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Abstract: Until now, studies on trade-offs and synergies of ecosystem services were mostly on a local scale. Key vulnerable
ecological areas have been the main target areas for improving the ecological environment in China. Based on the quantitative
assessment of soil conservation, vegetation net primary productivity ( NPP ), and water production services in key
vulnerable ecological areas of China from 1990 to 2015, we studied the trade-off and synergy of ecosystem services using the
correlation coefficient method and vegetation continuous fields ( VCF) data. The results showed that: (1) during the 26
years, the soil conservation services, NPP and water production services in key vulnerable ecological areas showed a

distribution pattern of more south and less north, and the interannual variations of the three services were smaller, but they
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all had an upward trend; (2) the three ecosystem services in the investigated key vulnerable ecological areas were
synergistic as a whole and partially balanced, and the synergistic relationship is weakening; (3) the ecological service area’
s ecosystem service synergy is greater than the non-ecological In the recovery area, the dynamic change trend of the
weakening of the trade-off relationship is higher than that of the non-ecological recovery area. QQuantitative assessment of the
spatial and temporal characteristics of trade-offs and synergies of ecosystem services would be useful for studying the
temporal nonlinearity and spatial heterogeneity of the relationships among ecosystem services, and it would be of great

significance for the sustainable development of ecosystems in key vulnerable ecological areas.
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Table 1 Main types of land cover change in the study area
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Fig.4 Spatial distribution of ecosystem services in key vulnerable ecological areas
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Fig.5 The trend of ecosystem service tradeoffs and synergies in key fragile ecological zones from 1990 to 2015
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Fig.6 Spatial distribution of correlation coefficients between ecosystem services
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Fig.7 The correlation coefficients between ecosystem services in each sub-region
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Fig.8 Dynamic changes of correlation coefficients between ecosystem services in key vulnerable areas and non-ecological restoration areas

http ; //www.ecologica.cn



10 JAE = 39 %

—— ERE X —— KEX e LHEERREX) ---- REAREX)
-5 5NPP P2k 5NPP R 1S TS
LSr 0.10 o2 i
1.0 | 0 b apesssenecseuiii 0 ariverpagefotesestaresioen— '§
os | : 00T 3007 2012 2017 —0.03987 1992 1997 [2002°7607 2012 2017 =
: -0.10 ooal o)
0 ) ) L . L ) 0.041 & ™
1987 1992 1997 2002 2007 2012 2017 020 -0.06 -
) 0.020
o M oo oo0ao [ %
040 0010 | A et tniay, 00040 T o+
0351 % 0.005 00030 ) st =
030 | 0 . . L . . s 0.0020 X AANT i
~0.0051987 1992 1997 2002 2007 2012 201790010 | o
0251 -0.010 0 VU
0.20 . . . . . v o015 L - 19871992 1997 2002 2007 2012 2017
y 1987 1992 1997 2002 2007 2012 2017
[}
=
& .
E 025 0.05 ¢ x]
.% 0.20 ) 0 - + - - ) 83 Ey
S ons | el 1987 1992 1997 2002 2007 2012 2017 g3 [ W T
E -0.05 | 02 3
S 010 . <1 i
ﬁi 0.05 | -0.10 N O‘(l) i )
;}3 0 : : : : : s 015 L 19871992 1997 2002 2007 2012 2017
#1987 1992 1997 2002 2007 2012 2017
1987 1992 1997 2002 2007 2012 2017
035 ¢ 0 : : ‘ ‘ ‘ 0010
0.008 | x]
0.30 | _ i >
N 0.05 0.006 | o 3
025 | A -0.10 0.004 | e
020 | Lwtn i 015 | 0.002 | ;;(
0.15 | -0.20 | 0
_ L -0.002987 1992 1%97 2002 2007 2012 2017
0.10 L 025 -0.004 L
1987 1992 1997 2002 2007 2012 2017 1987 1992 1997 2002 2007 2012 2017 1987 1993 1999 2005 2011 2017
0.20 0 T T T T T 1 0 T T T T 1 1]
0.18 1 -0.02 | 0000 D UUUR
0.16 -0.04 | -0.015 | > g
014 | . _ I -0.020 }
0.12 + 006 _0025 r &
: -0.08 L -0.030 | &
0.10 -0.035 L

1987 1992 1997 2002 2007 2012 2017

44y Year

B9 JFFRESHMERMFLESHERESRERSEHEXRHMIEE
Fig.9 Dynamic changes of correlation coefficients between ecosystem services in ecological restoration and non-ecological restoration areas

in each sub-region

F G5 55 R 5 R 56 B 0F 9T 22 4 Hh A R i R BE b (IR 23 ShAS oo b Je 23 la) ek b RPR N B A B R SR 55
T AU 5 B3 ) 56 R AR B ] 4 A A 2S AR AR i i e A ) AR SCE s T 1990—2015 A3k [ e
554 A DK HAEAREE UK NPP =R R S5, 20T 13X =R AR 25 R G0 R 55 (B) A A 5 B ) O 3R B A Sk &R
TREXFHE AL AR, 45 R TR AR SRR TR FcE A SR B T —E APER , (HA 51 X S 2R
WARAHLAE, I U PG R R TR X, A SR TR T L, DL e L S R T e & e, RS A S
TR MRS R G SR E S R GRS A — 2 B (B S RGRSS IE Z HoAth 2 R 5 2 P Z 52
BN ERAS AL A SSAE AR B R N IR TR A Tl b AR R B, MA T-4F 4 28 RS EA
B R GRS R4y VR A S R R 45 (R4 IR 55, VR IR 45 LA B SR IR 451 AR SCA s R k4 8
M FEMR S I AR R E SN B B XA S R GRS, teandbJy Kb X LA XU v s R 3, ml
DAV % RVD X 5 e b X3 B e T EL AR S 4 BT 285 51 v LA HE 45 DX 1 A6 2 R 4 AR 55 AL 5
P 6 2R AT AR S X BRI AR—E, B A0 A 55 e 55 AR S X NPP A= /K $& R - R BN B ]
KR ALEVE R IR X HUEAU S RN, X EER M NS T XH ARIREE A2 TR, T LEZE M
WFFE B BERl IR TG BT AN A F X & P AE B R GRS RZ IR . R E 2 RE BT 2R g

http ; //www.ecologica.cn



20 TR AT UNE 8 A AR X A A AR G 55 AT 5 I I 5C AR IR A AR 11

BRGNS AU 5 U E] S R BT IR AIRIE S0 A5 25 R G0 M 55 AT 5 IR ) 5 28 1) H Al PR 30BE 1k AR T 5
[ 7T
32 45iie

(1)1990—2015 45 [] , 3 [ F i g 55 A A5 XY T3 R NPP K™ K 52 B g Z2 46D A Sy DR 4K B
By, 3 ARG S Z RS B2 R OC R, H PR SCZR S8 A 3, e 4 T O E, R
Tn“ NPP J K =& Z [ LA R] O 200 | AR &7 FUIITE 65% LA b AHIR[a] DX () 47 704 5 8] 5 Btk .

H RS AR S XA AE S RS AR T ARG B | 75 2 A I 2% 18 2B R 5 Jry 323 Rl i A [m] , LA
Eﬁ%fiﬂ‘]ﬁiuﬁ%ﬂhﬁ%

(2) WA X FNAE RS X B A= 28 R G IR 55 Z AL EA R B R R] 56 &=, O HARAE XA AHOC RECER s T
AR D, P A WK TR XS AR S R G IR A5 AT — € 52N, AN AR IR T AN A 38 R GE IR 55 U5 ) 2 —
AN AR A A SR TR 2% SRR ) TR R R 5

(3) & T IR GETH A5 BRI, AR B XA S RGN 55 B PRI AR B R TR A RS IX, 3h 78 4k H AL
5 5 FR I R TARA AL X, B XA AP 22 57, BT ATE 1T 83058 38 A SR A AR I iy AE 48
PR LRl 125545 F X RAE L AR ST TR AP sl AR S IR R T R R

5% 3Lk ( References) :

Millennium Ecosystem Assessment. Ecosystems and Human Well-Being. Washington, DC Island Press, 2005.

RO, X, kAT, BaKR. LSRG IS & SO AR, B, 2011, 66(12) : 1618-1630.

BOCE, XA, M, W, R ARG IERT WAES RGNS IREEE R, 2018, 37(1) : 139-151.

Barbier E B, Koch E W, Silliman B R, Hacker S D, Wolanski E, Primavera J, Granek E F, Polasky S, Aswani S, Cramer L. A, Stoms D M,

Kennedy C J, Bael D, Kappel C V, Perillo G M E, Reed D J. Coastal ecosystem-based management with nonlinear ecological functions and values.

Science, 2008, 319(5861) : 321-323.

[ 5] Rodriguez J P, Beard Jr T D, Bennett E M, Cumming G S, Cork S, Agard J, Dobson A P, Peterson G D. Trade-offs across space, time, and
ecosystem services. Ecology and Society, 2006, 11(1): 28.

[ 6] HURE., TG, AR, WLl ARG AU/ AP Ik R SR, HiskFlAUERE, 2015, 30(11) ; 1250-1259.

[7] YangX N, Zhou Z X, Li J, Fu X, Mu X M, Li T. Trade-offs between carbon sequestration, soil retention and water yield in the Guanzhong-
Tianshui economic region of China. Journal of Geographical Sciences, 2016, 26(10) : 1449-1462.

[ 8] Lautenbach S, Volk M, Gruber B, Dormann C F, Strauch M, Seppelt R. Quantifying ecosystem service trade-offs.//International Environmental
Modelling and Software Society (iEMSs) 2010 International Congress on Environmental Modelling and Software Modelling for Environment’s Sake.
Ottawa, Canada, 2010.5-8.

[ 9] Howe C, Suich H, Vira B, Mace G M. Creating win-wins from trade-offs? Ecosystem services for human well-being: a meta-analysis of ecosystem
service trade-offs and synergies in the real world. Global Environmental Change, 2014, 28. 263-275.

[10] A, FIHT SRS Ss AUl S S0 k. BERRNE, 2016, 38(1): 1-9

(11T BRI, 288, batbehll, XA, TR 25 R GRS AU AR gL AR 3524, 2018, 38(9) : 3260-3271.

[12] EMSH, sKoAs, 29, 5, B0, 250, B, AR, DUL LI E SR GRS AUE S UM R SR I 2 FRAE. HFF 4, 2017, 72
(11): 2064-2078.

[13] BkEE, B, fHAR. ERRE T AS RGNS AL . B3 GRS IPAG. A48, 2016, 36(20) : 6337-6344.

[14] Nelson E, Mendoza G, Regetz J, Polasky S, Tallis H, Cameron D, Chan K M, Daily G C, Goldstein J, Kareiva P M, Lonsdorf E, Naidoo R,
Ricketts T H, Shaw M. Modeling multiple ecosystem services, biodiversity conservation, commodity production, and tradeoffs at landscape scales.
Frontiers in Ecology and the Environment, 2009, 7(1) . 4-11.

[15] 28, 8L, &M, THI LSRRGS ZP SRR, £, 2012, 32(16) : 5219-5229.

[16] A, MER, FkE, RKEFE, XLQx, swEE, B0, B, . b EEEEES RS S i 5 S L 2. kP
J&, 2009, 24(6) ;. 571-576.

[17] JiaX Q, FuBJ, Feng X M, Hou G H, Liu Y, Wang X F. The tradeoff and synergy between ecosystem services in the Grain-for-Green areas in
Northern Shaanxi, China. Ecological Indicators, 2014, 43 103-113.

[18] Koch J M, Hobbs R J. Synthesis: is Alcoa successfully restoring a jarrah forest ecosystem after bauxite mining in Western Australia? Restoration
Ecology, 2007, 15(S4) . S137-S144.

[19] Marton J M, Fennessy M S, Craft C B. USDA conservation practices increase carbon storage and water quality improvement functions: an example

from Ohio. Restoration Ecology, 2014, 22(1) . 117-124.

http ; //www.ecologica.cn



12 GO O 39 &

[20] AN, AT, RRHE, BeZ0F. B v AR AN FR G S AU A5 1 IR B s A A R IR R ——DARE T ). AR AR, 2019, 39
(10) : 3443-3454.

[21] Shackelford N, Hobbs R J, Burgar ] M, Erickson T E, Fontaine J B, Laliberté E, Ramalho C E, Perring M P, Standish R J. Primed for change
developing ecological restoration for the 21st century. Restoration Ecology, 2013, 21(3): 297-304.

[22] gk, MIuHE, Mai, PR, HAB Jﬁi)ﬂﬂf‘ﬁ%iu ARSI IE BRI, BB, 2019, 41(1) : 63-74.

[23] SBE=, fLYEfE, 2ok, LA, 0 I e JE AR B X AR S RGN 5 M 2 Ak S AR BB o3BT A58, 2018, 37(3) : 96-106.

[24] #I=, fLAefe, £k WAL T PR B LS XS I&PAjJ}\”"(W'J&WAjJLI?Z’E SrHT. BARBEIRAAM, 2018, 33(3) : 412-424.

[25] sz, EADBE, skIR, 2R TR, R4, BRRCH. WG Ib A 25 ME 55 X b R FH AR Ak K AR S RN —— DA = R K FEEL R 0. 324
2004, 59(4) . 629-638.

[26] WHERE, PRIGUR, TR, 8 1wl S RGNS D R A T M G X SRR, K LR FF2A4IE, 2003, 17(2) + 59-61.

[27] HHSEZE, 5. v [ A 25 NE S M ST S0 R A SR T 20-#. M B4, 2012, 67(11) ¢ 1515-1525.

[28] Benayas ] M R, Newton A C, Diaz A, Bullock J] M. Enhancement of biodiversity and ecosystem services by ecological restoration; a meta-analysis.
Science, 2009, 325(5944) . 1121-1124.

[29] Djanibekov U, Khamzina A, Djanibekov N, Lamers J] P A. How attractive are short-term CDM forestations in arid regions? The case of irrigated
croplands in Uzbekistan. Forest Policy and Economics, 2012, 21 108-117.

[30] Song X P, Hansen M C, Stehman S V, Potapov P V, Tyukavina A, Vermote E F, Townshend J R. Global land change from 1982 to 2016. Nature,
2018, 560(7720) ;. 639-643.

[31] Zhang L W, FuBJ, Lii Y H, Zeng Y. Balancing multiple ecosystem services in conservation priority setting. Landscape Ecology, 2015, 30(3) .
535-546.

[32] Potter C S, Randerson J T, Field C B, Matson P A, Vitousek P M, Mooney H A, Klooster S A. Terrestrial ecosystem production: a process model
based on global satellite and surface data. Global Biogeochemical Cycle, 1993, 7(4) . 811-841.

[33] Feng XM, Sun G, FuBJ, SuCH, Liu Y, Lamparski H. Regional effects of vegetation restoration on water yield across the Loess Plateau, China.
Hydrology and Earth System Sciences, 2012, 16(8) : 2617-2628.

[34] Sun G, Zhou G Y, Zhang Z Q, Wei X H, McNulty S G, Vose J M. Potential water yield reduction due to forestation across China. Journal of
Hydrology, 2006, 328(3/4) . 548-558.

[35] Hamon W R. Computation of Direct Runoff Amounts from Storm Rainfall. Wallingford, Oxon., UK International Association of Scientific Hydrology
Publication, 1963.

[36] Lu N, Sun G, Feng X M, Fu B J. Water yield responses to climate change and variability across the North-South Transect of Eastern China
(NSTEC) . Journal of Hydrology, 2013, 481. 96-105.

(371 XBH, AHBie, AL, IG5 AR A Ak R A R A R 5. Al TR, 2012, 28(22) ; 252-260.

[38] Sun G, McNulty S G, Lu J, Amatya D M, Liang Y, Kolka R K. Regional annual water yield from forest lands and its response to potential
deforestation across the southeastern United States. Journal of Hydrology, 2005, 308(1/4) : 258-268.

[39] XUScEh, PRI, MARLL, FEwE, XU, RCP 1 5t F AR YL A R i 2 fd 2l S A 7= W 1 B AL R IR 5T, A= 52 3k, 2018, 38(1):
156-166.

[40] Fernandes R, Leblanc S G. Parametric ( modified least squares) and non-parametric ( Theil-Sen) linear regressions for predicting biophysical
parameters in the presence of measurement errors. Remote Sensing of Environment, 2005, 95(3) : 303-316.

[41] B, AN, XMRE. PEPYILT R XN BRE. A28, 2013, 33(13) : 4078-4089.

[42] iﬂ*ﬂl%, B, AR LSRG SLEEL A ARIRE, 2012, 34(5) : 273-276, 298-298.

[43] NEA, ARRIE, XPES, Sk BEIY T A A S RGN S5 U ) 5 AU I 2 22 540 #r. b BL2E 4R, 2017, 72(3) « 521-532.

[44] Jarvis P G. Scaling processes and problems. Plant, Cell and Environment, 1995, 18(10) ; 1079-1089.

[45] Tacconi L. Biodiversity and Ecological Economics: Participation, Values, and Resource Management. London; Earthscan, 2000.

[46] Turner R K, Paavola J, Cooper P, Farber S, Jessamy V, Georgiou S. Valuing nature; lessons learned and future research directions. Ecological
Economics, 2003, 46(3) : 493-510.

[47] MBS, MDD, Pafaak, BOCE, FEIb. SRR RS RGNS (M. SRR - BRG], 2017, 19(6) : 14-18.

[48] Swallow B M, Sang J K, Nyabenge M, Bundotich D K, Duraiappah A K, Yatich T B. Tradeoffs, synergies and traps among ecosystem services in
the Lake Victoria basin of East Africa. Environmental Science & Policy, 2009, 12(4) . 504-519.

[49] Vitousek P M, Mooney H A, Lubchenco J, Melillo J] M. Human domination of Earth’s ecosystems. Science, 1997, 277(5325) . 494-499.

http ; //www.ecologica.cn



