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Abstract

Dust storms, as a kind of disastrous weather, can cause serious immediate harms
on industrial and agricultural production. However, the dust aerosol generated by
them has much more harm which is lagged, continued and long-term on many aspects
such as climate, environment, ecosystem and human health by several ways. As
environmental problems attract more and more attention in our lives today, it has
significant meaﬂing to deeply study the influence of dust stroms on urban atmospheric
environment. The data used in this study include: (1) the observation data of dust
storms from 235 meteorological observation stations in the middle and west of
northern China during 1954~2005; (2) the API data of 17-key environmental
protection cities in northern China during 2000~2008; (3) the concentration data of
PM with different sizes (TSP, PM;q, PM3 5 and PM, o) in Lanzhou during 2005~2007;
(4) PM,)o concentration, gradient observation data of meteorological tower and
turbulent data observed at SACOL from April to May 2007. Based on the analysis of
climatic characteristics of dust storms in the middle and west of Northern China
during 52 years, the influence of particulate pollution caused by dust events on urban
atmospheric environment in Northern China was evaluated. Lanzhou is one of the
regions mainly affected by dust events. Therefore, both the variations of the
concentrations of PM with different sizes in Lanzhou city and the influence of
different kinds of typical weather processes on its PM concentrations and the
influence mechanism were comprehensively and deeply studied. The main results are
as follows: _

(1) The annual variations of the number of dust storm days in the middle and west
of Northern China can be divided into four types, namely spring type,
winter-spring-summer type, spring-summer type and winter-spring type, and they
respectively account for 29.7%, 29.7%, 27.1% and 13.5% of the total number of
stations. The dust storms of three types of them (except winter-spring type) most

frequently occur in spring. The diurnal variations and the duration patterns of dust
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storms can be respectively divided into three types. These above classified results
indicate that there are obvious regional differences in the temporal variations of dust
storms. The differences are due to the match of the time in which strong wind, dust
sources and thermal instability happen in different regions. Although more efforts
have been devoted to the environmental protection and control in northern cities in
recent several years, the particulate pollution of most key environmental protection
cities in Northern China is still serious. This is associated with the influence of dust
events. The degree of the influence of springtime dust intrusions on particulate
pollution in northern cities decreases from west to east and the influence on Yinchuan,
Lanzhou and Xining is the most serious. During a dust storm, the particulate pollution
in the strong dust-storm occurrence regions is the most serious. In the regions where
no dust events occurs, the PM concentration can also been influenced, which results
from dust transports from upstream regions.

(2) The variations of the concentrations of PM with different size; (TSP, PMy,,
PM, s and PM, ) in Lanzhou city (the region mainly affected by dust events) are
analyzed. The result shows that the annual distribution of monthly average
concentrations for coarse particles (TSP and PMjo) is bimodal with the highest peak in
April, which is different from the situation in other cities not affected by dust events.
However, the annual distribution for fine particles (PM, s and PM o) is unimodal with
the peak in December. This difference indicates that while dust events aggravate
obviously coarse particle pollution in Lanzhou, they reduce the concentrations of fine
particles (from local emissions) due to wind diffusion. Under normal conditions
(without dust intrusions), the diurnal distribution of coarse particle concentration in
Lanzhou is bimodal. However, the distribution is trimodal during dust intrusions, with
an extra peak in the afternoon. There are obvious differences in the diffusion
behaviors in the atmospheric boundary layer between coarse and fine particles. Strong
wind and dust intrusions from upstream regions have an important impact on
particulate pollution in Lanzhou, and those from Qinghai and Hexi regions have the
most serious influence,

(3) The influence of different kinds of typical weather processes on the
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concentrations of PM with different sizes (TSP, PM>9, PM; 510, PM, 5 and PM, ¢) in
Lanzhou is evaluated. It can be found that, during dust events, the PM pollution in
Lanzhou is very heavy and the relative increase rate of PM;s.19 concentration is the
highest. There are differences in the temporal evolution of PM concentrations among
particles with different sizes during dust periods. The major effect of precipitation
events on PM concentration is wet scavenging. While precipitation reduces the
concentrations of coarse particles, it sometimes increases the concentrations of fine
particles. There are obvious differences in the scavenging rates of particles by
- different kinds of precipitation events. The scavenging rates of TSP, PM,;o and
PM;s.10 by convective precipitation are several times as much as by frontal
precipitation. This is due to their different formation mechanism and precipitation
characteristics. The major effect of cold front on PM concentration is clearance and
coarse particles can be cleared more efficiently. Based on the variations of PM
concentrations during the initial stages of cold front events, cold front can be
classified into increasing-first-and-decreasing-afterwards-type and continuous-
decreasing-type. The characteristic—increasing first and decreasing afterwards—is
one of the important differences in the influence of cold front on particulate and
gaseous pollutant,

(4) In order to deeply understand the influence mechanism of typical weather
events on PM pollution, the characteristics of atmospheric boundary-layer structure
and turbulent flux transfer during typical weather events such as dust and cold front
events and their relation with particulate pollution are studied. The result shows that,
before the dust events break out, there exists strong inversion in the atmospheric
boundary layer. As the dust events break out, the inversion layer is broken and a
mixing layer develops quickly. The vertical gradient of air temperature and humidity
in the lower boundary layer decreases and that of wind speed increases. As the great
increasing of wind speed, the PMjq concentration increases sharply. During dust
periods, the vertical transfer of turbulence flux is very strong. The meridional and
latitudinal momentum transports downward (the meridional momentum transportation
is much greater). If there is obviours dust transport from upstream regions, the peak of
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dust concentration can lag behind the peak of wind speed. The mechanism of the
influence of increasing-first-and-decreasing-afterwards-type of cold front events on
particulate pollution is similar to that of dust events. The momentum downward
transportation (especially the meridional momentum transportation) is one of the
major factors which cause the blowing dust and the heavy particulate pollution during

dust events and increasing-first-and-decreasing-afterwards-type of cold front events.
Keywords: Particulate pollution; Different PM sizes (TSP, PM,, PM> 5 and PM, o);

Dust event; Typical weather process; Boundary-layer structure; Turbulent flux transfer;

Climatic characteristics
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Fig. 2.1 Distribution of 235 dust-storm observation stations in the middle and

west of Northern China

2.1.2  2000~2008 SEREILF 17 MR E SIBTTH API F5 5% K

KRAERARFFRRARMREILS 17 M FERFESBT (XoHW
B 2.2 Fi7n) 2000~2008 SEH 35 5 B H IR IR IE% API (Air Pollution Index)
%R, AREEFFREFRENZESEEEAEA, REUEESEYA
AIRAFRLY) (PMyo) B, XTRCH) PMyo JRERE .

14



EMKREFFFAEFMIR

T T T T
80 90 100 110 120

22 RELGT 1TAMHRESBETHHE

Fig. 2.2 Distribution of 17-key environmental protection cities in Northern China
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Fig. 2.3 Location of Lanzhou and spatial distribution of 47-year mean annual occurrence days of

dust storms in China during 1954~2000 (from 701 meteorological observation stations)
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Fig. 2.4 Environmental Dust Monitor (EDM), LN5

TR M EE, £ 2 A RMEREE CRAME 1000 L min™)
1 EPRMEFRFESR CRAEME 100 Lmin™), RAHREEREREES I TSP,
PMio. PM, s #E4TRH¥. BAFREMIR, TSP FHEMEN 12h, PMoFl PMys b
24h. BAAERIE 2.1 Fir.

F£ 2.1 TRRAZBURLY R R AL TR AT
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Fig. 3.2 Diagram of divisional distributions of the classification of annual variation of dust-storm
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occurrence days in the middle and west of Northern China (Label 1, 2, 3 and 4 respectively

represent spring type, winter-spring-summer type, spring-summer type and winter-spring type.)
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Fig. 3.3 Regional average annual variation of dust-storm occurrence days in the four regions
(Label a, b, ¢ and d respectively represent spring type, winter-spring-summer type,

spring-summer type and winter-spring type.)

25



EMARFEFRREFARIT

K31 EFWTVLRREABEFELSHEHESL (%)

Table 1 Percentage of the occurrence days of dust storms in each season

LR EE% BE% HE% ZZEY
FER 72.5 11.6 44 11.5
XEREH 52.1 20.1 7.1 20.7
FER 48.0 40.0 7.8 4.2
XEH 40.6 0.9 78 50.7

ME32. B33 fik 3.1 FAUEY, FEFLUFRSMEAR ST 110°E LR,
BREMER R, HAMPLREHRYPEEESD, E3~5 A (& 725%), HF
N 4 BB ARR4E B EE S 2FEN 35.5%, WEHIE 4 A 6 & (0E 3.32).
THE (6~12 A) PLBRRORE (UK 10.6%). BAE. HRAEBHHRLER
AR X T R EEEE B E AR, B EREF HIALEREZE
€. MRTREMLS TEY., RESEIHNENES, RHR4AH.

AFFRATESAEART VAR, WABK. FEAFESLRILE (A
32). ZRM2~6 A, 9 ARL. 10 AT HEVLREHHE, FIKREFSIXE
BX, BEEINE4 A 3% (NE3.30). EBWLEAHSLEN 52.1%, &
FMEAEHLE G 20% (R3.1), WERBRMBK. LFFEF MR TR,
XE, —HHRETFENVERE, F—FH, TROTREFENRITREE
A X U “ BN FERSTRIEER, SERRSERRSNME
B ZXRARKSESREMBK, HUWLRNERUEESKREX—
KRR REE 3~7 AP, SRERENHHAT. BEAREBELREMBH
X RARE T BIENBEEXRANE, ZEHS/ME, T1RE. MREZERSR
GRW, BREEDS. REDS FERQENESPLERE"M. 253K
MW E[ENEE L, BITRIMKRER, ZREAANREW, WLERFRY
2, B TEMETSUERE. R LREFELHEY, LENRKERFT.

EERTESAESNE (WA 32). YEEE. ERSER, £RY 47
A, BEHIRK, EVENS A 6 & £F8/ (E 33c). LEBEEEY
LRAEHELEETES (HLEM 48.9%, BESH 178%), RE—&LS
W, BEBREER (£6 A). HEEEAZHPREER 33x10* ko’ HYE
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HRZI R R R . RWRERSMAIER BT HITRES T, HPLEH
BURFERI 2 N =FEE, ZMHRBENZEHFNE 3.4@)F7R. HE 3.4(0)0T
UEH, FRAFRELERNEIEZSRNE. £REKHRURIER TR ST
K (WHE 34@FE 3407 £: © 1 BSHRS. WARS, TESH
EMARBARTER . BENEEEHM ML EHE  DEREREREK,
7 10~18 B, B(ETE 13 . RERGEHEFTSANBEHMHRUER. @ 2
BIBSMEERR. B, BOBEREEED, E 11~14 B ((UZEA/M
BLHVW LR G B 69.2%), BETE 12 8, 19 HERE 7 HYPLRESR
£ (R 34%). ZRER, NAHETLE, aTERERRETRAH, &
BIEMEEZ KRB ESE, KRBEELFLATARERS. RN, FHNE,
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Fig. 3.4 (a) Divisional distributions of the classification of diurnal variation of dust storms and (b)

regional average diurnal variation of dust-storm frequency in these regions
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Fig. 3.5 Diagram of divisional distributions of the classification of duration

variation of dust storms (Label 1, 2 and 3 respectively represent short-time type,

medium type and continuous type.)

R 32 FXEPHMYLRIFENE (min) FEIH (%)

Table 3.2 Temporal statistical characteristics of dust-storm duration in the three regions

BERE (min) BHE %

s 1~30 31~60 61~90  91~120  121~240 241~360  >360
il 72.8 12.0 5.6 26 4.4 1.4 1.1
o a] &Y 47.0 15.1 8.5 58 12.8 5.4 5.4
e 32.0 17.7 112 7.9 16.9 7.2 7.0

TREST, BYLRFERESMFERS H=FRE: G PR
SR, BEFREUKZESHIME 3.5 fin. SREFEN BRESFIFERE
B4 (R 3.2 FE 35 i) WEGERE: ERNEXESAEILE. HE
EBERL—FNEE, YLRFENEE, K7 0.5h IR (& 72.8%),

YR AHET 1h (& 84.9%), #4E 2h BLEKIIR/D (U 6.9%); PRAIEFE
DREFHERE. HRELBRMARERBM X, DERRFEREERK, K
S Th AR (& 62.1%), 2h BLEMIE 23.6%; BHERTEHAEREIH. 7
X, TE. Bk, HARBAIAREER, YORFEREK, 48 1h U
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REARE—%, KEAHTE 1.5h IR (& 60.9%), 2h BLEHIS 30.1%. RER,
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B, 0.5h LA B RBARE] 20%, HEEESHAHE. SAVLRERE, &
T SR BRI A — K.
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# 3.3 FEILFPERE R RN ERUFE
Table 3.3 Temporal statistical characteristics of dust storms in different

regions of the middle and west of Northern China

A% #4% ,
X Fxh “ e FAAFE
bl | ‘ HEH 1M GHE 48 AZR, EFESLFRD, WEE6 A: BY

BOUEN 12~18h; FRLEETIAIAE, KEESME 0.5h LAWY
RS R REH BEN 38 #2447 AR, EESEELAFED, BURERER

AN KERSE4E 15h BLRs, 2h BLES & —sEtbH
RELTS. R LEE 18 A 26 B3R, EEEE, 2EIHEED: BURK

ik i4: i} #10~18h; KESHEEE 1h A
MERK, TEM AEE 18  ®B2H 26 AZR, FEES, SENKERD: BYRR
AR i) #A 10~18h; KER/HFEE 1.5h LA, 2h LEMIS—E
=47}
HiFRILE &FE 28 Gn¥ 2« B3R, EFEB, 2EAKIHD: BURH
il # 11~14h; FHEEEE, KESHE 0.5h LA

FHEEREEME 4B 28  GRE 14 AR, LZEE:. BYREN 11~14h: LN
(Bl4, X#SHE 0.5h LIA

HEL R H#ER 18 PEH 35 ABEK: BYPEERNY 10~18h; KELFLE 1h LA

BeEh. HIRAE BEEM 18 BER 35 AR BUOERE 10~18h: KEHFE 150 U
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MEL ExHip i REEAR B RIFER FRRFEHEFREETH
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Fig 3.6 Interannual varjation of annual occurrence days of different kinds of dust storms

3



ZHRFFREZMRI

§3.8 AFE/NE

(1) RELAFFEHPLREBRNERMIFMETR A AR, NEE
B, £FRH. FEENLER, 0145045 B8 29.7%. 29.7%. 27.1%M
13.5%. REAFRHLAFTULBRREREI, RM=XRUHAEZRS; FEE
XFPYLREBLS, XFUEFERD, HHHRBEYAKERD.

(2) WAERMBARNK GRYPEIED FETRIFH=FRE: 1 HIHRT,
SHEARAXBABREER, ERNEEIBUSNE TR, EYRIERE
1~18 B ; 2 WX BENMEFER. B8, BEUEHEREEERT, £ 11~14 1, 3
HIBESMEREZNL, FHIERNE.

(3) WARWFEN RIS ARFERTRISAH=FRE: EHRE, SEEM
R, AR EENMEILE. BREILEERL—HFNTFE, YERREENE
¥, KE47E 0.5h LA FRBFESMAEFELRD. HNELHNARATETA
HamX, YAORFEREXBHE 1h A FERIESAEREZM, 7
X, TR, B, ERABNAREER, YLRFENEXESE 1.5
BAPY .

4) PLZNNBRUFEFEARKMRER, XHERRR—IEA
BR. YWEBENAREREF=EETAMBREEBTRAERNEERR.

B &30k

(] ERZ), BHR, FREE, FPLBHANERI]FELE, 2000, 20 (4): 349-356.

[2] Jauregui E. The dust storms of Mexico City. Inter. J. Climato1., 1989, 9(2): 169-180.

[3] Gillette D A, Hanson K J. Spatial and temporal variability of dust production cause by wind
erosion in the United States. J. Geophys. Res., 1989, 94(D2): 2197-2206.

[4] Snow J T, Mcclelland T M. Dust devils at white sands missile range, New Mexico: 1.
temporal and spatial distributions. J. Geophys. Res., 1990, 95(D9): 13707-13721.

(51 BB, ERHM FEITHREBEDLREN (1954~2002 ) [)RFER, 2003,

48 (11): 1224-1228.

32



2 MREFREFMILI

[6] ®RIER, REL, £HTE S0 ERFELHPLROLHRBUER ST EY
#, 2002, 22 (2): 106-111.

[7] B#E, %K, SEAREVLFONTHNERIFENGHRZI]HEER,
2001, 56 (3): 316-322.

(8] A BILIE 45 FFEHY ML RRA]FENLHTR,2001,21(1):9-17.

9] @i, R4, FES SAGEBYLRNNZRAFESHAATRILERAS,
2004, 23 (4): 548-552.

[10] T, KBE, BRT, FHRAEEBPHE 452 KRR LRUEERIFILF
E¥E, 2006, 26 (5): 792-796.

(1] &%, 447, TEE, - REFRPLREBNBOEE 0.5 ELE, 2006,
26 (3): 370-374.

[12] E4%, HEHE, XEE, S HRESERPARSTOAZBEE, 2007, 35 (5):
681-686.

[13) E5%, XRE, ¥E8, FAAERAE KB LER[EESHIAR, 2006,
32 (7): 102-109.

[14] %, T, TETARE—RKRBHEBESLBRSAFISITILRESE, 2007, 22
(4): 81-85.

[15] Bk, HMB REEF FHEEADHPHRSHRRDLRRERT—RED
ERBHRANSZ UM ERN RG] KTHE, 2005, 29 (4): 627-635.

[16] FMEHE, KEN, BEATILHE AR B RO ZHARED). P EE, 2004, 24 (6):
715-723.

[17] RBL, REX, KEZHRMX NCEP #EBFAH T HHMRREEREEKEN

PHINAI.EERESER, 2000, 19 (4): 467-475.

(18] ERT), &%, B AILEF FEW LR BIFAED)EFR, 2003, 58(2): 193-200.

[19] BEI, 8], £E5ZE 47 FYEAYLARKBBEFRI]L AR ER, 2002,
13 (2): 193-200.

[20] TH3R, ERIN, WABEIE 452 REVLRAFYRIBLEANRESHILFE
$his, 2003, 23 (3): 306-310.

33



EMRFFREFMBI

FME ENEPEXSHBEEILARRESHTA
WA (PMy) REZMHOTHAR

§4.1 5|5

PEEHISLTFMER B UR TIAKTERRE, ATk E N A f S
. 20 42 80 AR LR, BT IWRTWES. HRAAORKBIM, Wi
EMRE, EREBHASER™E, FEREFN URKRSISEB B ER BT
AREANWHTSBEARAEN ETEREEZ —.

BEFXARLARBHAHHNRKSHELSEYETET =M. Z8HE (SO,
“EMAR (NOy) FIR[IRABHRY (PMip). HF PMy B B BEEHRY (TSP)
FRHABEEZROETRAT, ERERE (BRHHELEER) <10pm H
BRY. BERRDS, TEXTPRERE, GREEAR. A, 6. FHREE
BEMALR, HL2ERETRTME. MRdh—BERdiAS 0Bk, &
SUIRTHSHEA, SBIRMENRKR, SIRISER. MR, MSMSER
7 (http://env.people.com.cn/). Bk, BRI RA4E 5 RV V5 LG R K SH
15 jr) R IE R R R 2 B o3 .

REBHYESREHRYERSBERLNRBEZ — . B ARESLES
BEPERSHEEER, BER, BEELENVLARSERNBTRYE SR
BATEMMAAR . ZE, PERSNEZSRENEWRSEEEXENESR
BEZ—. BXRARERHA, LI R AR AR T LI AR < X P E R 1
B AT HIRE A AERE B X A AR AP L KT X 51, B
(12050 340 e g 1 X 1214V 4 B B 0 K 0 A AL ) R BB S RS X B R

ﬁi@#%XW}"‘iﬁﬂ’]ﬂiﬁ%ké‘cﬁﬁh%m%Bﬂ%ﬂl‘]&{&T—‘H‘ﬁﬁﬂ’Jﬂf
R, EHZAPMHRARAREY S REILRT TSP # PM REBREIRE, &
T TN AR, KERBRMBERERABY LIEYAFE: KRBT LM
TERORRFHRRTERO TR BN, EPRBET LRI FHOTERE
B s UMEEE X 2001 46 5 B 11 BB BAFTREMNS AV LR RENE
REPBIHRITHW, EDLBRFTBHFHVL L REERNBRTHERDLRE

34



ZMREFHREFARI

R EMAEESFENTERR. RTFEHATOLEHERASELY
REMEHERTRAOS AR, KARERKY, SELLERMHEL, YR
REPAFAERNEREARTHEAT 187 4. HRELPNHALERHY
LRHBENFETASAEERTELS, BRHEK, WiTESSP IR
FETTHG SR B i 22.7 4.

FRAAZHEMETFLLBRAGANIBHEZSRENEWGE, P LR
[SEWRELFTFARABETESRENEENEERRE D, RZAFRBHZEH
BEEAONHKHR. 2BRESHRELT 17 AHRFESBETITRAREY
(PMyo) SHIVRIER L, X HATARETRBTRYERZEFLLERS
EWmpREE, HU—RKBOELRREAABIG, MPLREWREILTETES
FREYBREMEERBTRIY. X 17 M (RZESHRE 4.1) HbR. K&
AXE. KR, WPRERE. . B, KF, . KF. BRIR. XM, &
Z. /Il ZM. s eRsF.

1 1

80 90 160 1{0 150 1:;0 140
E41 BEIEHF17TAMFRESBHTLAE

Fig. 4.1 Distribution of 17-key environmental protection cities in Northern China
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Fig. 4.2 Average occurrence frequency of primary air pollutant in key environmental protection

cities in Northern China during 2000~2008
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Table 4.1 Levels of API and its limiting values in different levels

- - FARLHY PM, IR B
API S RORIL V5 Y op ¥
(ng/m’)
0~50 7w I <50
51~100 B 11 50~150
101~ Bys
01~150 %{?&f%& 111 150-350
151~200 BESY 112
201~250 o BT S V1
_ 350~420
251~300 FEETR v2
>300 EiGR \" >420

50 r
45 r
40 r
35
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i 20 HE

B 4.3 2000~2008 ERE L HFHFRE SIBTH PMyolll &K% UL LG $ B & EH%

Fig. 4.3 Occurrence frequency of PM;, pollution above level III in key environmental

protection cities in Northern China during 2000~2008
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Fig. 4.4 Annual variations of monthly averages of PMj, concentrations in key environmental

protection cities in Northern China during 2000~2008
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Fig. 4.5 Ratio of monthly average of PM,, concentration in spring to that in September
in key environmental protection cities in Northern China during 2001~2008

(These cities arranged from west to east according to their geographic position.)
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Fig. 4.6 Number of dust events in China in the spring of 2001~2006
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Fig. 4.7 Ratio of monthly average of PM,, concentration in spring to that in September
in key environmental protection cities in Northern China in 2006

(These cities arranged from west to east according to their geographic position.)
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Fig. 4.8 Distribution of meteorological observation stations where the dust event occurred
during 9~12 March 2006. a: 9 March; b: 10 March; ¢: 11 March; d: 12 March. Labels of 1,2, 3

and 4 respectively represent floating dust, blowing dust, dust storm and strong dust storm.
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Fig. 4.9 Daily PM), concentrations in 17-key environmental protection cities in Northern China

during 9~12 March 2006 (unit: pg/m’). a: 9 March; b: 10 March; ¢: 11 March; d: 12 March.
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Fig. 5.1 Average occurrence frequency of primary air pollutant in Lanzhou during 2000~2008
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Fig. 5.2 Occurrence frequency of PMj, pollution above level III/TV in Lanzhou during 2000~2008

BRI FEHHIAEME 5.1 iR, ATUEH, ZNTREENRKSEEY
RAIMATRY), SHELFHRRERBTAL. B 2000 FLUK, PM I &K
U ESEBRETRE TRES, N RRL DR EFS 2001 E&H,
B3] 67.4%, 2007 ERIK, EBHRHRIED] 25.8%, WA 5.2 firx. BRBTFEH
EARAERIINE, ZMTESRREBLOBBEE—EnBE®, ATME5ER

47



2 MAEFREFLRI
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Fig. 5.3 Annual variations of monthly averages of TSP, PM;q, PM; s and PM; o

concentrations in 2005 in Lanzhou
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Fig. 5.4 Average diurnal variations of TSP and PM, mass concentrations in April 2005,
calculated for (a) days without dust events and (b) days with dust events (including 7~9,

18 and 30 Apr 2005), respectively.
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Fig. 5.5 Diurnal variations of TSP, PM;y, PM, s and PM; ; concentrations for the four seasons
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Table 5.1 Occurrence time (Beijing Time) of maximum/minimum concentrations of PM

diurnal variations
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Table 5.2 Sunrise time on 15th of each month in Lanzhou (N36°03’, E103°53")
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Table 5.3 Correlation coefficient between logarithms of PM concentration and local

surface meteorological elements

R fE WAL X
1gTSP 0.118** -0.29]1%%* -0.429%**
s 1gPM;o 0.099** -0.401*%* -0.312%%*
1gPM> 5 -0.081* -0.614*** 0.037
18PM; o -0.159*** -0.600+** 0.132%**
1gTSP 0.028 -0.315%*% -0.002
g 18PM;o -0.074* -0.476%** 0.108**#*
1gPM> 5 -0.243%*+ -0.697*** 0.551%*+
1gPM; 0 -0.258% %+ -0.685*** 0.567**+*
IgTSP -0.036 -0.166*** -0.241%#+
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1gPM; 5 -0.293%** -0.734%** 0.127**
18PM; ¢ <0.309**+* -0.738*** 0.156%**
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Fig. 5.6 Diagram of divisional distributions of the areas where dust storms occur frequently
in Northwest China. Labels I, I1, I1I, IV, V and LZ respectively represent the North Xinjiang
Region, the South Xinjiang Region, the western Hexi Region, the eastern Hexi Region, the

Qinghai Region and Lanzhou city.
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Fig. 5.7 Lag correlation coefficient between dust indexes in the upstream regions
and PM;, concentrations in Lanzhou in spring
(The figures from top to bottom are the North Xinjiang Region, the South Xinjiang Region,

the western Hexi Region, the eastern Hexi Region and the Qinghai Region, respectively.)
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SRR TR IR R T —20G? R RIZEE MK 72 33 R 470 o 3% B 1
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BERRZUISRE, HE-PHBIMNBXKSHEREREREEKE.
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BE, B cm®. TSP WRERE PMio IRE . PMio IR ZE PM, s L4 BIB
PMsyo CRIA2>10pm 7D F1 PMas.yo (RIfR 2.5~10um i F) KIRE. AN
PUFAE], TR B B R SERE W A R AR 15 1K Bk RS #2383t 225
R (AP AEFEFVLER[RENEKERE): ABRRSIIERI 222 K (A4
FMEEHEVERIRENAETE.
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+® 6.1 YAHRABRDEHMTRAYIREAN IR (%)
Table 6.1 Relative increase rate and decrease rate of PM concentrations during dust periods

and subsequent non-dust periods in the dust events occurrence days, respectively.

FrE TSP PM. 0 PMy 510 PM; s PM,
AN 1113.9 280.7 2402.0 292.3 133.5
E| 375 -76.9 -36.0 -85.8 -58.2 -56.0

BURAETE 2006 4 3 A 31 HRK MR RRIAE], THYDLRYIEZM
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REEERRLE M, BEXEER, KPELERE 1km DT, BEERS
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Fig. 6.1 Variations of the concentrations of PM with different sizes and relevant
meteorological elements during the dust storm from 31 March to 1 April, 2006. The

meteorological observations are made once every three hours.
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K62 YAERRBRPAERMOTRYIRE T8 ER
Table 6.2 Average increase speed rate of PM concentrations during burst

periods and scavenging periods

e e e M

pgm=~h pgm™h’ pgm™” h pgm™ h’ cm”h’
B’EM 3683.4 3015 32776 104.4 40.2
R -563.6 -85.4 -462.1 -16.1 -7.0
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BHEY 2.9 5. 2.4 %, 3.0 %, 2.9 2.9 1%,
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Fig. 6.2 (a) Average scavenging rates of particles with different sizes and (b) the
reducing rates of PM concentration by the precipitation with different 3h-precipitation.
The I, 11, IIL, IV, V respectively represent the Pa, <0.1 mm, 0.1 <P3; <1.0 mm, 1.0 <

P3, < 5.0 mm, 5.0 <P3, < 10.0 mm and P3;, > 10.0 mm.
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Fig. 6.3 Average scavenging rates of particles with different sizes by snowfalls and
rainfalls. The I, I, ITI, IV, V respectively represent the Py, <0.1 mm, 0.1 <P3;, <1.0

mm, 1.0 <Py, <5.0 mm, 5.0 <P3, <10.0 mm and P3; > 10.0 mm.
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Fig. 6.4 Average scavenging rates of particles with different sizes by (a) continuous
precipitation and (b) shower precipitation. The L, II, III, IV, V respectively represent the Ps;, <

0.1 mm, 0.1 <P3; <1.0 mm, 1.0 <Pj, <5.0 mm, 5.0 <P3 < 10.0 mm and P3;> 10.0 mm.
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Fig. 6.5 Average scavenging rates of particles with different sizes by thunderstorm
precipitation and frontal precipitation. The I, II, I1I, IV, V respectively represent the Py, <0.1

mm, 0.1 <P3, < 1.0 mm, 1.0 £P3;, < 5.0 mm, 5.0 £P3, < 10.0 mm and P3;, > 10.0 mm.
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Fig. 6.6 Temporal variation of the scavenging rates of particles with different sizes

for the duration of precipitation.
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Fig. 6.7 Temporal variation of the scavenging rates of the precipitation event occurring in 16~17

June 2007 by which the values of scavenging rates of particles were the maximum.

KIYIH T8 BR R B PR K R LERT B K, FR/KHFEE 5 /NS TSPy PMs1o M1 PMasao
RITEBRRIEE] 60%LAL, Z/RHEMREFE 60%ME LT Ea: AT HhAHE
MR, BIRRKRRLE 3 /DR, IBRAREN 30% 2 BEREIT I L TR BEEIIE
BERKR. XRY, BANBAYREREFE - MEURE—HMFKFE—

69



ZMREFREFLIR

B, FRELD—EREZRE, FHYKRE B TIHERKNERIERACERERK
K, BAIE AR TFRIEERBCSER/AT . UETEHEREERMER
HYIREREIME LAY, INERERIEX MR E TR
o BREBERKH—KELEMEKSRHIE 2007 F 6 A 16~17 H, SIRFEKRE
4 25 /Bf, BEOKE 74.0mm, SHARERZFRY TSP PMsios PMas.jon PMas
1 PM, o KB KEREDFIH 94.5%. 96.3%. 96.2%- 91.6%F1 89.2%, HHH
ERAKEKH, WA 6.7 Fizs.

§6.4 RRXSIRMNTFERZTNWKENZN

6.4.1 BEXTARIBLRBR YR EHTHER R

EREC), NgBEPIHARY, B BRRANRENEERORE
RWER AT ERFRRBEXNTRISRORENRW, SEWANEERERN
FEN, FESLMBIE AT RIS A BB RIARIE: MBI 24 PRTEE - 4Ty >2.0CHE

& 6.3 RENTFMZTHDOFHERE (%)

Table 6.3 Average clearance rates of PM with different sizes by cold fronts (unit: %)

RERE RAEBRE TSP PM. o PM;5.10 PM, 5 PM,,
55 47 21.1 24.1 19.2 6.3 59
Big 92 23.9 23.8 22.3 17.6 18.1
R 83 345 351 326 233 22.5

& 6.4 TR/KEMEKRENT 1.0mm A SN FRYHEERE (%)
Table 6.4 Average clearance rates of PM with different sizes by cold fronts without

and with little precipitation (unit: %)

HEERE ABRE TSP PM.p PMys.0 PM, ;s PM; o
55 44 20.8 23.6 18.3 5.7 5.2
Bog 85 213 20.8 20.2 15.8 15.9

& 50 25.9 27.0 24.0 17.6 19.0
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Ve 48, - ATy <3.0CHEAE, 3.0<-ATu<6.0CHREIEAE, -4T5%>6.0TC
HEAE. RELRABRMEAE, ST 2005~2007 FFH BRI EE K
222 RAEE, R, BUOR. SR B HMAR FIX A RRLAZ BN YR FE 1 PR AR
B (BIERR) #IT4%i. SERWME 6.3 Fix, TUEH, BENTRIS LN
ERESHBEAX, X—A5KABEYNAL. —RE, BEBEBK
ERERE, ARNYERERTABNY . BEMKEE 5AHBRILEHS
BELiEL. 1 86.3.2.3 MAAHAL, MKE 1.0mm BT R EKI BRI
B ER/A Hymer L2, Eik, ATHREKEERNER, XETHT
TERBKEREKEDTF 1.0mm HRENRRREBHYIRER FHERE, 4
RWE 6.4 Fin, UEH, HIRMEKEERERE, BESTRYNERERK
REILBERX.

6.4.2 ¥ 51 A R AR BRI B 9 3 AL AP AE

RIBX I EVITR IR E UGS, TTHRABERBDHFE: F—%
REBBHEBRAIRE LT ERE, AR EREKE; B RABTEHENM
FLYIRIE BRI, BIEMRRRE.

SeFt)E BR AR B R TAYIRE R IE 6.8 TR, ATLEE: W&
BiE, AR TREESARERE, BNTREBREETER, EFERD, B
WAKTHE. BRREBETESERMELLHE. EBARET &, RTTH
TRUZBAR. GELEFNENK, FERF LFDLEREE, BHYRE
RIAANERLE EAT, BEERY BAERAT, SRS RIEREYT Mt %, X
WAL BT AT 90 B R . SETH /S PR A IX AR AR AL ARFAE th R - B X RIS e 55
BERYKEYHHEEENZ —. MNRP, G4 FEPIon T vt
802, NO, I COx ERETTRYIMRERMAFIE, HRRVSHEHMISERIR
i agedl i

HRER AR BRI E LA 6.9, ATUFEE, RELHIY
RHEMARIZE, BRHAORELEAE LT EENMRBIERHRE, AR
YRR R R IRT EEH.
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Fig. 6.8 Variations of the concentrations of PM with different sizes in Lanzhou

during cold front event in 14 August 2005
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Fig. 6.9 Variations of the concentrations of PM with different sizes in Lanzhou

during cold front event in 12 November 2005

72



LM REFHFREFARI

B—HaHTE 6.8 FIE 6.9 ALIEH, FIZAEE RN BRBRYIRE K
BUBAEFRER ((—A—K), BENRLHESHEREBMYEER (L
BEHBRYKERTEED. Ba, AHAERERELTYHRRIIRE
B A MBI K ERIR? Ak, XEXMFEAAEIER IR BEREERT
T4t (MK 6.5 MK 6.6 FiR), FRERY: AAFRESERULEENER
B AR SN PHRENRARE EHFE—ENER—F EREAER
BERGR, FHRERKR, HHIREAREHERTERY, &fAEMIEARNE
BREREBRE. G LSS, RERAETSEHIBARERE H
ARANEERE.

% 6.5 NREXEAGNTH[KERENHRE
Table 6.5 Average meteorological elements and clearance rates in

different kinds of cold front events

bg e Ty BX BRI PIERE

i) BE RE RE TSP  PM,y PMisgo PMys  PMyy
Vivag =123 -5.8 1.9 2.6 37.7 40.4 34.7 18.5 19.5

"% 5.6 1.6 2.1 335 348 323 22.2 20.8

% 6.6 THKEMEKRNTF 1.0mm HARREAEHTFHIEEREMNERE
Table 6.6 Average meteorological elements and clearance rates in different kinds of cold

front events without and with little precipitation

wig weE T BX TR T ) TE bR 2

g3l BE RE RGE TSP  PMsjp PMisqe PMys  PMy,
FF IR -5.2 1.8 24 354 377 33.0 19.8 19.3

=11 -4.9 1.7 2.0 295 305 28.4 19.3 18.9

§ 6.5 KE/G

AEFIFH 2005~2007 EXMTH 5 HARFLRIRY (TSP. PMs1o+ PMasoion
PM, s 1 PM; o) HIIRERIZERL, ST TYER, BAMAE=FAR R IREXY
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FARNZRFRYREHEWREERIZUTE. SRR, RAIENERTF
(PMs1o Fl PMas.10) WEREMBHART (PMys Fl PMio) BHE. RRLER
ERPIH, BRYREZWEELERZ, 55 HIRARE, BERUETF
£.

VAERSRENZ NIRRT R™E, FRYRERAERE. LB
RARTHR YR EFHBER AR R PMasa0 B/DKIR PMyo. WERSERFHENTF
SR EKRRE, RTTART B R ENMETE8EE, AREPERILHEN
RTRRE RGBT U N HEC ER R FIRERE W
MER. YAEREE, ZMTHE, AFNRENRUIBUEHEER.

ARSI ENFTRYRENEZWLEERAIE, FREFEEHEEKEY
K, BRTFREREFRAESTHANT. RN TRETRARN, FRBSER
ARFIRE LT 1.0mm BAF KR BB IR ERE AT . AFIREHFREK
RSN BHOHIERIEAFEHRER. T 5.0mm MUFREK (M
PRIk B2 K ER ), BEHEREIKST TSPy PMsyo Rl PMasyo KIERE R THFEIEKE
RIELEHEK. NRRRBKRSREREKE, MHRERK (FREK) X
TSP PM, o F1 PMa 510 BB R 3 B AH R PR K B TH FEK I BUAE, X2 X FfFfE
KA R TE B IR B K R RSB 1Y o

ABITRERYEREUERAE, BREEFSHBERX, BER
KERESEHE, AUTFHEREE TR T. REAETEVIBAYRENR
etas, ARSI ANEFAEBREMERE. £ BBRNZHSEREAENH
K5 RN ERSERRELHHNEEENZ—.

B, REEHMR, RREBELBIBHIANERSY BEES KN BHE
RYREFERTE . B4, RERZRWAEMARUR BN, BETXHH
VRBErF=ERWRR? ATH - SFEXLERE, £T—FF, RIVEFHRER
A REHTHRRYRELE AR RAEFE R E S TG R RIX R BT
Hit.
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Fig. 7.1 Variations of PM), concentration and the fields of relevant meteorological elements
during the floating dust event in 22~23 April 2007. (a) Atmospheric pressure field and surface

wind field at 20:00, 22 April; (b) PM,, concentration during 22~24 April.
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Fig. 7.2 Variations of PM;y concentration and the fields of relevant meteorological elements
during the blowing dust event in 2 May 2007. (a) Atmospheric pressure field and surface wind

field at 14:00, 2 May; (b) PM;, concentration during 1~3 May.
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Fig. 7.3 Vertical profiles of temperature during the floating dust event in 21~23 April 2007
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Fig. 7.4 Variations of (a) atmospheric pressure and (b) surface wind direction

during the floating dust event in 22~24 April 2007
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Fig. 7.5 Variations of (a) wind speed, (b) air temperature, (c) relative humidity and (d) vapor

pressure at different heights of gradient tower during the floating dust event in 22~24 April 2007
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Fig. 7.6 Vertical profiles of temperature during the blowing dust event in 2 May 2007
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Fig. 7.8 Variations of (a) wind speed, (b) air temperature, (c) relative humidity and (d) vapor

pressure at different heights of gradient tower during the blowing dust event in 2 May 2007
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Fig. 7.9 Variations of the variance of turbulent velocity during the

blowing dust event in 2 May 2007
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Fig. 7.10 TKE variation during the blowing dust event in 2 May 2007
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Fig. 7.12 Variation of the vertical sensible heat flux during the blowing dust event in 2 May 2007
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Fig. 7.13 Variations of PM,, concentration and the fields of relevant meteorological elements
during the cold front event in 19 April 2007. (a) Atmospheric pressure field and surface wind

field at 14:00, 19 April; (b) PM;, concentration during 18~20 April.
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Fig. 7.16 Variations of (a) wind speed, (b) air temperature, (c) relative humidity and (d) vapor

pressure at different heights of gradient tower during the cold front event in 19 April 2007
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Fig. 7.19 Variation of the vertical turbulent momentum flux during

the cold front event in 19 April 2007
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Fig. 7.20 Variation of the vertical sensible heat flux during the
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