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Abstract: Understanding the constraint relationship among ecosystem services is significance for the management and
optimization of regional ecosystem services. In this study, we estimated the spatial pattern of net primary productivity
(NPP) , water yield (WY), soil conservation (SC) and wind erosion ( WE) service in Horqin Sandy Land during 2000—
2018. Then, based on quantile segmentation method to extract the constraint line of four paired ecosystem services, this
study discussed the constraint effects between paired ecosystem services and analyzed the key features (including threshold,
slope and constant term) of the constraint lines. The results showed that: (1) the average values of NPP, WY, SC and WE
in Horqin Sandy Land from 2000 to 2018 were 256.5 gC/m”, 211.9 mm, 26.3 t/km” and 3.8 t/m”, respectively. Overall ,
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the key ecosystem services increased. Spatially, the increase of NPP were mainly in the southeast and central regions; the
WY increased in the south-central regions; the increases of SC centered on northwest and southwest margins; the WE
decreased in the central and northern regions and increased in southern sandy land. Due to severe desertification, counties
in the south such as Wengniute Banner, Naiman Banner, and Horqin Zuoyihou Banner should be ecologically restored. (2)
The constraint lines of NPP-WY, NPP-SC, NPP-WE, WY-SC and WY-WE were parabolic. The constraint relationship
between SC-WE was linear. The types of these constraint lines were almost unchanged during 2000—2018. (3) As an
amplifier, the NPP is a key service that shaped the strength of the constraint relationship. A slight change of NPP resulted
in a large variation of other ecosystem services. The threshold range of constraint line can provide a preliminary basis for a
reasonable use of NPP targeting at minimizing the negative constraint effect of NPP on other services. (4) Forest and
grassland provided a higher level of soil conservation than farmland. Therefore, in the practice of landscape management,
we should focus on the development of grassland and forest ecosystems. What's more, farmland development should be
located in the flat areas. It’s better to select crop types that require less water and tolerant to drought, so as to improve the
overall supply capacity of ecosystem services in the Horgin Sandy Land landscape. Understanding the constraints of
ecosystem service pairs and identifying their key characteristics are of great significance for optimization of land use,

adjustment of management measures and realization of regional sustainability.

Key Words:; sandy land; ecosystem service; land use; key feature
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Table 1 Description and resource of the study data

Bl 4 Fx Bl il Bin AU

Data Data description Data source

I3 — LA B 485k MOD13Q1/Terra Vegetation Indices 16—Day  NASA X Hu Sl R G52 F- &
NDVI L3 Global 250 m SIN Grid V006 https : //ladsweb.modaps. eosdis.nasa. gov/search/
gt Licn H [ AT AR B F A AR SHERE 6L

Climate data ( IR XU [k s ﬁﬁ]t) http ://data.cma.cn/

+Hu A 2000,2005,2010 2015 4F PRk B DR I B B 0

Land use/ cover 23 (8] 430 PE2 100 m http : //www.resdc.cn/

o AR AR U MBS [ K =

Digital Elevation Data ( DEM) ZFPHE 30 m https : //blog.csdn.net/

R 6T R IERRL PRI AR R HRHBE BE IR PR SR A P

Soil data TRTR AT FIAT LR 7 i http : //www.resdc.cn/

[EE/AY S . ‘ . El[z%—',z AR ‘[L‘

IR B T R PR

Snow depth data http : //westdc. westgis.ac.cn/

NDVI. H—{LAE 845 %L Normalized difference vegetation
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Fig.3 Spatial distribution of the mean value and change slope of four ecosystem services in Horqin Sandy Land

NPP: net primary productivity; WY : water yield;SC: soil conservation; WE: wind erosion
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Fig.4 Constraint line of the paired ESs at landscape level and class level (forest, grassland and farmland)
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Table 2 The thresholds on the hump-shaped constraint lines at landscape level

A NPP-WY NPP-SC NPP-WE WY-SC WY-WE
2000 (168,395) (461,425) (218,65) (519,26) (216,62)
2001 (173,341) — (200,69) (318,60) (188,64)
2002 (184,353) (476,417) (209,70) (419,102) (188,71)
2003 (200,464) (565,535) (221,73) (85,404) (249,69)
2004 (195,529) (670,709) (263,64) — (256,62)
2005 (183,649) (496,596) (214,72) — (349,69)
2006 (183,507) (664,807) (221,74) (572,17) (240,70)
2007 (180,411) (436,522) (225,63) (532,38) (231,62)
2008 (206,517) (339,677) (226,76) (12,577) (230,72)
2009 (194,427) (338,284) (226,75) — (262,71)
2010 (206,714) (354,493) (210,68) — (308,64)
2011 (186,418) (311,1186) (210,73) (108,845) (337,70)
2012 (177,709) (447,653) (214,71) (185,617) (449,70)
2013 (207,643) (382,673) (230,68) (148,669) (283,64)
2014 (205,483) (417,539) (228,72) (140,415) (246,70)
2015 (208,507) (393,402) (250,73) (95,371) (213,68)
2016 (212,650) (392,538) (244,77) — (299,72)
2017 (249,492) (409,1563) (220,75) — (240,72)
2018 (202,590) (365,896) (215,59) (46,874) (406,54)

" fREFRMEA AT, M T fE ; NPP AP A9 9427 1 Net primary productivity (gC/m? ) ; WY : 7= 7K IR 55 Water yield (mm) ;SC; + 3£ FF Soil
conservation (t/hm?) ; WE ; X J1 {24 Wind erosion(t/hm?)
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Table 3 Slopes (%) and constant terms (5) of the linear constraint lines between paired ecosystem services

TEy SC-WE SC-WE (#ih) SC-WE( Hiih) SC-WE (#h)
Year k b k b k b k b
2000 -0.087 71.57 -0.090 71.71 -0.091 70.85 -0.073 26.85
2001 -0.091 75.92 -0.098 76.85 -0.091 74.50 -0.071 28.25
2002 -0.095 75.73 -0.098 75.91 -0.098 74.88 -0.060 24.54
2003 -0.067 76.92 -0.084 79.61 -0.068 75.86 -0.053 25.50
2004 -0.056 71.19 -0.063 72.62 -0.063 72.51 -0.048 32.34
2005 -0.069 80.23 -0.075 81.40 -0.073 79.58 -0.042 27.12
2006 -0.046 75.85 -0.052 76.57 -0.050 75.24 -0.047 28.95
2007 -0.073 68.96 -0.077 69.37 -0.076 67.78 -0.056 24.75
2008 -0.058 83.18 -0.059 82.95 -0.062 81.47 -0.043 28.49
2009 -0.137 78.66 -0.150 80.10 -0.146 78.30 -0.081 24.87
2010 -0.068 71.15 -0.075 72.16 -0.073 70.77 -0.048 25.23
2011 -0.034 82.04 -0.034 81.84 -0.037 81.40 -0.022 26.59
2012 -0.061 80.45 -0.064 81.07 -0.066 80.04 -0.044 31.64
2013 -0.043 69.68 -0.046 69.94 -0.046 69.62 -0.041 30.21
2014 -0.077 80.22 -0.083 81.37 -0.083 79.64 -0.043 24.44
2015 -0.086 74.46 -0.092 74.63 -0.091 73.76 -0.070 28.48
2016 -0.070 77.08 -0.077 78.41 -0.078 78.22 -0.047 26.21
2017 -0.020 76.32 -0.023 76.65 -0.021 74.98 -0.019 27.87
2018 -0.033 58.75 -0.035 59.05 -0.034 58.02 -0.022 21.55
SE-44{E Mean -0.067 75.18 -0.072 75.91 -0.071 74.60 -0.049 27.05
k2% Standard deviation 0.027 5.753 0.029 5.857 0.028 5.688 0.017 2.677
Coefﬁiﬁi%ﬁriation 0.4 0.077 0.4 0.077 0.394 0.076 0.350 0.099
AL Trend +F - + - + - + 5 -

“+T R (B H -SRI R B+« AR 0.05 B FEKF R I

H TR AT AR BR ), AN SCH AR 1 SRR S5 (Pl 9Lk ™ 1) R 35 e 55 ( 3R a5 7 AR 4=
b)) AERPR25 A 55 R SCACAR 55 A 0 K, BRI 58 35 0 58 7 S LAY 22 D REE | DUB AR AR S R GE AR 55 Foe
N E bR WA SRR A 35 R G55 ik Bl iR AL

5 #ig

X R R I VD A S R G MR S5 5 s AR AL S Z RO R FSE , A SCAS B DL T 4518

(1)2000—2018 £EFHRILVDHIAE B W19 A 7 1 oKk a3 O 1 R XU ARk i 1) 22 4R Y0620 301
256.5 gC/m*,211.9 mm,26.3 v/km* 1 3.8 t/m*, Fi4FAFHE 2% 2 HERIR R D A0 38 J5 45 e B2 XU Rl it 3
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(2) FEBEEAI A 7= Ty 5ok RIEOREra XUR IR () 29 SR B 55T 1 1) R ) 2SS A | Fifi 5 AE A
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(3) MR 7= S A A HA AR 28 R G R S5 1 Sh A B BORAR VE L, B VBT RE &5 i
Pk SRR IR 55 XU R R R R B RS AL DA B e e 7 S HA 2R R A S RS IR S R AR

http ; //www.ecologica.cn



7258 JAE = 41 4

2 (R R AL, 3 BEM) T s g DX SR B0 0 A 7 0, T A A e sl 23 A A Al 55 14 S T 20 SR T, A
e AR LR S RGN 55 IR B DOR S

(4) PR Hu AN AR A SEORTF IR 55 (1 RE 0 BOHF sy | 7 B R JR e MM AR S ARG [, AR 4%
T3 P 3 DX R P /K i A B AR AR I S 19 /K E IR , A7 R AN s AR M A9 AR S R G IR 55, LR R B R
WD SR S R GRS b 4A g

2% 3L Hf ( References)

[ 1] Costanza R, d’'Arge R, de Groot R, Farber S, Grasso M, Hannon B, Limburg K, Naeem S, O'Neill R V, Paruelo J, Raskin R G, Sutton P, van
den Belt M. The value of the world’s ecosystem services and natural capital. Nature, 1997, 387(6630) :253-260.

[ 2] Daily G C. Nature's Services: Societal Dependence on Natural Ecosystems. Washington, DC:Island Press, 1997.220-221.

[ 3] Millennium Ecosystem Assessment. Ecosystems and Human Well-Being : Synthesis. Washington, DC:Island Press, 2005.

(4] ZEB0R, AR, X@e, R3O, D8, T ASRG MRS -5 O F 650k R Lo 2= 07 508, BT 5L, 2013, 32(8) .
1379-1390.

[ 5] Jiang C, Zhang H'Y, Zhang Z D. Spatially explicit assessment of ecosystem services in China’s Loess Plateau: patterns, interactions, drivers, and
implications. Global and Planetary Change, 2018, 161:41-52.

[ 6] HURE., EBEH, K, BATH ASRGMISE Ik BELSOIHEL. HEEHSE, 2016, 35(6) :1005-1016.

(7] sz, Wimeh, BBAA, XY, WL RS RGMRS BT T . WA B, B2z, 2017, 72(6) :960-973.

[ 8] Braun D, Damm A, Hein L, Petchey O L, Schaepman M E. Spatio-temporal trends and trade-offs in ecosystem services:an earth observation based
assessment for Switzerland between 2004 and 2014. Ecological Indicators, 2018, 89.828-839.

[9] QinKY, LiJ, Yang X N. Trade-off and synergy among ecosystem services in the Guanzhong-Tianshui economic region of China. International
Journal of Environmental Research and Public Health, 2015, 12(11) :14094-14113.

[10] BRERO, 250, Wbehd, X IR S R G M AU LS. 428244, 2018, 38(9) :3260-3271.

[11] M, R, skek, G, JUrRBCGCH T 20 B ARG AU 5 B RDC RIS, A452%4), 2020, 40(9) :2863-2876.

[12] ShenJS, LiSC, Liang Z, Liu L B, Li D L, Wu S Y. Exploring the heterogeneity and nonlinearity of trade-offs and synergies among ecosystem
services bundles in the Beijing-Tianjin-Hebei urban agglomeration. Ecosystem Services, 2020, 43.101103.

[13] Raudsepp-Hearne C, Peterson G D, Bennett E M. Ecosystem service bundles for analyzing tradeoffs in diverse landscapes. Proceedings of the
National Academy of Sciences of the United States of America, 2010, 107(11) :5242-5247.

[14] Kubiszewski I, Costanza R, Anderson S, Sutton P. The future value of ecosystem services: global scenarios and national implications. Ecosystem
Services, 2017, 26:289-301.

[15] &, &%, EXR4, S50k, FEH, WFIT. A FRRE A RPN LS RGNS AR, A 82E4, 2020, 40(9) :2851-2862.

[16] Hao RF, Yu DY, Wu J G. Relationship between paired ecosystem services in the grassland and agro-pastoral transitional zone of China using the
constraint line method. Agriculture, Ecosystems and Environment, 2017, 240.171-181.

[17] Qiao J M, YuD Y, Cao Q, Hao R F. Identifying the relationships and drivers of agro-ecosystem services using a constraint line approach in the
agro-pastoral transitional zone of China. Ecological Indicators, 2019, 106:105439.

[18] Cao Q, Yu DY, Georgescu M, Wu J G. Substantial impacts of landscape changes on summer climate with major regional differences: the case of
China. Science of The Total Environment, 2018, 625.416-427.

[19] Su CH, Fu B J. Evolution of ecosystem services in the Chinese Loess Plateau under climatic and land use changes. Global and Planetary Change,
2013, 101:119-128.

[20] Zhu W J, Gao Y, Zhang H B, Liu L L. Optimization of the land use pattern in Horqin Sandy Land by using the CLUMondo model and Bayesian
belief network. Science of the Total Environment, 2020, 739:139929.

[21] T, @, TEE, #02, 23 BTAELEA T ENRD X Al F200H. T XM, 2018, 41(6) :1310-1320.

[22] B8, SRR, A/NVE, WA, 80T, P, EAOR, M. BRI U v AL -t R T IR 8 PR 5 A2 A5, 2009, 20
(7) :1559-1564.

[23] ZR4Eng, AR, T 4 R 8 fh i A 25 2R e M 55 M (B 2 L 08 RIOR B 5T
4741-4750.

[24] SKIEVK, FFA, FEHER. ST RWEQ BRI SR YD DORUIIIA BT ST, btk A ARBHEARR, 2019, 55(2) :342-350.

[25] #E3C, XL, T, BAER. AT R T DB RUE. £l THYHR, 2017, 33(10) :271-277.

LSl BIA XN B, A3 2%3, 2019, 39(13) .

http ; //www.ecologica.cn



18 1) MY ERURIDIPI A R BRI A F R 7259

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[34]
[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

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 Cycles, 1993, 7(4) .811-841.
RICR, WS, TRERK. P E R ARSOR R R )RR S AR R, 2007, 31(3) :413-424.
Bai Y, Zhuang C W, Ouyang Z Y, Zheng H, Jiang B. Spatial characteristics between biodiversity and ecosystem services in a human-dominated
watershed. Ecological Complexity, 2011, 8(2) :177-183.
Sharp R, Tallis H T, Ricketts T, Guerry A D, Wood S A, Chaplin-Kramer R, Nelson E J, Ennaanay D, Wolny S, Olwero N, Vigerstol K,
Pennington D N, Mendoza G, Aukema J, Foster J, Forrest J, Cameron D R, Arkema K, Lonsdorf E V, Kennedy C M, Verutes G M, Kim C K,
Guannel G, Papenfus M, Toft J, Marsik M, Bernhardt J R, Griffin R, Glowinski K, Chaumont N, Perelman A, Lacayo-Emery M, Mandle L,
Hamel P, Vogl A L, Rogers L, Bierbower W. InVEST 3.2.0 User’s Guide. The Natural Capital Project, Stanford University, University of
Minnesota, The Nature Conservancy, and World Wildlife Fund, 2015.
Renard K G, Foster G R, Weesies G A, Porter ] P. RUSLE ; revised universal soil loss equation. Journal of Soil and Water Conservation, 1991, 46
(1):30-33.
Fryrear D W, Bilbro J D, Saleh A, Schomberg H, Stout J E, Zobeck T M. RWEQ :improved wind erosion technology. Journal of Soil and Water
Conservation, 2000, 55(2) :183-189.
Guo Q F, Rundel P W. Self-thinning in early postfire chaparral succession;mechanisms, implications, and a combined approach. Ecology, 1998,
79(2) :579-586.
Thomson J D, Weiblen G, Thomson B A, Alfaro S, Legendre P. Untangling multiple factors in spatial distributions: lilies, gophers, and rocks.
Ecology, 1996, 77(6) :1698-1715.
AT, THIK, SRk, FREhi, N8, LRSI LRI T B, A4, 2016, 40(10) :1100-1109.
Sen P K. Estimates of the regression coefficient based on kendall’s tau. Journal of the American Statistical Association, 1968, 63 (324) .
1379-1389.
Kendall M G. Rank Correlation Methods. 2nd ed. London ; Griffin, 1955.
Mann H B. Nonparametric tests against trend. Econometrica, 1945, 13(3) :245-259.
U, X425, A, B o B I A A 25 8 9 B XU 0 IR 55 #9952 W) 2 AT —— LA 52ty e B0 B S X ). IR A R 2 2 4,
2014, 16(3) :426-434.
Guo Z, Zobeck T M, Zhang K, Li F. Estimating potential wind erosion of agricultural lands in northern China using the Revised Wind Erosion
Equation and geographic information systems. Journal of Soil and Water Conservation, 2013, 68(1) :13-21.
Liu Q F, Zhang Q, Yan Y Z, Zhang X F, Niu J] M, Svenning J C. Ecological restoration is the dominant driver of the recent reversal of
desertification in the Mu Us Desert ( China). Journal of Cleaner Production, 2020, 268.122241.

ek, MDY, B RGMS WIS R . MR EE R, 2020, 35(8) :804-815.
Hao RF, Yu DY, Sun Y, Shi M C. The features and influential factors of interactions among ecosystem services. Ecological Indicators, 2019,
101:770-779.
AN, HAG, B, e, 2260, e ERARA SRS AROER. PERERE, 2019, 39(4) :1753-1764.

http ; //www.ecologica.cn



