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Soil conservation and water purification services and their trade-offs and

synergies in Luanhe River Basin

LIU Canjun,MEN Baohui” ,SHEN Yaoduo, PANG Jinfeng
College of Water Resources and Hydropower Engineering, North China Electric Power University , Beijing 102206, China

Abstract; The Luan River Basin is an essentially ecological barrier and water conservation area in the Beijing-Tianjin-Hebei
region. Notwithstanding, there are still problems concerning soil erosion and substandard river water quality in the basin. On
the basis of the measured data, the parameters of the InVEST model were calibrated to quantitatively evaluate the soil
conservation and water purification services and their temporal and spatial variation characteristics in each ecological region
of the Luan River Basin in 2005, 2010 and 2015, respectively. Correlation analysis and Moran’ I index were employed to
examine the mechanism of action and relationship of trade-offs and synergies between the two services. Meanwhile, we
discussed how the two services would be affected by changes in land use and climate. The results demonstrated that the
annually average soil conservation intensity of the Luanhe River Basin in 2005, 2010 and 2015 was 136.45 t/hm’,
displaying the characteristics of first strengthening and then decreasing slightly. Notably, the spatial distribution pattern
showed an increase from northwest to southeast. The averagely annual output of total nitrogen (TN) and total phosphorus

(TP) in the basin was 1526.73 t and 82.89 t, respectively. The lower and middle portions of the basin produced the
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majority of the output, which grew yearly. Additionally, the overall water purification capacity of the basin was weakened.
There was a significant connection between the concentration of TN and TP in the water body in the basin and the amount of
sediment that entered the river. The relationship between soil conservation and water purification services has changed from
synergy to trade-off as a whole. The spatial difference lies in the fact that woodland and grassland concentrated areas are
overwhelmingly based on synergy, whereas the agricultural and pastoral belt areas are predominately based on trade-off

relationships.

Key Words: soil conservation services; water purification service; Luanhe River Basin; tradeoffs and synergies; land use
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Fig.1 Location and ecological zone in Luanhe river basin
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Table 1 Ecological zone and ecological subregion in Luanhe river basin

HEAIX Ecological areas HEBIIX Ecological subregions
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Typical grassland ecological area in the central and eastern Inner Mongolia Plateau BHARSR IR RE A R IX (A,)
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Yanshan-Taihang Mountains Deciduous Broad-leaved Forest Ecological Zone
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Fig.2 Distribution of soil conservation intensity in Luanhe river basin in 2005, 2010 and 2015
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Fig.3 Relationship between simulated and measured TN and TP load values of sections of Guojiatun and wulongji bridges in 2015
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Hfth =AMEBWIX, KA AT X TN TP 4Ei & i3 2,

&2 2005,2010,2015 FARBAESTEX TN, TP HiH 2
Table 2 Output of TN and TP in the ecological sub-regions of the Luanhe River Basin in 2005, 2010 and 2015

HAST R 2005 4 2010 4 2015 4F
Ecological subregion TN /(t/a) TP/ (t/a) TN/ (t/a) TP /(t/a) TN /(t/a) TP /(t/a)
A, 14.00 0.69 17.25 0.82 18.41 0.87
A, 12.97 0.55 15.73 0.67 17.07 0.74
A, 258.35 13.67 314.03 16.25 337.76 17.55
B, 1166.22 65.60 1188.15 64.54 1220.23 66.73

TP . B Total phosphorus;TN;E'fE\‘ Total nitrogen
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TR 0K R T 0 T K AR G 2015 409 4 P MO (1, 5 WD -0 F o
VO AT S EALRIF 91, ST Pearson FIEAMHT AMHT 5 L% 3,

£ 3 2015 FFAFiRER DN ATE-7/K A Pearson HHX R E

Table 3 Pearson correlation coefficient of Luanhe sub-basins sediment inflow-water quality in 2015

FHFK BB Correlation coefficient TP TN DO BOD; CoD
325 59 Ul A VAT B
T VA T 0.815* 0.804 % —0.802%* 0.426 0.376

The amount of sediment entering the river of sub-basins
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WA TR X AR AN IR R VR RR , ERIa0 i bk 4 0 2 In) S04 Sk 2 5 7K 3 2 T I 70 A b e 42
TR A BEY) TR RS PR T AR B AR X ST Ye Wy T A K AR S | 1 R T AU T R R A 0 1T oK (K
T
2.3.2 AR SOK BT IR S AU 5 PR IR DG R A3

433K NDR AEH A RS 2 1) 2005 4F 2010 4F 2015 AF3id TN (TP 4F- 6 faf it 5 45 i 1 A8, TH A I I
TN TP {458, I 18 1) PR ST 5 kmxS km R 1548 A~ IA% 5T, $2 I A% 570+ HECRFRF 4RI TN
TP ¥R, F T WIS B0 R ] Moran' T F8 500 58 101 A= 25 R S8 IR 55 AU 5 P9 ) 56 2R S L 2 AR AR AR AIE , X)L
AR 14 JR) Moran' T F85U /P25 - L3R 4,

R4 FARETERFE-KRAURSRNEE LS Moran'T 1541

Table 4 Luanhe river basin soil conservation-water quality purification service bivariate global Moran'l index

45 Moran'l 353X 2005 4F 2010 4F 2015 4F
Global Moran'/ index TN TP TN TP TN TP
FIEARFE IR 5 Soil conservation services 0.074 0.093 -0.047 -0.030 -0.113 -0.086

HIZE 4 Al A1, S0 TN A TP i Al 55 5 E ORI 55 1) & RAE DT TSI 1] 4o — 2, 2005 AR A B3R N
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PRFIDCER , T 2010 4F1 2015 AERARR B AU X &, H i1 T Moran' T 88054 T 0, IR 55 52 3L A P
[F] 55 A O AR B AR LAy, it ) AR A 1 76 AR A AR ey BRI 1) B e A, 330U 4 R i Moran' 1 45 55075 21
KU RERN % ( Lisa) RISHLEI AN 6 iz o b IR A ™ A0 v - SR AR 7 0 | e R 455 S5 /K v A i
55 [ S 0 [l 14 SRy S WA R) O A% PR - i BR A M i -(R SRR i) R 7% 38 MG T 4B A R AR 9 114 )3 T A
[P

TNRZ 5 Hr

TPERAIIHT
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1
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Fig.6 Cluster analysis of soil conservation and water purification services in Luanhe River Basin Based on bivariate Moran'l index

FH L 6 AT Jidel - S AR S K B A IR 55 AU 5 D0 ) 6 R AFFE I 25 43 S5, LIRS 28 43 S % T 12 48
PRFF-IK BT AL (TN Fl 8RR K BTk (TP ) 1M 5 HAT AHRUE . 2005 4F W30 IR 45 2R 300 “ AR-AK B ) G &R
F14) DX 3, = B A 7 S Sk 0 5 AR e S VA A A v L DX T R Ry < - P R A DX A A AR R R
TR R AR T S bty | 50 S b DX 114) - b 1) FH 21 75 22 Sy ARl 0t 2 300y < AU 43 ASUASRF 7o DX 3 v 40 A1 E
W ERTIR B AR 2 B R BT B TR % X R A R LAk A 3, A RO A T i
HR T T D DX T < R AR A ) DX R 3 A T s AR R AL B DAV DA R LK, DL R BB SR
RS DIR X, B B ] 3R RS, 3] 2010 AF i rh T8 A < 8550 IR IR] 8 DX sl B 4 ek, 177 3t 3 ¥ L
DX R BRI AR IR R] 5C 32 38 7 e A0 Ay 1o AT BT G R [T, it 1 2 300 A “ AP 8 ™ LA O 2R 119 IX B
Wi ARy ok, B 2015 4, RN m-m " PR DX ek b AL A A A AR R D R IR A A
) RSt — Ak BT, Tk - S AR R K B A R 55 6 I OA R S 2R 1) DRSS R G AR 1A i (43
B 21.7% 26.7% 31.75% ) , 2B A WA 5C F 04 XSk 1w AR OB AR08 0 (43 31008 39.2% 31.5% .26.4% )
2.4 HEERRE 5K TR S5 e R 2 A A
2.4.1 SRR USRI

SNSRI R G RS DIRERF B R ™ O T HR 5T YR i $k A% A fb %o - 9 £ 45 R 55 1) 5
e, ASBHEFE A 2010 4F A M A A T R S HORAE | 5T 2005—2015 4F (93B3 AR L% SDR Ak
AERE K B4 R 15%F1 30% , 78 S VPAG TS 9 I ORFEIR S5 A AR PRI 0 o 45 A2 28 IX - B R e i B S5 %
IR R AR TE AR O OC R, HARSRIN AR B B3 I (ki) 15% , Yt 38 - 3 R4 s B 35 (98070 ) 10.32 ¢
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hm™ a™', H T NDR BEHUBDIZE XA T ok i K 2 () PR TR AN R R 2010 4F 4 HiuR & I
PREFEIRI SRR | DL 2005—2015 4773 AR Ry FEE 43 0 X A2 28 X A B AR K s AT ANk 5 i
#ERIE A S X A B ARRRK R 22 SR B A IR S5 OS2 RS A TN TP SRR AR e ane 5 fr
TN FFEATA AR A TR IR 45 S REXT AR 251X A B AR MK B 25 A0 A A R0 7, W3k TN TP R A i
FERE T BEAEZS DX A K S8 (/0 ) TGS (98055 ) , BEAR 25 DX B /K B3I (0 ) Misiss (358 ) 5 A
XA BRI A X B FEKE/D R, oK Bg b DI RE B s, ARSI A oK b AR A X B
R K S 3G M , I BK T v A ) e P k55

RS5 FAREESK ABEREFHEAFXRE TN TP REFEEELER

Table 5 Adjustment methods of precipitation in ecological area A and B and changes of TN and TP retention

AR A B AERBKEE TR AERFsKEE Annual precipitation

Adjustment methods of annual precipitation A XA A XA A X1 30% A XD 30% A XHEN30% A XA 30%

in ecological area A and B B XN 30% BXEH30%  BRAAE BXAAE B XEA30% B X#EN30%
IS AR I R AR L TN -0.87% 2.67% 2.21% -1.45% 3.15% -3.04%

Changes of TN and TP retenti
nanges of N and AL retention TP -0.81% 2.51% 2.13% -1.38% 2.94% -2.93%
in watershed
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Fig.7 Land use transformation in Luanhe River Basin from 2005 to 2015
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WP < P > 5 > A b > 35 P > R R P 3, 107 TN TP P RE T3 U g < B i > 3t > b i > 8 35 > R
A, 7E LA ST R op B AU et o R i A B 3t — RE R 2 L5 RS 1 Bkt TN TP it
ABE T AR 14 - e RFr BE T B0k | T et R S5 P 3t 8 - e DR 55 TN TP AL BB A P i

x6 AREIHFIAEBY T ERFEEN TN TP RFE

Table 6 Soil conservation intensity and TN, TP retention of different land use types

IR/ (thm™2 ™) TN f$FmE/ (x10% t) TP 45/ (%107 1)
LA Soil conservation intensity TN retention TP retention
Land
ane uses 20054E  20104F  20154E 20054 20104F  20154F  20054E  20104F 2015 4F
BEHb Farmland 80.29 80.09 80.51 22274 21733 216.06 15.73 15.35 14.95
HcHb Woodland 243.45  233.01  233.16 33.14 32.16 32.11 2.00 1.95 2.09
HiHl Grassland 11722 128.89  128.13 65.94 68.93 69.04 373 3.90 4.08
#1% FIHbL Construction land 51.58 84.36 89.46 7.58 15.57 16.41 0.35 0.71 0.76
A HL Unused land 1.13 0.39 0.45 13.83 10.46 10.43 0.25 0.19 0.20
3 WHig54i
3.1 e
a5 B AW AR TS L AR R ST 25 SR T S SRR R I, AS YR 545 21 A9 10T AL 38
2005 4F 2010 4F 2015 4F 3 A REai B A0 A 4 o 5 5K R B X A A SERFoE R Y Hk—3 (HARBIF S A AN )

A2 DX 4 - S LAy 56 B8 R X0 4K 5 A S AL T T Py T it = AT U K T v AR T RE A B A ST, AL
2015 AR AR AR DGR Y HEAT T LU, AT ST T A5 BT U040 TN TP 4 £ 4315 AT 53 0 T 30 480l SR AT
ALL, TT TN i B DR T A T R 7 2R B 22 S R ML IR LA - (1) ASBIRSE S A SRR ST A 23 ) 10 A
JIRANTR] s (2) BERES M i g G it 2R 800 A IE S M55 I 5 A7 AR 25 5% 5 (3) WHFE R A 8l R D5 - st )
P R K BRI S5 AT B AN ] 5 (4) SR A9 23 18] 70 B3R ) A E 58 AT e 25 18] 3 38R (30 mx30 m)

ASBIRFEAE R o A T - S PRy FIK B A 55 ) 5l L 20 Ar 1 P I 55 BRI ] 5 2% it ek
T A 55 2 T AR L MO [ AU 5 AR 7, TRV A 25 0 XN, IR 55 1) 2 [5G AR S B A 3 5 o
Yo AKX B S ISRORRFRK TS5 (19 5 28 ABR R D 3 AEASUB 56 28 TR AR 3, 2% A2 25 X AE 7
1 63 7K T e M PR A 20, DX s A G ot DXAB 7 o R 4, REAS AR ] £ 08 /b = it | i i
FPERE AR R VD FIEE AP A S0 AR T, 30 5 A v P R 10 e 0 3t DX 4 RO B FRECAIF 3t B R B Py 51K 8 2
B K A IR s AR EAR . ARSI A A T A X2 NI S IR BN HLAURRRE , PSR 55 LA IR A] 5
FR L ADCHIARI e B, A AR A BN 0 T S0 25 S A R 12 DX Sl 5 7 i R 004 = A etk e
Fef I BRI R BT T R TR K BRI — e R R T A, XK R AT AR X3k
PHITUIR 55 BOASURE 5C 8 T AR B R ELIBARD 5K, BUATI S, AR S IX B I 55 ok 2R 232 - s A HIZZ AL B 2
TR A A X A PIIUIRSS E R B EZAE N R . & G R MR A S RGNS Bl IR 55 Z A AR B
FHBYEE R AR T 2 1 PP A AS A 25 R G IR 55 S ARSI HIL , A BEdE— AR ST 45 30 iz 55 2 18] B TR )= O
R JEor XA e AL A IR B 55 I REAR TSR

ARIFFERAAFAE— LR E P, i THZ 2005 4FF1 2010 4R EAK BT Je V88, BT AUH 2015 45
S K R JEVE FORM E T RABIA AE SR by F by X S 25 e P IR 35 R SR 55 I RE A IEAG . MIESHK
ey 1 ey 53590 S W T T I 4% 7K 3% B¢ 5 SDR A NDR Z[RIFSC R , 3K AP 06 R B T 3 m 44427
SRR T B 1 A A T R, A5 AR Z IR IE SR AR 25 S P, SR 2015 4F 58 (9 S HUEE U
2005 4FF1 2010 415 00 AT AE 2 S BURAULS /5 SLPRIE L™ A —E iR 2E . I, #E— 2D RN S A K B 5
PEVPGETH R | 1 X A PP AR SE PR BURIE BRSO FIT e A2 25 R GEIR 5 T REEAY , )24 IR B oE TARE S8 %
AT 1) EE 25 1
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32 &g

(1)2005 4 2010 4E 2015 4 EETA] i BAE 1Y + HEAR 3508 B 40 910 121.94 .189.97 97.46 t hm ™ a™'; T34}
5 P8 A B A A 2 R S B P R 0 A s, s TR A R P G (30 X)) 1) AR e (B AE R el 1l kb ) 1
TN Ak 5. it TN TP A& H 40 0 1526.73 v/a 1 82.89 v/a, ki 3% 4F 48 fin B A& Fh e i kel
TER, WA B RE T TR

(2) AR TN TP e B 5 U6 b AT AT g AR DG T AR FUK Bt AL IR 45 S b i B[R] G &
AT G R AR | Hos Ml A AEfE 22 ek, AE S X B 2 2RI H 7 =0 i EZERIP R OC R, AR A
(RO At AT ) 52 BN SR s ) 2RI AU AR |

(3) BRI IK 4 30 2% STk Bk i B AT B8 8 N AR R | A A A b A1) FH AR 252 i i e - SRR 4F
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