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Fig. 3 Original landscape in 2015 and the new land use/land cover in 2020 under the three scenarios

1200
1000 7
1 ) &
[ BaUf#t
Né B
R 600 -
= _
400
200
o - il
& a%«%

K4 ARG MRS (20154F) 19 LA TR fL

Fig. 4 Changes in the area of each land use/land cover under the three scenarios compared with the year 2015

— L T W XN RS 52T A7 X% B LSRG B, W3R 1 PR . iR IX
BAE ORI 50O BaU 15 56 F (0 7 S48 2% B (BRI A 1G4, 38853001 10.39%
2.46%, JFAEF T WAL/ 15.28%; SR Aif S AE AR YIS o BaU 1f 5 43y
A, BWKFRDHIH10.33%, 2.42%, TR 5T MESEEE/ 15.31%,
2.2.2 iR MR
FRPEAIF ST X A= I AN 25 A A 2R R BEPR/KIEGTIE | Wi e . ik



2522 H % % | 2% i 34

a. R E=

A

o 52 769.02
K 59.72

KI5 AFEE ST BB A

Fig. 5 Spatial distribution of carbon density values under the three scenarios

F1 HREREALRER THEHREER SHREE

Table 1 Average carbon density and total carbon storage under the three scenarios

FH PRI 5 BaU{f = TF R 5
PS4 JE/(t/hm?) 209.63 231.42 214.79 177.60
SR At E/10° t 7.84 8.65 8.03 6.64

MR . PR BGE . BAKE . BENIE K SN M, ALY AR R ARAEE
Ry LRI, SRR, R, il R FRAEIE . B . USSR MR
JE o

6 AN SR S PR R A . b, WS BCRAS  Rm o 1, BRI
AR B B X FERIP SR, A HS A0 A (BN 0.87, LM (20154F)
PRI G s 78 BaU T St 5P ARG 5N, Fra s E{E 7050 0.53 F10.50, 53
B (20154F) AHEL, BARMTRE (<10%); TEIFAN ST, KM B IR sk
FERGRZL NN T, R S B R A, R S B SRR AR, AT LFSUALARG
IS8 NDiv o & ST I A N

a. fRiPIE R b. BaU'# 5 c &R

Ko RS T AWLE M TR oA

Fig. 6 Spatial distribution of the habitat quality scores under the three scenarios

2.2.3 Yy eSS
ARG 5L B A P2 RS (B2 A AN 7 Bas o ASTRVES 5% F B4 i A 7= iR 45 B sr
A E B ARME I N 0, B JE M AR A p= s s B (H M 6.64 77 J0/hm*, 5



12 7K SET LR AT BEVE T S BT — A P A 2 AR G e o5 AL o 2523

a. i b. BaUffs c. FR& M }1\

G &
4., Rt G 2

S - PR R 5

2 S $4 01t ¢

& A' - 0 _'

L 0~0.09 Wusows

0.09~1.73

m |.73~3.37

. 337~5.00

m 5.00~6.64

K7 RIS BB IR 55 0 (B A

Fig. 7 Spatial distribution of material production values under the three scenarios

2015 4F 1) eI (B A B R (AR 7] o 2015 4EBIF5E X 40 5 A6 7 ik 55 57 TR AR (B 1) ~F- (B
1.30 J3 y6/hm?, #5155 M 0.43 J7o0/hm?, BaUME 5 R 1.19 JiJ0/hm?, P T Eimg A%
THEM; PR T N 1.86 Fioo/hm®, B35 T,
2.3 BREBRGRS Z BRHEXES

A3 A T RS L A R T R 0 A S R GRS I E AT IES UG 5,
K BB RSN IRMIEZS 4340, PR R F Spearman BAR S 2 A6 U500 1 19 A= 285
RGNS RS AEAERUE , S 2 SR an R & 8 Fis .

a. RIPIE R b. BaUE &= c. FFRIER
M C
1.0

0.8
@ o0
0.4
0.2
" @
0.2
~04
o Qi °®
0.8
-1.0
T M: WBd™; H: WIEHbUR; C. Bkfiftt.

K8 ARG 5t PR X 3 Al A= 25 R G R S5 I AH DG

Fig. 8 The correlations (Spearman's 7.) among the three ecosystem services under the three scenarios

SR, MG ST AER RGNS Z A A M (P<0.01; AU ; —
PRI 0 W A 7™ iR 55 R B b B i =2 8] A R DG R 8 p>0.16 (RFAARIC), KX
W%Zﬂﬁfﬂﬁig,@fﬁ#fa?ﬁ%ﬁh%,maﬂﬁgﬁ%%§ZE%m%
TEREp>0.17, FAEERENIEMICCR, RUPIEZREAHBFEIER; /9150 Bau
TE T, WA IR Fbfiti i Z R IEAR DG, FHOC R B psr o 0.74, 0.04, FoRMH
Z@Eﬁmﬂﬁm TR A 50 N A IR 55 A fith & =2 (0] R ARG (p=-0.46), UiHH
TR FE TR
24 BREDTZGERESZEHBIERE
e B SCR AU i B s A i, 4l TSR 5 R A AR S R G IR S5 =2 )
PR ZE, anE 9, B, PR AR A A S RS RS BTN A 5, P1~P3 53



2524 H % % | % i 34

a 1.29 b
1.0 &--momooooe hes -
Pls N 1.0 \‘A\
0.8 3
= o
0.6 1 5
= P2e Vo E e
0.4 P3 VO
B \ 041 = iR
0.2 ! o BaUf& 5t
". 024 P34 A R
04 .
: : : : : : 0 : : : : : .
0 02 04 06 08 1.0 0 02 04 06 08 10 12
YA R RS YRR RS
K9 AR =T N2 TS RGNS R AU 28

Fig. 9 The trade-offs curve between multiple ecosystem services under the three scenarios
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Determining the intensity of the trade-offs among ecosystem
services based on production-possibility frontiers:

Model development and a case study

YANG Wei, JIN Yu-wan, SUN Li-xin, SUN Tao, SHAO Dong-dong
(State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University,

Beijing 100875, China)

Abstract: We developed a four-step method to quantify trade-offs among ecosystem services:
evaluate the targeted services at different spatial-temporal scales; identify whether a trade-off
exists between pairs of ecosystem services; graph the production-possibility frontier curve; and
use that curve to calculate the trade-off intensity between services. Using China's Yellow River
Delta wetlands as a case study, we examined the potential trade- offs between material
production, carbon storage, and habitat quality under three land-use scenarios (business- as-
usual, protection, and exploitation). We found significant correlations between all pairs of the
three ecosystem services. Trade-offs existed between material production and habitat quality in
all scenarios, with the following order of intensity: protection (6.4) < 2015 status quo (21.8) <
business as usual (22.5) < exploitation (24.3). Synergies always existed between habitat quality
and carbon storage. The material production and carbon storage services were synergistic in the
protection and business as usual scenarios, but they exhibited a trade- off in the exploitation
scenario, with a trade-off intensity (59.9) comparable to that (60.3) in the 2015 status quo. The
methodology can be flexibly used to analyze trade-offs and compare alternative management
plans, thereby revealing the optimal management, which provides a scientific basis for
achieving sustainable regional development and resource management.

Keywords: trade- offs intensity; ecosystem services; production- possibility frontier; Yellow

River Delta wetlands



