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Simulation and assessment of sand fixation service in the Wuding River Basin,

China

WANG Guoyu, LI Jing", ZHANG Ya
School of Geography and Tourism, Shaanxi Normal University, Xi'an 710119, China

Abstract: Wind erosion has important effects on regional climatic degeneration and desertification. It mainly occurs in arid
and semi-arid areas. Windbreak and sand fixation service belongs to the regulation service in ecosystem service and is
conducive to protecting environment and maintaining soil. However, in recent research, the harm of wind erosion is lack in
the adjacent area. The simulation of dust transmission is applied in wind erosion to analyze influenced adjacent area. The
Wuding River Basin includes some areas of the Mu Us Desert, and the wind erosion is significant. Taking the Wuding River
Basin as a case, the spatial association of service supply area and benefit area was revealed from the ecosystem service flow
of the wind prevention and ecological compensation. Using the RWEQ model ( Revised Wind Erosion Equation), we
estimated the wind erosion volume in 2000, 2005, 2010, 2015 and 2018, and calculated the quality of windbreak and sand
fixation to measure the windbreak and sand fixation service capacity. The Hybrid Single —Particle Langrangian Integrated
Trajectory (HYSPLIT) model was used to simulate the daily dust transmission paths in 2000, 2005, 2010, 2015, and
2018 and obtained a range of the affected regions. Population and real GDP in the service beneficiary areas were simulated.
Results are as follows. (1) In 2000, 2005, 2010, 2015 and 2018, the actual wind erosion, potential wind erosion and
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wind break and sand fixation showed a " decrease —increase —decrease" fluctuation trend with a downward trend on the
whole. The wind erosion in the west and northwest of the Wuding River Basin was more severe while in the east and
southeast was more moderate. (2) The total number of the service flow path simulation showed the overall downward trend,
mainly through the central and eastern China. The service beneficiary areas included China and neighboring countries. (3)
The material flow of wind prevention and sand fixation service from the Wuding River Basin was centered on the northern
Shaanxi and western Shanxi, and the influence area has spread to neighboring countries. The decline of wind erosion amount
indicated an improved ecological environment and a good living environment locally. The results revealed the protection in
the adjacent areas by the windbreak and sand fixation service. The study estimates the windbreak and sand fixation service
flow, providing a scientific basis for the ecological compensation between the service supply area and the benefit area, and

having a certain reference role for vegetation restoration and windbreak and sand fixation in other river basins.

Key Words: ecosystem service flow; sand fixation service; Revised Wind Erosion Equation; Hybrid Single-Particle

Langrangian Integrated Trajectory Model; Wuding River Basin
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Table 1 Data source
HilnEm B R U5 PEITE el
Data type Source Content Description
IR 2 4 Jup— WGH H 45 2 2000 4F 2005 4R FRAEHE ; J0E TR A K AR Bk
Windspeed data I EREA (htip://data.cma.en/) 00 5015 dE 2018 AEAAE 78 AN KRR
=2 e V= f= VB S
NCEP 5 #r8dE iigﬁﬁfiﬁﬁm%ﬁmﬁﬁ* 2000 4F 2005 4F 2010 42015
NCEP reanalysis data ;Jhtl s://www. ready. noaa. gov/archives 2018 fERAE 1 2019 451 T T R EAROR
Y php)’" - HOAG. oA BOVTHIEMNES  H % 2019 4E 1 H 31 H
A RS . . . H \
?ixé’é{ffﬁﬁ . Landscan A 1 % 85 ( https;://landscan. AFLLR 2018 A 1 km AFIA real WA B A M ks B s
Social and economic data N GDP 4% %4 . A\ B F1 GDP 4
oml.gov/) ; Bl KGR (Chip://www. .
HEEE
stats.gov.cn/)
o - . s ) 2000 4F- 2005 42010 4,2015
b — R 1] 1 K 4
SR 2000 42005 4 ,2010 4F,2015
. CMFD $eHfi 4 AELLKL 2018 4R FARAT K, NetCDF
eteorological data TR
R 1=PC S 2L 2z LY N NS I
ﬁ&ﬁliﬁ.‘ rhE B 2 e B I B 58 A 5 Hod b 30 m DEM %8 MR
Elevation data (http: / /www.resdc.cn)
_ 0 e e ) . 2000 4F 2005 4F 2010 42015
*E%)j‘i’ﬁ@%' o B 2 B BT IR B0 5 AL A U PO R 2018 4F 1| km £ NDVI  HHESCHE
Vegetation data (http: / /www.resdc.cn) "
Hedla
- v A HWSD (1 km)
;tiff%ﬁ ?é " EI)*E@&;&&?E A (hitps://www. (Harmonized World Soil Database  MiH#& £
oil data a0.0rg v 1.2) +HeR g
A A obFE B 2 e B U A B A A B oL I 22 ) b A T R K
Land use type (http: / /www.resdc.cn) B4 (CNLUCC)

NCEP ; 2 [ [# ZZ #1854l 0> National Centers for Environmental Prediction ; GDP ; [E N4 72 5 {H Gross Domestic Product ; CMFD ; [ [X 32 b 1
KL ERIRIEAESE China Meteorological Forcing Dataset; NetCDF ; X 2% 18 F £ 4 #% 3 Network Common Data Form; DEM ; ¥4 & #24E &Y Digital
Elevation Model ; NDVI; #H#{ 7 35 84X Normalized Difference Vegetation Index
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Fig.2 Framework
RWEQ & 1F 1 5 XUk J5 FE A% % Revised Wind Erosion Equation; HYSPLIT: 1R & 8 MUk 50 4% B H %% 4 B354 5 Hybrid Single-Particle
Langrangian Integrated Trajectory Model ; NDVI; ###% % 5 5 %0 Normalized Difference Vegetation Index; DEM; {5 & FE A5 5 Digital Elevation
Model ; NCEP ; 3 [# [ ¢ BF 3 1i4f #F.0> National Centers for Environmental Prediction
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sr = 150.71( WF x EF x SCF x K') ~*¥"! (6)
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1
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FMFPE S KRR IR LI Z AL TORE BRI 5 X5 R VD S s Vb 2R T H R L, R4S %
BRUS TR PEBLIBE B N L H S sk B AR AR, 7 T R, B S R U 2, EE UM,
I VPTG A T S W UL I LI =3 5 B S0 A 7 5 B A, A G /0 ] sl B 24 o (17 2
FERHL K2 R B, 2 E A AR A N I T AR S, S MR 2R AR g B, DL R R
SRR A MBI R 7 25 M S R 5 1 X R BN X, 5 % BV AR KA R AR R ) £ T B
M) A8 Lo ARk R 2 Ak BT ) b T AR AR A S R B DU 3l st BRI DX 4F T R0, BRI, S
S 013t R LS AR St R Al e TG T A SR R ) U B AR LA — R R
2.3 B XUE VD 32 25 DX FERE AL 5 7 IR IR 55 ok
AHFGE | T T R B B AR 1 5% 25 IX3E i HYSPLIT AT 4 Fi b 5 ArcGIS 3815, Wi ZMihs
Hh D 2 A AR 1) 0 A AR T LR VRS 2 B P 32 2 A B XU VD iR 55 32 25 22 /0 e s R b , KD
GI AT R R W 25 i X IR W Bl AR R 22 AR R R GRS s R, IRID B o3 A A R 3 A 5K
wmrEee
P (14)
o p, R E @ RSB AR | r B Rl it WS @ XD EL, r s WD B gk, x4k
et A 14 2 T 47 {75 30 B XU VD IR 5552 4 XA 223 ) 43 A, BV ZE AR b 2% 1 N AN AEAE B XU VD IR 55, I 4
R SRR 1 Vb2 £ i i A 28 ek %) DX IR ] LA A S i DR U0 IR 45 T Bl A 37 25 IX S
I PRI 70> 2 45 90 o e A R P 155 000 ST 7 A 14 B XU T v i, X 43 b 2 7 B KU VD Bl 55 4 1
B [ A VD AR R DTG T VD AR AR G B KU VD R 55 22 25 X B E AR T B KUV RS . R, D
PR Z | O AR i KD R A 2 | DTITSE A 0 45t T3 A RUBE A 20 30 1 23R I AR 4k 20 30 4 % 3
118 KU B 8 4T o B DR VD IR 55 20 s A A 3 ek 8, 0 S R AR B K, AR AR DG Sk - W i 53
Faw/(IN
PL. =G X p, (15)
Ko, PL R B KUE VDRSS 5% 25 X IR 200 @ BRI & (kg/m®) , G Fon B KUE V9 i (kg/m*)
p AN i R AR I A AR (% ) o WIS OB AR A 27 SR T 1o x 1o R/

3 ZBRES

3.1 WAL SRR U S B XU VD i S A SR

2000—2018 4[] JC 2 Al L v 76 KUUE R 7R 14.915%10° kg £ 115.981x10 kg Z 0], W13% 2 PR, 5 2000
AEFA EE 2018 AF AR KU i )82 T 74.693% 10% kg, 5 J-34-0a " () 9% S AR Akt A, i B A i AR s A XU okt S
P S B 55 T A XUl ) ) AR Ak 34, LA TRV A XUl - 3 95 U 0.613 kg/m’ & 3.890 kg/m’,
552000 4EAH H, 2018 A7 B 1 B e KUk i P S5 (B0 T 2.572 kg/m?, 2000—2018 4F [1] J6 1 10 30 38 55 b
A E AR 14.711x10° kg 2 111.054%10° kg Z [], 2000 4552 b XU 2 85 55, 2005 4F (1 SE Fr AU g de f1K . AH
Eb 2000 4FSZBR KU 2018 4F0 /0 T 74.674x10° kg, HEUR b S2Pr XU B R %, 15 BT, 15 R A AR 1L
B, B TR S B XU i S 3 22 3 S B R A [R] 9 AR AR A 3 S (E T R 0.605 kg/m® % 3.858
keg/m’, 5 2000 4FEAH H, 2018 4F B T AL S FR WU S Y (E I T 2.572 kg/m?

WE 3 iR 228 [ 44 b T AE KU 5 S B Uk AR g DX 3 i 24 v 7 X3 3 B8 5 AIK ) h s LA R AR
5 TS e ) DX ek 2 AR R AE P LS, FE 2000—2018 AR (1], v 7E Uik et -5 52 o XU ol g A4 1 i Ay B B ) DX sl
JCRE ]I T K 7R R R S IR ST RGN PR D 1 8 B AR A, 5 2000 AR AH L 2018 4 9 8 AR K
Pl 5 SEBR KU A T W AR, AT T LE XU 5 SRR XU A T A B A ek | G I DX SR A AN
Wl /L, L IRk e 35 A, 7 R T RAAIG
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&2 2000—2018 FERIRED K25t
Table 2 Quality statistics of windbreak and sand fixation materials from 2000 to 2018

EZ E EZE// ijﬁ 2000 2005 2010 2015 2018
WETE R BA T R PEAE Utk e KA/ (kg/m?) 15.217 7.292 15.255 14.030 8.524
Potential wind erosion LA T FR TS TE Rk /ML (kg/m?) 0.000 0.000 0.000 0.000 0.000
A T RUE E RUOE- A/ (kg/m? ) 3.890 0.613 2.317 1.849 1.318
e AU E A x10°/ (kg/m?) 111.981  14.915 59.396 50.898 37.288
SRR XU BN TR PRk IR KA/ (kg/m? ) 15.142 7.178 15.162 13.912 8.338
Actual wind erosion PP TR S B Rk /ML (kg/m?) 0.000 0.000 0.000 0.000 0.000
B T AR PR KUk S M1 (kg/m? ) 3.858 0.605 2.287 1.808 1.286
SEBR R R x10%/ (kg/m?) 111.054 14.711 58.626 49.770 36.380
577 R > 1 B XU v s x10°/ (kg/m?) 0.927 0.204 0.77 1.128 0.908
Wind prevention and sand B3 TR L R E (8 (k/m?) 0.032  0.008 0.030  0.04 0.032

fixation amount

2000—2018 4F[A] 6 5 1] 3 1 B XU 70 S 7E 0.204%10° kg 28 1.128x10° kg 2 ], A A4 5 30 Yol - 184 -0~ 11
Wl fbaH . 5 2000 45 AH H, 2005 45 B RUE V> B i 98 0 T 0.723 %107 kg, 2018 45 B KU V0 S i 2> T
0.019x10” kg, 2000—2018 4F fy LA [ AT 34705 XU 0 J2 38 8 284k, 0.008 kg/m® % 0.032 kg/m*, MZS
] oA 7, By XU et A g 118 DX 3 A P AR VG U L B b, 333 A DX ) - b 7 5 7R F2 %2 g v b [
T 51 B T B9 DX, 2000 45,2005 455 2015 AR T8 00 P 70 AR A B0 oA 4 v 9 7 XL
[ b it DI, L) 2018 AF 3 26 DI 1Y) B AU V-8 AT T BH S A BRI o 17 I VAT e S8 P AR A B e
7E 2018 AFB KUE VD FEBAT T Wi A A 33k 2 DX 3l XU g R 1) 8 AR B XU 0 e A R I ™ A T B2 1Y
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=X
B
Z

[ | 5
H Bl 0.5—1.0 o
= 015 &
& BT g 2
K o 17—19 uﬁ
1922
012225 2 #
L2530 % K
C130-37 2 H
18 [ 3.7—4.5 b :@i
= B 4556 EE
® e se—71 CE
R 7191 Ea&
o . o1—117
& - 117—153
£
B 0—0.009 E;
B 0.009—0.015 =
i) [ 0.015—0.018 1
A [ 0.018—0.023 &
[ 10.023—0.033 =
=X [10.033—0.049 =
= [ 0. 049—0.078 2
B 0.078—0.126 &
B 0.126—0209 =
B 02090352 &
iy

B3 2000—2018 £ REAMLRRILE BHENMESHRE D ERNZSHEE
Fig.3 Spatial and temporal distribution patterns of SL, SR and G in Wuding River Basin in 2000,2005,2010,2015,2018

3.2 B XU VD IR 55 i s AR AR
FR4E HYSPLIT AR EE S (& 4) ,2000 AEAGT AR, S48 3 100 3l LA KRS L sl 7 v 20 A5 A2 0 S A
80.162.73 179 4%, Ml 494 Z5Ub AL HI A% ;2005 - ARk 22 flsly 355 vl DL KR Ll i) 70 A 4% By B A2
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S35 130,151 ,62 164 55, ST 507 Z VDAL HAR ;2010 SRR | e fE il v 00l LS Ll iy vb 2R
AR B4 139 (157 (82 159 4%, ST 537 Z U0 ARHmI{AL ;2015 AFMI RS, S8l 3 1wk L SR 1L o fY
U AR AR AT BT 137,155 .26 164 45, BT 482 DAL 4 4% ;2018 AR ARl Ayl 3 11k L) R bk
Ll B Vb A A AR 43 S 120,145 16 156 5%, StA 437 SRUDAMEHI I AE . 2000 4F % 2018 4EuG il vh4
ki B AR R H J /DI HLAE 0 3 R A R WG ol WD R AH W i st o (]I, 4ty S8 1Ll iy b 2
ki B AR K B IR AR AE 2 197K, R WD 24 g RO K AR TH 23 X6 22 4t A 2577 26 FU IR I, 2010 4F %
2018 4 Ul s AT AL AR SR B S ETHE TR i sl AR (ki 2018 AE VDA AL i B A BGA B
HARME , R BRI RG] T ARG 15 BHCA W et | 0 24 2E 25 P8 19 16 5 15 2 927 .

>»z

0 3000 km

— ER
LiRU3

4 2000—2018 E£ B X E W AR SR BB 1E
Fig.4 Flow trajectories of the wind prevention and sand fixation service in 2000,2005,2010,2015,2018
BEF [ 50 22 b A B R b o PR A 55 I 280 B 115k GS2020(4632) 5 A bm i B AR, IS Il TEf& ek

BBV 2 A% i A% T2 B P [ G T, A 2 R L S 0 ) AR 8 e R 5ty S R 5%, e B B XU > il
55 sh AR S e gl M P E L AR 3 BT, B XU VD IR 45 3 sh AR AU B AL T 1 2 B K A D R
SR | 38 23X R 7 3R A 3l e A 7 A — S BRI
3.3 B AUE T 32 55 X

BRI AR ERAY RS 43 30 0—1% 1%—5% 5% —10% 10%—20% .20%—30% .30%—1, %
i X BT B LL R AR A KRB 0 (B 5) o Bl 25 B R 55 8 (> 30% ) 1 X3 32 B4 TRV AL
T 08 2 2 3R 5 i DX 383 T e K8 DX ) < 1% , 5 BRI P 8 oy 7 5l s DA B AR a1
ZRAGHR EE PR G BRSSO VTIPS VEOR LT EAREEA Y o 0 AT i B R VD R 55 A A5 A7 25 X P Ik
15 8 R A A 16 PR A B i — 2D iy st Horh B AR A 3 i R i LA O By Ll Pa RN N S 4 BT3RS
{149 7 DR V0 Bl 45 %o 244 e B A A BRI 32 25
3.4 B USSR 55 0 S5 it

i DRI V> i 55 U 3 s A A IR 55 B 24 DX ( TG W) i i) 5 e 5532 2 IX 2 IRV ST 1 IR | i 0 B AR A 38 A
H X VR R L B A B XUE VP IR 45t 22, 2000 4F 2005 42010 4F 2015 4E A1 2018 4F4) i i fix
BT 630.51 kg/m?  119.5 kg/m? ,524.8 kg/m>,692.71 kg/m*.652.43 keg/m?, ¥ J5% i f ARG AW 43 ) Ky
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1.87 kg/m* 0.4 kg/m* | 1.43 kg/m* 2.34 kg/m’> 2.07 kg/m” , ¥ Bt FHME ST HIM 17.55 kg/m® 4.21 kg/m* (16
kg/m> 27.87 kg/m* [18.64 kg/m*, BT, D\ 2000 4F- % 2018 4F , W i & 0% sh AR b B . 32 25 DX P B DAL [
VI 55 W B 14 25 8] A1 (11 6) 5 B35 IXUIRT 9l 55 5l B A A 49138 2 3 M IX. — 3850, 90 S D U ik LA I e ¥ 3
B TE AL | L PG PG E 3 DX Ay v 52 R 2R 08, e {8 2R rh e rh R 4 03, TRl i 3R AR p T T It 25 2

PR AR

F£ 3 2000—2018 £ &E XM Rib IR

Table 3 Flow trajectories by Provincial administrative region from 2000 to 2018

BRATEX A5y Year RATELIX AE45y Year
Provincial administrative Provincial administrative
region 2000 2005 2010 2015 2018 | uiop 2000 2005 2010 2015 2018
LA 63 76 77 79 63 T4 54 66 89 50 54
] 0 0 0 0 0 WS FIRIX 277 281 291 294 277
|40 49 54 67 47 49 THEARKX 91 67 47 91 91
iy 9 1 1 2 9 HGEH 25 22 16 22 25
Hifrg 118 103 86 110 118 INARE 158 134 167 128 158
JRAE 3 10 11 1 3 ITES 345 355 360 337 345
AR 12 11 0 3 [SQqUiES) 494 507 537 482 494
S 10 7 6 3 10 I g i 6 4 5 7 6
jiE3eaK ) 0 1 2 1 0 UPIES 38 34 47 27 38
wALE 226 234 243 229 226 EREEE) 1 0 2 3 1
O Ry 218 204 228 176 218 PNz 35 50 49 37 35
BIITE 26 63 59 41 26 PEIE 6 X 0 0 0 0 0
Bl =y 92 92 112 58 92 Tk 0 0 0 0 0
ik e 23 33 28 5 23 B AR X 1 0 7 2 1
X 33 52 75 43 33 “HEA 5 0 0 0 5
A 61 52 56 67 61 WiTa 12 11 14 14 12
MNIES 15 21 16 7 15 MR 25 18 38 18 25
A

Fig.5 Service beneficiary areas of wind prevention and sand fixation service in 2000,2005,2010,2015,2018
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Fig.6 The material flow of wind prevention and sand fixation service in 2000,2005,2010,2015,2018

4 itig

4.1 EHEEA LR E

TG AT L 388 P XU i 73 A o 7 B S A A LA SR g 2 R R 52, AR XD az sl L], Heh S
i PR 2% v il XL DR 6 T XU A A R O 1958—2018 4 LUK, Hh T M 1 JXUEE 52 B AR i 34427
2000—2018 4P H Jg 2 T 3t 358 A XUk 22 A s St A — 350, 7 2000 A7 XU A 3] 13X FLAF H IR, IF7E 2005 4F
2010 4F- 2015 4E LA K 2018 4F P it s A8 4k, (A SR Tt S B s A b ka2 . XU AR I 2 RG34, Xt
TR R AR E A AR A B AR T

TG VAT i S8 ey IR SR o AU R 7 3 I ) — AN R R R R py =T iR TR,
2000—2018 4 (1] {1y - 338 52 b XU psh 5 VB e XUt e vh 2000 4F A (K, T RE 2 i1 T 2000 4E LAk« =db7 B
PR T AR R85 , 15 2000 4F 2 J5 i KU i 2 AR AR AR i ka5 [RIAs 78 =6 B Pk i #2 v, 2000
AR LSRR X T RIRMARES A= 25 2RO RR B A GRS B0, i 1T X AROR [ PR3, A5 b T FUAS
Wi R S G2 TR P AR A R PR, AU B bR TR XA A i 3R AR B A 45 T AR 2 R R AR
PR AR [ AR Y S R R AR IR RN B AR A R R iR 4 A
T XU i A AR RE A 2 FE T AR DRI, 6T 10 5 T 30 38 PR LA o EL At 1X 38k g R A2 3% DAV L
RO A B LA AR AT, <GB ARAIRR 30 R R A g ST DR b ) B AR R R SR ML, T R LR A oy
MR B2 195 s ek 2 5 0% 173 07 T 4 AR sk 2 7
4.2 BEXEVP IS Z 5 X N5 GDP 4 fi

835 T W] S 97 DA U0 R 55 e AR A B, NS B A2 0 b A s 55 DX 58 P )9 BT O 3 7 B AR 4 B
JRUE T AR 5532 25 IX I TS GDP 43 A AR, RS A4 i A 7 DX ek ] frg 8 1] A= S AMEIBOR , 1h 52 21X 1] TG 22 0 3
B S A HL B B 2 T M, LSRG E T 38 R 97 XU v s B 1 28 5 4 2

i 3 7 RUEL VD R 55 3 AT DA S A7 25 X AR R0, it — 2D 255 0 A 32 45 XN N H oA St S 2 3R
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2000—2018 4 A 115 real GDP 7£ Jo e ] i dmos KUE VR 55 32 25 XN O A0 AR AN R 3R (36 4) B . 3R 4 iR ¥4
AAEA BRI s AR | TS B BRI 0] N 52 25 AN 5% 35 real GDP [195345 M E 40 1,

&4 2000,2005,2010,2015,2018 £ 7t 7 il i35 B XU B AR 5 £ [E 3 55 A O #0 real GDP
Table 4 Population and real GDP benefit from the wind erosion prevention at the Wuding River Basin in 2000, 2005, 2010, 2015, and 2018

B3 XL 0 M 55
G ﬁﬁ]ﬁﬁ%ﬁﬁﬁi %E‘i]\lﬂ . PN SRR Z 1 1'-eal GDP . i 4= [ real GDP LG4
Year Frequency of wind Population in the service Percentage of the Real GDP in the service Percentage of the
prevention and sand beneficiary areas/fC A\ country’s population/%  beneficiary areas/ JJ{{.JG country’s real GDP/%
fixation service flow path
2000 =30% 0.056 0.43 0.303 0.73
20%—30% 0.258 1.99 1.046 2.52
10%—20% 1.164 8.99 3.063 7.38
5%—10% 2.12 16.37 6.091 14.67
1%—5% 4.527 34.95 11.087 26.70
<1% 2.872 22.17 7.701 18.55
G 10.997 84.90 29.291 70.55
E | 12.953 100.00 41.521 100.00
=30% 0.043 0.33 0.255 0.42
20%—30% 0.166 1.27 1.349 2.24
2005 10%—20% 1.383 10.58 5.107 8.48
5%—10% 2.084 15.94 8.658 14.39
1%—5% 4.155 31.78 14.652 24.35
<1% 3.794 29.02 16.786 27.89
At 11.625 88.91 46.807 71.77
o] 13.075 100.00 60.186 100.00
=30% 0.045 0.34 0.447 0.51
20%—30% 0.145 1.08 1.514 1.73
2010 10%—20% 1.543 11.51 0.929 1.06
5%—10% 2.252 16.79 1.315 1.50
1%—5% 4.515 33.67 25.348 28.88
<1% 3.237 24.14 17.784 20.27
At 11.737 87.52 47.337 53.94
B 13.41 100.00 87.756 100.00
=30% 0.036 0.26 0.475 0.43
20%—30% 0.133 0.97 2.113 1.91
2015 10%—20% 1.636 11.90 11.321 10.24
5%—10% 1.845 13.42 13.352 12.07
1%—5% 4.117 29.95 33.785 30.55
<1% 2.16 15.71 13.613 12.31
ait 9.927 72.22 74.659 67.51
4[] 13.746 100.00 110.585 100.00
=30% 0.06 0.43 0.922 0.79
20%—30% 0.17 1.21 1.693 1.45
10%—20% 1.057 7.52 8.713 7.44
2018 5%—10% 2.034 14.47 15.788 13.48
1%—5% 4.321 30.75 33.992 29.03
<1% 3.484 24.79 22.526 19.24
&1t 11.126 79.17 83.634 71.43
BN 14.054 100.00 117.082 100.00
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AT AT A3 B 450 258 d v BV A2 2 e K X N 10 5 real GDP R HLJT Ak 431 2 IXCJR] 430 %8 Jgt e 1 DX Sl 7 T e
PUALFR LA R PEPE B, HoAZ 25 A5 real GDP #AIK, G & E B LB WA R 1%, W3z 45 N0 55255 real
GDP H i P IEAR [ AL FHIRIX ] 19%—5% , 53X 3543 X 4k 3 2 R 22955 &k O AR i e X, X 2000—2015 4F
B RV VD iR 5552 22 IX YN 5 real GDP 434 IR SY , 158 T 22 25 A 1 H real GDP A0 A5 X (1], #2257 T B
VD IR S5 T B 25 B

R Z 55 N5 real GDP (W73 ()43 47 , 5858 T Bl AU VD IR 55 45 X 5 47 25 X Z (R AL & 5 43R,
X T 57 RUTE VD IR 55 B AL S A M BRI T — 8 AR 22ARHE . BRIV IR 55 A —Fh A= S R G IR 55 Uk, LA i o
(1497 =X A T T T e T 7 A A 7 AU VD R 55, ke 7 R Vb B 45 90 1 2 T 90 sl AR T A 5 22 46 ) 1)
FEA—EME L,
4.3 JRFRM

FEASCHIRAFAE LA T AN R 5 R B, A 1 A5 O IR AR . (1) XFF RWEQ #5284 v iy ffi F 114 XUk
B, R B SR A5 A R Gl B S5 4 (1 ANUSPLIN A5 330 JXUEE A% 5t SR FH 0 5307 2 ) i 14
FCIRR AR RS, P R S A, FEARRECH 2 WK ARG DEM Bl A3 B (ES5 5 . BRIt , 78 XA
IR TP S AFEARTE M, (2) HYSPLIT ALBIANE Jevb 20 i, X AN [RDRLAR (9 V0 A B0 114 4% 38 11 R (SR A%
FEOFRIEAT X G, EARSC P I RIE TR B A i B, WS FAEARIE M, B TPARSCRE B AA
B d5, s B4 R AT BE Sy A e L (A ) Bk BE . (3) TEEAT B XU P IR 55 32 4 X AR 3 I MR 41 A 56 3¢
kO A AIAE KN R 10X 10 AN [ AR /NG X M SR R L, AR SR B

5 it

ABFFE AR IR ; (1)2000—2018 4 J0 2 1] 7 ok s 70 XUt s it | S o XU o 5 ol DR 0> o 2t < BRI -4 o -
I Rk Bl AR Ak A, VES B VG b - 0 XUt Ay T B T 2 3 B 7R B A B R, (2)2000—2018 457 XL [
V0 AR 55 i sh AR AL BB 1l 494 2% 504 4% 537 4% 482 2 437 4%, T i v [ A R R 2R b X LA
T RIS, B4 50 AR AR 23 Bt o A 1 P B 1 IR A . (3) 2000—2018 4 J16 i 07 it 35k B XL 61 1> il 55
2 EZ 5 NH 55255 real GDP ) b7 5 S50 — 2 Lu i, 7= 2B B 520, (4) TG Tl e duk B XU v i 5540 Joit
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