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Spatial Simulation of Sand-stabilization Ecosystem Service
Based on HYSPLIT and PSCF model
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Abstract; For the northern farming-pastoral zone characterized by salinization effects and wind and sand
activities, studying the spatial differences in ecosystem service functions and their rheological mechanisms
can help to clarify the spatial relationship between service provision area (SPA) and service benefit area
(SBA) and cross-regional ecological compensation schemes. The hybrid single-particle Lagrangian
integrated trajectory ( HYSPLIT) model and the potential source contribution function model ( PSCF)
were used to simulate the impact of the sand-stabilization ecosystem service ( SSS) of the large-scale
saline-alkali sand source area ( dry saline-alkali lake in Angulinao) ecosystem on wind erosion and SBA.
The radiation benefits in terms of land cover, population and gross domestic product ( GDP) were
determined, and cross-regional horizontal ecological compensation schemes were proposed based on the
results of the radiation benefits. The results showed that the SSS of ecosystem in the study area was
significant, and the amount of sand fixation reached 3. 679 3 million tons; the transmission path of SSS
extended to the east, mainly affecting North China and Northeast China. The land area of SBA was
1. 893 7 million km® , accounting for 19. 66% of the total area of China. The benefit scope included 15
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provinces ( cities and districts) such as Beijing, which was 41 167 times of the research area itself; the
beneficiary population reached 527 million people, and the total benefited GDP was 28. 37 trillion yuan;
the ecological restoration of saline-alkali land in the study area reduced the amount of dust in the
beneficiary areas by 1471700 t, and the direct economic benefit reached 4.426 billion yuan. The
ecological compensation fund was jointly undertaken by 15 beneficiary provinces ( cities and districts ) .
Heilongjiang Province and Inner Mongolia Autonomous Region had the largest compensation amounts.
Followed by Hebei Province, Jilin Province, Liaoning Province and other provinces, Zhejiang Province
had to pay the least amount of ecological compensation. Based on the theory of ecosystem service flow,
the SSS provision-transmission-benefit mechanism was analyzed, the quantitative relationship between
SPA and SBA was studied, and the actual beneficiaries and benefits were determined. Through the
application in dry saline-alkali lake in Zhangbei County, Hebei Province, this work can provide policy
makers with a reference to promote ecological construction through horizontal ecological compensation and
reduce the damage caused by soil wind erosion.

Key words: sand-stabilization ecosystem service; spatial simulation; HYSPLIT model; ecological

benefits ; ecological compensation
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Tab.1 Areas in China benefit from sand-stabilization ecosystem service at Angulinao in 2015
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Tab.3 Population and GDP benefit from sand-stabilization ecosystem service at Angulinao
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Tab.4 Benefit level of areas in China benefit from sand-fixing ecological services at Angulinao in 2015
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1~3 2.56 2.00 2994.79 1~3
R 3~5 1. 80 1.40 2105.71 s 3~5
5~10 1.07 0.83 1251.73 5~10 1.12 0. 87 1310.22
10 ~30 0.38 0. 30 444. 54 10 ~30 7.36 5.74 8 610. 01
=30 =30 6.10 4.76 7136. 01
A 8.20 6.39 9592. 67 A 14. 58 11.37 17 056. 24
0~1 0~1 5.02 3.92 5872.59
1~3 1~3 4.20 3.28 4913.32
e 3~5 SE 3-~5 2.61 2.04 3053.28
5~10 EREDS 5~10 9.83 7.67 11499. 51
10 ~30 10 ~30 12. 80 9.98 14973.93
=30 1. 64 1.28 1918.53 =30 4.35 3.39 5088. 80
At 1. 64 1.28 1918. 53 Gt 38. 81 23.08 45 401. 43
0~1 0~1
1~3 1~3 0.24 0.19 280.76
WL 3~5 0.01 0. 01 11.70 LZEE 3~5 0.75 0.58 877.38
5~10 1.31 1.02 1532.49 5~10 2.14 1.67 2503. 45
10 ~30 3.12 2.43 3 649. 89 10 ~30 8. 11 6.32 9487. 39
=30 14. 33 11.18 16763.78 =30 4.39 3.42 5135.59
it 18.77 14. 64 21957.86 || &t 15.39 12. 00 18 003. 81
0~1 1.08 0.84 1263.43 0~1 1.29 1.01 1 509. 09
1~3 2.23 1.74 2 608. 74 1~3 0.98 0.76 1 146. 44
W 3~5 1.95 1.52 2281.18 FEE 3~5 0.62 0.48 725.30
5~10 2.87 2.24 3357.44 5~10 1.02 0. 80 1193.23
10 ~30 0. 65 0.51 760. 39 10 ~30 1.73 1.35 2023. 82
=30 =30 5.38 4.20 6293.73
it 8.78 6.85 10271.18 || &t 11.02 8.59 12 891. 62
0~1 4.75 3.70 5556.73 0~1 0.17 0.13 198. 87
1~3 11.98 9.34 14014. 66 1~3 0.27 0.21 315. 86
mprs 370 12.48 9.73 14599.58 || e e 3~5 0.17 0.13 198. 87
5~10 9. 64 7.52 11277.24 5~10 0. 31 0.24 362. 65
10 ~30 0. 09 0.07 105.29 10 ~30 0.41 0.32 479. 63
=30 =30 0.25 0.19 292. 46
it 38.94 30.37 45553.49 || & 1.58 1.23 1 848. 34
0~1 0. 87 0.68 1017.76 0-~1
1~3 0.39 0. 30 456. 24 1~3
W 37 PSR,
5~10 5~10
10 ~30 10 ~30
=30 =30 1.17 0.91 1368.71
it 1.26 0.98 1474.00 it 1.17 0.91 1368.71
0~1 0.35 0.27 409. 44 0~1 0.73 0.57 853.98
1~3 1.53 1.19 1789. 85 1~3 0.21 0.16 245. 67
S 3~5 2.47 1.93 2889. 50 WA 3~5
5~10 12.97 10. 12 15172. 80 5~10
10 ~30 1.77 1.38 2 070. 61 10 ~30
=30 =30
it 19. 09 14. 89 22332.21 || &t 0.94 0.73 1099. 65
0~1 1. 67 1.30 1953. 63
1~3 1.63 1.27 1 906. 84
THE 3~5 1.24 0.97 1 450. 60
5~10 1.81 1.41 2117.41
10 ~30 2.52 1.97 2947.99
=30
A1 8. 87 6.92 10 376. 46
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ARSI R GRS LS M FEAE X 2015 4F
G A S R G SSS Y2 [A) VI [l 325 7K
PEAT TR, JEAR 5 SBA b SSS (%K 45 K OF, 42 1
T—Fh s XA 22 4k ECS, FIFH RWEQ #5814
BT 2015 AR [ s AE S R E Y IF R
HYSPLIT #i R4l T SSSF Y B2, fE I FERE |-
PUFIPAL T SBA K2 SBA N -+ Hb & # A 11FI GDP
23 () 434 . G5 SRFH 2015 4R 2[R AR B RS
SBA T AN 189. 37 T3 km®, i 4 [ + b 1 ALY
19.66% , SBA FEALFHBILILE N HIGIX
MG LA LT LR VS A &
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15 322548 (), SRS X T LAY 41 167 1% ; SBA
(1) - i 78 Bl rh k3K 81. 88 7 km?, FF (o 1t AR H 451
iR, M 43.24% ;SBA [HEE R FHHLGE 12. 05 7 km®
ZIENIE 5.27 2N, 29 5 48 & BN O
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4 GDP B 41.36% , Hi  SBA Wk KL
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1.40 {2, b B2 88 N 26.57% , i e E Y
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30. 74% , (5 4 [H GDP 1Y 12. 72% ; 5% X Eh 5l b 2E
BAEZ MG KU H X PR d > 14717 J7t, B
BT RIRE IR 44.26 270, WL, G B AR R
4t SSS HATR) Iz i 4 59 X 1l 5 58 5 4% 25, SSS 7E
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S[EERBA AT LR S B AR, MM
T 22 SE AR5 IX 5k SBA

(3) ARWFFE B TRV IE 5 d(120 h) b4
MG G, R E A F ) T (R ) /Y52 v
Bl E TR 2 SBA SR 1T it /b X AL A V0 24 52 Ml v
FEl B, 78~ — 2D R i 45 6 5L bR & AR VD
RRAI TAERAZ, I H SR B ) XGRS
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(1) 2 [ Byl AR 25 AR e it 7 J 22 1 By XL T
ERRGERS I E T REMNMLE., AR
RWEQ BRI X} 42 [ B i A 25 2R 458 2015 4 14 B XU
VAT TG Al 4 SR B, 2015 A SEBR AL ik
TN 14.349 1 7 o BORAE BEA AR I OL T
TRAE XU 382,279 7 t, SR XUk B AV R v AR I
T 3. 66% , 4[5 B i A 25 R e (45 ER A+ 1 X
s> T 367.93 T3 t, Ztn T AR RS R
BEA B KR VA S R G MR 55 1+ b R
189.37 J1 km®, 5 4 & + M i LY 19.66% , A 15
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Tab.5 Statistics on payment of ecological supplements to Angulinao area in beneficiary areas in 2015
WX IR % Tink/ T p; C./HTt WX RIS % %A/ Tt p: C./JiTu
0~1 1.86 0.01 63.13 0~1
1~3 2.00 0. 01 67.62 1~3
G 3~5 1.40 0.01 47.55 T 3~5
5~10 0.83 0.01 28.27 5~10 0.87 0.01 29.59
10 ~30 0. 30 0. 00 10. 04 10 ~30 5.74 0. 04 194. 46
=30 =30 4.76 0.03 161.20
it 6. 40 0. 04 216. 61 Fas! 11.37 0.08 385.25
0~1 0~1 3.92 0.03 132. 69
1~3 1~3 3.28 0.02 111.04
S 3~5 NS 3~5 2.04 0.01 69. 01
5~10 EREIS 5~10 7.67 0.05 259.98
10 ~30 10 ~30 9.98 0.07 338. 60
=30 1.28 0. 01 43.32 =30 3.39 0.02 115. 09
a1t 1.28 0.01 43.32 it 30.27 0.21 1026. 41
0~1 0~1
1~3 1~3 0.19 0 6.35
WAL 3~5 0. 01 0 0.26 LA 3~5 0.58 0 19. 86
5~10 1.02 0.01 34. 60 5~10 1.67 0.01 56. 67
10 ~30 2.43 0.02 82.42 10 ~30 6.32 0.04 214.79
=30 11.18 0.08 378.54 =30 3.42 0.02 116.29
&t 14. 64 0.10 495. 83 &it 12. 19 0.08 413.95
0~1 0.84 0.01 28.53 0~1 1.01 0.01 34.18
1~3 1.74 0.01 58.91 1~3 0.76 0.01 25.97
R 3~5 1.52 0. 01 51.51 LA 3~5 0.48 0 16. 43
5~10 2.24 0.02 75. 81 5~10 0. 80 0.01 27. 04
10 ~30 0.51 0 17.17 10 ~30 1.35 0.01 45.87
=30 =30 4.20 0.03 142. 69
Gt 6.85 0. 05 231.93 Gt 8.59 0.06 292.18
0~1 3.70 0.03 125. 48 0~1 0.13 0 4.51
1~3 9.34 0. 06 316. 46 1~3 0.21 0 7.16
T A 3~5 9.73 0.07 329. 67 BEPE A 3~5 0.13 0 4.51
5~10 7.52 0.05 254. 65 5~10 0.24 0 8.23
10 ~30 0. 07 0 2.38 10 ~30 0.32 0 10. 88
=30 =30 0.19 0 6. 64
At 30. 37 0.21 1028. 63 Gt 1.23 0.01 41.94
0~1 0. 68 0 22.98 0~1
1~3 0. 30 0 10. 30 1~3
WL 33 w373
5~10 5~10
10 ~30 10 ~30
=30 =30 0.91 0.01 31.10
it 0.98 0.01 33.28 it 0.91 0.01 31.10
0~1 0.27 0 9.25 0~1 0.57 0 19. 41
1~3 1.19 0.01 40.42 1~3 0.16 0 5.59
Sk 3~5 1.93 0.01 65.25 WA 3~5
5~10 10. 12 0.07 342. 61 5~10
10 ~30 1.38 0.01 46.76 10 ~30
=30 =30
it 14. 89 0.10 504. 28 Hit 0.73 0 25.00
0~1 1.30 0. 01 44.11
1~3 1.27 0.01 43.06
THE 3~5 0.97 0.01 32.76
5~10 1.41 0.01 47.81
10 ~30 1.97 0. 01 66.57
=30
A 6.92 0.05 234.31
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(1) FeFI A&, HEHE SBA 52 25 P BE i 1 A= S kb
T, mAb sz 35 KN AT I A ML 4, kb B
F 2013 FF4% A 5000 F1uAE BB R L4 %, %65
B s B K ) R IB VLA RN S8 i [ 36 DX R 4 5 0
K, 1 028,63 JT eI 1 026.41 Ji oG, Wb
B OEHNE TR ERZ, LA T AT A

“YESZ g EAMET Y SR AR SE XA A AME T B R Y O 25 J1o0, h EAME S BN 5% .

AT e g X B[ 1], b E 3R

China Environmental Science, 2010,30(2): 279 —283.

& % X o

(1] BRiEwS, SO0, #iRE. HEAC Rk R BT R g S )], HIkRatE, 1994, 9(5) :6 - 12.

CHEN Weinan, DONG Guangrong, DONG Zhibao. Progress and trend of research on soil wind erosion in Northern Chinal J].
Advances in Earth Science, 1994, 9(5) :6 —12. (in Chinese)

[2] MAY J, HOBBS R J, VALENTINE L E. Are offsets effective? An evaluation of recent environmental offsets in Western
Australia[ J]. Biological Conservation, 2017, 206249 —257.

(3] R sUAHIX VDR R SRR AR AT [ T]. Blop(RIRE) , 2008, 60(1) :46 —49.

HAN Tonglin. Analysis of sandstorm and salt-alkali duststorm in Beijing — Tianjin areal J ]. Science( Shanghai) ,2008, 60(1) :
46 —49. (in Chinese)

(4] WX, Uhei, Ak, 55 LR RS AR 25 T ae X B XU V0 IR 55 32 2 3 R [ )], FAR BRI 23Rk, 2018, 33(10) :
1742 - 1754.

XIAO Yu, XIE Gaodi, ZHEN Lin, et al. Identifying the benefit areas of wind erosion prevention in the key ecological function
area of grassland at the northern foot of Yinshan mountain[ J]. Journal of Natural Resources, 2018, 33(10) : 1742 —=1754. (in
Chinese)

[5] JIEX, YU X, XIE G, et al. The spatio-temporal disparities of areas benefitting from the wind erosion prevention service[ J].
International Journal of Environmental Research & Public Health, 2018, 15(7) : 1510.

(6] ZERENF, 20K, EEE GESIIRE XA A AR TR SO B SRR HAR[T]. P93 R R (FE 2B
2017,37(2): 1 -9.

LI Guoping, LI Xiao. Ecological compensation standard, payment amount and adjustment target in national key ecological
function areas[ J]. Journal of Xi’an Jiaotong University( Social Sciences) , 2017,37(2): 1 =9. (in Chinese)

(7] EWh, X0, 486, A EDK SRR SAMELRIBT TR PR 1], ARARZ85E, 2017, 33(3) : 165 - 169.

WANG Jiashan, LIU Yang, ZOU Qian. Review on ecological compensation for soil and water conservation mechanism in China
[J]. Ecological Economy, 2017, 33(3): 165 —169. (in Chinese)

[8] LIU M, YANG L, MIN Q. Establishment of an eco-compensation fund based on eco-services consumption[ J]. Journal of
Environmental Management, 2018, 211 ( APR. 1) ;306 —312.

[9] SU Kai, SUN Xiaoting, GUO Honggiong, et al. The establishment of a cross-regional differentiated ecological compensation
scheme based on the benefit areas and benefit levels of sand-stabilization ecosystem service [ J/OL]. Journal of Cleaner
Production, 2020, 270. https: // doi. org/10. 1016/j. jelepro. 2020. 122490.

[10]  fems, 2080, SRR, 5. AR 38R EEIT 0 vh iy A 35 5 S AR oY

2%, 2010,30(2) ; 279 —283.

XIE Yufeng, LI Debo, MA Xiaoming, et al. Ecological radiation model research in human settlement ecological environment
assessment ;a case study of Longgang District of Shenzhen City[ J].

(in Chinese)

C11] sk, e gk, it B, 45 JRIDT Uip 52 2 A 25 D BE DX B XU VD D e e S ke s [ 0] AR 25741, 2010,30(19) : 5185 -
5193.

HAN Yongwei, TUO Xuesen, GAO Jixi, et al. Ecosystem services radiation of significant eco-function area in the lower
reaches of Heihe River[ J]. Acta Ecologica Sinica, 2010,30(19) : 5185 —5193. (in Chinese)

(12] REJe, P, B0, S ZE RN X LN T2 WA REAE[ )], SR, 2016, 14(4) : 553 -560.
ZHAO Wanglong, GUO Zhongling, WANG Rende, et al. Spatial distribution of soil physical and chemical factors in the
Angulinao playal J]. Wetland Science, 2016, 14(4); 553 —=560. (in Chinese)

[13] B3, ESCRE, XIEAE, 45 3T RWEQ AR N S8y i IR 3 KU [ )], AEARIABE 244, 2018, 7(6) : 38 —47.
CHI Wenfeng, BAI Wenke, LIU Zhengjia, et al. Wind erosion in Inner Mongolia plateau using the revised wind erosion
equation[ J |. Ecology and Environmental Sciences, 2018, 7(6) : 38 —47. (in Chinese)

[14] VI, H#k, BE S, 55 BT RWEQ BB T LI XUBREA AL )], K EOESRTSY, 2015,22(1) : 21 -25,32.
JIANG Ling, XIAO Yi, OUYANG Zhiyun, et al. Estimate of the wind erosion modules in Qinghai Province based on RWEQ
model[ J]. Research of Soil and Water Conservation, 2015,22(1) :21 =25,32. (in Chinese)

[15] MOROZ B E, BECK H L, BOUVILLE, et al. Predictions of dispersion and deposition of fallout from nuclear testing using the
NOAA — HYSPLIT meteorological model[ J]. Health Physics, 2010, 99(2) ;252 —269.

[16] MCGOWAN H, CLARK A. Identification of dust transport pathways from Lake Eyre, Australia using Hysplit[ J]. Atmospheric



242 & o HLoB cE 20204
Environment, 2009, 42(29) . 6915 —6925.

[17] LING Y I, XIONG L. Y, YANG X H. Method of pixelizing GDP data based on the GIS[J]. Journal of Gansu Sciences, 2006,
18(2) . 54 -58.

[18] LIU H, JIANG D, YANG X, et al. Spatialization approach to 1 km grid GDP supported by remote sensing[J]. Geo-
information Science, 2005, 7(2) :120 - 123.

[19] RUDOLF S De G, ROB A, LEON B, et al. Challenges in integrating the concept of ecosystem services and values in
landscape planning, management and decision making[ J]. Ecological Complexity, 2010, 7(3) ; 260 - 272.

[20] BROWN M, CLARKSON B, BARTON B, et al. Implementing ecological compensation in New Zealand: stakeholder
perspectives and a way forward[ J]. Journal Royal Society of New Zealand, 2014, 44 (1) ; 34 —47.

[21] CUPERUS R, BAKERMANS M M G J, HAES H A U D, et al. Ecological compensation in dutch highway planning[ J].
Environmental Management, 2001, 27(1) ;75 - 89.

[22] MEINERI E, DEVILLE A S, GREMILLE T, et al. Combining correlative and mechanistic habitat suitability models to improve
ecological compensation[ J]. Biological Reviews, 2015, 90(1) ;314 -329.

[23] MENG Y, LIU M, GUAN X, et al. Comprehensive evaluation of ecological compensation effect in the Xiaohong River Basin,
China[ J]. Environmental Science and Pollution Research, 2019, 26(8) : 7793 -7803.

[24] ak(fd, IR, W—IF, 55, 2000 4EFFILAURERY ""‘%%Iﬁ{k%%ﬁ%ﬁ*ﬁ[J] S HEERFFE, 2000, 5(3):
259 -266.
ZHANG Renjian, WANG Mingxing, PU Yifen, et al. Analysis of chemical and physicol properties of the super dust storm in
Beijing in 2000 J]. Climatic And Environmental Resedr(h 2000, 5(3): 259 -266. (in Chinese)

[25] SK24EL, FERN, 3, 45 QU AR 5t o AR XPS R A A A ]. R E IR SR
2%, 2004, 24(5) : 533 -537.
ZHANG Xingying, ZHUANG Guoshun, YUAN Hui, et al. The dried salt-lakes saline soils sources of the dust storm in
Beijing—the individual particles analysis and XPS surface structure analysis[ J]. China Environmental Science, 2004, 24(5) :
533 -=537. (in Chinese)

(#2120

[15]  HAEEFES XK, 2 AR, 45, AT LR s WA 2527 SR 7 1[J]. A A5 R,2017,
28(3) 975 -982.
SUI Jinling, LIU Miao, LI Chunlin,et al. Sponge city planning and landscape ecology enlightenment: taking Liaodong Bay New
Area in Panjin City as an example [J]. Journal of Applied Ecology,2017,28(3) :975 -982. (in Chinese)

[16] B, Mok o, HREH , 5. 1990—2018 AR p & 10 Mo 5 LS Joy 38 A8 K FCHR Sl g a3 B [ 0], AR A8 3R BT 24z, 2020,
29(1):59 -170.
LEI Jinrui, CHEN Zongzhu,CHEN Yiqing,et al. Analysis on the evolution of wetland land-scape pattern and its driving forces
in Hainan Island from 1990 to 2018[J]. Journal of Ecological Environment,2020,29(1) :59 —70. (in Chinese)

[17] HU Wenmin, GUO Li, GAO Zhihai, et al. Assessment of the impact of the Poplar Ecological Retreat Project on water
conservation in the Dongting Lake wetland region using the InVEST model[J]. Elsevier B. V. ,2020,733.139423.

(18] Toik il RS, 45, ST RIS ATk 2 A S AT TE [ 1/ OL ). AR 2018 ,49(3) :214 ~224.
YU Qiang, YANG Lan, YUE Depeng, et al. Investigation on complex spatial ecological network structure based on complex
network analysis method [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2018,49 (3) :214 - 224.
http: // www. j-csam. org/jcsam/ ch/reader/view_abstract. aspx? flag = 1&file_no = 20180326&journal _id = jesam. DOI. 10.
6041/j. issn. 1000-1298.2018. 03. 026. (in Chinese)

[19]  SRIAHK. & 22 A A B AR AL S AR A 28R A S AL AT D] JEat . Jbatkll k2, 2019.
ZHANG Qibin. Research on the construction and optimization of ecological network in the northeastern edge of Ulan Buh Desert
[D]. Beijing:Beijing Forestry University,2019. (in Chinese)

[20] Mg, W0 SC, ok, 45, FE T 2 RS E AR FLUS B8 19 VE LR BMOS Sl Lo R RORAL G B [ 1], HhekfE SR
272247 ,2020,22(3) 1568 —579.
YANG Lu,JIE Yaowen,ZONG Leli,et al. Optimal allocation of land use based on multi-objective genetic algorithm and FLUS
model in the Northwest Agro-pastoral Zone[ J]. Journal of Geo-Information Science,2020,22(3) ;568 —579. (in Chinese)

[21] etedn, iRY&k, Tk, 55, el DO e AR S M AL &R [ 1/ OL]. Al AL ,2020,51(2) :172 - 179.

PEI Yanru, WU Yingda, YU Qiang, et al. Robust analysis of potential ecological network edge enhancement in desert oasis area
[J/OL]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(2) ;172 = 179. htip; // www. j-csam. org/
jesam/ ch/reader/ view_abstract. aspx? flag = 1&file_no = 2002019&journal _id = jesam. DOI; 10. 6041/j. issn. 1000-1298.
2020.02.019. (in Chinese)



