kA F 5 A T 1 AR TRk A 55 7R 3
by EEM: Bk 2015 4, TR E LS TS KA BT 5343 JE | V5 KA B IR R 507.78 42 mP/a, 15 KA FE T
A K R TR A PR R 1R it S DT 50 35, L BN M0 SR PR B I i, R R K IR R AR o T
B TR A R R A 2 R R 4 R R A 5360.26 7 hm® JBHEER A 5.58% , N TIRHIAES RS
X5 KA+ EE A LVE T, B ke 3 KRB R it T BB A — 34 Wl e K R AR 3 T
7 R R RS RGN AR SR A AT 1o oG,

BENT YR K B AR AR DA O R 2 v R g8 B A A T 5 R R P R A A 1) R AR SRR
T AR RGEA— NN TR A VR A TSk SR8 R 28 ) PPAR AR Y | LA I 30 350 8 A 7 22 43 A, LA
1R K BB AR 3 IR SR A B SR S

1 #R57EE

1.1 A5 I

TRV I8k ( 24°2907—25°28' N, 102°29'—103°01'E ) # A K IT. L1030 ERVT. = KK R 07K A T | st #4db & pg
I, 344K 1900 m, AL 2920 km? 3t 3T &b DX 35 hy W2 B4 W 11 28 AU X, 248 - BB /K it 978.8 mm
(1951—2015 4, BRI 40) o TidsiadB o TR AT N, 2015 425 AN H 2y 407.34 T3 A HbIidA 369.68
TN WA R E A 90.76% , fidak [ 9 A 7= BB 8 3] 3003.13 427t ST 75.65%

2015 AP Jth 37T 3 - A P R e AR K AR, O 992.09 km? | 5 AT ARG 34.43% , HLUOE S M, BE
Hi, B AR 25 S AR AY 19.72% ,18.66% ,15.52% F1 11.67% , ELh £ 4E V- XK %P & 5.30%10° m?,
2015 4F AR GE IR AT 244 m® 1% T I PRA A BT 500 m® (< W BE Bl 7 Aot | DRI, TR0 b 37 380K 32
T AR MATAL SN EE T,
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1.2 Ik R ) Y
TR A 25 R GE AL A PR A B K, 55 W it 0 B AR AR 2 PR PP A AR, 4 I K R I8 7K
N PPAR AL AL
WECC =ESV+HAV (D)
A, WECC AisgIA A& 3% )1 (v/a) ;ESV( Watershed Ecosystem Pollution Purification Capacity) Al AE & &R
G595 AE 71 (1/a) ; HAV ( Watershed Human Pollution Reduction Capacity ) A it 38 A Sk 18142 75 4L ] ek fiE

(Va),
A G R K B2 0K 38 256 F8 BUE P EN i e S 2 ) 2 mdebn , A .
WPD..
WECSI = Ma){ Z ”} (2)
WECC,

U H, WECSI ( Comprehensive Index of Water Environment Carrying Capacity ) A 7K ¥ 358 7K 2% 1 25 & #8 %, WPD
( Watershed Pollutant Discharge ) Hi5 3 WHERCE (t/a) ; WECC /KRB AZE T (va) 3 FoR i 505 R is gL i
AU YA
1.3 Wil A S R G Y AL RE T PPAG 7 ik

15 YT A S IS v B A — 03 S 2R 3 AR AR WE SR TR B s PP AG T AR S R Ge 15 e vk g
T o WPRREBT I SOPRYPRMET Sk | MR o i Sy 18 37 A T B A AR = ok A b, ) 5 0 i AR i RS
AR 32 TR Ui M U 1 RS e AR A o A5 3 XIS T e A HE TR R A L R
i AE B A AR R T Calumet Lake' ™ Black River™™ it ta, [ Py iy i F F =K e AUE RS 5 1L |
BT R NIRRT A R I R AN 1 TR SRS Y A e i R R 2 R TR
5 PR S AR T AR AT

BRI _iﬁ%?g?%%ﬁ%
RS Y . Pl ey E R 5 ;
o TR e R L i 15 YA i it
bk | | AT R
UIN Wl
E1 EFUHTEEESRGESUENRERE

Fig.1 Schematic diagram of ecosystem purification capacity based on material balance method

HRIE YR B IS AR I e & A AR Bs e A S ARAE . Rk AE R R S5 gL
HHFEAXT
ESV, = 3, WPD, + UPL + WTI, - HAV, - OPA, (3)
T, ESV ( Degradation of Pollutants in Ecosystems) H 42 R G153 WM& (1/a) ; WPD A5 ¥ HE = (v
a) ; UPI( Pollutant Input of Upstream Runoff) & L4215 Y Wi A it (t/a) ; WTI(Input Pollutant from Outer
Watershed Water Transfer) &M it 38 0 7K 75 Je W 5 A & (tVa) ; HAV S AR IR 15 e W HI & (1/a) ; OPA
( Output Pollutant of Runoff) A {5 Y ¥iE itk i (tv/a) .
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1.3.1 59T
15 YW HE I T 43 A RN A SR AR 5 AL AR AR TS | Tk B = AL S IR
e VRALRE R ARG B E S AR, b R TR R el AR A T T G R T S
AR HETS R LI "  BER & E T5 Ye HE R T 5 S RO P A HLIE R 3R 40 72 20 Aol ks
TG U I HEBCR AR A B IR, S B S BRI A B e FoAR T ) >, B AL B 8 77 50 IR e W HE
R T T G A R R
1.3.2  V53Wfa it ik
A5 K FH The Load Estimator Model ( LOADEST #5574 ) £l 53] gt 452 Wt 17 14075 YL 3l i, AR R L 51
W5 Ge v B s B AL DN BB = AN i, 7 T e vk B 5 At o S A R 9 TRT UL O 2R, LA Sk Al 3
S ST T S e e Y KSR W RS £ RN SE R BB A B SR I AR AR SR A R T B
XM 2E s MRERIER 25755 IEAS /A B (TSR K ARUSR VL AV IE S KA SR IE 5 AR 8% 25 AN FF 5 IE 43 A B
KB/ N R 22 1%
1.3.3 sl kAT 5 Gl aE H R ik
AHIFFE UHE A B, $12 R SR A IR B 0 A kS e W 0s RE T, BRIV S PN U e g ) TR T R
TS YE e TR AU .
HAV, = HAVP, + HAVNP, (4)
AP HAV Rl A R 75 YR AE 11 (v/a) s HAVP 4 55 RIS Ye Wk BE 11 (v/a) s HAVNP IR R 5 e
PIHIAE T1 (Va) 3 FhR j A5 Y2
SRS YL HIRE T A V5 K AL BT 2 e e A T K S HE RO B e TR AT
HAVP, = Y [WT, x (IC, - OC,) x 107°] + PT, (5)

S, W AiE KA BB A IR Y HI T AR B T5 K AL B (T m’/a) ;1C A1 OC 435 R 35 7K A BR 3 Jite ) 22F 11
N F5 e B (mg/ L) s PT R FIBEAG B & FR0E ) M BEETs Y Wil (va) .

BB IR G JeHE T 2 LA R A (2R ) MR R (IR S 3 Hlmiee I i A 2800 . A E
FEIET(FH B IR IT5 YL 14 1 TR AR M (HJ497—2009) ) 1 & & 3558\ 75 Y W HE bR T (GB 18596—
2001 ) ) H B AL Ay b 37 SRS B0 R UL B8 8 2 0 s e sl H AR A 5, A5

PT, = Y [LVS, x (LSR, + LLR) x 107°] = 3 [LVSS x 365 x LPW, x LWC, x 10™°] (6)

A, LVS & & IR (kB 0P ) s LSR Al LLR 43501 A 368 AR P 75 e I HE I R B (kg K7 a™h) 5
LVSS W& SRR, LPW AT5 K HE R B(L B d™) s LWC A& & F2 5 5 HE05 7K o 1 35 Ye by e J3
(mg/L) ;v HEBEHA
JESIE R BRI E S R ATE A FESE TS G I SR X TRIE AR SY F2 2 ]
FEPEAR A TR RS it AR SR TR RS it 43 R 5 K AL BRI S 8 T A2 SRHAL 2 3 AN845 TR A R WTT
HAVNP, = NPWW, + NPWT, + NPOT, (7)
KA NPWW Jyi5 /K ab B2 T AR 75 YW e (1/a) ;NPWT Mg TREATS Y e (1/a) s NPOT
HoAth TR AT P I (Va) o
15K A PRt 2 TR SRR AR A AR 1 V5 K AL BRI £ HHA 5 s S s K A B0 260 A A T
NPWW, = 3 [RWT, x (RIC, - ROC,,) x 107] (8)

P, RWT AR A TG 15 K AR R 25 25 I8 5 el s TR 75 K AR BREE (J7 m*/a) s RIC A1 ROC 43 31 R 75 7K
Ab BRI A E 1A AR5 Ye Wik B (mg/ L)

D M 2 TR SR AR VAT 1 Sl e 0t G sl A 1158 v 5 s K A B it 115 AR [

HAIG YR RIS E &, IR E & 1T LA B TCAH S HVE FIBR M, A Hl Xt xf A g 1 4 v =7
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A PR  AIFIY T2 R B S AME LR S A, A L .
NPOT, = 3, [LVS, x (LSR, + LLR,) x 107] x [1 = Y MT,/ Y, (LVS, x LSE x RT, x 107) | (9)

o, LVS H & & IR AR (LB R B8 ) s LSR A LLR 43 A S8 AR P 175 S HE R B (kg K7 a™)
MT HFEAERL P (1/a) s LSE W& BF5 R2 8 (kg K" a™") sRT WE B FRFAW () sk AT IXHYF B I8
Ak HRRE Tt 4

2 RHIFR

2.1 EMEIEAE S R G YAk e I PEA
2.1.1 SR

AR b S s G HE TR T i, G b e Y s e IR HE R AT, BRSE R nER 1 TR,
TEH I 38 1 £k 27 75 48 & ( Chemical Oxygen Demand, COD) % % ( Ammoniac Nitrogen, NH,-N) . &% ( Total
Phosphorus, TP ) HERCE 2034 2] 120740 14228 2342 t/a, {5 4 HERC LS TR HER R 32, COD \NH,-N | TP i
JiaE g3 o SRR 1Y 95% 94% (82% , i IR H DASCEE A 1 HE AR 32 430 S HETRCEE 1Y 80.46%
90.18% 77.07% . % 1 "PAXE M IO 3 8 IR 58 15 S W HERGAA T Ge vt Tt PR 2 B B i A 7 — 1)
T TRBRAE I 2 &SRB RLE ) P, E 2008 4F 6 H 30 H , A5 AT AT 8 RS A AE BT 50 2920km” H5 I Py
HEAT R R & 975

F1 HbURETESRRESTEMHERE/ (Va)

Table 1 Discharge of major pollutant sources in Dianchi basin

e 27 A (COD) AHL(NH,-N) JFE(TP)
Pollution source Chemical oxygen demand Ammoniac nitrogen Total phosphorus
Tl Industry 1605 101 30
JRBIAIE Urban household 97144 12831 1805

S5 =7\, Tertiary industry 16192 406 111
AR E T Rural household 1949 77 51

A FIAE Agriculture 0 647 255
HWIFE & Free-range livestock 3850 166 119

A1t Total 120740 14228 2342

2.1.2 s BTG

T AR T 2 A, T A B R R JE T 2000—2015 4E 3% H RS H KO8 W B | R
LOADEST #5535 H it 3t 55 2 H i R 6o, JE4E 0T 2451 205 Yo W i B B o o, el 2 A 100 08
AT INANAL B VR A i Bl 45 05 e i i, 28015 b i COD \NH,-N TP 5875 YL ) 247 F- 34 (8 535l
} 17693.43 899.42 401.63 t/a, H:rpifE 1) COD % H fiy i ffaf Z24E - {H M 9137.06 kg/d, 84k 7E Bl N
501—68503 kg/d,NH,-N 2 H 4 th £ faf (1) Z45F-2{E 0 574.03 ke/d, A0 Ry 14—1451 kg/d, TP % H 4
AT ZAE A 141.91 kg/d, 28R /R 10—1753 kg/d, BARZERANE 2 Frs 6 DA H 5 5
TAFEAEBR AR ISR, B SR EA 5, Hid 2010—2013 4R 20 i 81 A ™ /Y T 5, S 80
WS Y AR

PEREI 3, COD 3% H 4 H 1 fof 243441 8556.49 ke/d, ZEALIE L}y 0—47049 kg/d,NH,-N % H i 67 fap
1 ZAESE YA N 325.39 kg/d, ARALTE Iy 0—749 kg/d, TP & H iy tH 6 a7 () 245 SF 216k 259.72 kg/d, 784k
TR 0—862 kg/d, HARLEFUNE 2 F7R , 4 Fel g 2 H 75 YL 8 G fog 28 AL U 5500 F AR R, 4 BRANARE Py A2
A, 518 TN [R) A 2 VG el BRI 1 3 et 5 B g /6 TS AR oA th B 38, R R U2 X5 Kok A T
WA
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Fig.2 Daily load of flow and pollutants in Haikou and Xiyuan station

2.1.3  AMRSIEIK TS Y A 5

L T 2007 AR5 3 FE M ALK TR AR K & 1.75 42 m®, 2012 4F 3 2hs /K i K TR 45 3497
KR 0.68 /¢ m*, 2013 45 SRR VLIH/K T2, 2015 4 fa) E th 484K 5.27 42 m? , E L 2011—2015 4F 3 7K
BN 3 R, 2014 45 ARV IRK TREE M MOH/K B 1) 50% , TR i, 2011—2015 4F I8 7K K 5 i 14
3 HR RZKOK BTAEBRAE [ R, COD \NH,-N F i 3 AR S a3 AN BIR /K B —Jr T 22 i 1 i Bl 7K 9%
TR RN 7K V5 e 1) L, 55— TRt AV e i fer . 28015, T IR I 2015 4F COD  NH,-N TP 75 Je#fi A £t
435k 1039.76 .524.29 167.33 t/a,

o MK B EKEIREK B ARHTIAK

—_
(=]

=)

N

S

S}

AR
Annual water regulation/( X 10%m?)

(=}

HEWE

S RN

nitrogen concentration/(mg/L)

2011 2012

2013

2014

3

Chemical oxygen demand. ammonia

2015
A4y Year

TE R 2011—2015 K E KK R

35
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21

14

—— LERER —=— BB ——HK

2011

2012

2013

2014

Fig.3 Water diversion and quality of Dianchi basin from 2011 to 2015

2015

Total phosphorus concentration/(mg/L)

MR 1.3 AR (3) , TS RN IR I 2015 4E COD NH,-N TP =Fi5 Yed A 245 & G ik fig

17935.21 ,6187.58 ,700.37 t/a,
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2.2 EIB SN A TS Y AR T A

2015 4RJIE, T I3 A AR 23 JET5 KAL) V5 K AR BRAR J13A E 199 1 m’/d, RN A FIT5 KA BE )
075 30 B B AR B A A TS K AL B, 10 A4S, Kb FRBE Jh 1.23 J7 m®/d, FF & X Tolk Bl IX g Al 5 A Bl X 35 7K 4b B
J7LRNEERE SN 9.5 T m’/d, AR AR 885 AN AR I V5 K WA A B it , 484 AR P AE KR S, AR
PR W B S O THEAS 2 2015 AR R COD  NH,-N H1 TP /Y Hl 98 i 43 971 4 86151
7665 1407 t/a, 41 W75 Je Wy B0 RE S1 20 A AN 4 s, R 2 BOL R A, Hodh coD Bl BE 1 kT
NH,-N KF TP, AT 3R X 5340 2E b R |, 15 7K Ab B it 56 36, V5 YL Wy ek i /= . Rl i IX Ay B B
A THARRP X 75 /K AR Ab BURA T3 Yl i /L

¢
25

0 20 km
|

AR AR HIBR (t/2) BHHIRAR/ (t/2) B/ (t/2)
150269 1 20—108 [ 424
[1270—474 1 109—190 [ 2554
[1475—729 191292 B 55107
[ 730—1943 B 293778 B 108143
[ 1944—3499 I 779—1401 B 144257

B4 ERESFREERAEIRE

Fig.4 The pollutant reduction of Dianchi sub-basin

2.3 FHOIR UK IR AR AL

HRAE 7K PS5 AR 3 ) TSR VR it Sl A 7R 28 7 e YR b I A 2 R e e A R T R A B Sy 7
PEIG YLl AE 1 . O 2015 4E COD \NH,-N TP 335 7K 48, /143 31 104086.21 ,13852.58 .2107.37t/a, H:
AR RS TS YL BE 1120 5k 17935.21,6187.58 ,700.37t/a, A Ay 45 il s BE 143 91k 861517665 .
1407 v/a, 53 5 i MR # S0 82.77% .55.33% .66.77% , N RIS GL HII8AE 1 © 288 it A2 25 R 40 15 YL 1) i ik
3, BRI A PR S T B, T S T U A B R B WL 5 R 3 RS YL R #iRE ) o A b
YA sk, 5 AR TS YRR J) 3 A 2L, JEERH DX DLARAR bR S PR BE T, B TR A b R
2, PR IR AH N Y AR 2N RGeS YA B AL L e A

LML, COD \NH,-N 1 TP /K BREE R B AE 8031 1.16 ,1.09 A1 111, H420F 1 A TR R4
SR IR 5 AR 3 ) £5 G 8 BOh BT 8 B Hh B9 d KAE, B 2015 AR K SR BE AR O SR G 1R EOCh 116, 8
# 16% .,

ORI 15 A EZAW R PRSP 6 T iUk B KR L A HRBORT 1, o s i e i AL
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Fig.5 The environmental carrying capacity of Dianchi sub—basins

54% , BARS AT AN IEL 6 R Hrh i B2 B i, A 1,98, S/ MBI T, O 0.22 K IR R )
SEATRBEE A IIEE , hR AV RRAE X 5 X2 B S JRASE 25 Y IR A AT O, TS e HE L
A SR R B, HETICOR B LIS DX Ry Hh O SR BURPIR 43 A0 o 45 F TSk IR 2K 2 0 1 249 74 AR i 6 BT AR
- coD HZHEF R R E AL T TP, HhJbE-F ik LA COD Hl L o 3, Bk kLA TP $l 29K+
F, T FE R A AL R BT SR SRR AR TR TS e K, ma R R B A T B A v X ARl T VRS Y
HRgHEA &8 X, L TP il 249 F

AR5 44 R 14 3 K PR B AR A AR R SRS B A K AR AR 3 0 25 v 1 EH R R PR e R A K
PRVE AR ZE R R AR A8 WA £ SR 2 U A M 2 R AR 2R 1A T T 48 2003—2010 4 7K R85 7K
B, HO TR K IRER B IR TABEZE >, MBS N LK SRR UK AR B IR UK R T,
SR 7K IR AR R PPAG T b 0 2008 AR /K R AR HOIRAS , HO TR MK A B R R IR F AT, k25
14 5 L R AR AT K BB AR 2 T R B AR R TS Y s RE 1, i B ER KRB R 3R A A R AR T
ST G ) R e 0 AR R A T IS Y IR BE ), FBUK B AR 3 1 1T 25 AR T A
58, 2015 AFETE T T 28 A VT 3R K TR LAk 38 O /TS S B0IR , 97K /K B COD  NH,-N TP &5 45 - 2
BH ST TVt 1 KT, VAT T K B TR O T VR b R UK R R A L AR R K K K T S e K
K, A RIJE K B AT COD U NH,-N TP 43l 4 16654 375,235t A 24 F 7K ¥5 5% A 48 1 1 16.00% |
2.71% 11.13% , Y& 7K T ARRXHE th 37 38075 G tR v () ik 38 A — a2 O si/E I

3 g

ABIEFE LK IAE i Bea A0s , MAE S R G A TR R I B A A A BE R 4R T 26T
SR G- N TR G VR IR R ISR PR, B 5 %8 A % A A TEOK B 7K 2 77 o7
A b B E A IR AT PR R AT T PR, ERAE R .
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Fig.6 Water environment carrying capacity index and constraint factors in sub—basins of Dianchi basin

(1) EHb IR 2015 /KR FREARS MR, 3 W5 Y Febr K R BE R 48 1 25 A #5 80h cop ek,
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