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Improvement of ecosystem service function in watershed by ecological restoration

measures: A case study in Chaohe River Basin

WU Yifan', ZHANG Xuan'* ", LI Chong', HAO Fanghua', YIN Guodong'

1 Beijing Key Laboratory of Urban Hydrological Cycle and Sponge City Technology, College of Water Sciences, Beijing Normal University, Beijing
100875, China

2 Green Development Institute, Beijing Normal University, Beijing 100875, China

Abstract: The ecological environment restoration projects have played vital roles in protecting the watershed’s environment
and improving the ecosystem services. The Chaohe River Basin, located at the upstream of the Miyun Reservoir, was
selected as the study area. According to the “13th Five-Year” Ecological Environmental Protection Plan for Chaohe River
Basin, four scenarios were setup, including the fertilizer reduction, establishment of riparian buffer zone, Grain for Green
Program, and integrated treatment method. The InVEST model was used to quantify the changes on ecosystem services and
the direct and alternative market approaches were applied to estimate ecosystem services values under these four scenarios.
The results have shown that D All four scenarios have presented positive effects on the ecosystem services enhancement. (2)
Reduction of fertilizers and pesticides will reduce the phosphorous (13.14%) and nitrogen pollution ( 10.94%) not
obviously. 3 The integrated treatment would increase the water yield, water purification ( TP/TN reduction) and soil
conservation services for 40.18%, 53.89%, 42.32%, and 63.76%, respectively. Accordingly, the integrated practices

would also increase the ecosystem services value for 77.26 million yuan. This study has tried to introduce a practical
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approach for policy makers and stakeholders to evaluate the income of restoration practices and to find the best restoration

practices for improving the ecosystem services function.

Key Words: Chaohe River; InVEST model ; ecosystem service; land use
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Fig.1 Location of the Chaohe River Basin
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TSR | IR RUK B L RE ) 5 S R G R 55 D RE BT B m = T

2 HESHE

2.1 BHRARIE S Ab B

AT A R B M3 ZS [0 500 2 0 (Chttp ./ www.gscloud.en/ ) ) DEM %4 , 439858 90 m, A H
Bk B BRI RE 2 F & (http ://www.resde. en/Default. aspx ) , ¥E££ 2005 F1 2015 4] = b A1) FH 4% =
B LR A E LR (hitp :// www.soil.esdb.en/) | - SEENJZATH] 1:100 75 Kot . R IOIESE
X K8 6 ARG EEVE I8 (] 1), L5 EdE o B R4 80805 Rk 55 M (http . //data.cma.cn/) T
AL PR 5 5 D (hitps : // power.larc.nasa.gov/ ) AREX, B X & ] vty A6 11 7K B sl 7 Sy T 1R 95 A 56
i 5 BEBCEE (TN , S8 (TP) A fe /R i5 3k, HrhIkg) InVEST SR A YW e S Bt s 2%
InVEST #8340 AT SR SCSCIRARAS  BARTE L ank 1 s .

&1 InVEST BERHSHEMR
Table 1 Biophysical attribute table for InVEST model

" - NP H AR
e " , T . P i N
AHRN wwmwmmy LRI i Nitrogen &
. . Factor of soil . Phosphorus
Evapotranspiration Vegetation Nitrogen load/ Phosphorus
.. and water oy load/ . .
coefficient coverage factor ] i (kg hm™ a™) ke hm-2 a1 interception
conservation (kghm™ a™") efficiency/ %
7K H Paddy field 0.8 0.25 0.35 11.3 2.06 0.4
S Dry land 0.2 0.5 0.4 23.7 3.1 0.25
Mt Forest 1 0.003 0.2 1.8 0.011 0.75
K Shrub 0.398 0.01 0.2 4.85 0.43 0.65
BiMkHb Sparse forest 1 0.003 0.2 1.8 0.011 0.75
HAb#KHL Other forest 1 0.2 0.2 4 0.005 0.6
o
P 0.85 0.01 0.2 6.26 0.68 0.48
High density grassland
SR
H %Eﬁﬂﬁ . 0.65 0.008 0.2 5.56 0.51 0.38
Medium density grassland
ke ?ﬂﬁ 0.65 0.02 0.25 3.89 0.32 0.25
Low density grassland
A% Channel 1 0.001 0.001 0.001 0.001 0.05
JKJE Reservoir 1 0.001 0.001 0.001 0.001 0.05
WEH Shallows 0.7 0.001 0.001 0.001 0.001 0.05
IR4E Urban area 0.3 0.001 0.001 5.51 0.25 0.01
£ Rural area 0.4 0.001 0.001 17.35 0.97 0.01
% Construction area 0.3 0.001 0.001 1.8 0.13 0.01
Vo Hi Sandy land 0.5 0.25 0.01 0.001 0.001 0.05
A Bare area 0.3 0.25 0.01 0.001 0.001 0.05

2.2 R R KA
2.2.1 InVEST #&5Y J5 3

InVEST A5 7 (1) 7K Y5 308 37 A5 B e — o 35 7K P A 2 (%) Ak 38 12, Ao B B9 I3 /K a0 2 S P 28 1LY
KB AK IR R R i O SEPRZE U AR G ZHANG %5 3L F Budyko 7K HHE & M5 048 H A B vk A8

o B R

Y, =(1-

x

AET

xj -P
2 ) x

(1)
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PE; LS, IER T ¢, MHBEEE N T P, oA HIRAARE I
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LW SRR ), HERIBUK R BRI 43 27 ST, InVEST A4BL85 R GE 16 LA 43 4 27 i 38
N BITHAT,
2.2.3 BEIRIAECI
AT R AR 5 A S R GRS UIRe S R m D11 AR 2005 = 2015 4F 4 b AR fL 4307 & B, BiF 5%
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Fig.2 Land use area of Chaohe River Basin in 2005 and 2015
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Fz2 2005 FEdb Ok Rk K REHRER AT
Table 2 Calibration and validation of the InVEST model

i N i i i P i ERN
fi 1) Nitrogen Export/t Phosphorus Export/t Runoff depth/mm
Year 3 N N e Ly ) > e Ly N N
S WL R L1 PRI RE B PR R
BSHIE Calibration 2005 413.02 392.19 4.92% 29.62 27.26 8.66% 11.7 12.5 6.40%

2.3 DURRAE B R S

FRIGILET T 2016 4F 12 H ENE AGCALE T« + = 10 B PR AR 0 Fn A= 25 s B R ) 56 DU B 28 4, 7R fil
72017 4F 7 H ER & B CORFE T SR AR Y+ = R0 38 0 ) 25 = 3228 7, AL SCIX 2017 4 4 HEIR Y
QO SLPR < A = 0 BB AR 5 AR A R ) DA B A XL A < = 07 AR A IR B R, B BBCH: oA G4 T )
TR S R G RE RO RN , 22T 2015 AFRAT U i) b o A FH IR | 508 DURD DT R 0 2k 518 52 T BUIE
(32 3) OB 25 ; QT 17 22 ity s QIR FFE MG UL I = AL FEfE ML 1EE .

x3 MOMESEEER

Table 3 Four ecological restoration scenarios setup

BB IR 1)
Ecological restoration scenarios Ecological restoration measures
5 DRI BFF 25 X [ [ S0 1) SCTRE22) g InVEST B g Al A (/K 52 ) B AR 439 NP 72
TR RE A 28 1t TFFAAR 20% , Horfr TN 435 1 2015 4ESZBR Y 11.3 kg hm™ a™' 1 23.7 kg hm™ a™' FEIK E 9.04 kg
Fertilizer reduction hm™2 a™'F1 18.96 kg hm™2 a™' | TP {1 2.06 kg hm™2 a "1 3.1 kg hm™2 a™' &K 2 1.65 kg hm™ a™' il
2.48 kg hm™2 a”!
P 2 F A A A T 5 2 i 1 BT S LI T e XS e 1 2 R R A v R ]

PR R IXTE RN Them , K522 n DS BB P A AR PP 3B R0 R T R ) e e T M 2 AR A
AFRIEEAN A A T A0 R AR T R i I

Riparian buffer zone

R8TV N FR A5 X EL R =07 B0, W v e 37 3 4 S 0 B KT 25 B B9 R b D S Al v b A 3
Grain for Green Programme 8x 10* hm > H Hg c i REL A 2 0 T R A0 0 9 B PO E AR 24T R B A s S
ghaBE

VL E =L IE £

Integrated treatment

2.4 EBIRS DIREMZ A bR
2.4.1 Kk

B KK T 5 3% b AR R U85 Y (R 52 ], 2225 VT 958 AR b2 B R FH At 2 Ak BB 1 2l 1)
FRTE TR KRG EISIA T A TN TP 5 e A A 7 552 R 4.8%10°76/1,3.18%10° J0/t
2.4.2 JKIRIEFE

FEIRT I, A 25 R G /K IR AR D) B 2 B AR AR R M AR B AR S R G AR I, X A 5 IR AR
Yk, AES K 2 S TR AR 9 DX K T 00 75 o ) 7 5 AR BB AR 28 R G0 I SR /K R A R (7 Fh TR A K IR
T B R RUBE AN R S8 4 SRy SR i 20, BT LA AR I 28 BOAh B SE PR AR i, TR 7 A A AR TR IR T
WA N 2 K R WK X (AL 5T ) B R KA

E, =wyield - a - P, (5)

K E, /KSR SNME () s P oA s i R RAIK A% (J0/m*) s a SRR R AL wyield S2AE R 1 48
AT K (m)
243 HIELRAFF

TR A TGS FEORIR T LA S R G0 T i % = KR Z RV IR BUE R m - G4
K, A R+ R R TR VDA 24% IR FLT R UiE K, B FEOKEE K BE T FRER EZF A | [ 1

http ; //www.ecologica.cn



15 1 R A RSB R A XTI AR A R GUIR 55 D RE A9 5 Th—— LA TR s A 451 5173

—ERRRE R T TR R R p AR )

};1_:24%-11{_-i (6)
P
AP B IR AR (T0) sA R B (0 PORKIEER TR (Jo/m?) 5p o LIERE

(m’),
2.4.4 ERWRSMEZEA X SE

TR 2 H T R 1.48 o/em’  TRIBANARTE R AT O 0116 ARIE IR RIAR %) -2 K 3
FERTEM T B R 25 B K B T RE SR O 1.22 Jt/m?, $ WM A0 35 K3 ol 2015 AR B9 M k& 200 1.64
I6/m’* 5 AU R BT A1 Y (A T R A B T 2 28 ) 4% 585 — B BB A 5, ¥l s Sl iy K IR R AN (B 2.07
JG/m’® AL S B A Al 2295 J0/hm? P IR HRE R A R B LG T A POARME S M HESE Tl 3795

T/ b’

3 HBREHS

3.1 PP S R F AR RS

3 R T VR AR 258 S A A AL S 2 | T IR e b A P 2 B 23 ] A0 A, % 4 A T 4%
FIFHZS BT AR K 5 L AR A 0 . G rb | AR AT Dt 14 15 55 2 o it FH R RS 1 5 2R A 1 0, TS o728 A 1
oA ST, M 3 R RS T LUE s e A 06 R (4355 3 B K 22 20 A 78 e 30 30 Tl 11
WA 0 1) N 23T sl X T e ek 1) 7K 5 T i A7 e KU PRI, A8 T o % vt g (ol VR YT 19 7K R T A 0 2
75.00% S Huis /b 33.97% IRAE IS0 64.28% AT fE R AL 30.43% ,7E ARAEB R G S5 AN LA G
W AT T XIS A A v A S T A B 3T S Y S 2 e R K R B R ATRTEE Y aE R
PRI S it , W7 T B3 A M b 2 SRR sl T T 38k 63.45% 1) A= ik S5 b Py ] s BB A1 17 4l A
FEPEA R TP TN X625 25 7K P L iR /K R 7K R i

AL 35k R

AR

0 s R B CRAY R R 0 kH LR s R
0 R e e i W EUTH T Vi [ v

b ) Rt [ RUES Wl Gtk

St b Bl Ak . A T Boa A

B3 DMEREETHLBFATL

Fig.3 Land-use maps of the Chaohe River Basin under four scenarios
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Kl 4 i, b AR i1 S th PR B = R FH AR Ak, SOK IR A 7R DA R -8 R B A el Aol B =
TG A R TP TN S RIS Yy R E R R 22— W SHR & LR E , AL FH A (9820 X TP Al TN
HE A 0 110 5 Ay D s 5 TP AR, 20 0K 13.14% . 10.94% , H I 7T I Bf it S5 e ik 000 45 i, A B B S 1
Uk TP TN HER, PRI I V5 e 45 i T B2 2 A T- B Rl sl ) o Tl 2 28 oty ) 8 8 15 3R B PP 7K U
S AT TSGR AR 24, (L AE TP TN () 3CHE L K 4= 8 AR5 T 73R B AR LT 2 2% ol $2 35 T 42.58%,
31.73%Vh J2 29.43% , IRFFEMOKH IR P ON Ko 4 S84 A i ) 4 25 BB M 46 o 48K B B D0 8 v O TRE R, D
T Y BRI A A7 T K e 3 B G ORI G ol v YRS e AR 2 B A A R T KR
HIRP TAER, SR L, PR SO s i AR S R B Z A — e e ER A A B RN =T, R
BRGNS DIRe #4528 T A8 T, HrhKiR SR 42 T 40.18% , TP /TN MHER S 3198 /0 T 53.89% Fil
42.32% , [Fli} B HEG I EERER T 63.76%

R4 OMESRTEEZLTUME IR AL

Table 4 Land use Land cover change under four scenarios

AN T 25 Wy IBHHEAR gaBsE
Fertilizer reduction Riparian buffer zone Grain for Green Programme Integrated treatment
n) n} n) n
(x ;ﬁ(;j’}‘:nz ) & /% (x fj’}‘;z y i /% (x ;ﬁ(;j’ h:nz ) /% (x ﬁj’l‘:‘]z ) 5 /%
7K H Paddy field 20 0.31 5 0.08 21 0.32 5 0.08
54 Dry land 1245 19.09 822 12.60 455 6.82 370 5.52
TEAM Shrub 1109 17.00 1109 17.00 1857 28.47 1818 27.87
Eﬁiﬁiﬁmmd 1461 22.40 1924 28.81 1463 22.43 1632 25.02
WL Urban area 14 0.21 5 0.08 14 0.21 5 0.08
PFSJE R AL Rural area 46 0.71 32 0.49 46 0.71 30 0.46
HAb B H Construction 12 0.18 10 0.15 12 0.18 8 0.12
WA VD HL Bare area 10 0.12 10 0.12 0 0 0 0
*x5 MHESTESESREINENTL
Table 5 Changes of ecological service functions under four scenarios
(0.1 billion m?) Total phosphorus/t Total nitrogen/t Soil export/t

2015 S2PR Actual state in 2015 6.57 30.88 428.67 113362.63
ALALY I Fertilizer reduction 6.57 26.82 381.88 113362.63
Al 2% 0Plf7 Riparian buffer zone 7.04 26.70 378.18 79289.63
BHFEM Grain for Green Programme 7.94 15.33 258.17 55953.88
Li45 184 Integrated treatment 9.21 14.24 247.27 41088.16

MEE A KT AERPREMRRER BB S A 5T, T AR A 52 M e b 8 I W B RE 1 B A E AR
PIEALFR LA B P b 04 TP TN i H R 1S I8 e iy KU 45 20 1 I S (i, 7R 5 119 32 28R i IR K
AR FEHU MR MR AR A, He B KOR B LR R MRS DR 3R DRI 9 XK U508 5 43 A 8] ok
&, VU 5 i K DR 77 BE 7 R AT Y 1 1) 2R AL s, 3k 15 95 X K 23 1) A e e ) R s 9
AEA—2, TR IR IR B9 0 AR R TR R S bl GRAHEAR LR B =R S5 T, il 5 i &
UK PRIFRE B LTS O BT ) S i o O 5T X S RDIR B 2 K PR SR TR o
AR P P 0 PR 0 P O v P bR, Rt B 1 Sk Y SR T T RO R R R A fE T 1)
I ARSI AR, DR SR B2 v b b 2 A X3 PN B S Aok, DR XIS - SRR ), 45— A9 K LR R fiE
J3U Y 2 s £ R AN T b SR B LA B B S b RS A S TET ) i R £ 4 0
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Fig.4 Distribution of ecosystem services under ecological restoration scenarios in 2015( The water yield and soil export for scenario of fertilizer

reduction has not been listed due to none changed land use and land cover)
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®6 MMBRTEESRERSNMER 2015 FEMERNMERE

Table 6 The value of ecosystem services under four scenarios increased compared with 2015

- K Bk .
KRG U bk RSH SRk GRS ek
Water conservation ( %10 47%.) Soil export/  Eco-value/ Cost/ Net-value/ Revenue
(x10*70) (x10*7T) (x10*7T) (x10*7T) (x10*70) time/a
TN TP

ﬂﬁﬂE/}ﬁiE . 0.00 224.56 128.98 0 353.56 0 353.56 1
Fertilizer reduction
AT 1 2
(j}i ﬁﬂ#ﬂ? 3268.03 242.33 133.02 0.91 3644.30 12848 -9203.7 3
Riparian buffer zone
PIEE UV
Grain for Green 3275.24 818.44 494.39 1.52 4589.57 30360 -25770.43 6
Programme
ZaBR

6324.76 870.71 529.25 1.92 7726.64 43208 —-35481.36 5

Integrated treatment

DO SCERTE — & AR EHEIN T Bk A= A MRS58, B 2015 AR A S BRA O , AN D (5 A5 e 3 /K
A5 RGN 3.54x 10°TCAE AR 55 8 5 10 152 8 ity 1 A U3 A8 T SR 30 /K ISR 5 1 1) (RIS, T — o R
R T K BTG RE SR AR T BN T 3.64% 107 TCINAE ZS IR 55 A 5 IR HEE AT Bk s T sy +
HUFFHZER B8N T 4.59% 107 JCIKAE 2SR 55 A8 5 76 = Fhvis 2 T BE R T R ZE B RIVE R, 30T 30 3 1) A 25
RGMRS BN L 2015 4ESEBRIG N 7.73%107 7T, HARARE I 7= A 1 A6 A5 R 55 (BB A%, 1R PR 380 F TR
BB SAS T AT LARAS IS 25 e P 5 A LG T AR MR i | IR B AR AT 2 28 wply 9 15 T 359 00 e TR iy TR
TR A R B gt i it B, BRARR A MAE e LR AR R A A S R GRS A, {F R T8 kA P iy b
s DA R A 0 R, LA (L S 1 7 e A BT R SR vty B A, E TR SR 1 A S IR S5 (B R AS g S 20 7
i TRERUAS , A B TR X ST A A R G IR 55 M (5 B 28 1 — AN ) SR A A R S AN (L T i

P T AL AR S A A8 02 ISR T X B St ) b X AT 7 A BRI A 2S48 AR 1 i 14 S it 1 AR AN ]
Hi X AR B E T % . BN, 1R SN TE L A X, B3 B Bl Ak AR A 24 0 B AN B — E R ik
621 b 1 AR 2SR BT AR BE VSRR ORI T A W B ) 5 T E A FH U /D A S PR B B A (1 i 1K 3T 2 % ey 1 152
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3.4 AfEYEST

S A 25 R GRS DI RE AV (ELA BAE R PR AN B S I R A IR 2, AL 4E InVEST RERIZE 01515 25 DL K
InVEST B8 AR 115 22, AnARE S4B K o3 Al AR ZE B0 3 A S5 SR AU 2 AR IDW (B4 5, T AN fg
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