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ABSTRCAT

Sandstorm thermal structures and atmospheric profiles evolution have been revealed in
terms of intensive meteorological elements profiles and energy synoptic meteorology in
Mingin; and diagnostic analysis was made by WRF. and temperature, moisture and wind
profiles observed Compared with simulated, The results document:

(1)Wind speed below 500hPa was week, and there was easterly air flow below 800hPa
while westerly on middle-upper layer before sandstorm, the lower layer wind speed
increased apparently, northwest air flow below 700bPa and southwest on high-layer.
High-layer relative humidity was higher than lower layer before sandstorm, as sandstorm
disappeared, relative humidity was gathering speed, Humidity inversion existed near 800hPa,
the whole atmospheric humidity increased obviously. Surface temperature was higher before
sandstorm, there was a super low temperature phenomena near 200hPa and a downward
temperature inversion near 250hPa followed along with sandstorm; during sandstorm,
lower-layer temperature dropped markedly, downward temperature inversion was weaker
and radiation temperature inversion near 800hPa generated. The atmosphere was convection
instability below 500hPa before sandstorm; during sandstorm, saturated energy gap
decreased gradually, the instable energy transferred from top to low, vertical movement
intensified; after sandstorm, the whole atmosphere was in stability, unstable energy crocked
up, the whole atmospheric relative humidity increased greatly.

(2) In all simulated atmospheric profiles, temperature profiles came across very well,
forecasting deviation was less than 2'C generally, the results of temperature forecasting were
also stable with the increase of prediction time; wind profiles showed unstable with the
prediction time’s growth, the simulated results were poorer below 700hPa; the forecasting
deviation of dew point profiles was around 2°Cgenerally while the deviation reached 6°C
during sandstorm.

Key words: Sandstorms, Meteorological elements, Thermal structure, WRF model
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Fig. 2.1 Sandstorm motion paths on May 23¢d to 24%, 2004
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B 222004 5 5 A 21 H 08 57 500hPa
Fig. 2.2 500hPa weather map at 0800BST on May 21st, 2004
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Fig 2.3 Surface map at 1400BST, May 23rd, 2004
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Fig. 2.4 Wind profiles based on spundings in Mingin
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Fig.2.5 4 temperature profiles of intensive observations in Mingin
Fig.2.6 4 dew-point profiles of intensive observations in Mingin
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XL R PR R B s R, 500hPa (ISR A 60CHANE R 23°C, BIBRRA
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DLRBNGHNHTARCE T

EXANKICREIBIRE: SEANPIRABEAIFTRERE, pLaNE, HXM
HBGEER, R ARMEBIKSIEEIALSE HEASUTEERENIEM, i
MNZAHEE SRR, HIEWNNRESREREZSRILER, 7000Pa BER L, H
REHEAELHEN, BEREREMTRD, KASTREFHEN, AELEE, BENE
RS, ZAMAMEEHIARE, PARINTEEEASAMNEEERE TR LR LE
BEF—H. FAEANRDLRIRE, BIMKABRHEXHEEY M, S00hPa 4bHim
BK, EF] 80%LLE,

p{hPa)
100 |’ 100 r D(hpa)
200 | "4 \ a00 |

h ;
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- |
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L * . y -
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"""" 5/24/02; 02 ~—--—-5/24/07; 16 eeeeni5/24/02; 02 ~-~-5/24/07; 16
H27 RENARZORMENSENG  H25 RONKKSHLESENA

Fig.2.7 4 relative humidity profiles of intensive observations in Mingin
Fig 2.8 4 specific humidity profiles of intensive observations in Mingin

233 L@ RED A

& 2.8 2B 4 KRZALSTHHBINOLBEE S HWE. WXL ROES
ETLEWH: PLRRENEHEMBARLEELMBEMMMTIRD, PLREKY
ARERTHE TR, 850hPa IEHILLIES 3.8g/kg, PLBEENKARANEM, B
Hm, YELB/EERF, 800hPa BHIEHHA~MEEHER, MUIHESTHRRE Y LHE
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RREBTRAFHL2A8

800hPa LR —RE, ¥FRENBEEHERTHRRKRMEERE, BhkAsl
MEHEAYBXEEEIMG. MHEs). BAXHRELEREOEH, BLEXHELR
REXY LR EH—MFE.

24 PLEMEBH TR ERPHERGE

241 SEMBRISIE

PLRAREZEH, BEUERRK, TTESKE—E4FRERE, 23 H 20 pbdlf
REZ BT 20 40 IS EFFEE LA, 23 B 20 HE 23 © 23 b 3 MESEEF 3.30Pa (W
B 29) HWEMBFSCERINRT, REEEMEEZRSED.

IPHRE

hPa it
3%
3-
30
2-
25
1-
ot 2 F
-1 15 F
_2 I L 1 L 1 1 [ |Hﬁ 10 1 | I R | I 1 1 1 lmﬂj
282888888828 g88g8ceggseggs
EEEEEERE G SRRBEIIc g
fdggddd 5 o RNRAIINII ¢
29 3/hHEEMNEZEL B 2,10 i pEa R 3E4E
Fig 2.9 3-hour interval pressure variation Fig 2.10 Variation of the surface temperature

242 JERMFIMIEE

B 210 FALE Y, PLERRZTHTENSHEEE: BRZTSETHAR,
ERRE 4 MNSE®IE LT, RERRYLR, XHE, KEFH TR, ZHEE
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1A, SERE137C, PLRRARLER, LETEXBHEEHR.

2.4.3 MK RIE S E R

DERBRIA, EHERELRD, —RE Ims X6, 23 H 230, DLRBRE
20 58, RERREME 10mss, BLBRELES, NEEAEERE 10m/s, LEHEYD
ERRAMET, REZHAD: YEALET, RERLWFRRN R AEERILTALE,
PLRLFWENANRERLRK, 211 FAUES, PORIHENE, REHTT
LR KRR, HREPLREELRD, REWREE, RnEREs, —Hit
T SE. dlt, ROTLUAADLLTHENEHEERENBUREEETHHRAR,

10 - 0——=a
[ ] I-WSW
8 / L WINW
] L S5W
H (misig
R 8 Wi

/  SSE
44 \ L EsE

/ L ENE
24
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211 AAREZLE
Fig 2.11 Surface wind variation in Mingin

2.5 RERBEET

PLRRABRTERNMRR, FEFERORENER, ATEALNTE Ak
RRENARFARCEHET, SIANBEE. ARLEE. TEIREXNES.
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MR AR TRREMLEMR

A

SRETtAURBREGEENRADS, KHELLN:
THK)=TKH10Z+2.59 (grkg) +5x10*V3? (m/s) (n

BAEERE Ts RBESE. BETENEHT, ZILHBAHNZEE, KRER

Te(Ky= TK)+10Z+2.59s (ghkg) +5x10*V,? (m/s) (2)
WMRESTHEER D, BRELE, BETFERNBEE To:
ToK)= TK)+10Z (3)

T; =Ts-Tt 4

Heb Z A @, BOOARHTR: V, 42REY; q HL@, os HEALE, &

fr¥k ghkg: Tt ABERE, Ts MEALRE, To ATEAREE, TALRFEE, BUY

FKIEEC: EXTs ATt thek e FMERHAmeEE T .

BEUEAR A ETRHIS 4ES A 23 H 196154, 236024 24 B 02 B

02 7+ K 07 B 16 MU RERE (T  MAZER (Ts) HTFEFABEE (Tp) , F24l
TR (E2.12) .

M 2,12 (2) 4, 23 0 198 154, S00hPa AT, %40@&%}%7{?%%%,

To# T, HEERD, T8 T, ZEHK, 850hPa BWFIEEERK, H 64.2C, RULHMHZH
BT, R To# 600nPa LT LFEEFHRLRS, RAXIELTEEIRE,
BERHANRETHRIUREERAREAXROERA FTHRELERNBERRE, FUEF
KPHFEEHRARENK, TEBEEEN A LERBENHE, ATHERYLRRS.
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HLBRHBERIMHBARSEH T

212 (b) 212 (e) B23 H23 8 02 4% 24 H 02 i 02 P L [THMH BB
EAEREREE, AREESTLEE, pLR1E, SREREMIXMELEDME
THFYLBERYAEHET, BPTLUFY, 500hPa BT, ToM T.EEMK, TH T,
ZEMEEZH A, 850nPa HAGEES TN 209CH 126C, MALEEZRBRBIMD, £

SRR EIRE, KA HAAZERNIEE, T00hPe w_%w, KA TR

AEERE, 700hPa LT HBRRELL THMBERS. REFHEREAHEAKE
BN, XHEEFBERENRINE T AEEEESNRR.

B 2.12 (d) £24 B 078 16 AP LREAERENBEFNEHEL, TLURHE 500hPa
UTEERSILFLATRERS, PREHEZER, METHT,ZENEEE—TRD,
850hPa WMEEER 9.23C, B/, RUABBRNERLEHENH THRAMEN, A 07 5
43 HFF4E, EEHAT ARARS, HEH 1.3mm.

FBHME 212 () « (D) F1 () =EEPTLEH: YpLRdSirfdEs=na
BB AR BRI 500hPa IR, 1M 2.12 (d) v Rt RE =& TLREE
o] _FE{HE| 400hPa, ZXHERKHFWLB/W ASBEM YW RE EELE 5000Pa AT

100 100P (Pa)

200 | 200 +

300 300 |

400 - 400 f

| w L =
600 600 - AN e -
700 | o b

800 | 200

900 | K

900
290 320 350 380 20 320 350 380

a(23/19:15) b(23/23:02)
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H212 REAAETREERSEE
Fig2.12, 4 total energy profiles of intensive observations in Minqin
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PERR NG BIHAR SIS

F=E PpLRLENLEMT

3.1 WRF A N+4

3.1 RAMRELH

WRF(the Weather Research and Forecast)& EZEF R IH — KT REEE HFHRERM
BRI REE, REFANLETHREN ZHNEER. WRF EXm2EERKSH
FFLNCAR), BARKTEHERNOAAMTRZALRE (FSL). ERATEREHAF
CNCEPYH R TR D REFARBFATMP O(CAPS). BEMZRFAAESEBS
R, EH—RIERHTE. BHBE. MEALERRE b RETERA T F L
Ao ZEARFZONAIR, BRTHHRNURILTAEMME, &8 THEH
H, FFR. REHRAADBIESRLTR, KESKETAR. B84, TAREH
LAEBHE SRR

WRF RABFRTRENTHEE. TEFHE. ¥ BIE. B, BTEMENER
HERS, HEFEFUREENRENTRESERTELER. KHERLN. 44
LHBEFRTTBREANFEIMHNER. YEIEFANFE.

EBRFEHRIE, WRF BEXXA=ELH, GEFHEDrver level), F 4B
(Mediation level)HAH L B (Model level ). A% HI R 2R ESIE Driver level ), BIEE
ABEAEModel level), FAE (Mediation level)f TR EAHREZ ], BEERFE
(Driver level) i R HATIAL., HEEK, MABHEO0). ARESE,. BRLEEERNHET
% EARTERBERATANTHRIE. YELIESHERBES, SBSRFRA
BANEME CHRFTA SR FAEEEARSEENEXEEEER,
ZREAETRIEARAENERER. XEFEHRTNE 3.1 FiF.
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ERESIRAEFLEARY

W2 (Drive level)

II Config &2

S4B (Mediation level) mAmE (vO)

11 HFEOD

B’ 2 (Model level)

B 3.1 WRF AN HHHE
Fig 3.1 WRF flow chart

WRF AN THERRKAF R, TEATHEEE, ERARHEREH, H7%
HOBEHEARRELSR, SEENEMBERURE h R ONETRCEL R
NP RERKLE). Bit, WRFERZHH ZHOMATR, SEERTMM. KL,
B A& ?E#B‘J*ﬁ?ﬂﬂfﬁ%)‘iﬁﬁﬂﬁzm, EREBTHARATRENFARY, TR
RAABRHEI PEEEEN, RERIRSTROERE.

WRF A RAEETRL (SD Hik, LEEAMER DU TRF L

BAMELE

WRF B8

RN WRF

ft (SD i

VissD df
O LR | f
BEHETA.AVNY TEER PN
sk Ry

Grads &5 08 l NCL B

A 32 WRFEXERSRREMEXRE
Fig 3.2 WRF modules and the interrelations between them

Wik, BB, URMAFRELEER, LH 12, XPRENBIEREENFER
REBNTLEEEROLE, ARHEMFALERESENZHEANERRLEIMN
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BLRAH SRR R T

SERZHE (B ZHRN; RREANRIEEAOXUEBETR>EN; SR
BAMBARPERETHN, BEHYERLAITEANERE L, FRAUREMHS
BB TR AR

3.12 WRF SR M HiER (WRFV2.1.1) ¥

BAl, WRF #XF ARW §I NMM HEHHBRITE, ZRHNMHEEETHNCAR
R RM ARW (the Advanced Research WRF) A E. ARW HirA B4 HHRRERX, ©
SRMEERRE (S LEARELER GEEERR), XPAEMNERREORNNHE
LWTHRRN. BANES T RESBUEMMNESRHTHIE ENRBES N TEEN.
KFHERA Arakawa C EBR AR, BATHISIBRMBEANTRES AR, BEHY
[ WRF 26t 7 Rt #: —Fih B 4845 ( Eulerian height coordinate), EPHBTE N Om, &
HEABKRAR, H5h—F% R EALER( Eulerian mass coordinate), &7 o AFRHIER L2
M, BIHES 1. BRATY 0. ERERAFTRLE, WRFHEEER Runge-Kuttad 7R,
B3R5 T Runge-Kutta2 Bro7 RIENERE. BAKN, WRF BUMESREHE, AHF
FH M AT ERANES PECRASHELE, ASKFREERSTH Byt
HEHLTR, AHERBEEARTAKEEHARE. HANKFLHR, EEFHER.
BARRREHYBLRTREAFERES.
(1) EHSE

WRF R M EHSF R ELR, BnR54: 1=, -Pu)u, &
B u=pu-ru (3.D
D, BAENBAFERS, p,, P, EREARNERNSE XTEXEHAES
BENER. R EEFAREEELRE, SENRRUTE 33 iR,
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ARBEIBRASH LR

;—-PH- o

0.2 P - g e

//~_
0.4 — —— TTN—

B33 WRF A EHFVHRRER
Fig 3.3 Vertical coordinate of WRF

(2) BADH
WRF #2K i SR8 Arakawa C Bz, BASHLE 34,

vy N
i ‘Vw évwlm 1 ‘me ‘meu
I I } b
u 1] 6 uw! i 634-1 u !
it g Vatet | iy Vietin_| Jeatirt _&_.m... Bw _ﬂ_&"““"}. ﬂ.‘...,_ _&0&
4";,;.,..; ‘v'&l}vlﬂ
1 |
6. N AN, = *w..iwz +w»-.wl
oo | Yues Gty Yiary ' '
Ay - ® H @ i Aﬂk _E_»-eu .&. _l_&»ﬂx .0,,,, _ _2'.""
oo | gl W | o
" | " i -X . } 2 1 g
Ax Ax
3.4 WRF XA EMEERATEE

Fig 3.4 Horizontal and vertical grid chart of WRF
Q) BREAFKRHEA
HEENEREATRRN:

V=puv=pyUV.W), Q=un , O=uf (32)

wx, ) BR(x,y) RRBRAISEA RS, #EFEEEE, v=(u,v,w), §RHE,
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LRGN R RS ST

HEeZREHFB =g, SEkp, KWBa=1/p.
MALEEXAEREREANRNFRATUER.

U +(V-Vu)-2,(pg)+3,(pg,)=F, (3.3)
oV +(V-Vv)-0,(p¢,)+0,(pe,)=F, (3.4)
O +(V-Vw)—g(@,p-pu)=Fy 3.5
0,0+(V-VO =F, (3.6)
ou+(V-V)=0 a.mn
B4+ " [(V-V§)-gW]=0 (3.8)
0,0 =-au (3.9)
p=p,(R,8/p.ay (3.10)

SINBRBEFBEATH:
,U+(V-Vu), +p,00,p +(a/2)0,p0,.¢=F, (3.1D
oV +(VW), +p,00,p +(a/a,)o,pd,p=F, (3.12)
OW +(V-Ww), -glla/a,)0,p-p,]=Fy (3.13)
0,0+(V-V0), =F, (3.14)
Qps+(V-V), =0 (3.15)
db+ui'l(V-Ve), -gW]=0 (3.16)
8,0, +(V-Vq,), = F,, 3171
ATENEREENLEFE 0,4 =-a,u, (3.18)

EEESHHE p=p,(R6, /P,y (3.19)
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MRESTEXER £

R, o, RTZAEEOHE, o RERTSEKYANZEEREPEL.

WRF AR ARATREXAGRH ALIRORS TR, PRARDBIXA 3 B
Runge-Kutta B B2 7 R, BAFRESKANNES KR RHZ R SRR LRI
YUEEEN.

Runge-Kutta3 R4 HRER—F8S, He' - ¢ d=FHER:
* t At t - t . t+ t L]
& =4 +TRGY ¢ = +%’-R(¢) , § =4 +%’-R(¢ ) (3209
i R(p) ZriA B4,

F5h, BB AT RKA Aakawa-C 123,

WRF A LA AL AL H R, RERETRETRENGYL, ADELER
5, MEHAZGME R, KRAENEKXORI SR, ENEMERMTRSA
AR, BXNFEPORIBLFN (ER t RRIKHINESKE BER)

V'=V-V', Q'=Q-Q, ¢=0-0

p'=¢'-¢", p'=p'-p", a"=a'-a", y=py-y" 321

H 3 =iyrt [ 4 " l’a“ " a " a " " "
R,,=F,,--(V-VV )g—,ua %—(qp é—‘-]a -u g} - ;} [Z? - U ] (3.22)

TieT A FE B B AR TSR AR T R A RR S TR

" T — T ¢ " r
g..(_].._..f. ‘u"a’ _a_.E_._.’.(”#' .a_)a'T +}1’ a¢ -+ a¢ ap —‘u" = R[':r (3.23)
X ox dx Ox\0dn

v’ tt ap”T ( t aﬁ) nT t a¢‘”r 5¢' (3}7" ”JT '
-""""'+[J o —4 ’7)“ 174 +y + —‘u =R (3.24)
&y oy oy ’

W (977 =k (329
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DLERANEM AR RLE 34

6@" el +AT r
= +(V-7Te) <R,
aw*  Tap" )
LA I/ ) Y
or g(an #] ®
8" 1

o7 +;T(r}'nf+aT 'V¢‘)ﬂ _gW,,T — R;

7, ERTRRADMIHESKETHEE, LRARHANAR

" - " "
R;, =F,: —(V-V'V‘) -p'a’g?———*(ﬂp' a_ﬂJau_‘uaaﬂi _aai

" ¥ ¥

R; =F, —(V-V‘)

7
R, =-(i’" 'V¢’),, +gw'
R, =F, —(V.V'W')" -g[——,u")

Rg = Fy-(V-7'0")

7

313 BAMPETE

(3.26)

(3.27)

(3.28)

~u" ](3.29)

(3.30)

(3.31)
(3.32)

(3.33)

ELE WRF HA T, S8THEHS. 2AE. HETESSL. RSB

NELBRSLHELHANBTREANTR,
3.1.3.1 B E#E

(1) Kessler 75 % (Kessler, 1969), RR—MIEMBEHE, EE8EKK. zKHE.
EEEMMTE. BERRRTE, ZANELIDSHTEURRE™E KSR EL

7.

(2) Lin 7% (Lin et al, 1983 ; Ta0,1989 ), AMF=EMAISHU T REEXRET Lin fI
Rutledge & Hobbs, FETELMBN, SERMBEAKEIME (Taoetal,1989), TE
ATAFKAHEE: KA. 5K, B, BK. BH%K. EPHER WRF B g5
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MREE LRKERLFA R

MEPETR, LBSETHANA.

(3) WSM3 5% (Hong et al,2004), f WRFV1 R NCEP3 FRSu#TR, SHEKE
FHTIBRLAR 54—k, FRPBEBIKERE LS KENKREREHRTLH.
KOREBF=HEHE: KK, SAKHE/E. IPTRERIEEKATR, REIE
KRZAKKGE LEAARA R, NEHEEERRSEN FASEREDTETKE
BEABATRAREZREE, TUAAIREEKEE, BRENLBERRL. RES
BT WHEE, BRENETHRENRREE, TURTLEET.

(4) WSMS5 FE, XM R T ER WRF B—/R P NCEPS H&R, 5 WSM3 £{sith
BETHEMKHELE, EEATIAKFEURE TR B TS BAL. fRK
HRHERKTRORFET: WERKTENESHRLARERLZBNHESERE, 6T
WRBANERESRERTETHSEABERROTESE, EFPUTRPENHEIE
AR E—EEEMRIRS$RE, BERROAFLEMSTRE, 48,

(5yWSM6 T &, R TEEAEXMYELE, XLIEMN Ln FRILREL, BEH
KM AN -L8ENERLFTRTR. FRAMARREDRETRAAY

(Dudhia, 1989;Hong et al.,1998), 177 REEE T EANE B KATBB .

(6) Ferrier(new E)lf S REZRIMEK LT R: ZHRERT KEAMAETEREZ K. B
K. KBREEEK (BIUBENKR) HREIE. #PHHHKKERERER, 08
HRNEHKBRYRHON,. B—HUEHRESK, TK. KENEFRAELOTR.
B AR K SIS B RS RHE R AS KB ARV R B K R ., RRERLT
A HREIESMEAKERS AR ERERNARBRFRESR LA, X
BB R SE O AREMYES BN EHAEATUARRES KRB ENT
WER.

(7) Thompson 77 % ( Thompson et 21,2004), %77 FEXf Reisner 1255 %1k 7 % (Reisner
etal,1998) #1T Toii#t, BEARHIE. ZHREMASARNEE, ROHRKHEK
B, BRI,

3132 BEXNRAIR
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AR AR R RS A i

(1) Kain-Fritsch 77%(Kain and Fritsch, 1990, 1993), AFEFH— A S KEBANT
HesnAETHR, S8%E. A, ARLANSRTRRAR.

(2) Betts-Miller-Janjic 7 % ( Betts and Miller, 1986;Janjic,1990,1994,2000), M Betts-Miller
MNEABTRERTR, CEREXBNBEVEFBE RSB EHEEN ‘T
£, BXMARLERZSHILT RO —TEERSD,

(3) Grell-Devenyi 247 % (Grell and Devenyi,2002), %5 RESME S LEFTE M
EXNRSHLTRAER HHEE, MENERRTEY, RRSES. Big bRig,
UK MBS AR R Z T R, TR R ER TS, FASmE
AMATEHARR—EEYTR, ELARNTRIANBASHSEERKRETRH. #
BABASHETFHERSHERIEFHERAEAARHECNERER. EEHE
FAKE CAPE. REZHER. KBS . XT CAPE Mzh&SHEFHE F4 CAPE
MIZAER, BEWRR CAPE SR%ER, REEXMRNERELBR CAPE. £TK
RESWHFEYBETERFNEERS KR TR ARBLE. A— 1 shErsE
FHEERT, ATFMRARENBACSHEBETUREAN. —BKHE, EEFEFER
144 MEHIFEF.

3133 HeWHETE

EHEEHEH Monin-Obukhov 7%, Monin-Obukhov (Janjic Eta)7 3, BREMER
(LSM) RBIFHEEFE (Surface Layer Scheme) ALK E R, B HRBHELE
HEE, MYETBARSNS R RREMMEKERY, DEAEERFRAMBEER
it B EANSKEOARNKKER. WRF 2E0ETERH:

5 BAMATR: SEARET MMS MAB T REAMH LM ELRER. ABL
WAEESTHH lem. 2em.. 4om, 8cm F 16cm. ZEXABUT, BEBHFELRHF
. SEEREEEEN. BAEAER. ATERNEL, BEEERFMNERL. -
RS EHE LA AXUNSTHIATRECE TR BHENER;

Noah BEEMR: HMATT N EHAR MR N AL L RT R, —
EENELREENEE, THERZERRAEENER. ZHRAIUFRT RELBH
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MRS B I EKEW LA

FEXER. TG LRPUMA RN F L EBERNRIER,
RUC WERA: ZHAELE 6 BLRANFERE, FESLIRE. NEEEAEESN
A0 L R 1 I A K 4

TEURELSRATRIENMRAEAGRRELR ) TRNMETIENERN
AXREREER. TEF:

YSUAR: ZHRERARBEARTAERMIEMER ETELNENERLE
RER. REAREREGANAAER, BEERTREHEREHEEREHNE. 4
REWENGFEEDE N THHEMRF PBL F4 0.5 ), FHB—H KT RHH
&, BHUHENURERE—RRHEHL MRF B,

MYT (Janjic,19962,2002) 7 %: *f PBL fl B I KSR LBENSHN, RAMNFHER
BRI ARRRTEET A 2.5 E Mellor-Yamada iR A A ER, BT ERARER
LR, EFBERE T, ERRFAGEN TKE HEETRALEF RN, HESH ERYEH
¥R, ERERFT, ERNAGREERREENTLE TILE #HETREMTHE
AR, FRBRAEME TKE M EMB IR, BUTLLER,

REEH LR REBHAHB RRTM (Mlawer et al,, 1997), ETA GFDL (Fels and
Schwarzkopf,1975; Schwarzkopf and Fels,1991) #4857 %%, ETA GFDL(Lacis and
Hansen,1974), Dudhia(Dudhia,1989), Goddard(Chou and Suarez,1994)58 388 F K.

3.2 2

3.2.1 HATRRE G ERIt

AR NIRRT &R X E EFX TR ONNCEPYRBLAIAVN (Aviation
spectral model) HAMERAFTRE, HRZEAFENR1°x1°, HERMI6E, RET
P ERERASYET R M3 _(fip//fp.iap.ac.cn/data/backup/werib.big/ ). $EHER A
WRFHIversion2.1.23E 8 1K, RARARFPRAMEKNERELIE. ZHRAY TR
Bt Runge-KuraFt B3 4 H R, AP HENR T XK H96.2°EE 109.939°E, 42°NE
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PRI EUM AR

42.6685°E, HWEIKKmES, KB O%(103.08%E, 38.62°N), Wik XM E N 10km, #
RECR100x75, BEHFRASAEENI B, 45141.000, 0993, 0.980, 0.966, 0.950,
0.933, 0.913, 0.892, 0.869, 0.844, 0.816, 0.786, 0.753, 0.718, 0.680, 0.639, 0.59,
0.550, 0.501, 0.451, 0398, 0345, 0290, 0236, 0.188, 0.145, 0.108, 0.075, 0.046,
0.021, 0.000, HXTHISEH50Pha.

B 3.5 SEBlE
Fig. 3.5 Modei domain

A RENEEDETER: Lin MYEIEFR, Betts-Miller-Janjic H =2 ¥ FE,
MYJAREFR, mm KEEHHR, Goddard EHKIES 5K, Noah land-surface i [ i 2

%%, Monin-Obukhov(Janjic Etayif #bT 7 %K.

¥ 3.1 MSUBLARTE], SChRe iR Bob e RERTEY
Table 3.1 Model imtegral time, actual time and sandstorm development phases

YiH i ]
ot 5h15min 9h2min 12h2min 17h16min
L ERRR BHI9K IS4 2H238024 2400284024 24H 078165
PLBERHNR poe: 1.0 VE: 1) et EE

M 2004 £ 5 A 23 H 0600UTC, Z 24 H 0600UTC &3, #4240 G #451A]
EFEIEURYLEENEMNE 3.1) ,  Imin HH—KEXLEE, BHELHES Shlsmin
MITRLE RSIEHAE 23 B 195 15 RSB EE T, BEABRS oh2min fITIMRE

lo



MREBITREAEM L343

RE3LREE 23 B 23 8 02 2H05FE BRRHTR M 814 12h2min § PR R 5 50t E]
24 B 02 7 02 SRR BHAGATH L B 1Thismin HTRER SRR 24 H 07 88
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500hPa -0.74  0.11 0.02 0.07 1.23 1.67 0.005 -0.063 -0.71
700hPa -0.13 045 -2.68 022 327 229 017 0.68 -1.33
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Fig.3.12 Zonal vertical cross-sections of vertical velocity in sandstorms region, Integral time at (a) 8 h, (b) 10L,
(©11h w:m/s

3.13 b 48] 500hPa, 700hPa. 350hPa I B i# 1 AR AL BIZE LA RS 11h
Ja 500hPa F1 700hPa WAHIHWE, BFRIIATLEY: = MEREE L ELEEENEHN
S SULRNRERAREVANHRR, LLRWE, EEAROTLLRD, WY
SRBRAE, EEREORNBERRMK, s00nPa EARTFREHNZHHLI, FRE
X LG ERE, EABHEMMEREESEAIME. AR L% ATHREEHNE,
HETRSHAIMEARN T U LR RAMER: B4 1107000Pa FHiZE £, 103°E HiLHF
E—NRE ZATELEHRE, EdTHERALERA, KU S000Pa HEH—IE
%, REMHELEREANRER, X—BERNEADLBRERBYTIEREN
N, BHEEEREEEANAMER —HEAVLRNRBRETHA, 5—FHTH
ERERTREIAMNTENATIN TR, RETHRDPLERANRERR.

“oez oz T+ 1z T Tz

3.13(s) 500hPa B MRS AL

43



YRS EA AR LT

12

oo

-0

122 152 [F7]

313 (b) 700hPa B A AFREATE)EIL

nz

0.025 4

0.024

0011

122 2 a

3.13(c) 850hPz EHEEMHREL

nz




MEARIRRFRLENRY

r?? w’

f

lhﬂﬂﬂ‘hl'lﬂ'illﬂﬂ'lﬂ‘ﬂﬂ'-

3.13(d) S00hPa B4} 11h HIEHHE

o~ \‘ e
: ‘i‘? i

- ' I'Iffi I|Tr

- B s
(L] ] - W el hEL M el M toel W ol teed

45



YL RANSH NG R EH T

3.13(¢) 700hPa 11b JEiH5+H
Fig 3.13 Changes of vertical velocity with the time on 500hPa(a), 700hPa(b) and 850hPa(c) and the distribution
of flow field on 500hPa(d) and 700hPa(e). Integral time at 11 h

46



HRERBIBREFRL LML N

FNE FEGFREUFS

4.1 TE£W

(1> &K3CXF2004 5 A 23 B 24 BEREEHBRBN— RS LRRSHT TN
FHELRATE ABARASERITT Y, SREH:

4 a3 %] 2000Pa FEEHFERZ BN, ARMELRK, LRGP EERELKE
£ 500hPa FEEUTHEZRER N EREXRZIBIT4E 5000Ps EEEUTHRE
EEHK, FNHEAEMEIERME<ERENK, EHERKE SN, i
MM AEARRD. BMLRYE, BEKNEFEFERTGM, KESHY
AHZHLHTHRA S A LR EFROTILAH, TdEE, REEILS
poTil o & 8

200nPa [IEFARER, MEEERE LR, IREERENFEREM KR BIERE,
{EREEN RS, SREEZREHED, M.

LERSEN, BEAMBERTERE, YPLRRENE, EHHFHLEERHEK
RAREHE, KEHRALXEEKEOTFREE, HHITERSEOLRIRS, BE
KEEXNBEAESN, ERISEEERX AN EEEEENE LOTHARBER
—8: WRBEENELAEAELEEAERER EATED, KFEHE LA
K, PRt SRS M LR AR B 5 T AT, L /5 45 s00nPa ISR EMIFLER
B—AMERRE.

P RILBERT, 500nPa AT ARMARE, MWMEEEN 64.27C, HETAHLETHR,
PLEHE, BRERZMIHEUEHEFESH TS EBFRT FARLIT, 5000Pa AT
WAL BEIRAE 209C, EHEE SR NIE 126T, KOYPRKAREEE,
PREXEBEBEAEEHER. BROEEEHRRMR; PERTLERE, EERUL
FRATRERSE, THEEHERER, WHEER, BEXANEEHT TRAHEM,

BEMAPLRNERABABERAAN, RIIERRELS LB, KSELA

47



PERBHERMIBIAR LK S

BATBERE, FRETELEEZHBAT S00nPa, ToiIHE /1T LA _EFE{H 3] 400hPa,
REYLET KA BEHRERE EEHPZE 500hPa LT,

PLRLSFT WHEATEREMSERR, FE—-HAFHEMRE, 2R 20min
AEREREA, SECLTHEFARE, PLERRN, BAESEHN, FANSEGLE
R AP RIHN, RERD, PLR2LEN, RELTEN, EEMPLREH
A, feERaERENTLREEETT LKA,

(2) MERAMLHEMTE X BEEF X, BT Lo REE TS T
WRF EATROKSEL, 3 WRF LA FLHITELE T —E 001, ERERE
MBI EERDERRAPRERRLE, MERRIELNEHASELT, BEBEN
TRARRY, BEBLZLETHRARREZ—RDT 2C: RBENTEREHFTHRN K
MEMFENRE, EREABAESUARTHPER, EANELEHESE: WRFHLH
RERBETRETRRE —RE 2CEL, DL RLHF IR S00hPa LA T REFT X,
BF 6 CEA,

42 AXMAIF R

(1) MAMEBEETER, BALHTOLERERBIBRTRRES KEFETHIL,
NFBTTHLRABEAALEH: DLRLEE 2000P2 HiITHFERZARE, BT
B ERNTAURASTEE NI ESENAREN, THRNREREMK,
BN RER, BEEFEREREAR PLRRENEEERESAHENTILS
W, TSR A TR 2000Pa BHETFAEBIREZ, 250hPa SRR ET BISR, bl
REFZEKIE 8 MIRZA, RENBEFESAVLRNRERET KROTEERE: &
MEEELHTEHRER, PLRIEREMKABENRESRTRANEM Dok
SRSBERE M R EE&PE 500hPa LI,

(2) AXHWIEA WRF B BFHERE T R LRRENRERBLE, H#
ROMANGE R LREHTIR, BURNASES BE. BXEE. RER) SLF
RALAIHE: BEBRIOTRAIET, REEZNTREERRE RN ENETLERRE,

48



WA B TEXEM ¥

ERAEHES LERRIR: PHEESBEENTHRAE-BE 2CELS, PLRITR
. TR 500hPa I T REFFTMK, B3 6CEL, B—4RARITE—PEANFRYLR
ABERNBHERRET AR HNER,

43 PIRRE

AR 2004 £ 5 F 23 HHARBN—KPLBIMRHRASHET T RIS
WHR, MNETRABLLRABORAOGH, RNFRIX—MIRE L SmE 5 R
H—NE WRF EAMPRTREEN FRULSREXEE, ESIREHHEAAR, &
BECHBBULRNNTER, ARETRKLABTR, UE—-PHRALLBARABHHA.
B %, ABRYERIRTAMERELER,

49



DERANGHNFHARSE ST

SEM

[116E 8, BFEIE,RBE H WA 4.2 X R4 AR $H,1979,37(9): 26~35

[2] Yasushi Mitsuta, Taiichi Hayashi, Tetsuya Takemi, et al. Two severe local storms as observed
in the arid area of Northwest China.J. Journal of the Meteorological Society of Japan, 1995,73(6):
1269~1284.

[3] Brazel A J, W. C. Nicking. The relationship of weather types to dust storm generation in
Arizona, J. Climatology, 1986, 6(3): 255~275.

[4145RB4R, AT RBALRRBENMA-RRY RN —FHTEIH.HFSL,199,15:178~
185

{5Hankin EH., On dust raising winds and descending currents. Indian Met Memoirs,
1921,22:210~213.

[6]Sutton I J., Haboob[]], Quart.J.Roy.Meteor.Soc.1925,51(1):25~30

[7]Bhalotra, Y.P.R. 1954. Will it be a dustorm or a thunderstorm? Indian Journal of Meteorology
and Geophysics 5(3):290.

[8]T. J. Lawson, 1971, "Haboob Structure at Khartoum," J, of Weather, 26: 105~112

[91 Idso S B,Ingram R S, Pritchard J M. 'An American Haboobf{J]. Bulletin of the American

Meteorological Society, 1972, 53(10):930~935,
[10]Jauregui E. The dust storms of Mexico City. Inter. J. Climatology, 1989,9(2):169~ 180.
[11]0tt S.T and A Ott, Analysis of a Tram-Atlantic Saharan dust outbreak based on satellite and

GATE data, Mon. Wea,Rev, 1991,119(8):1832~1850

f12]Mcnaughton, D L. Possible connection between anomalous anticyclones and sandstorms,
Weather,1987,42(1); 8~13

[13]Bergam etti G Encyclopedia of Earth System Science[M]. San Diego: Academic Press,
1992,171~192

[14)Joseph P V, Raipal D K., Deka S N, “Andhi” ,the convective dust storms of Northwest India,

Mausam, 1980,31,431~442,

50



R UE B LR REF L #40Y

[I5]FABUE, & &, R EFF. RERERHHRAFT HFIEK, 1993, 11(3): 16~27
(16]XFF48, BRE. RRRH 6 AR RSREKEI.BHNS5,2001,19(2):45~47
N7N%EEE, RARRBPRPLBNSEHERTHEGEFRI. FEXRERER
#,2002,16(2):107~111

(1814135, RRME2000E 6 A 4 Y LR TN HEARAIRERIEREZTHERE
FRA[T). KR 5,2002,26(1):1~8

(19K, BRE. i 50a REREY D BAIREKFED). - EIPH,2004,24(3):257~260
RO1FE#HE, BAT.TEFIEESLRIRPEARERTARERBBEIMIN.ERS
#,2005,24(2):212~217

RUEZEEK, BXTF. TEERPLRERREXRTRBHENXRERED. |
#,2005,31(3):17~19

[22]RH, M PEIEFPLBESIEBEEXRNTERRD]. S5.2006,32(9):35~41
[23]Steven A., Ackerman and H.Chung. Radiative effects of airborne dust on regional. energy
budgets at the top of the atmosphere. J.Appl.Meteor.1992,223~233.

RALEE, XEVRARFEEHRIRBERD LR THHEEH FHOES. B EA
#.,1994,13(3):330~338

25 AERE XAY LB N TENH. &R $,1998,17(4): 347~355
[26}Uematsu, M. Duce R, Prospero J, et al. Transport of mineral aerosol from Asia over Nerth
Pacific Ocean. Geophysical Research, 1983,88(c9):5343~5352

[27]Tegen 1, Fung 1. Modeling of mineral dust in the atmosphere: Source, transport, and optical
thickness , Geophysical Research, 1994,99(22):897~914

[28]Gillete D A, Adams J, Endo A, et al. Threshold Velocities for input of soil particles into air by
desert soils, Journal of Geophysical Research, 1980, 85(c):5621~5630

[29]Cautenet G Thermal Impact of Saharan Dust over Land, Part I: Simulation.
© J.AppLMeteor.1992,166~180.

[30]Slobldan N, Srdjan. A Model for Long-Range Transport of Desert Dust[c]. Monthly Weather

51



DR HSHET RSN

Review, 1996, 124:2537~2544
[31]Genthon C., Simulations of desert dust and sea-salt aerosols in Antarctica with a general
circulation model of the atmosphere Tellus, 1992, 44B, 4: 371~389.

[32]Shao Y P. A model for mineral dust emission{J] . Journal of Geophysical Research‘ , 2001,
106 (D17) : 20239~20254

339 A%k, BFRHDLEEBEMFELRITIAEFM, 1993, 51(4) : 425~433,
AEAR, T8, $E8EFEALE4 P2 R2IBTRERENREEL FRIE,
1996,16(2); 140~ 144

BRI, BRAE S S RARMSBERLE . ZHAZER(ARBER), 1997,
33(4): 116~122

BOFFW. THE IR —RBREARNRBSEMRXZNTRI] EAIRER
#1R, 2003,26 (1 ): 8~16.

BTIEX, B, FHES “20023” BPL2BIBKTRESELHMN (1] TES
., 2004, 22 (3): 17~21.

[(3E]RHGE, BEBRIRILTELBRERERRVENHERERF R AIF SHSEH
30, 2004, 9(1): 116~125.

BB E, S B REARRBRENATAEX S B ENEEAR. NHAREYE¥
18,1996, 7(4): 386~395.

[40)E %7, T B R AR HiP K EE R R [T KA F#,1998,22(4):625~637.
41EER., BHRE-RETURHEBHLEOHERUZR]].HRTR,2006,25(4):
672~679.

RIBHR. T RENDLE2RAEEFUNRER AR AR AR FRHF
%7,2006,10(3):669~683

(B RIR, FAX—KBLLRLEPTFEZARAGRELBDASHI]]. IRIE
FBREH,2006,293): 371~378

A1 EZHA . TRE 4120 R RR AP RERE R LW M. BEAR,2004,23(1):89~

52



HREEIRAFHLEMRY

96

[sIxifR, BAZ SR RETDLREERBIAY]. FEPH.2007,27(1):89~96
[461%3EF, MEF, BEH REWERSBIFENS I BT HE$.1989,9:15~18.
MTBEPR, R, THBEASRTM, LR HARH.1982,386~387
MSIEMMLEER RS EMAE, HILEARAARBENAATE.1978,67

[49]Skamarock W. C., Klemp J. B. Dudhia J., Gill D.0.,A Description of the Advanced Reseach
WRF Version2.Available on WRF website: http:/www.mmm ucaredw/wrf/users/, 2005,1 ~
21,51~63,65~74,

[S013/EH, —RIERALIENPTRERERERBHKLERRRABIMF.ERSE
BRAI 1% 16 30.2004,19~28

[SUFEER, hf, TOEARZRHOR T REKERI BRI SN2k
H[N).2%,2006,32 (7) :13~17.

53



BRBHMNENIHEARZW ST

ZMHTIHE .. FREDRRRRFFRRRL

B H
(WEXSRAMEEEGAE “ULRANNNEARTEFER A" (40365002);
QP EBARAAYVLAAREFEERABRTHETHEIFA" (GREF S,
2005DIB3J108);
SmER LU RERFE:
(1) 2006 £ 10 A £iN WMO Asia-Pacific Satellite Application Seminar (L%, B30);
(2) 200657 B WEERIBAE¥YERMHINZ. SBPREBEHEAR
(3) 20064 A THEARKFEALLEE 2005 FEESL (TH, WD)
(4) 200674 B WEREBILBAZAKEEK;
(5) 2006 £3 A ARGAENERERTREHTHLREANY (A%Y, HH
), A2 A;
(6) 2005 £ 11 B SNBNELBAERLSUES - RBRFERUBEREATITS
(L%, ER).
REHIE
(D 44£% TR BROLRANHNGHENTPHA RIS TERERE
SRR CREEFSD, 2006, 449-455;
(2) TEF, 455, PLJADLHHMTFR, ERAREEFRELAY) (B
23742 PR



RS B TR RS 4618 3L

EZ Ll

B — sk ®, DZEREZMAE O SRS, EHREFMA]
RIZFWROBE ! A FERZIF, TEBREEHNFMEENERERIEM
FAMRARATFERNEEMEHAZEN K. RMESHLEREE. WEOS IR, &
LSRR TAEMER. BUMFSANCFEEERZRAER, BLME, SMEEFMELAL
TR LI SEREE B 08 LU 2 RN 51 TR, SRR MRS 2
REA B BN R RS

B mRER TEAFTRERSERGFERNEERS, ARFETCURTERZ
B RETRAERATH 2T, SN RRRERE KRR HER U L AT R E PR
2T QA ES NAEF, SUZME TREMFIRNEBENRE, IR AT
ARE T F TR .

BUWERERIIERY 2004 ZRSHES S KRFESWHALIFRT RS EFSHN
EEFE TSN, BEXRE. BEE. &5, XE. IFE. £9F. HKE.
ME. LR, 8. BERSEFRY¥ U RINRITRIIEZF L S HR ST E 3 L asbi &
VR CRUERED: BREXIRE. BWENRRESASRKERHS AL S TRIREEE!

FOBSAE T PSR EF ARSI FRER, BREERERSrE A ZImMm
RN HWE /W, ARSBFHEIMNRATFHT TRk

PR RO R BRI RS FERE THOERXEMBRRBUGLE, BRAFTgHEETEIA,
BHNIE TR AERFR NN, $EMNROBEEAGHIBREMALEE I BIR!

TEH
200745 H

55



	封面
	文摘
	英文文摘
	学位论文独创性声明及学位论文使用授权声明
	第一章绪论
	1.1研究目的和意义
	1.2国内外研究进展
	1.3本文主要研究内容
	1.3.1一次强沙尘暴层结演变特征分析
	1.3.2一次强沙尘暴过程的诊断分析


	第二章沙尘暴发生发展过程中大气层结及其演变特征
	2.1资料获取及强沙尘暴天气分析
	2.2沙尘暴过境前后风廓线及其演变特征
	2.3沙尘暴过程热力特性的演变特征
	2.3.1温度分布
	2.3.2湿度参量的垂直分布
	2.3.3比湿的垂直分布

	2.4沙尘暴期间地面气象要素的基本特征
	2.4.1气压的表现特征
	2.4.2气温的表现特征
	2.4.3地面风向风速的表现特征

	2.5能量和稳定度分析

	第三章沙尘暴过程的诊断分析
	3.1 WRF模式介绍
	3.1.1模式的流程结构
	3.1.2 WRF模式的动力框架(WRF V2.1.1)
	3.1.3模式的物理方案

	3.2诊断分析
	3.2.1模式资料来源与方案设计
	3.2.2相对湿度场和地面温度场
	3.2.3探空实况与模式输出结果的比较分析
	3.2.4地表向上的热通量
	3.2.5垂直速度的模拟诊断


	第四章主要结论与创新点
	4.1主要结论
	4.2本文的创新点
	4.3研究展望

	参考文献
	参加科研项目、学术活动及发表或待发表论文
	致谢

