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Study of the characteristics and formation of

sand—dust weather of Qingdao area

Abstract

According to the definition of Meteorological Observing Criterion, Sand-dust
weather is classified as floating dust, blowing sand, sandstorms and strong sandstorms
4 categories. Sand-dust weather has been existing since the old time, it has the
chronology characteristics. Sand-dust weather was paid much attention again since
21th century since sandstorms happened more frequently, more early and persisted
more longly than before. Sandstorms from arid and semi-arid areas not only has
strong influence on the local environment but also has impact on the atmospheric
environment of the downwind areas.

Spatial and tempora! characteristics of sand-dust weather in Qingdao area was
analyzed based on meteorology observations in 7 meteorological stations from 1961
to 2004. Statistics show that floating dust weahter is the dominating categories.and
then blowing sand, sandstorm was seldom to be observed. Comparatively, for the
floating dust weather, there was more in 1960-1970s, less in 1980-1990s. But the days
of floating dust weather suddenly increased since the end of 1990s, and arrived the
maximum untill 2002. Most sand-duat weather happened in Spring seasons,
espccié!ly in April in Qingdao. From the spatial distribution, there were more
sand-dust weather days in the west part ( Jiaonan, Jiaozhou) than the east( Laoshan),
which may be caused by the source of the sand-dust and the air humidity.

According to the origin of sand-dust, sand-dust weather in Qingdao region can
be classified into three types: drifting from other region, origining in the local and
strengthening after drifting, in which the first type is the most happened. There were
there routes of sand-dust drifting from other regions to arrive in Qingdao: The north,
northwest and the west, belong of them the northwest routine was dominated.
Sand-dust from the north route was outbreaked in Mongolia, passed through Ke Er
Qing Sand-land, Liaodong peninsula to Qingdao. Sand-dust from the northwest route

was originated from Mongolia or the desert in the west of inner Mongolia, passed



eastward through Loess plateau, Jian to Qingdao. Sand-dust from the west route was
iransported through Xinjiang ‘, Gansu and Hetao region,

The sand-dust weather was closely related with the general circulation of upper
air. At the 50ChPa altitude, there was a steady deep pressure trough along the east
coastal area in the east of Asia, and a steady high pressure ridge in the west of Asia.
North of China was controlled by the northwest flow between the ridge and the trough.
The strong northwest flow transport cold air from the Novaja Zeml’s to the downwind
southeast area. This circulation pattern is very typical for the sand-dust weather of
north China. On the ground, Mongolia cyclone was generated and moved eastward,
cold air travelling with the clod front in the south of the cyclone caused huge winds in
the surface and the sand-dust weather.

The non-hydrostatic mesoscale model MMS5 was adopted to simulate the
sand-dust weather in March 18-22, 2002. The outbreaking time, persisting processes
and moving routes were explained with the modelled surface wind field, vertical wind
velocities, etc. It is shown that MMS can simulate well the strong cyclone weather, the

sandstorm’s forecasting may be made with the help of it.

Key words: Qingdao area; sandstorm; formation of sand-dust weather;
cyclone; MM5 model
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e TR | Whl | KRR RN BEIE | PR Rl | St
Fak 104 86 174 | 151 57 45 75 692
ik 53 46 70 95 59 86 50 459
e 1 2 3 4 6 10 9 35
=871 158 | 134 . 247 | 250 | 122 | 141 134 | 1186

1.4 R XS BI B INKIZ
1. 4.1 WA RAHRE

M 44 i R E BB B RAGHKE, PR REBARR, &
S M R (130 2 RS R 3 =R AL

PR ESMMIEEAL BAif T bR HMP RS, BARTHY S
PR (AL, TERIITIRE, XMEMHR[IUFLRAT, HEF I
btk e, HEWEERA, -BemRAsTHER, KhE TR EERX
FRAA AR RRH 144 K, 1 68.6%. B 200t F£3 F 1 H. 200243 A 19
A-—22 HEAERMEFEARSEE . BoMERMAE L. £F DA AN, 2mit
BB, SRR, DB RAEE, BYr-ERE T K = AF R RN,
K77 BHKILA 54 M LR BEXFRN), & 25.7%. Fl2000 F4 A 17
H. 2001 4£ 5 B 28 FEREMBYWRAESE. B FhESHIEB AN NS,
EdthX eI A RS, MEEmA R REE, Sl A REReET
f, MEWMARSHBIRBRNE, XHEREFSHREEMLE L, RE 12
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# XS 2R TOHERBE T

W, & 5.7%. #Hlin 2001 £ 3 A 21 B—22 BRENFALRFDRAUIERLX
TR, |
1. 4.2 WERANBBER

WAERSUANEE 5SS TSAHFHER, —ARmuTHEER £
WX AFEEEM B ERS, BBERREH = H:

(imibiEgR, B RETRM, LLI200E ARLM T, ERERT. FRit
WX EEEAET. B 2001 £4 24 BRENBYRSBERATINFHE
BARJE, BHEYAOMNRRILYH, SIFRESR, BEERESHK (B 1.6).

2)FEAERETR, BT SRE T NAURMUAR T AR, £F5EH. ARWIE,
ABEELEE. MEHLRX LR E SR E & . it 2000 F£4 A 7 A REMES

SHRAZSMNEYERRE, BHFYENEEIZYHALR, 25%kK0O. b
H. Kk, BEEMTIHE (B 16).

ORI E, BESKETREFREILT, £%5HE. Z4E. Hil. mEt
K. b uFa®e. Fln 2002 F4 A3 BREMFLRAREATSAER
ByEBRERG, BHEWENELER, SWEER, SRR, . 5, &5
EnE X (E1.6).

& 1.6 %mﬁ‘ﬁ%ﬂﬁﬂ"‘%zﬁ%&

G 1961~2004 LEF B3 HIMAPIP AR RS, 158 RPH 131 KEMNSMHBE
Tk, & 82.9%. HhEILRBWALEE, FH 77K RAEBRRKZ, F 4K
mitpg GRS, RE 10 K.
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T RS RFERTFEIR X

2 A XS AIEME

RE T MRS LIRS — BB A, P A =M RENR SR
FMARI. X RERSRERU AR AERS, 5 RAEEERERAZIHT,
ZABEBHRAM. THREL 34 K. KERETHH K, —LABIE
K ah R8P H i R L ERE A 2000~3000km RS, BBREE (&
THD, MBS, 5. BIDERARESE (KB B—XNLEASE T
28 BB BT _E (1 /NBEE CRUE . o R R R B M BT SR I
AR E AR RARRRL. & HAFRELEL+ kn £ 100-200km, &R
BETESL A 2 . N RIERREZERHHN A ERS, THATREE 10km
MR, BERREEZE 1 AMLT, mER. 8. HEAASRIRALSENE
TR BN BB, EATRT MR I A A .

21552

WA BE A NWEIMA S E S, SHEETE MEH, BIYE. BAR
KRBHIR R, SHEE—FE. b, BRERT LB NS FREX
AT BT R AR,

B 40 FERBIBIBFRT, E AL EE AR MR S v A S
R —HMP, FTBREEBH 10~50 £ REREL. THASRSLRE
HEATEDXLR, EEABEE, LAEFRRRAR S, MERERBEE,
KRRESWBARECY, 20 #4770 F48, REFBESH SRS, hELHE
R MK IR 7 80~90 448, JE/RJB EEHIE SRS, RMARKAH
BRI S, BT 2000 48, AT 20 2 BRI — T AR B S BAF LUS it B
IR ARG R AT, X — kT AR — AU R, HIS R SR R
A, BREERTELTE. BERMAMNMAE LI, AV LROAEL
ARG T B At

— R EIL RS HEE 12 H—2 B TREAHN, BEUERTHE, 1
RGBS MZNEBEREERR, SHAMTHAKERE, +RK
TR, FROMEMETEGRE S+ E LS e UEZR, METH
TRMEF, RS RN AR RBRS, END RS,
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Sy o D RS R M 54T

#£21 T 19992002 £4£F (LF 12 BIYFE I A BKERSKALH

i g MARKEET (A 226) | FHSE (B O
30 R &P HHE 56.6 2.0
1999 4 8.0 4.1
2000 4 48.4 2.5
2001 % 66.6 3.0
2002 4 51.5 4.2

ME 2.1 FRILEH, FHMEMAATERRURLEFFZR KBRS LG
MXEHREHPFHENSTHE, AUSBEEATEHR, LRE
BB, XNER—EPAXRHYEFZHEY, AEXASRIBEE (B 2.1).

EEERHELD,
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! 160

& 100

F e S
3 T B 3

10 11

E oEX ||
| m |

MR EFEMET. EAmERAERIL. WR,

E21 FHHEEHUKABEH 30 FET

22 EBMXICEREREE SR
2.2.1 E%S&éﬂ@ﬁﬁﬁ%iﬁ
HRME A RBI B AL RS — SR ETRIESIERR, HE4KTE

BREEAREE. EmRSER.
(WRALEER, A RET KM, L 1200E AFLR T, EREERA. KL

FIbSEMACERIE. BE (E22).

W FREHWEE I &E,



o g K IR IR

24 (RABEPADRSIHERSRA (a: 500nPa, b: HHD
(QOPFILEERE, BESKE T NHU/RB AT R KKK, @8 5 H. AR,
FBLELER. MIELRESPRED. SHBENTMBX N —E—
H, REEREE. (LB 120°E MHE, #E LASEPOEFLEEE, Hh
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B S B b e KA RO B BBl S

AREF LBEANATILER (F 2.3).

OYRfIEERE, AZSCRETREREILHESHHE. FLE. HHl. WEHK.
LM BERT. XNEMPEHEEAPRE—FE, REREE IBCELR, &
FREFHEXE i bEERERARERAEERERE (E24).

2.2.2 RTHHER

BRI ALRIHEIE /BT RSARBREHEKX . —RTE 500bPa &
HHEHE L, THATEELEE—REMNEERX, EHERE -MENE
E¥H, PEIEFELTEEEMNTEILSET, XRIBIHTEILSFRMR T HH
o, 8 B G S 2 R AN I M R B T MRS, X R R B B R R
MBS RAEDS. i —ECLRH, FIMEAAREHRYPIRIIE
TR A . TEMBREAEPNRSHES, MHEILBEMBMNPERITERE
A E 44T, R R E L.
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I B Lo
¢ tkjﬁ?‘ A R am
-~ \"‘_‘j «’ .‘; r:g ’_eﬁf} { — [:%{‘-: .
‘\L; "% | :; e "- :/),,.f’ xﬂ’i’\‘:l‘_‘: %i‘\"\

25 200048 4 £ 48 BREAREESLNESR (@S Siamy, Fapos)

2000 4E 3 HH URBFESIREFHE, AREFREFEERFELFIRIL
—HBARE, SRRAHBEMK. ERTEH MR NP ETE, & THEBAK
A, FHESTR, Y<egBEgEn, NELARERAEENARRS, &
AT R . SR EFUEEARILE, RERIIRRE, HERd.
b, MERENSHIIARES. K44 A4 AEBIHRGHPIEL, RE
LB RRS, RAKS5-7TR, BFERILE89%. 4 A6 AMPERSE
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AEd . Wb TR, X R M T a3 R 2 RHR

S, RIA 5-7 %%, BEMK 8-10 KRy fmib KM, b HE T ERXHY R
MWL ERR., BEFHSIENEREHLLELRSEBEAT N AEEE,. 4
A 7-8 HESEM AKX KA (E2.5).
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B 2.6
4 B 08 B, 850hPa IR F 49°N, 129°E ifi, SFEE&HEE,

2000 £ 4 H 4 H 08 8f 850hPa B = &

PR A, AN TKE-FE—AT—%. M5 UI/RHEE -Re T
L, WA FLESHEAEEMANN. EAFOABRSFREAFEE, BREHEEN,
REAMSSELTEN, XRERBMSFR, AR THEHERZURE. 850hPa &
A UTIER. WILKAY E(E 2.6), FHRGE 16m/s, BRME 20m/s. Jbax
SRR, RUEIE 20m/s. FEIER B, AIdb—R@R—%&. KxOo, =

EEREER

&2 mIri A Padb I, REFY 12m/s. KIBHRBERRE 26m/s Kk

BARAX, RASIENSAEFEEBRVSERE. 700hPa B L, KB4 T S0°
N, 125°E M, SPOMEN 2809 Rr3hk, “ O T RUINARBIMIE, O BRi6i

}-22°C.,

SRk 5ERAWLRES, WHARIKRABERKXA 24m/ss, EETF
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RIEE S 20m/s, FFIERGRMS TFHE 2.7).
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B 28 20004 4 H 5B 08 i 500hPa HEZE
7E 5 A 08 A} 500hPa M ERSE L (& 2.8), THBHITGL-F R E [ KF X
B F EUREE A ARG SRR, 2R3 RE-Jb A AL TR N RIS T R U E 446 R
600, ABEE 38 CTHIM L. 5 H 20 B7E32°N LUk, EMAKN £, K
SEGEMFEH AR, 7E32°N LS, BHARTHE 2.9).
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™

2000 % 4 B 6 H 20 /= 850hPa KT H

E|T 6 A 20 i 850hPa F FH — LM THBV AT —RKFTOBE LK
(E 2.10), BESHMESRLERART, L FUERESK, XMEFEFNTHET
&, FERHEARECA K. 850hPa E_EIKHA O T RN/REIE AL, REFOER
—% D, MEREIERSSREER, THHXETS, R THEMK. 850hPa
] b Py 32 ol T A U AR R, IR M B R, & 30m/s, BV RGE 20m/s.
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T Syt X i A KSR AE S B 9 47

500hPa & _EAE£E /5328 K F 32 mv/s B BE 4L KRR, —HE7S4F FUE £ K. 74 45m/s([E
2.11), BT F R DRIERE T E.

—
e

&3] 2.11“ 2000 %E 4 § 6 H 20 & 500hPa i = &
M ERBEZRBEEHSNER, RHLBBTERBNEILNAREN S Z 4860
HFHHETEILR, BERTULLRARES X, EERSABERAKNERE,
MR MBS RE . XFHRIEHMRGSAEENLFL LRGSR LRI
MEE B, BEHERPEREILFREUR KT ZERERX. RtH
FRMERE, ®ib. Rib. AFLRX SEFERAMELERE RS, BKELD, T
TN E ERAORIEKREERS EERSNEERRA.
2.2.3 MEERESR
2001 £ 4 A 8~9 B A RIRE 2001 FHIMX R EM R RKTERAY LR
R WAHMEBATSERET, T 10~ HEFSHIATEERANBYRS.
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M ARE, HATEamAEa T EME (8 2.12). 7 H 08 A& ERB M
58, PLOMEAE] 1032hPa, HAEA BB IIFEIEILIE, wEMTE, SEBENK.
BT 14 85, A LEEBLHET, BEMER, KA ERERBR . AL
H, BRI, BEATAY (51379) AP;iX 10.2hPa, AL R ILILEE A
P; Z8 K35 12.2hPa, JLSEESMEMILT KRKS (B 2.13). 7 H 20 8, #&
R L, tBRBPHEBRREHANARLAN, BRBEESMNTRLUERH, #F
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B S5 EC¥k 2 RS R AE R s R 53 7

WERTZARFIER, RAKK, FHATHERERS. 8 A 051 (E2.14),
Bm DN TEER, AR APy £1X5 7.0 hPa, SHFR, —HaBHEFSMAK
i AR, HBSERWEARAMILSE, B5 AP; 21X 6.5hPa, XHf
BMEATSEAR, HELHERT IR, PRR8RRR, BRESE TR, B8 A
14 5, BEREBETE. HHEH, 9 ASTFSSERE, 20 FREHIES S,
FLEE S 10~11 AELBRHER T HYPRS (B 2.15).
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AR LIERN B T EBREN, FRRRL TR, FRMEEH
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B. PlmAr THEOE AN THNSEER, SR “LAZE" 7828,
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ERWE &N E A KENEALTRERE, FRAHRIRLSERK
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T 4677 140 77 km?, 120 - H 4 428 B 3540 Far s, FEm A LA
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X WH A2 RS, B RNE S AT, HEM4E
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BT MR, . Ak, WARVEARES. DU AR ER S A JE BN T R VE FE
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WAL R S B T 58 aa 8 Hrb, HiRE . sS55Il 750
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AP I NS SR i

Ry 2R HRWPF. AR SRFEENBELEILTAS.

FEATVLRMIMART 8 EE¥Em T REMASBE, BT WEEH N
5 REARS, BRI 2 A8, X 10 FLUKE®RW—KITFLRS,
H4EG 6 Yimib KR MER B R IE M. FBE S TAE MR8, 3 H 21
A PMiof AT R AR 3R E0Ch 470, IABIE K 5 Ri5 44, SIEH RS
AHEL EF T 4 45 TSP (S EABEMED b ARAELR T AM 172ug/m’ B H
Rlpg/m’, CEMEE 7THKrG BN 4 6, XREEHEHRE. Xk RTE
TATH LA A P~ AT B S A BB R T K AME,

FERRBILDRRSHEEZTEAHD: ERKEEH. AFUE, Z@
RS E R, AR {EEETE. SRR, dbA RA TIN5
FErMX, @R FRGBEKEATICEEAS R, PRFERESIRP OHER EH
SRR ESEEh. ZREASF. FETERREARZEN. TR, FES
My E R B, RSV LR EEWATE. &T 2001 ELFF) 2002 F
BRI R X T 200, “BREL 7 [URMAERZX R X gkt /bmvk 2, Inz
RS TAMFEERIENGEEWN, PR ERRRIESE4ME, 20
TEHIT. PR K] BARE.
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B S LR R R R E S

WAER, P 1 NHAMEEE. NN SRS EIECMERA,
Heh, B, KEHRWERERRSK (B 3.3). T 14 HeIiRZM, HK 20
&, AESZIEEN (B34, PEREAETEFHOET RABREVDE. 5
LAFIEE., B, BT 20H 0K, WEAXKHERKRMmE (B35, N
FHL2AmRAMGHTHE. L. RESERT RGEMY LR, HYPiE
RS, WERECMNARTESVERXEEIAR T RMESRE T
AR XEH, UEHELEHE. P FIrhEwiz. 14 P LRSe
TR HE AR REER(E 3.6), ¥R IR EIEREIKE X 1500pg/m’.
Wk FAREFAME, BHAYLRTFEIRESSANGREIEFS, HNE
BHAFE. TFI17TH, pEXR[AWERTESLEEILY R, LBdTRGTER
WERSMIY UG, FARERMRWARSTET K. BAENE, @
_$$%iﬁﬁtk§ﬁ%EEWMA,ﬁ@ﬁi%ﬁ&@ﬁﬂ@,@m\ﬂk%

WMTRKEEAZEL. HYPRK (B3.7). 21 Ho8 i, URFEHKRE. EO
MULFRESEE . B TS HERTHHATHAERS, SHMNHLE
MEESAHEHAT KERMDER (E3.8). 148, PRRTRIIRFE. K
#. UEMNES. RESHERTEADE, AFSHYEFIW/BENERE,
M HE A TR BREb AR T MR R R SRR Bt H A g F g e g ok (1A
3.9). @K, ERETERS. FETEHENAENSRBEETHRT —K
WL BRRIITE. B 20K (E3.10), BYEXFAMRFESERNERES), #
— B B B AR O R A SRR H R TT, EEW AN THEARLE. 2
T22H08 B, BT EHEIHEMNREILHBHESIFERT LEEREL SR T,
HEMr KR PWERSELER, WEARSANREH S MEE. H5F
s EJLEFRA RS R HRYERS, BERIEHAEEHT ARKBEEHIA T X
R RS (E31). 22 B 176, BRELHERE LM SETS. RERE
X b RS DR R,
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T S X P B RAHIRAE R B AT

3.3 XREREH
3.3. 1 ATISIRE R

2001 FAKE 2002 FHFXR, HELFHBRAUERS, BK®KD, FHER
b X K B H BB EEmD, TMTFHSEXCIHERE, NSk E kR
€, TIEARER TR L ERAT, M T LK SMERMMERT LEAME,
AR AR R ARG T H MK UES RMIFRG.
3.3.2 ®m%. WEBI
3.3.2.1 RRERRENHE

i . ! ) ' ' * I ! * ’ I
| 116 128 13H 148 158 16H 17H 184 198 208 210 22@

B 3.12 2002 4 3 AT HEHLHERSFRHEL
WERRSHRELREHE - XKARERRAAEIE. AIEMENAR
SMEER YRS, 3 ATAEH, THEXBRIFREEE LFHEs, 218 F
BB AME 338, 19 HFBXNERTE, RRKSaFEEMR, BHFRE, 7T
AERED, 21 B PRI 151 (E 3.12), BRFREREHRT —KE&
R EETGERE, WRPLER[IIBEFEFREES NN FRRERATRAE
FidES.
3.3.2.2 BEXRES
3 A 17 A 08 i 500hPa B FER PHX P EGHEABHERGTE, SEIRLEN
R IME & A — R ER, HEZEAEN WREE, SUEHETRESTRE,
HHEATSAFRERET;: 37T 18 Hos i, BEERSEAMENES, SR
HEEBEAAARMERIE, d TP EFEESER, ATNERRAAEHER
MR, FEREENREABARENER, BhLik4C: 20 B, AEINEE
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BELEHEANFTAOATHR, AERHEENIILERERER - XREKRT
20m/s R FG R RTT, BARBIET 46m/s (B 3.13). XFRY 700hPa, {EFTTEH
FEBXEF -ANAREE, BXEE, AWECHEASHE, REEEERRE
TREE, MEATOEEN-29C (H3.14), HIAFEEMNAFRAEARE.
19 H 08 &f 500hPa JZ (B 3. 15) L & EHERFHE—F, FENBUR, E45T
SMAHEERR, AEEBEEET W, BEARRMN 2¢h IR T OFIEAILSE,
XTRY 700hPa (B 3. 16) , R B R Z A EEMBKILFBEMRS, BEKEEF
W, BEGSEERR AL, EAERAE: 19 H 20 &, 38458 T,
AHROBFEHERILE, MAZANEL TERZEANSHX E, XL 700hPa 3hE
K B5e e AAE, B ANEIE 28m/s. 20 H 08 Ff 500hPa Z5h —#EFHFE, (K
EEET 1100 AFEHMBHLESR, SEFEEITEREME. 221 A 08
(B 3. 17), ERENANZBARILFREST AGMHEERE, REEES
SEE, mTROUKK RN, BAKER 54n/s. 20 NEESETHTELE T,
EREHEBHHDERKOELEE R,

3.13 2002 £ 3 H 18 H 20 & 500hPa B F§
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