5537 B 7 W S &~ £ Eild Vol.37,No.7
2017 4F 4 A ACTA ECOLOGICA SINICA Apr.,2017

DOI: 10.5846/stxb201511262389
AW R P RS OLAR SR A A K Vb i R A B AR AR, 2017,37(T)

Li Y, Huang S L.Effects of landscape pattern change on flow and sediment processes in the Luanhe River Basin.Acta Ecologica Sinica,2017,37(7) :

B 0] i 38 == ML AR 2R L X oK D 3T A2 B 52 0

- gk
& = kY
(BTG Yl B 5 3B T S 0 = KR AUE U T =, KR E SR E 515 L iin E TR = I R AR 5 T
2B, KE 300350)

. DL S A ST X e, BT SWAT BRI, 1976—2012 4R ER I B A K v 3 72 , 43 BT 2000 4F 5T E K7 J5 A PRI H 52
it B S S 38 K = VD s 23 4 SR AR AL s BF 5T 1980—2010 41 Sl WA JR AR AL ARRAE | 78 718 5 LA =738 Ak (1 7K Y i 7 3 197 ] Spearman
AHSCAI T AW SR AR Jm AL XK YD S R A e, 25 SR %600 . 55 80 AR L, 2010 41 It s bk by 0 B 15 FH b 38 , HAth
H AN s IR SR R B R I R AR R W IR TR AR DR AR R AIC S A ) A
Y5 1] R s A AE S Fe AR W/ Omm , PRk IS 5.44mm , PEVPIE/IN 1,590 ha s HEZR AR 0820 X 3 5 2 i 4k 89.329% , 727K
TN Y 76.71% , 77 Vb f il X 5 93.89% ; MZRAR UL 7K 7= U0 S MR T R £R AR OG , 7 /K 5 RE b AT AR 28 TE AR OG , Hh 3R
B TP SRl M TR AR IEAHOG ; HEZRAR TR 7K P2V SRR B AR ST SO0 B R ARG, S e I KB
FRBUR ARG TR T U0 5 BEE B AN R 2 RE AR AR IE ARG TRIAELS B E YRR B 5T & W3 TR, k=1
R E XSGR/ U SR IR T IR B

SR B VD s SWAT AR IF 25 434 5 T i

Effects of landscape pattern change on flow and sediment processes in the Luanhe

River Basin
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Abstract: The Luanhe River Basin is one of the most important sources of sand for sandstorms in Beijing and Tianjin. To
alleviate the hazards, a sandification control program for areas near Beijing and Tianjin was carried out in June 2000, which
could have changed the landscape pattern of this basin. Firstly, the present study used landscape pattern indices to analyze
landscape pattern changes from 1980 to 2010. Secondly, the SWAT model was used to reveal how the changes in landscape
pattern influenced the surface runoff, water yield, and sediment yield in 1980 and 2010, and to evaluate the effects of the
sandification control program. Additionally, the Spearman Correlation was used to analyze the relationship between
landscape pattern changes and flow-sediment process changes. Furthermore, the SWAT model was applied to study the
spatial and temporal distribution of the water and sediment yield in the basin before the implementation of the program
(1976—1999) and after the implementation of the program (2000—2012) , respectively, and identify the critical zones of
sediment yield that should be controlled at present in the Luanhe River Basin. The results were as follows; (1) compared

with the area of landscape types in 1980s, forest and construction land increased obviously in 2010, whereas the other land
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use types decreased in 2010. Compared with the landscape pattern in 1980, increases of splitting index ( SPLIT),
Contagion Index (CONTAG) , Landscape Shape Index (LSI) , and Largest Patch Index (LPI), and decreases of Shannon’
s Diversity Index (SHDI) and Shannon’s Evenness Index (SHEI) , diversity of landscape patterns and fragmentation, and
more regular landscape shapes and imbalanced development of landscape types in 2010 were also observed. (2) Compared
with the flow and sediment processes in 1980, annual average surface runoff was significantly reduced in 2010, with a 9 mm
decrease, and the decrease in surface runoff accounted for 89.32% of the whole basin; the annual average water yield
increased strongly in 2010, with a 5.44mm increase, and areas of the increase in water yield accounted for 76.71% of the
basin; average annual sediment yield was obviously reduced, with a decrease of 1.59 t/ha, and 93.89% of the basin area
showed this trend. (3) Variations in landscape indices were correlated with the processes of flow and sediment well. The
surface runoff, water yield, and sediment yield were negatively correlated with the area of forest. The water yield was
positively correlated with the area of grassland. The surface runoff and sediment yield were positively dependent on the area
of agricultural land. Surface runoff, water yield, and sediment yield were positively correlated with SPLIT, LSI, and SHEI.
On the contrary, surface runoff, water yield, and sediment yield were negatively correlated with LPI and CONTAG.
Additionally, water and sediment yield both positively correlated with SHDI ( Shannon’s Diversity Index) and PD ( Patch
Density). (4) Soil erosion in most zones of Luanhe River Basin has been reduced with the implementation of the program.

However, a few zones were still experiencing severe soil erosion that should be taken into account.

Key Words: landscape pattern; sediment yield; SWAT model ; temporal-spatial distribution; Luanhe River Basin
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Table 2 Calibrated and validated results of runoff and sediment

Kk BeHER Calibration period B53EH Validation period
Hydrologic station Ens R? Re /% Ens R? Re /%
&9 Runoff TR 0.73 0.73 8.20 0.72 0.74 -3.45
AR 0.87 0.86 1.19 0.73 0.73 -0.72
= 0.81 0.82 12.27 0.80 0.87 0.80
FEIk 0.95 0.95 -10.01 0.75 0.85 -19.38
R 0.94 0.92 5.22 0.74 0.80 14.09
V7> Sediment e 0.74 0.93 40.41 0.75 0.71 -40.32
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Fig.3 Inter-annual trend of precipitation, runoff and sediment Fig.4 Distribution of mean monthly runoff and sediment in the
from 1976 to 2012 in the Luanhe River Basin Luanhe River Basin
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Table 3 Transition matrixes of different landscape types from 1980 to 2010

it Hih 7Kk Al B ARA 3 2010 45
Forest Grassland Water Agriculture land Construction land ~ Unused land
Ml Forest 16006.38 6583.98 244.77 3626.65 15.54 167.22 26644.54
B Grassland 1237.64 4539.96 249.78 1525.47 8.13 309.87 7870.85
7K1 Water 46.32 147.65 256.08 173.34 2.03 4.29 629.71
Al FH Agriculture land 1171.28 1715.23 200.15 4402.18 31.43 87.25 7607.52
B Construction land 189.15 220.41 17.2 635.58 120.69 22.27 1205.3
AF FHHb Unused land 192.26 307.75 29.72 57.16 0 205.19 792.08
1980 4F 18843.03 13514.98 997.7 10420.38 177.82 796.09 44750
R4 1980—2010 EEMIEHMTHHHT
Table 4 Analysis of landscape metrics from 1980 to 2010
SO PRV ROREEHRI AR LERE Sy RE BFREMNE  FRYSE HEHIBAR
Landscape metrics PD LPI CONTAG SPLIT SHDI SHEI LSI
1980 0.05 15.01 39.91 14.37 1.24 0.69 43.27
2010 0.06 56.48 45.79 3.02 1.12 0.62 30.62

2.5 SOUAS R AR AL A K v ek A e

W 7 fis, 5 80 4FARAH HE, 2010 47 3 R AR 35 M e A2 i 02> 9mm 5 109 > It I b R 428 it ok / ), T AR &Y
39971km’, (5 Ak Y 89.32% , i A4 =K SN 5.44mm ;85 T Ik T K R N, AL £4934326.18km?
d I 76.71% , FIAER VI8N 1.590 ha; 104 4T85 V)N, 1AL 2 42015.37km?, 5 4 sk 1)
93.89% , A WL, FEIN K A AR FRA R RE S AR s R T b R R
2.5.1  SOUAE R AR Tk Y L FR A% i w7

55 80 AR L, 2010 4 e A28 Wi/ D I 8 35 1) DX 8 S 2207 1 B iE 16,35 5 F i, TRl 63.74 5 i
B, R 97 .98 101 STl (8 7a 26 5) o 1380 Xl S A0 el /0 5 AR R W MDA OC . 4 63
74 S PRI T AR RN, SO A XA EE TR DO, 7R A B 3 =l 25 A IR B IR MG R AR AR
4 B 35 KA E 619 AL E K A H R AR

2010 4FAY 12 ATt AT (B 7a) . 40 113 S P3O Tl 2255 0, s R AR 3 i B 2. 3%,
HRHAFRIC T R, 0 1L HE L MR MG B S B R AL, BARTL AR P2
M TAEI RS S A I B AN 2 Aty 205 s ) R A B DR T 4 7 o R ATD SRR, i LT 8 8 L
37T s, M LA SR BOKAR S 7K i fhn = E DR R AR A
2.5.2 FOULAS AR Ak = 2K i fi

55 1980 4FAH L, 2010 4F 77 /K b fin e 3 X0 32 B4 TR 9T IX B 37 2.3.6.10, 13 5F i, HiiF 66
107,108 5 F A T i 106,109 111 113—115 S F s (K 7b 3R 5) o 77Kk /D DXl 32 A T Rl L 3ife
1161719 SEF ik, hiEny 48 .51 .58 55 F-iidl, FU#% 101,104 105,116 5k, 7E/=/K &8
B, i 1—9 &5 il R AR A (8] Ta b)) |, 36 2L X228 ToK R RRR JIRE B 4 v, 3R AR
T B KA A 78 K S AR . 2B K S 1T i s e Bl T IR S T
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BN 16 17 .29 545 7 i delith K 20 iy (18] 7a b)) 302 i TG IR B AR B o DL sty 32 R T 5
AR AR AT T AR TT i, MU ARAR AT Ay 7 /K A S B2 R A3, SR v it 5 4 T AR A B IR B 1 A A2

iR A/ mm

Bl -76—20
[ -20—>5
[]-5—0
i 0—s
14

FEk AL/ mm FEVDEAEAL/ (t/hm?)

Il -48—20 Bl -10—5
1 -20—s B -5—2
50 -2
e 0—15 o1
B 553 2
0 50 100km
S EN—

7 BRI 1980—2010 FEHMRZGR (a) FKE (D) TP E (¢) BUMEESH
Fig.7 Spatial distribution of average yearly surface runoff (a), water yield (b) and sediment yield (c) from 1980 to 2010

2.5.3  FOULKE SR AR Ak = v

55 80 4EACAH L, 2010 4FEFAS S5 T, 7 VD0 AH T ik 25 79 DX 3l 32 057 T 9T Bl 9 A9 21,23 130,35
SR, thiiE 63 S IR FUEAY 105 111 SR (K Te K S) , SRR X KK RS BT
i, BRI B RRREAS, 1N 63 5 3tdsl, A TrRIEE AR, = v & 5 R AR B b, X 5
R4 BT R g 5 FRTE 35 RN BE S G R AR AT
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S5+ TR UL SR AR S A2 A K b o A 5 ) 11

R5 WRBER. FAEFDELNEESH

Table 5 Spatial distribution of surface runoff, water yield and sediment yield changes

Fird PRI (X )
Subbasin Location
i%ii?imff W I 16.35.63.74 .97 .98 101,105 .112.116 z%’ég?ﬁ;jﬁ(%ﬁﬂﬂﬁg‘%{%%‘%E‘E
B0 o . 2 79,113 RPER F%
FEK Ul I b 35.63.75.116 TR R PRE e AR R 5K
Water yield T 2.3.6, 10, 13, 66, 79, 106—109, 111, Jh'l’..*‘iflﬁ\ﬁﬁ‘ﬁﬂﬁ‘flﬁ\§f’é:7?§{%ﬁixiﬂfli\ﬁ
113—115 W ATV F S T S A
Rl VS AT 21.23.30.35.63.,105 111 [ R R Ok S T
Sediment yield N 20.32.40.75 .85 ESSENGEE TN AN

FEUDHE AT FIAY 12 A, Bl 2 A7 T8 34 20,32 40 5T, Hrii 75 .85 5 i (A Te,
#5), 2010 4F,20,32 40 5 sl bi s D gl A e 5 575 .85 5 I s ek A Bl A oMb b L A
My EH I YD Al T HEE VD R K 30 5 U,

2.6 S RN K VD A R ) R )

ORI 5K VD i BRAH DGR D3R 6, il 5 b ZRAR I ™ 7K BRI Vb o 22 SR DG G 2R, 156 I A Yl s b
TR FRSE X A28 3 R V0 0 EL A R AR T 302 B T AR B 1 38 5 28 R BERR, W] LA S0 ] 4 b 3%
RS Bt H A3 S K R AR I s D I D A e A S A R RS Pk R R IR G, 50
SRR SE , 2% B M AR A 3 2 AR 2 I kA v S T K B T A A R N 40% A IR
IR 3 4%, S INAE TR A B e SRR T K, TIN50 5 55 A AR R A7 AE T R 3R 2 48
i XA AR =V BT o AR S b R AR Vb R R A 5C , TR M) - 3RS R Bl 1
I BEAR TR T B EUR | A KR A R KRR (o b A2 T3 o 5 0 b o P 6 AN, K R
RADAAXNTZE ) o BB IS AR b5 7= VDA D355 , W] -5 7 3 THFR/ING O

®o6 FARBIURBEBREUS=RmDTAEECE

Table 6 The correlation coefficients among landscape metrics and water and sediment yield

HFAR

Surface runoff

JoK AR
Water yield

P

Sediment yield

FOMAAY L Forest -0.640 " -0.505 ** -0.738*"
Landscape type Ll Grassland 0.320 0.633** -0.452**
K3, Water 0.023 0.078 0.036
#HESE ML Construction land 0.029 0.119 0.203 *
FKH M Unused land 0.001 -0.005 0.184"
b I HL Agriculture land 0.382" -0.053 0.586
FULKF BELRSE FE PD 0.184 0.323** 0.425*"
Landscape level SOIBARFE 2L LSI 0.213* 0.280** 0.401 **
B RPEYLHE %L LP1 -0.594* -0.627* -0.634""
FRZAEFE bR SHDI 0.15 0.557** 0.533**
A 5] BEFR AL SHET 0.537* 0.524** 0.488 "
4y B3 SPLIT 0.414** 0.327** 0.422%*
LIEFEFREL CONTAG -0.276** -0.355"" -0.254**

 x FRMRBEAKFEN 0.01 BURKEN) , = FARHISR B KN 0.05 (BUR AN

WRARWL K S E S AR IR L AT SIBE S B B B IG5 R e B R R B4R
S UG ; SRR A B AN R SRV EAE RS K R IEAR G (R 6) o RIAR I E MG )5, SR
R 330 B2 3G I O S U bR b T, S SO0 SR /K A B E ) S5 7 DR TR BE T 30 i, M RAR TR 7™
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12 A E = 37 %
TKFIFEVR A
3 it

(1) 5 80 AFARAH L, 2010 4F ESIAT AL ARl | E S Tt 1, At FH 3t 2 Ty ) 5 It B B 2 2 28 A AN
SR P BE S G R AE SRR ] . R AR AR SR OIS RO AR | 2 A P R ik
A SRS Y e R ) AR

(2) ANFIZIAR S5 T, BRI IEOK Vb 22 5 W 25 0 5 1980 AFAH HL, 2010 47 Jig S 4F 3% 22 42 il ok 2>
Omm , =R EIG NN 5. 44mm , PPN 1.590 ha, AFF ARG A X305 2 1) 89.32% , B T 1
Ui BV DR FEL g , eP i ) RO B RURPE T XU DX, TR e B G 5 AT O = AU D i AR £ 7
KR HE AN DX G 4 76.71% , A TR LU A IE W A RS R AR, v i A AR P T B DRI 5
W, FURBOIE VY e AT e R AR b DX A Y 93.89% , 5 T b I v TR L | R i
ARIER 5T ATV

(3) HFARG 7K D SR AR S SO O 7oK 0 S R AR ) S O O O s AR AR T T
A I S IE ARG s MR AR 7K U SRR Z8 R B BRI A1 B ARG, R
RBESRAR B SR O 77K Vb 5 SEOBE B T B R SRR B IE ARG

(4) BUHXID TG BT AR TR LUK | AR B4R A ™ Y0 i 8 0/ TR 55 P 00 W A 7k S5
U E X W/, EERER I AR 7/ 1 vha, KT 10 vha RYXBE WA, 7700 IR IXAT)
s FE IR B AR 5 AR R 5, B i AL O 15 A R T BESBOR Hly S AR BRI AR, ) VAl S i
BRI B SR A B T A A T B 3 D8 v i A SR S R AR | ) ) S ) SR AR A
P RS RUUEAR

22 3L K ( References)

[ 1] FEiF, B, M, BRI, BEaERR. 3t o b 6 AR DR AR JRy X Ui T 432 ol 7 v 3 72 114 532 o
(19) : 5739-5748.

[ 2] skRM, 20, PN, SKOT I, RELDS, XUBL, SK3E, FER, RMEAR. ACKMWIRT IR i HEHE ) DSOS JR 55 0 K B S P A 385
Rl 2010, 31(8) : 1775-1783.

[3] R L HFI -5 5005 8 SR (e, BHE I IROT 2 5257, 2003, 13(12) ; 143-145.

[ 4] AMREETT, BRX4AE, BREZ, XIAMFUK. TR AR R 28 AL AR AR RS2 0 ) SWAT AU AT, A= 25244k, 2014, 34(7) : 1772-1780.

[5] CaiT,LiQF, YuMX, LuG B, Cheng L. P, Wei X. Investigation into the impacts of land-use change on sediment yield characteristics in the
upper Huaihe River Basin, China. Physics and Chemistry of the Earth, Parts A/B/C, 2012, 53-54. 1-9.

BERIERK . A= 352440, 2011, 31

[ 6] Dixon B, Earls J. Effects of urbanization on streamflow using SWAT with real and simulated meteorological data. Applied Geography, 2012, 35(1/
2) . 174-190.

[7] &R, HHER, M3k, DA =0 X AR IS0 J5 X2 e Y i i, A28 24 3, 2013, 33(23) : 7487-7495.

[ 8] HPZEgE, jkASR, TR, Peter S, Wk, N SWAT AU 5 ) nl 17 358 A AN AR AR XHAR S s . AR 224, 2014, 34(6) .
1559-1567.

(9] 2=, JAAM. RS R 548K SR AHT. HBEEIR, 2014, 69(7) @ 933-944.

[10]  BPRAl, FRIRTE. R AR LRI Sk SR X B A A TR . AKRRE R, 2015, 26(4) : 491-499.

[11] ZEA7% FKA. 2000 EAL T A R IR, FREERE0FT, 2001, 14(2): 1-3.

[12]  hliR, FEE, E0, 520, FOAEE. 2002 440 aUR R VDA B i BRALRr R AR 4R IR A3 7. RlA7idi i, 2004, 49(4) @ 340-346.
[13] ERTREA, £5%, FHIL, BTk, 28R E R TR ERPE. WG IEERTT, 2012, 35(5) : 40-41.

[14] EZELR. s ER I TR ML (2001-2010) [2015-11-08]. http://wenku. baidu. com/view/09dc470216fc¢700abh68fce2. html? from

=search
(157 T3, W& HOK e s s e A o2 [ D] dbat . WA, 2002.
[16] RFIF, ZRwefe, B, TALM. SARE A ISIE o Eeml i miie i AR L i 2 g AT, SR WEIRA3R, 2015, 30(4) : 664-672.
[17] ®EAR, B2, 0, 3KAF, BRIAR, EAER, Sood A. RSk LA/ BERAE A0 B CO, ¥R BE T i Xof BRI Y A2 It i s il K k2

http ; //www.ecologica.cn



7 39

ERE A RIS VRS SR AR S Kb 1 A S R 13

[18]
[19]
[20]
[21]
[22]
[23]

[24]
[25]

[26]
[27]

[28]

[29]

[30
[31
[32
[33
[34
[35
[36
[37

T S |

(38
[39
[40
[41

HEJE, 2014, 25(1) : 10-20.

LBESE, BT, R, AR, RS SR A R B A K SO . R BLEERE 2014, 25(1) @ 21-27.

ER, A, KL, R, UE  EA AUBAY A5 B AR AE 0T H AR, 2011, 39(28) ¢ 17254-17257.

WRE W, RN, (A BUR28) B AR e . ARSI, 2007, 22(6) : 994-1003.

B, P, BT ] ARSI AL B T YRS R A R AR AR AT, KR4, 2011, 42(9) : 1051-1057.

ZEil. T SWAT R Y AR ALl Al A R IR TS QBT FE [ D], K MR, 2011

Nossent J, Bauwens W. Multi-variable sensitivity and identifiability analysis for a complex environmental model in view of integrated water quantity
and water quality modeling Water Science and Technology, 2012, 65 (3): 539-549.

Abbaspour K C. SWAT-CUP2 . SWAT calibration and uncertainty programs, Version 2. SWAT, 2009.

Moriasi D N, Armold J G, Van L M W, Bingner R L., Harmel R D, Veith T L. Model evaluation guidelines for systematic quantification of accuracy
in watershed simulations. Transactions of the ASABE, 2007, 50(3) : 885-900.

WiEE. RBITRKARA TRBGE 5 BT 4. KRR TREBET, 1996, 15(4) : 29-32.

Benaman J, Shoemaker C A. An analysis of high-flow sediment event data for evaluating model performance. Hydrological Processes, 2005, 19
(3): 605-620.

Xu Z X, Pang J P, Liu C M, Li J Y. Assessment of runoff and sediment yield in the Miyun Reservoir catchment by using SWAT model.
Hydrological Processes, 2009, 23(25) : 3619-3630.

Rostamian R, Jaleh A, Afyuni M, Mousavi S F, Heidarpour M, Jalalian A, Abbaspour K C. Application of a SWAT model for estimating runoff
and sediment in two mountainous basins in central Iran. Hydrological Sciences Journal, 2008, 53(5) : 977-988.

Epas, HIOTWL, Feotu. b L IR K 2 Sp A RFIE S AT, sK AT SOKFIRHE, 2010, 8(3) : 83-87.

58, msE, XIEA, K, 2RI, SR AR B3R N 5 BOR AR BB 087, 7K 3C, 2014, 34(3) : 70-79.
TABA. P E i DK R S TS B IR A B KR K R, 1997, 17(3) ; 50-51.

W, PR, T, EE ORI TR SRR, L2 PF 5%, 2006(30) : 39-44.

Tl ARAERK R BUIR M Ba . WALKA, 2013(8) « 27-27.

THE, #F0E, ok, BENR, AR F7 5 ER XA 1 TR R H §al S 8ok. KR, 2012(6) : 24-26.
R, 2R RO R A R SRS 2. 1 R4k, 2012(7) « 43-43.

BB, BILAE, BURE. SRR B RBC A S5 BT TR SR 5 IR BE—— 048 AF B U WU IR0A B TR R T A . Al 2235
2013(1) : 85-86, 106-106.

Miedr, B0, AR, IO TR LK 2RISR RS RGR B IE. PIEJKF], 2010(14) ; 36-37.

AEAL, 230, R RT K G B AR IR A R I RON. F AR BEIR AL, 2001, 16(5) ; 481-487.

s, ROT, SRR, L R A ORI, K LR, 2005, 19(6) : 23-25, 109-109.

Moussa R, Voltz M, Andrieux P. Effects of the spatial organization of agricultural management on the hydrological behaviour of a farmed catchment

during flood events. Hydrological Processes, 2002, 16(2) ;: 393-412.

http ; //www.ecologica.cn



