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Impact of land use pattern on lake water quality in urban region
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Abstract: Former study showed that land use types influence water quality, but the influence of the heterogeneous pattern
of land use types on this relationship is not clear. In natural or rural area, the relationship between land use and water
quality is conceivable through integrated analysis of small catchments at watershed scale. However, the relationship may be
questionable in urban area because of its more complex land use pattern and urban constructions. In order to clarify the
impact of land use pattern on water quality, four lake watersheds were selected in Hanyang district, Wuhan, China and
analyzed in three ways, including catchments integrated analysis, clustering analysis based on main land uses relevant to
water quality, and analysis through whole lake watersheds, respectively. The results show that the relationship between land
use types and water quality is altered when taking into account the heterogeneity of land use pattern in urban region, which
implies that in order to reach a reliable conclusion in practice, land use types and land use pattern should be considered

simultaneously in detecting the impact of land use on water quality.
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A PSR 5 K RS Yok BE 2 IR AE ARG R T o IR AR L P K A TS e vk B
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FRZET R L2 ] 43 A S 2 KA K R T Rt 2 o 78 B AREE AR ISR, i T L A AR AE (3 A1)
FAZAU RN L2 1815040 ) FRAEARUTE , 2 MK BRIT I 8- A AT 1A B 1 3 R b = b 1) 28 28 57K 5 9 A
KRR SR, B IR RIS T R H BB B Y 23 6] 40 A 78 S R A b AR 28 T E 2B A% A R B 4
AE o JUHAESRT KIS, oy A9 3h B 22 0 s AR R P S (RS /K BTG ] - A i B S R e , A )
FAZA A AR AL, T EL L2 [0 AR AR A sR B o XRS5 M A RN /K 0T N 1 = b ) F SRR K R ) 5
MR = A 22 5O 7 R I AT b A T 5 K A TS e vk BE Ok R, sk T BEAEAE B T R A A 22 R
B 7K B WA 5N, P HETH FRRATS , BUE AT 45 3R 5 SE PR AR e IR 25 , SR X J T B GR F JR Al 2D . 6T i, A
SCHR IR FE IR A 5 7K A OK B 5 R, e AL K BA 0T - R FRRAE K LA AR 8 i R 4 AE A
IO, T HER - b A R AE AR 7E 22 57 VK SR ST ] R b 2R B 57K R IR R 6

W T e BRI T I PH X J8 BH A 45 4 AT SRS BF 9E % 52, 43 B AL 7K BTG EE-B 4047 L DASE IR 7K 5 99
B SR AR Bt AT SR A 43 H A0 ATSATE R38R X 2 B AT 5 3 4R B, A I /K B 1) 4 - b ) A
fEZS, =8 Z MR, a7 £ R FIRHE AR e 25 R B 5K BRI C R, B3R T = R S5 o i et 18 9
IK R MR o SCHILIK BRIGEE B /M T8 5T 4 AT A YLK B o0 Y - b o F 28 78 5 48 1 A 7K B 48
PRBETHESEAT S o BT R B A0 A R AE BRI K BT IR IS, 2 A A R — 28 IE K BT
TR R SRR AR R o ATRIBO X B2 M AT R — N B & I 2 MK BT — 28, 4T
B WA TR £ R 5K AR R R
1 WHERREER

DURH DX 464 BRI T i =452 — (114°30" ~ 114°17'E, 30°25’ ~30°36'N) , RYKIL, LFK, 2=
FATY o TUPHIX SR AL 25 MR I S, B4R F 3SR 15. 8 ~17. 8C 4R XRE/K & 1150 ~ 1450mm , [
KEFTEE6~8 A, WHIBXIBARZ JHRZL, HBAK BB+ 07 E , AFFFEEEIHE X
4 ANFEEIARES (R 1,E D) BR=ABKEN V 2850, J6 s Bk B RTINS V 20K
JRo 4 WITRIRA DT & BT 10 FKFAR A, S K b AR BRI 8 T IR X, A O B A% B, X B e
K B R F W =ML T & KI5 K718 BRI T AR AR & X, =AM 2 X,
2 WHARAZE
2.1 LA SR IR B ITRI 4

- b 2R B 8 o 5 4 R Quickbird 3B AR (2003 4E 1 H 23 H) HWMAIERS . &5, FIHR
FHIX. 1:50000 3 JE &l , 7£38 J8%4K {4 ERDAS Imagine 8.5 1347 Quickbird SEAR M JLAHLIE , € L HILH SH;
SRIGTE ArcGIS SZH5 T, TR M B AR A b, T & a5 (0. 61m) X8 B 3h A6 3R EL K
FHARH , I HFFE X H R /N (22100hm” ) | K AT FE R A B 0L 128 7 i 04T - o R F 4328, AT 9545
EORBEE I R R 2B SRR b A U R 2 R G B I SR A 1 O T P b 0 Rl s 15 b R )
(GBJ137-90) , 53 BH DX 1) - st 1| FH 280K 434 16 Ffr, BNG IR (3 R H OPRHE R AR B Hb N TR R R R
Hb IR E B, R R b T R B R AR B K PR TE B K MR B A SRS R s R A . AR
J& , 38 i B AP S b R A AT AR RS R AL IE O/ BE 85% ) , A HRAR I X T b A SR (& 1) o

W DUFHIX 1:10000 DEM i A SWAT BEAY AR 4 & R0 b FH , 87K 38, B K 39 0 = A 9 i 451
KT R4 WA R 43 17 ANCK BTG, Horp S /K TR 6 A~ e PRI TR 4 A = MBI 3 4, g K+
AT 4 (B 2) o ] FRAGSTATS3. 0 5L /K BTN 45 T b A SR ALBT &5 AR L
2.2 JKERFEFR

2K BTN RASR T R R A A T R th . T b AR ML F o B, R RIS e A FE B A (TN) L
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Table 1 Basic information of lakes

WRAER FIRER

WE VI st FRAAE KB
Lake area Watershed o . .
Lake ) ) Characteristics of land uses in watershed Water quality
(hm*) area( hm”)
AR, R RAEE R T TR TR, R R H  AEK
oA i3k 57.79%
Lalz Moshui 411.55 1924.83 Higher level of urbanization, habitation and industry locating on the north %V
¢ Hoshul watershed, agriculture locating on the south watershed; impervious land
accounting for 57.79% .
B VIRIF R ZAAERRASNE , WA R TT R BT X 45.95%
Lake TLonevan 231.85 1073. 60 Anthropogenic development happening in the lake periphery, virgin in the %V
¢ Longyang region near lake. Impervious land accounting for 45.95% .
BT RIEHTF R X AL TR ABEKIE IS 24. 89%

. 481.69 2503. 68 Wuhan economic development zone locating in the south watershed, and Y
Lake Nantaizi . . .

impervious land accounting for 24.89% .

I Sa RAE K EFRSERGE , FEBAE TRVLDUR S 4 % 76 = MU,
= o vron  1iase  UVRIERA BSETNK LR v
lake Sanjiao ’ ’ Jianghan University, holiday village and high classic house zone making the

proportion of impervious land increases dramatically during the past five years.

TN 3 0 Bk 2003 4E Quickbird Y44 1R 55 ff 15 Land use data were extracted through the high-resolution Quickbird multispectral
imagery (resolution of 0.61m) acquired on January 23, 2003 (SPOT Company)

4 Legend

B JEEK IS B Impervious road
BB B Pervious road
A2 #t JE B M Rural habitation
Y81 & BH Urban habitation
TH FH Industry

A SEBURE Office

#E FH School

FARFHE Native grassland
[ A THHE Grassland

A ol i Commercial
SEHH Land leveled

BB W Lake

B3 V43R Canal

EZ3 AkHb Forest

4 M Agriculture

WEH Bottomland

Y¥ Pond

73 AL River

BT DURH X A b
Fig.1 Land use classification in Hanyang district

P& 451] P BT A A IBIIA A A AEFE 16 Fb R 2R A 148 A K YA /K. Rivers and lakes are excluded from sixteen types of land use, and

rivers are pointed to Yangtze River and Han River in the map
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B2 4 0K T SR R T
Fig. 2 Catchments in the four lake watersheds and the distribution of sampling sites
LY1,LY2,LY3 1 LY4 £75 Je B 4 AIC/K 550 ; MS1 \MS2 \MS3 \MS4 | MS5 7l MS6 7R S/K #if) 6 ML/KHIT;NTZL (NTZ 2,NTZ 3 1
NTZ4 FRm AT 4 NICK BT ;SI1.SI2 #1 SI3 R =MMH 3 MNL/KHIT  Lake Longyang watershed includes 4 catchments such as
LY1, LY2, LY3 and LY4; Lake Moshui watershed includes 6 catchments such as MS1, MS2, MS3, MS4, MS5 and MS6; Lake Nantaizi watershed
includes 4 catchments includes NTZ1, NTZ2, NTZ3 and NTZ4; Lake Sanjiao watershed includes 3 catchments such as SJ1, SJ2 and SJ3

20m) B 2 -6 RAESAS (1 2) BT 3 W, ATAHFIERE TN, TP NH, NOS 464
(C17) .COD, LABAAE G A (Se) . NH,NO; I CL5JH 6600EDS /K FArHf (X (YSL Int. ) BmsE s HA b
IR R IS R 3B . TN TP COD 42 SR F /K 5% A GB3S38-2002) ke, 3 BB 46
SRISR T AP ICP-OES (VISTA-MPSX) 47,
2.3 RS S KA ST

RS, 5 e 5 M FRIKID AT BV A 0 AR o g, R W BORC Y
FEATH: , BT ABIA = o A SRR R

NPS, = PR+ B+ BRI + - + By KA R + By GIRTTNE FReI; (1)

A NPS 7K e MK AR o AT, ~ B 5 MR R A R IR E 1 57K P

2 RIS R A TE , He - PSR L5 3,00y 5, 2k 0 IR0

http ://www. ecologica. cn



780 £ F ¥ W 29 %

1SR B E I R KT B & i B i35 . 18 B SPSS Ge i3k 14 #4732 [ I3 ( stepwise regression
process) /34T, RAA BA G it BEEM A RATERAI P H I, RA0Hris F SPSS10. 0 Geit 3k 4, /K B EkdfE &
In(x) ¥4k,
3 RS9
3.1 JLKEITEA 4T

¥ 17 21 - 3 RS ARU RN DK B bnie A8 BB RS, 23205 BIH 0 #T, 45 R Bom 16 Fh 4 b oFi| 2 A
Sk RAEFMESEAE 7 Fh, FoA AT TR R 3R B b 7 b b R Y X K (AR R AR R R R (£ 2) 6
At IE Bt TN TP \NH, \NO; F1 C1™ ) —A> FBRIE . Bk bR 7 — RTS8, A {UE Dy COD . Se
M9 EBTS YR, T ELXS TN 0 NH, i STk AR 8 Rt S0 8 R, SR 354t NOS A €L (H R
R TARAE R, Wb 5K 2505 4 Yvk B AR b 2 35 ¢, 26 R R BR A2 I #5715 e B Tl B
BRURAEA, RIS ABIAZ BT TAT L7 Beoh, N TR BF  20F IR &K v B 3%t €1,
COD Fi1 Se A fiAHR KRR , A1t H BBIHAE 17 MK IT E AR RBAR, B IR HBAIED , BORFIA R W
KT B ST . S0 FHhAE SI3 o 53 74.45% , B R VLI 5 T I 1E T — AN S8 i i b
S T {5 JEL v A b B S AT K BT

F2 KEERSAMEBEEAITER
Table 2 Regression analysis between land use types and water quality indices

JHHZE R Land use types
KBRS ; RN R e R
Water quality indes o " dem b Amgy SHERIERIRIR Gy e
Canal Pond Agriculture Forest Grassland habitation habitation Commercial
TN + +
TP +
NH, + +
NO; + +
cl- - + +
CcoD +
Se +
JHHZE A Land use types
ey ndex o s (SO s wwe  ome R P
Industry School road Office Land leveled  Bottomland
TN 0.641 0.025
TP - 0.748 0.003
NH, 0.667 0.016
NO; 0.781 0.001
Cl- 0.960 <0.001
CcoD - - 0.945 <0.001
Se - 0.679 0.013

FyAb, AT U 70Hr FR 3 28 B v OR A 3 K AR 5 M2 K R O B, PR O X T R Y U B R IR, LT AR
SN
3.2 ETEEAMERRIRES

— 77 T\ 2975 Zh AR F) 588 55 3 A T P A S 4 N3 17 NIE7K BTG st F) P S e, 53 — 5 T /K 30T
[F] - 3 R RIS AE A AE R — AR o RS TR /K BT ] 4 - 3 R F AR s S B s ok, [R] — 2890 7K BT
A FAFAEARN, Z 5 LRI K B TR i LA R 5K R R o @ IR B Iner & 204, R
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A T B (ST i B 3 T MU P st AR R RO K TRAE AL 0 B IR A o DA 4 28 - R RIS R D A
BAF 17 MK ITTHAT RIS, FIE RAR U RIL K BT 3R y— 28, HE T A A 78 22 53 LK BT IR SN 7K i
BRI o B PR 2R 05 22 0 S s AR A ER L Sul T J Bt v o Pt R 3t Oy 7 R K SRR AT, e 17 NIEOK
BTN 3 RN B RZEFEREZEF (P <0.05),

% 1 BAFEIL/K T LY LY2 \MS1 MS4 \MS5 MS6 \NTZ1 ,SJ2 F1 SJ3, 4 #bF Ff LASR T A #2658 O 5=,
Sl R b AR b P 3t T AR BG4 T TR T2 A Bk 7] R 3t R PSR, LS Wl o ) PR 220 T AR L] 2
5 T Al — SR & P AR Jo R st Ao T AR L 22 A (1. 38% ~17.69% ) (3 3,81 3) o IL/KHIT LY3 \LY4,
MS2 \MS3 \NTZ2 SJ1 %6 11 28, i e AR A J R T AR EL (B B PSR A e R st I AR LU 7, LR s R
Hb AR Ml FH 3 B, B2 DA F 2SR Ok 32, NTZ3 1 NTZ4 20 56 T2, et o 5 22 IS A0, 43 31 o
NTZ3 Hl NTZA JL7K BT AR 53. 25% F119. 98% , HiiZZ2 b A i J& B b Rl I s AR AN J R 3t 2 0 53531
15 H 46.68% #116.31% ,

R®3 HEER
Table 3 Clustering results
25 Class 7K H.75 Catchments + i 4 ME Land use characteristics

SR D T A P FFD A8 K P B AT M 1 PTG, 4 0 AR B Pl
YL Ly2. MsL. wss. VS TEMSEEIE, SCAR DAL I

I Urban habitation, industry, school, impervious road and land leveled are the dominant land use types;

MS5 ,MS6.SJ2,SJ3 \NTZ1

agriculture, rural habitation, commercial and bottomland have low proportions; and other land uses have
low frequency or proportions of area

Ui AR A FE RO BT o5 TR AR R, 1 3% AR K M B | S ot 0 Xt L AR, At 28 Y B
LY3, LY4, MS2, MS3, SaFa{im LBk
NTZ2 .SJ1 The proportions of pond, agriculture and rural habitation are higher than those of canal, impervious road,
land level and bottomland

Wi oAy AR PR Y AR K

I NTZ3 .NTZ4 Bottomland is the main type of land use, and bottomland, pond and agriculture play minor role

3 FhRALRA P LA R A SRR R WK 4, | B LR LR B 5K RIS A EAR KR,
T I 28 RS A AR SC RN H /b, T I 2R300K BT P 2R B 57K BRAE IR A TE BB R KRR, R 4 R
Fitho 1 28RS o FIHIR RAR T AE K PR B 45 P IS T i BT RARARR , HEBRFEAHSC AT Z 51, IR B
13 Fh ISR R 5 R K (75 Rk BEBEAT B AP A H . [BIHEER B, NO; WRBEARMLTE 1 2K 54 LRI &
TIRERPEIA B3, TN W BEAAL S R A FE R A A I B S AR L B E IEFE R R R, TP WAL 5
AT ESE AN E R & RS AR H ] 2 [BIAF 7R IEAR SE R R, AR AR AN J R NH, F) i 9L
CL™SRIE TR B Mt A A FEBEHGE , TXF T COD Ml Se 73 BISRIR T ARATE R AMER . MEHIERIE D Se HISRIR
Hush, BAE BN A TP 1 CL™ FIFEFT ; BRSO , 3 —2b 35 Qe 2 “ U7 VR A, SO0 o5 — Seim Je e 21 “ 07 4
PR IR EY R R IR RN A Bt . JEAE 1 ALK B ITH X8 F- 90 5 B9 T AH SC AR F AR o B
5 BeAh, Rl b BRI AT B s R ENC AR o

I 28307K B0 - A FAZE B 5 K AR SR AT v, PSS BRI HERR T R A 3 R AR B3t 578 /K S T A 333
i, JRERTE T 3X 4 Fft 28 R TR AR N EURAEIL K BT P BRIk I 287 st R IS B X5 B ) 5
BR55 T 128, TP .COD Al Se 5 L HuF FIRBIKR R A B o AR H A Y T AR L4 K /N5 NO;- A CL™ #RBEAR
WZBIFFAEIERSR R R , AR & Rt A T8 Fl A T AR L] 5 NO5 ¥ B2 AR 56 TN A NH, A5 #0F Fi
TR LB AR . T ZRILK BT H R B 5K BAHR A 45 R 5 1 M 228K
3.3 DABAIA WO X SR B SR RS 7K BRAR KAk A

DUPH X J FHIASE 4 AR IR P G - A IS B e 2253 (181 3) o SRUKIBATR IR, JUHR SR K ML 30 X S I
PHIX 28 Tolb b, J& FIRSRIX , KR 85875 e (U 5% H 5 i BH A SO T A K- T 88K A4, 32 28 st
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Fig. 3 Characteristics of land use in catchments
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4.1 JKEITLEE AT
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ERRFTERARIM " o AT R 5 H A B 5T 45 SRR R 2 A A TR K T T R B K/ S5 4R 2R Se Bk
BEAACAFAE A RARR (R 2) o FHARIX GRS R — T THI 2 ph T DU PH b X HE 7K R G845 AN 27K B T PR 0L
i, A—HEREHK RGN TG AT ABKEEERT Se i) 57/E B T HEK RGuxF Se BR MR, b 1o A HEZK
B UUERAY Se ZEREMT SRR H B FRK w22 HEK A RIZEA TG KA B T g Ak 2

LAGERFSE SR F 9 77 v 5 A8 BT K B IRER- & e A 07 AR, R s R K BT D i R AT
FFSK AR s 3 EABIFRILKBIGER & T4 R 5 LVERT R 4 R . (B, BRI E AR
I A 7K BTG 8] 4 o A PR AR FEAR DL , Z0-A7 - 3] -5 7K B S56 2R B AT 7K BT st R RS B X 7K
BREF M BA U, M TAELR & AT EX AR R R R R A BER . 5 AR AR KR, i XK
NS5 3 B2 DR T I K BT A e A FRARAE , A st R IS B R A B 2 08, T L 3t ) PR B Y =
[l A A A T AR o PR, ZE BT T ST X35 3t 1) PR SR 280 % 7K B 4 52 i s A S BB 22 AL A — 1 T, BV O
S A SRR 22 S XK R BRI R o K A7 7E - A TS BUARAAIE 22 53 ALK B TCER & HEAT AT, 31X
P L3 A AR 5K R R R R S Z 2R IS E E T,
4.2 RRIH

I FZREL 5K R AR R R AE 3 RILAKBITREH MR BE AR, WA LI R 57K Fds
WAFIERZEMRRR, 1 2KH SKBRARH LA AR E AT 126, MH 1 | 1289+ S5KERIETFEM
KRR HA KRB R A TR (K 4) o USERER G286, 1 3ER E R A5 TN TP.CL™ |
COD 7l Se ¥k BEALZ AAFAE AR KR, MAE I R P TR BEAK . Hooh, A —Fp LA FAERIAE T T3
X R — K B AR RN AN R AR . L CL™ R BEAR A o B, T 28 Fp 3 S0 T b 760 o 3 25 i i 96 20 T AR
FLB 5 ZAFFE AR AR , TS5 bRt (A P2 s it <5 P o SRS 28 T AR EL 1 TE AR G 5 SR T 7E I 26, €L Wk
AR 55 4% P A 3t TG AR EL A TE AR SC , ME TR X B2 P PR IR R o SRR W A7 1 22 53 BRI K BT 23 2K 7%
B, — R LR T i T LR RIS RS R B 20T T, BE B i A b S R H K B[R] A £ A
SRS IR AR R IR o

SIKBICERE AR (R 2) BB, RIS S LR G /TP & (8] 5 7K BAESC 9 L3 SR B i A B
AL, ALK BIER G b 5 CL YR BE AR AUAR S P 3t S B R— N T RESF AN & R R i Jo Rt , 73 4h
R H T LA AR R E BYE T R AR SRR R FEREERK 3 KA
B EK AR R R S T _ BB i B TR, R AR 56 56 R Rl B = A e AE A P I K BT 2R & AT
SR LI ST 5K AR R R AT A 2R, Bl 55 8L 2 T B AR KR .
4.3 DIMIA B SR 2 i

LAATA A Xt G2 9 AT 45 R R 4 TR st A IS BY 5K BRAE G ME 22 B o Ik A %
BT R SR A ZEE S T, A8 A Wk A AR 22 57 3, T L [R]— JRIsAS RV /K #5G 6] A7 78
& LIFIRFFAERIZER (R 1) o AR T8 4 ALK BT B, LK 390 NTZ1 A F 3RS 1 28, 38T il bt o
B s NTZ2 Qb T 3R 1128 RN A HU )8 5 ThT NTZ3 1 NTZ4 Pesh 2, J8 TRE M., AR TF# 4 ML
K EATC I FIRHIE 22 57 .38 , 3R PSSR 5K BRAs 1n Z B ARG R R A B 55 TR A R 45 R, th
55 TALKBTCHIZR & 7T 4 R, N5 —J7 ThTIE 5% - 3t 0] FRRFAE A7 78 22 57t i 35008 - b R PSR 5 K A Am A 5%
KRG RAFTERRZEN
4.4 L HOH R BRAMES KA OK B R

— B, 57K R AR AR — A ISP o TR AR EL RO, K Ak rp 9 TN TP FIEAd /K 575
YW vk BERRT T o AR, 57K B B3 MO M3 — A PSS o TR L B , DU R A K R B V5
YRR o K BATT AL SR A SR, 3 B R RS R () 40 A LA s R SRR . R ALY + 3
AR s ety St iR R 2 o BERTRS , s R TS Y M R B R AR IR A K IR I 2 o, 2 A TR MR
4 1 A PSS U ¥ Sy AT RERLUUAR I FAT th o WA S22 A% R 5 i AR BS R RE T /K (A0 B 2 [
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