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Abstract: Soil wind erosion is the process by which the topsoil material departs from the original position due to wind
action. The source of soil dust is formed by the particles on the bare ground under the action of nature or manpower. The
source of dust caused by soil wind erosion is the main source of fine particles. Particulate matter from the uncovered ground
enters the atmosphere and causes air pollution. At present, haze pollution has been the main factor affecting the air quality
in cities of China and it has become one of the important factors affecting people’s happiness in life. Although the air quality
is improving year by year, atmospheric particulate matter is still the primary pollutant that affects the air quality of many
cities in China, and soil dust is one of the important factors that cause serious urban particulate pollution. The Beijing-
Tianjin-Hebei region is an area with serious air pollution in China, and it is easily affected by sand and dust weather from
the Inner Mongolia. According to the air quality status released by the Ministry of Ecology and Environment, only 53.1% of
the days with good quality in Beijing-Tianjin-Hebei and surrounding areas are lower than the national average of 82.0%.
Therefore, studying the changes in the emission of soil dust particles is of great significance for improving the air quality in
the Beijing-Tianjin-Hebei region. In this study, we collected climate, soil, and vegetation coverage data in the Beijing-

Tianjin-Hebei region, and analyzed the change of soil dust particulate emission in the region from 2000 to 2019. We also
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revealed the driving factors, with a view to provide scientific support for the Beijing-Tianjin-Hebei region to reduce the
emission of soil dust particles and to improve the air quality together. The results show that from 2000 to 2019 the average
total suspended particulate (TSP) emission coefficient of soil dust sources was 1.79 t km™ a™", of which PM10 accounted
for 8.99% and PM2.5 accounted for 0.25% in the Beijing-Tianjin-Hebei region. The TSP emission coefficient of soil dust
source had a downward trend in the past 20 years, and the change processes of PM10 and PM2.5 emission coefficients were
consistent with TSP. The trend was firstly affected by changes in climatic factors, and secondly by vegetation coverage.
Further analysis found that the changes in the TSP emission coefficient of soil dust sources in the Beijing-Tianjin-Hebei
region were mainly affected by the annual precipitation. The Normalized Difference Vegetation Index of the vegetation
showed a very significant upward trend, reflecting the overall improvement in vegetation growth in the Beijing-Tianjin-Hebei
region from 2000 to 2019. The change of TSP emission coefficient showed a negative correlation with the Normalized
Difference Vegetation Index, reaching some degree of significant level (P<0.1). Hence, vegetation coverage represented by
the Normalized Difference Vegetation Index was the secondly factor of TSP emission coefficient change. The TSP, PM10 and
PM2.5 emission coefficients of soil dust sources were relatively high in Cangzhou, Tianjin, and Shijiazhuang. The TSP
emissions in Zhangjiakou, Baoding and Cangzhou accounted for 19.18%, 12.98% and 11.63% of that in the Beijing-
Tianjin-Hebei region. The cultivated land accounted for 59.83% of soil dust emissions of the whole region, which is the
focus of attention to suppress the emission of particulate matter from soil dust sources, followed by grassland 15.66%. In
2019, Xingtai had the highest proportion (12.66%) of PM10 emissions from soil dust sources, followed by Shijiazhuang
(11.09%) , Tianjin (10.30% ), Cangzhou (8.63% ) and Handan (8.02% ). Managers of environment-related departments

in those cities should pay attention to the impact of soil dust particulate emissions on air quality.

Key Words: climatic factor; vegetation coverage ; source of soil dust; emission of particles; Beijing-Tianjin-Hebei region
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Table 1 Reference value of soil wind erosion index
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Table 2 TSP, PM10 and PM2.5 emissions from soil dust sources in Beijing-Tianjin-Hebei cities from 2000 to 2019
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City thm™a™) Emission amount/t from 2000 to 2019/t km2a™")

TSP PM10 PM2.5 TSP PM10 PM2.5 TSP PM10 PM2.5
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%x0 2.01 0.18 0.51x1072 73018.65 6564.85 184.03 -0.02 -0.19x1072 -0.54x107*
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TOHEE 1.79 0.16 0.45x1072 380636.40 34216.64 961.08 -0.03 -0.29x1072 -0.81x107*

* P<0.05, #* P<0.01, =*x P<0.001
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tkm™ a™ GAHFIEA HAFAE— @R, ﬁt% WA GTINR 2015 SR04 45 Mg il bR JREEs T R
LT 28 B 5T e A R HE R R BRI v M T IS 4 T RITHI R T A 34 2 Ok A HE R K Y
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AMWFFELE TG Z A L A 347 2 R A HE TR B0 [RIA% Jm K AR — 2, RIVE M T A 5 T = 34 2 S0 4 HE ik
FRE R R TR LT R AR Y HE R B, 2013 AEA BT R HES 2R TSP HEC R
12569 t PM10 4 3771 t .PM2.5 4 947 2 #6405 - ¥ HE R 25050 5K 0.87 .0.26 .0.07 t km™> a™", 4> B AR
WF9E(2.62.0.24 .0.07x107"t km™ a™" ) 19 0.33 £% . 1.08 fi5 1 10 fi5, #H LLASHFFY TSP A74E— & {%Ak . PM10 $23T
PM2.5 FAAE—E mifili . BV B AR5 rb S R i DX 347 20 0k 4 HE i A S AR O 5 B
AMFR K B 2000—2019 4F 145 A2 I8 TSP HEACR BUE A6 5 S0 B 2 U 25 TE ARG (181 9, P<0.01)

PRI st R Al X e 2R TSP HE R BB Ak 2 5 F 1A %, 2000—2019 4F 5T HEBE L XA B NDVI
BN E IS SOk T IR 20 A R I M DO AR OIR 0 R 5 AR A B i T R R AN AU
5.53%/10a, 5 33722 J5 TSP HE R E VR L 2 — 5 B FKEAAIE ([ 9, P<0.1) |, X Mo 97 o5 2 1 35
P25 TSP HE R BB BN R, 25500 BB R 7 P AR K R 5 3 2R U8 TSP HE R B0
P HA R 3 A E G R (B 9, P<0.01) |, THTARF-34 KU AR - 243 B 5 + 1847 20 U8 TSP HEBUR B fbAH ¢
PEAR R (P>0.05) , R GUHFLHEIX 1+ 5847 4208 TSP HEMUR 808 16 32 232 4 oK it 52
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R*=0.795

A F Climate factor /X 10
(=]
>

0 1 2 3 4
041
y »=-0.0103x + 0.3999 700 y=-84.084x + 652.63
S 040 ah AR2:0‘1668 R2=10.7419
= . A
E : -
£ 039 - E 600 -
H o =
]
E2 o) -
i Q % ‘a
23 &5 500
fg 037 t E2
=
m S =
T 036+ 2 400
E ooas | 4 )
E o
Z A
0.34 . ' 300 : ' : )
0 2 4 0 1 2 3 4

HEM% 2%, Emission coefficient/(t km™ a™)

B9 2000—2019 FRUREMX TIEH LR LSZFHAY (TSP HIMRZRESSEEF. B=E T . ERKEHREXHE
Fig.9 Correlations of Total Suspended Particulate (TSP ) emission coefficient and climate factor, coverage factor, and annual precipitation

in the Beijing-Tianjin-Hebei region from 2000 to 2019

A ST AR5 T B L X 4 3547 20 U AT RE S 0 E@mr“ 100 m, [AEA A 2019 454517 + 347 2 T HE R
xﬁzfr%;ﬁ%uj:i%%/"/ﬁ PM10 Al PM2.5 7E25 S i, IF 5 2019 47 50 B 4 b X % A 1 A8 I A i 4
Fixf b, SS9 WoR £ e 4y b UEHECBUR X PM10 520 8K, X PM2.5 S ma 48/ (% 3) . 2019 4FIiF & 1
PM10 SRIAE 115 pg/m?, Horf 135847 R IR HERCBOR ) & it o5t R 12.66% A1 5T FIR e PM10 W
DUE ST 31 118 pwg/m’ Fl 76 pg/m’* , Her 43647 20 U5 HEHOBORL P & 12 o F 35 =5 430 11.09% F1110.30% .,
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VN T FITRES T PM1O WL E 53514 89 we/m’ Fl 124 pg/m* o -3 A0 PEHERCWUR ) 2 1 o5 L 43531 8.
63%F1 8.02% , iR Ml X 0 5 i 4 35847 20 P FURE 4 HE O 25 R UBI E e), Z8 B N T ROR AR T e 4 4 TR HE
TR A& PM10 LI F A5 23 51 K 2.55% F1 2.99% , 7] fig 55 >4 HbAl 9k 78 25 R LA T 6 .

R3 2019 FREERETLEHRFEHHTRMSESL

Table 3 Percentage of particulate matter emitted by soil dust sources in Beijing-Tianjin-Hebei cities in 2019

2019 4L 2019 4F 1 RIR 2019 4F + 4RI AR
e Wﬁ%ﬁ% ' Hkﬁﬁz%éﬂz 5 ' Hkﬁwﬁﬁ%é‘% N ﬁﬁ%?iﬁkh
City Obse'rved particulate ;:ontent Soﬁ dust emission 7czoef7f11ment 5011' dust emission ('(;nlent Soil dust err'usswn content
in 2019/ ( pg/m>) in2019/(tkm™~a™") in 2019/ ( pg/m”) percent in 2019/%
PM10 PM2.5 PM10 PM2.5 PM10 PM2.5 PM10 PM2.5
e 68 4 0.11 0.31x1072 2.98 0.08 4.39 0.20
PNES 76 51 0.29 0.80x1072 7.83 0.22 10.30 0.43
AKE 118 63 0.48 1.34x1072 13.08 0.37 11.09 0.58
TR 63 29 0.07 0.19x102 1.88 0.05 2.99 0.18
kxRN 56 25 0.12 0.34x1072 3.33 0.09 5.94 0.37
ZEE 73 41 0.07 0.19x1072 1.86 0.05 2.55 0.13
1 101 54 0.14 0.39x1072 3.81 0.11 3.77 0.20
i85} 85 46 0.19 0.54x1072 5.24 0.15 6.17 0.32
TRE 100 58 0.23 0.66x1072 6.4 0.18 6.4 0.31
1M 89 50 0.28 0.79x1072 7.68 0.22 8.63 0.43
ik 94 56 0.20 0.57x1072 5.51 0.15 5.86 0.28
jjisE 115 65 0.53 1.49x1072 14.56 0.41 12.66 0.63
R 124 66 0.36 1.02x1072 9.95 0.28 8.02 0.42

AW T 2000—2019 4F U E b X 147 2R U HE R, A R[] RUBE I 88 BH 3% b X 4= 39847 24> o0k 4
HEil zs Tl oy R AR Ak A, & Bt B R 43 I3+ 3 3 A IR R Y HEBCIR AR AT B A RGE T, A h#lsh R
+ A SBOCEMN MR A A s & B ER O E] AT A7 R R TSP HE R R K
TS DRI 59.83% , A A0 ] 3847 242 Y5 SORL P HE ) B A DGR XS B2, R Ol R 15.66% , &4 R T
Sk R b DX T AH DG A BRI o R AR RUBUR ) i 0/ D 384 2 UR A HE TR A 4080 TR B A G
FRITAT LAG A28 SR 43 A 3 A PR R S 25 SUB As2 ) , DAIR AR GE 5 o R b X S B 50 1)
HHHH PR RN, B S X VD R B A S B R R, G0 5 PR B MGA R [ SR AT K
AR, UL KA SHAS MM A B R e adeif ™ T DR 7 0 398 i a0 SR VR AN B R (0 22 57, AR
MREGRGI AN RAAE —EE5, T TAERIZIN SR 1 5637 242 FURL W HE O 5 1) 40 506 o B TAE
[Fi) s 450 4 SIS | 45 45 A 5 A TS B TR0 30y R A BT 285 SR A T LU BRI

4 Hit

(1)2000—2019 4F 5L HEF b X 4 3847 42 U5 TSP HEBCREIIMEN 1.79 ¢ km™ &', Hrfr PM10 /7 8.99%,
PM2.5 (5 0.25% ., i 20 4F + 5682008 TSP HEilt RECEA T RE#aS PM10 F PM2.5 HElt R 802 fb i 72 5 TSP
—3, IR A2 AN R R A T Y, HE— 25 A M R B 20 AR RS M X 1 1
P22 U5 TSP HER R B b 32 B2 A FRK S5

(2)2000—2019 4E ¥ N 17 4845 20 U5 TSP . PM10 1 PM2.5 HEjl R B & i, ok & R i fivg %)%
i, HKE T AR TSP HEA i YR R X S a1 19.18% , LRI A e i AN M i 20 51 o5
12.98%F1 11.63% ., dtni MK OREET RS i A ff e h - 5847 42 I8 TSP PM10 F1 PM2.5 HE R £ 2
TR SR X ek - 7 A HE R RS B Y 35.63% , BT ACHRA [X 5k - 4 2 YR R 4 HE IR
ARG RGRGE S, B T3 A HE B R X S = 1Y 59.83% , A& 4] T 354 A U URE W) HE i
Y ER A OGRS U B S 15.66% . ARHLUFIE EH43 915 11.04%F19.50%
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(3)2019 4FTB AT F- 44752 U5 PM10 HEC A WA EE 3 55 v R 12.66% , A1 2 ETH R R T 4 H 48
439K 11.09% F1 10.30% , 76 M T FTHREETT &5 H 4390k 8.63% F1 8.02% , 13 Ml X R85 4 B 11 35 o7 5 v +
Bt 20 YRR HE RO 2 ST RS IR 28 R T R R A T e L VR HE EUBUR ) R PMILO UL L
153512 2.55%F1 2.99% , T G5 >4 HiA 1 4 S5 IR DB I G
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