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Abstract: Land use change is one of the main drivers to change of biodiversity and ecosystem services. It is
important for decision-making of government to assess impacts of land use change on biodiversity and
ecosystem service. The Qianjiangyuan National Park pilot (QNPP), located at the headwaters of the
Qiangtang River, covers 252 km’, and it is also a National Key Ecological Function Zone. In this study, We
designed four land use change scenarios in 2025 for QNPP, i.e., business as usual, strategic planning,
ecological protection, and development. Furthermore, the change in ecosystem services and its value in
QNPP were evaluated under four scenarios by InVEST (Integrated Valuation of Ecosystem Services and
Trade-offs) model and CLUE-S (Conversions of Land Use and its Effects at Small Regional Extent) model.
The ecosystem services in this assessment include water yield, water conservation, carbon sequestration and
oxygen release, soil conservation, environmental purification, and habitat quality. Our results show that: (1)
the value of ecosystem services in core protected areas and ecological conservation areas accounts for
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88.30% of total value of QNPP; (2) the value of ecosystem services of QNPP in the ecological protection
scenario is the highest (12.917 billion RMB yuan), and ranks the second in the strategic planning scenario
(12.692 billion RMB yuan); and (3) the water yield in the strategic planning scenario is superior to that in the
ecological protection scenario, while other ecosystem services are inferior to that in the ecological protection
scenario. Strategic planning scenario is an optimal land use strategy in 2025 since QNPP play a key role in

providing water resources for the downstream.
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Fig. 1 Land use and land cover of the Qianjiangyuan National Park pilot. (a) 2010; (b) 2015.
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Fig. 2 Land use types of the Qianjiangyuan National Park pilot in 2025. (a) Business as usual; (b)Strategic planning; (c) Ecological

protection; (d) Development.
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Table 1 Land use/land cover of the Qianjiangyuan National Park pilot between 2015 and 2025
b H R FH Y 2015 H R R St 5t R 17 55 AR = TER A I 5
Land use type (ha) Business as usual Strategic planning  Ecological protection Development
& #k Broad-leaved forest 17,1669  17,369.7 17,962.9 19,074.8 17,123.6
#HAK Coniferous forest 4,670.1 4,655.0 4,634.3 4,383.9 4,652.9
EFREVRAZHR Mixed broadleaf-conifer forest 14122 1,409.2 1,286.7 1,248.8 1,404.1
JEAM Shrubbery 957.3 953.3 665.8 124.4 937.6
Fdih Garden 242 23.6 11.1 13.3 18.9
HM\ Grassland 159.9 158.4 154.8 39.7 151.1
JKH Paddy field 388.4 234.9 142.0 13.1 306.2
2 Dry land 98.6 96.9 13.8 3.8 79.9
7Kk Water area 148.0 120.4 148.5 148.0 148.0
A H M Built-up land 57.3 59.3 65.3 36.4 263.5
#Hh Unused land 4.1 6.3 1.8 0.8 1.2
£l Total 25,087 25,087 25,087 25,087 25,087
R2 WISFEMESEESRGERSHYRE
Table 2 The quality of ecosystem services of different functional areas in 2015
O R IX EBHREX IR 7R X G R X
Core protection area Ecological Recreation area  Traditional

conservation area utilization area

fE45 R4S Provisioning services

IKE LS Water yield (x10%m?) 6,721.613
55 Regulating services

7% /KJH Water conservation (x10*m?) 639.814
+3E{R4F Soil conservation (x10t) 546.608

[l i 5 Carbon sequestration (x10*t) 183.773

4 Oxygen release (x10°t) 135.294
R 5% Environment purification

SO, it SO, absorption (t) 996.312

Wi 2EF Clean detaining dust (x10%t) 11.553

Nt & Nitrogen output (t) 11.198

P#ith & Phosphorus output (t) 0.466
SR % Supporting services

A E 19 Habitat quality 0.936

AR B MR Area of the optimal habitat quality (km?) ~ 70.633

19,460.106 682.811 4,457.063
840.122 59.338 136.947
721.516 29.546 96.026
258.128 13.635 34.921
190.033 10.038 25.708
1,504.517 104.472 225.932
22.016 0.738 1.874
31.121 12.083 59.054
1.411 0.418 2.262
0.888 0.855 0.815
89.032 3.845 8.933

3t URIE AR SO BN o [y At
wENFN T AR ARAT R, E SR EE AL
EERY, REEBRERAEKR, ZAERSHEE
WA R RIS, RN RAEHE. ZRTEH
SRR DRI XS 4% JE XK T 38 E AR %
FEVERISELSE 2, A BT RGURS, AR
REMMSGSRYXWESREMSMEERN R —

(MA, 2005; He et al, 2018). [FE 2 [l i5 X Aok 1
Hh ] AT S BRI R, 062505 B8 ) 4 R A AR Ak
YER RGURSS Wsem, A4S RGBT HN
iR FH R SR A 2, DA ) E AU oA Sk - b R AR
X RS RGEIRSS IR (A ANEE, 2014), IXFHT
(0407 Ak 2 T LA A - 2 R A AR A AR 2 R GRS
By R @I, JEHE SRR . WiNelson%5(2009)
Bevh T 35 TR & AH OG5 1 b H R AR A A =,
FIFH InVES T BYASALL IR T 55 B4R 3 0 gl K
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KBRS 40 — ] 227099.44 b
Water yield 7844122 '
32.85%
WiFe K fosess
Water conservation 7%23%61880
e 1711.76
% 1526.69
Soil conservation 917%3%374 55.45%
[E B4 56378.92 S
; 22013.40
Carbon fixation and
o yaan reloase oo 1416742.16
IR AL, 11065.08
Environment @]727479.83
purification |- 6566.40
Bt it %7{303004
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E3 2015F XM RESRGERSNERELLS. @QFESRERSNE OESRERSZNELLH].
Fig. 3 The value and percentage of ecosystem services of different functional areas in 2015. (a) The value of ecosystem services of
different functional areas; (b) The percentage of ecosystem services of different functional areas
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Table 3 The quality of ecosystem services under various land use scenarios

2015 BRSNS RIS ARG TR 55

Business as usual Strategic planning Ecological protection Development

25 AR %5 Provisioning services

KE WAL Water yield (x10°m?) 31,321.593 31,306.852 31,199.755 30,900.282 31,355.505
A5 R4 Regulating services

377K I5 Water conservation (x10*m?) 1,676.222 1,682.344 1,687.435 1,665.958 1,674.278
+ 3745 Soil conservation (x10*t) 1,393.696 1,394.248 1,394,778 1,395.213 1,394.026
[E %% Carbon fixation and oxygen release

[l %5 Carbon sequestration (x10*t) 490.457 492.860 499.544 514.359 488.556

BB Oxygen release (x10t) 361.073 362.841 367.762 378.669 359.673
F5% ¥4 Environment purification

SOM UL SO, absorption (t) 2,831.233 2,853.432 2,902.315 3,005.724 2,822.379

iR iEH Clean detaining dust (x10*t) 36.181 36.328 36.548 36.689 36.059

Nt & Nitrogen output (t) 113.456 90.301 59.424 42.602 94.647

PHith & Phosphorus output (t) 4.557 3.507 2.206 1.463 3.700
SR % Supporting services

AN 19 Habitat quality 0.938 0.941 0.954 0.968 0.934

BRESRBIA Area of the optimal habitat |, 44 174.480 179.253 190.691 170.635

quality (km”)

FHAT A A R GRS e ARk, SRR 4+
MR A B PR SRALA EE T TH 37 [mR FR AR, J0 ese
HREFEASRGMRSRE M Em S EMZ T
PRI FERBAR B R/ 0 ek =y, X E A

W58 T 22 55 A JEAE SRl . Goldsteind5(2015)
48 B 8 3% B 1 & Kamehameha 22 2 1) & J& 75 3K,
vk 774 LR A AR A o 5, R A InVES TAR
RYPEAG AR 7 AN [F) 18 5% T Bk [ 78 A1 7K 5T o5 25 4
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KA Ero
Water yield 323%8% b
365919 g 1300000 1291693
—_— g, 1290000
IR | 18817 2 1280000 1269215
Water conservation {gggg 5 1270000
& 1260000 1 1354965 133857 1251173
_— = 1250000
TR ey 12 1240000
Soil conservation %ﬁ%}é 2 1230000
EilzE s 791832
Carbon fixation and .
oxygen release 788763

20532

%iﬁ@ﬂﬁ 20629
Environment 20799
purification 20475

Bt m e |l 305

Optimal habitat quality a5
32639 1 1 1 1 1 1 1 1 J
0 100000 200000 300000 400000 500000 600000 700000 800000 900000
JiG x10* RMB yuan
02015 @ HARKENET Business as usual [ A= #5541 5 Ecological protection
[ #RI4E 5t Strategic planning B JF % F| FtE 5 Development
B4 FRLHBFIAERTHESRGRZINE. @QFESREERSZSNEAR); OESEERZSZMNETTT).

Fig. 4 The value of ecosystem services under different land use scenarios. (a) The value of multiple ecosystem services under
different land use scenarios (x10* RMB yuan); (b) The total value of ecosystem services under different land use scenarios (x10* RMB

yuan)

AR RGNS BE 2 AR A R A O s B e
AT R REFEALMAHE R TESR
GRS AR TT AR T — A SRR, WA
S (2013)FEXT FVEVE AL RSG5 PG I, &
TE3Rh LR IS 5, AU & B R S = T AES
RSN, BHRPERTESRAEMS K
U, X EARB T A SRS ST TT 4SS RAHZE L.
5 1S T | V2Bl 5 VIR v mbe L R X P
B 2 2 bl A2 25 2R G ik 55 B SE M BIT 9T 85/ (Lacher et
al, 2018; Mukul et al, 2017; Ramachandra et al, 2018),
X R PR TR AE [ 5K 2 el ot g A0 2 o S i
i M P BT 1 KA el A S 5 G I 55 5 T ) AT
T, K VTEAG S RN B R s geh & .
AR A S otk Bt 7B B KA
202554 M L) FI A 5, AN R R B A ST
HEB RGBT RN, AESRIPE R TR
IKBFIRBELE AL, HA RS RG RS B, kIS
5P HAES RGIRS BRoKRERMEL A, KT
ARG e, IR 2 PR g ] AR A5 A A R 28 e

Bn, FRL TR B0 AR A b B A S Y B B 2R K 4,

TR B 2 1 o A A M T A A5 K BRI i 4

BE S R BRI R (B0 014%E, 2013; Gao et al, 2017),
BT LR B KA R BBk, N T liEse fit
TE B KEEIR, DR R ok S 0 5 R B
X—HE. A, EERGMITE T RILFEER A
JE 20154 120254450 LRI S st FIAES RS
MRS A, RIN201SEERTLIR E K A4S RS R
% 1E 125431478, T HFE I E GDPEE N
101.6112 70 (201 551 46 B [ IR & 57 F A 2 & e 11
4iih A, http:/khnews.zjol.com.cn/khnews/system/
2016/02/17/020191950.shtml), 202544 2444715 5+
THAER RGNS EHR G, 183129171278, B
R S RS MME IR 2, 7126.92147C, HIRE
SRR = NN E R, HiZE RN B
TIEHE, AT 2 R 5 A T B T AR,
PAFHIAEAL . BT 5T 1 R FH S 2 i
AU T BEER T TVAE . 25 [ 5K 8 el AH R R A
S L, FEAT T RS E R, AR L
AR SRR ERAEES RERSME, W
20154 AR AN EIG N T 1.4942.70, EXTAR BG4S
TE IR BRI G ) B VT U ] SR8 [ R it A2 S R T Bt
(17, T HL AR e 3RAS 22 5 K J BT 0 20 1 2 1 FH b (s
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T M T AL 20 1 SR8 0 17 13.78%) » A R (1) L b F)
FH R R DA SE 47 b S 43 AR A AR PR 8 R R AR 3L
fih 2235 P AE F A AR B T E, WAL SR A (2018) XK
BRI /N I 3 A R = R O gk AT Rl 2 A EE A
R, AR SR L OREEE B T AR A Rl i 42
Gr BB RN R A, FERHRR E bR S = T
AR RGN EIAT TP, 15 HHRIE = TR
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