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Fig. 1 Spatial distribution of vegetation type in the research region
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# (WSP10) KX (WDR10), Bf[E /334K 3h, A SCR G TTHE bR 461 34 i 22
(MB) . #RifEfL 322 (NMB) . FrifEfb P33R 2 (NME) . B #1%2ZE (RMSE) Hl
MXRRE (R) (F2), HIFTE LR CHR[32]. ERTS , 2 RIE 5 90(H
A SE R BT 3K 0.9 LA I, IR GBS A il MBS HL A Ty (I R SR . WGl e — 2 2
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Tab. 2 Evaluation of meteorological parameters simulated by WRF/Chem

SESH (D) = CFEIIE PIEERME MB NMB(%)  NME(%) RMSE R

T2 (°C) X7 -0.8 -1.9 -1.1 -0.5 2.6 3.5 0.9
H 6.1 5.2 -0.9 -15.1 37.9 3.4 0.9

H% 219 21.7 -0.2 -0.1 8.9 3.3 0.9

A 18.7 17.8 -0.9 -4.6 9.3 3.1 0.9

WSP10 (m/s) X7 1.9 32 1.3 69.0 76.1 1.7 0.4
T 2.5 35 1.0 43.0 51.1 1.5 0.5

LES 22 32 1.0 42.1 49.8 13 0.5

B 1.9 2.9 1.0 49.4 56.4 13 0.5

WDRI10 (°) 27 210.5 190.1 -20.4 -12.7 46.9 189.0 0.2
T 206.4 185.2 -21.3 -13.4 473 165.2 0.2

2 201.5 167.3 -34.2 -15.6 473 194.7 0.2

= 211.4 172.7 -38.7 -16.3 48.6 192.7 0.2

PCP(mm/d) = 0.9 0.7 -0.2 -10.6 107.3 6.4 0.5
HE 2.8 2.4 -0.4 -17.2 97.8 9.5 0.4

RS 35 43 0.8 12.2 139.7 7.3 0.5

ZE 1.8 2.1 0.3 7.2 123.6 8.5 0.3

3 4Rt

3.1

BEAPLZE R R, 1980—2015 4F i) v =46 7 i v 2L HE il 2 B R A bR ile s, BR4FE4
66.59 Tg VP AHE = RS, 2001 FFV L HEE R (99.28 Tg), Y24 HE & AR AR
%y R 2003 4F (4279 Tg) (K2)., Hrf, 19864F. 19964E . 2001 4EF12010 4E2 V2R HENk
R IAEGY, HAHECR 2 555 T 79.83 Tg. 81.52 Tg. 99.28 Tg 181.65 Tg; 1988
AF [ 2003 4512005 A 232 XS b A HEBCR BN AR, REAE 430 1) KAHE 2 53.77
Tg. 42.79 TgM146.32 Tg IR0k

rE LT VAR HEC R A BRI AS A5 SRR (K 3a), FEAER S MIENZ LT
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Fig. 2 Inter—annual variations of dust emissions
in northern China from 1980 to 2015
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Fig. 3 Spatial distribution of annual mean dust flux and trends of annual mean dust flux
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3.2

I 40 4F rp [E AL 7 bR HEC T B0 SOM it R B K AEBR I3, RHAFEZYA 0.07 Tg
(1) SOM HEfik 2= KA, Hod 4R K5 B/ SOM it 2k & 43 1) & A2 78 2001 4F (0.10 Tg) 5
2003 4F (0.07 Tg) (Kl4). SUAHBN A EFARL, 1986 4. 1996 4F . 2001 4EF1
2010 4F 1Y SOM i Sk FE 8k, 4391135 0.079 Tg. 0.081 Tg. 0.099 Tg#10.081 Tg; 1999 4F
2003 4FF1 2005 4 M) SOM i & B/ (I AFE Ay, Homi 2% & 53 5124 0.055 Tg. 0.044 Tg LUK
0.047 Tg.
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Fig. 4 Inter—annual variations of SOM losses
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M\ 1980—2015 4F-[i] - A WL i 2kl AR b e Bok B (& 5b), 3 R G A6 5 40 |
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o N S S S R wt ¥ SR WDl A e e[S A RS N HE T e
3.3

1980—2015 4% (1], Hf [ b 77 PR RV 52 i 547 4331 45 0.004 Tg 110.005 Tg i HIEA S
e 2= KA 2001 AR IR A Sk R A K, 205100 0.006 Tg 55 0.007 Tg, /bt
R SRR R R R A AE 2003 4E, 215 0.003 Tg (K 6), TR SRk BAERR S L EE
Syb A HE K A HLUE AR ARL (B 6), 19864F . 19964F . 2001 4F 5 2010 4F & + 4
BB R LAy, TR BB BRI 17%; 1999 4F | 2003 4FFil
2005 4F D)2 3 S R R A R D I AR

PR RV E FH S DR 9 I A S B R B A AE N S PE s . HR P A6 B R A
HAMES Rk e AT ™ E (K 7a, Bl 7c, WH2785 1), X8 X AR 7 2%
AT 0.1g/(m* = @) LA I o JE404FK, NS PUHRER S L IX | s 2 30 S 3 LR 4 b S
43 b DX A 3 S Wi Rl e SR IR B, R S R S AR X R >, R A
OYARAEN S VEHRER A M DX | B AR I S H R PE R X (1 7b, B 7d, LA 278511),

4 g

NS R N ) G 7N v SN < - ot 7 1) E N 2 2 2280, /9 i TS
Ao, SRR R 5 A . A SOR| F WRF/Chem 8848 7V /R HERCHS 25 b B2, He T+
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Fig. 5 Spatial distribution of annual mean SOM loss flux and trends in annual mean SOM loss flux
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Fig. 6 Inter—annual variations of losses of soil nitrogen and phosphorus under wind erosion during 1980 to 2015
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Fig. 7 Spatial distributions of annual mean TN and TP losses flux and trends
in annual mean losses of TN and TP in China
TE: ZEEETE G2 B BB bR IR (RSN GS (2016) 1569°5) 2xiil, JREITLE M,

AT AT 5 324 10 23 1A) A A B i ok A6 35 SOML. TN 5 TP i de it o Vb2 HEC i A HUKS
JEPLE T SOM, TN 5 TP i 2 f A A BORE A 2, DRIXE LA SRR [ 118 2 T S o W0 45
Wi, SEEXF AR Y2 HE RO 25 S fRS BETEAL A RE . A K EWF5E A H 2 R v
B A TR0 6T v [ 50 0 i DX 1 U0 A HE S AT T A BT, R O AIE 9 R R S R B
Shao 11 VB ML AR Y AT 5 4 (AR AR 30 3 X A v 2 Hll ik, HLRERSAR S A o o B Xl 1y
VR REATARFS A ST AL B 5 V0 2 HE R 23 A8 AL RAE 5 A0 S 58 i Fe AR ) A1,
FERUPARHE (0~20 pm) HEZN 18 g /(m” - a), H5CHKBOPTHE TR TRIX3 A
54 A b HERGE BARIZE RATY (4 pg /(m® « ) o FETETE IR va Vb K H ) 11 [X el
S BN AV HE B AN B, 3T R R RV S K v v M B HL R i 2 DL
ANy F, - HEREORE G A R ARLAR TS BRI AE 50~250 pm 22 [A]1 i AR SCRFRRE UL A v 2
HORAEAE 20 pm PATF .

ABIGE RIS sa P FD TV RN S0t VYRR S BE & E b P KV AR TR IX, X 5T
NBIWFFELE RARFF 3 40 4R rp E A6 v R HEl B B AR PR 8, 512 E
S A PR 18] 28 A A AE AT B — EPERT . 2001 4R R YR HERCR ROk, L E A 2000
A P A6 7 RER A IX I B K SR AR A U /D, RIS R o0 3t X AE 3 2t B T 4k
(AR it e T R AR, LR M T R AR K I T O 55 R R AR, DA TR K 2001 AR V2
HE R . 112003 4F 5 2005 4E iR EAG T B REBK M Z , HHERERK, RiFmd:
K, ME SRR, RIS H B A JEm T X AR v R e 5
ASAHE R R)Z SOM 5 TNAE R A @ 74098 (1~204) kg / hm*Fl (0.1~8.8) kg / hm’,
FEAR T B8 W55 8 1 V0 2 B 5 R 5 i Y - B 2 0k ((53~1044) kg / hm*) 5 ((5~90)
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kg / hm®) AR EAGEAEY, ATAER T EA U B2 THIRA S B R A R L
PR, RN, 6 e SR S )l B DR AT AR 3 R A% D7 VR 4 B AU i P s IR o
JREE, RN AL R R BEA TR A AL BG5BT X R BRI R R AL . D)
Sb, AWTFEAE JE - ORARAE 20 pm DUT 5 TR 2 R TR, e A S+ ek
5 R KA T HALA A Z R N 2 —

ASCHH WRE/Chem X i [ 6T KR T T B+ HEA LR 5 IR 0 R i BEAT T A5,
AR X R A AR A R G R SR B SRR . VDR R SOM 5 37 e i A4 5 DR
SHEOUEAS N AT, AR IR IX LR RS R A S RS, SR — L
FEP AR ARG A SOM 53770 M IR | Vb2 id Bex] A= A5 R G4 M FI D RE B R WA 25

5 45

WL BT, AT DU E5 8

(1) 1980—2015 4 (0], v Vb A HE i ™ B ) i XL R AE BT S AR R . N5t a3
ELPF 5 PRV 5 A HL VDV I [X 3 S8 X3 i 4 2 Vb2 HE G 5K T 150 g /m’, X4
LA 66.59 Tg TP LHERZE KA, 2001 FFVPRHE R &I 40 F iR Z 4 (99.3 Tg),
VPR HEBUR D R A0y Y BRAE 2003 4F (42.8 Tg) .

(2) 1980—2015 4 [a] i [=] Vb 20 HE 4 hin i) i AR F v e HERIOS A iy i AR, Horpvb b
HEHE AR IR T 0.1 g/m® (1 X35k 32 B4 ip 7 8 AR S A0 X3k L i i P 43 X
B NS PR R B VY G A X

(3) 1980—2015 4F- i [E b 75 P RV ARAE S 2 A9 SOM . TN 5 TP i K 2 43514 0.07 Tg.
0.004 Tg#10.005 Tg, SOM. TN} TP iy 4 (20014F) ik Al ik 0.1 Tg. 0.006 Tg
F10.007 Tgo iz B[] E AL 5 v A HEl B L5 TS 9 - S8 A BIL ST 5 53 43 2 TC W i 1)
R, HEIBKROFEFRES . KE/EH T SOM ., TN 5 TP ji e #™ H (1 # [X 3=
BUMRE NS VEEE . Hram A S HOR PE L ER,  HLIH 43 XSk i e % i s 3
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Abstract: The arid and semi-arid region in northern China is one of the major dust source areas
and a major contributor to global dust emissions in the world. The area affected by wind
erosion in China accounts for approximately 30% of the national territory, which is a primary
contributor to atmospheric dust aerosols in East Asia and frequently transported over long
distances to North Pacific Ocean, North America, and even Europe. Dust emissions resulted
from wind erosion could generate a large amount of soil organic matter (SOM) and cause
nutrient losses. Dust transportation and deposition processes of the wind erosion can
redistribute the losses of SOM and nutrient, which can profoundly impact air quality, climate
change, plant growth and productivity as well as ecosystem carbon (C) cycling and
sequestration in China. However, how dust emissions affect SOM and nutrient losses in this
region are poorly understood. In this paper, the WRF/Chem (Weather Research Forecasting
model coupled with Chemistry) v3.7.1 atmospheric chemical transport model was adopted to
simulate the spatio-temporal variations of dust emissions in northern China from 1980 to 2015.
The spatio-temporal variations of losses of SOM, total nitrogen (TN), and total phosphorus
(TP) resulted from wind erosion were calculated by the combination of simulated dust
emissions and the spatial distribution of SOM, TN, and TP in the research region. Results
showed that: (1) the annual dust emission was around 66.59 Tg (< 20 um) over the past 40
years in northern China; (2) dust emissions showed large spatial and temporal disparities, and
the dust source areas are mainly concentrated in regions such as eastern Xinjiang, the Badain
Jaran Desert, and the Tengger Desert; (3) spatial patterns of SOM, TN, and TP losses were
consistent with those of dust emission rates over the research region; (4) the annual losses of
SOM, TN, and TP due to wind erosion are around 0.07 Tg, 0.004 Tg, and 0.005 Tg,
respectively; (5) there were no obvious trends but large inter-annual fluctuations in dust
emissions and the losses of SOM, TN, and TP resulted from wind erosion during 1980-2015 at
the regional scale. Although numerous impacting factors can cause potential uncertainty in the
estimation of SOM and nutrient losses by wind erosion, very little is known concerning the
linkages between dust processes and the productivity and biogeochemical cycles of terrestrial
ecosystems. Losses of SOM and nutrients by wind erosion should be included in projecting
plant growth and ecosystem productivity, especially in dust storm-prone areas. It is critical to
reduce the uncertainties in simulating regional biogeochemical cycling. This study is of great
significance for the impacts of wind erosion on carbon cycle and nutrient cycling, as well as a
deep understanding of the mechanism of land degradation in northern China.

Keywords: northern China; wind erosion; WRF/Chem; soil organic matter; soil nutrient; spatio-
temporal variations



