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Abstract The low-level jet (LL]) is closely concerned with severe rainfall events. air pollution. wind energy utilization, avia-
tion safety, sandstorms, forest fire, and other weather and climate phenomena. Therefore, it has attracted considerable atten-
tion since its discovery. Scientists have carried out many studies on LLLLJs and made significant achievements during the past five
or six decades. This article summarizes and assesses the current knowledge on this subject, and focuses in particular on three
aspects; (1) LLJ definition, classification, distribution, and structure; (2) LLJ formation and evolutionary mechanisms; and
(3) relationships between LL]J and precipitation, as well as other interdisciplinary fields. After comparing the status of LL] re-
searches in China with those abroad, we then discuss the shortcomings of LL] research in China, which might cover the coarse
definitions of the LLLJ, lack of observations and inadequate quality control, few thorough explorations of LLI.] characteristics and
formation mechanisms, and limited studies in the light of interdisciplinary fields. The future prospects for several LLL] research
avenues are also speculated.
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TE A BRI A8 I 1 R 50N s R AU A fge
FAFW AR W 2 S E S b 5iR PRk
PR VIR DG 1 B 87 U8 A1 I 55 5 b ot 9 T 1
B 2R T R P E (IPCCL2007) , K25 203 i T 1T
A Ry 1 o 5 7K 2ok R A B A R 0 R 3 K s R i K
VA BEE A R LA 4 SR A K S 10 10 R AL IR, | 20
T2t 30 AU R I Z H B2 2 AT )12 60,
JEF 20 it 4l 50 AFARE XX — B E TP T R it
TN RS 2R 20 T HUER B iy &4k
Bl » G At 56 F R 56 i X AR U LI R U DA R R AR
M (Stensrud,1996) . Goualt(1938) fil Farquharson
(1939 ST 20 28 30 4K LB T A7 TRV
XK ZS 2 FH . B J§ Means (1952) 7E X} 3£ [H
Hh R X T 2R R AR AR B R TR 2
T —HE A, IE 48 0] 4R AR o R B M TE
WEA EEWAER L& . Blackadar(1957) ,Bon-
ner(1968) . Uccellini 2 (1979) 43 5l &1 %} At 55 1 X A
25 2 BT JGTE AR AL TR 43 A1 R 0 TN 25 #G SRR AE DA K
MESm S MR AR RWKERITE T2
MR A AFSY . Findlater (1969, 1977) 1, F F Wi
BERE X 2R A 2 PG B RE VR X 2R T B A TR AR R AE
NGV E =R XK R RITRE T— &5
5341, A 20 k4t 80 A LLG . v B 2 & L E
FIXMEZ S 5 B W R X R AT T REPIE. A
o ] A R R TRAR AL T A 1 1S H K (R 4
1980 ; Ay FE 245 ,1983) ,

— N Ry AR A e — R A TR i )2 SR
L2 AR )2 5 25 A WG K T 12 m/s, 5 JE
M FZAF 700 hPa IR . B F#HES T R4 H
AL 5 A I UREL 25 (8] 23 A AN 34 e DAl £ 3 4
PR S U SR 1 HL TGV 20 I S0 0 1 A0 8 A Sk
TR RE ) IR S A s 1Y 2 i ok R A G o T
(Mitchell, et al,1995) , Bl EF XK 2 20 A 58 TAE
2o BE T JC 2 M A5 I RASCIN XS k. 81 4N, Bonner
(1968) #1 Mitchell £ (1995) 43 B FH 45 H 4 ¥k} &
R A8 48 22 00 IXUASCBS R 245 1 7 3% (1 R it i IX AR 5 2
T ) b 2 A3 AR G 2R TN S A KOF B o 4G
F L H AR A SERRAE B 2E T i X AIG 25 20 1 etk
BL. Arritt 55 (1997) WA FH 2 I K v 3 B 43 HF 31
5 5] ) 50 R RS LR R 25 R I ) B ke AT
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T 1993 A 3¢ [E B 2R it i o B U R S A Y R
5 SRR SR 25 2 R IR B 87 K F I BTk, T
WFFEAR 2 20 0 BT B 1 31 58 377, F 50 8 A5 A i Bl
FH A RS L (Chen, et al,1988) ,{H i F
B 2o VIR R A L N T B T S N R S N
FIA—SE322 oAb, B R Y J0 2 i 1 2 I XAl T
275 B BIIL S 20 By KUK U028 05 5L SR N Y 36
5537 B0 (Chen, et al, 2005) . 1 4> ¥ & 109 7 40 #r
FERE AR A 2 0 — L IR AT TR SR T A i 8K
i 735, Higgins 28 (1997) il Weaver £ (2008) 43
R R 2 B R T BERHIT T T 38 1 R It X
AR 200 B 2 B /KRR VR ik 10 PR D B R 7
W 3 JJB R JE -1 07 V3 sl 6 TR A 20 2= fAE
o 78 32 1) 5 00 LA R 25 2 78 A % T XK SO e
A998 ) 45 75 T N 2% . Vera 45 (2006) 78 Hg 25 W T
J& 1 R AL B 7 Jon g 00 D 3 56 DA BIF Y R S b DX AR S 2
Tt FACHT IR T 1 DX 22 (8] 1Y) 7K RORT RE A% A T &
AR 20 R DX S A A A A2 A Y 5 T

et B0 A 2, BEHIR A 20 B 5
55 TS 200 1Y 45 # RN A8 FEAE (Bonner, 1968
Findlater, 1969 ; Chen, et al, 2005; 3% i £¢, 2012a,
2012b) JJE A & B L] (Blackadar,1957; Holton,
1967 ; Uccellinis et al,1979;Pan,et al,2004) D) Kz 5
R K S R AU AU IR 1 6 R 4581 22 5 T (P 3 5
&2 .1979; Higgins, et al, 1997; Saulo, et al, 2007),
WF 5 J5 ¥ 72 W B S5 00 149 O 00 5 33 43 T L e BF 5 R
JiE 2 B0 AL L AF 98 ( Holton, 1967 ; Mitchell, et al,
1995; Ting. et al,2006) , H it DL e )R i) iz
ATz R A AURE % I A 20 9 F 5
At v I 25 0 B SRS KR L G0 A ) 51 AR
T AT DUAS 56 AT 5 TR &5 20 I B i S AL
Y HE R E— B TS T R R SZ M AL .
Pan %5 (2004) #1 Zhang % (2006) #) F 5 ]R3 A = HF
% T LY | b 3% G 5 R Bl X L 4 ) ke S8 ] v R
L1 Jik K BT B4 7 52517 Ly fok s DX AIG 25 20 o v A 5 7
2 L DT S k1 2% 35 2852 i) R 19 A 6
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LA 55 1t 5 1R A /K T4 A o T R (PR 1 5 45, 1980)
B8 5K R i A K R Rt 5 U 1 DA R R B A
SRy — 25 YA TR R0 BT I T R Y R AR AR AR
AR BRFEAKAN AR 20 2 A5 G A A
P2 22 4 b A Ak R AR U S T 2 T WL A
16 % Y 1 Bt & (Uccellini, 1980; Liechti, et al.,
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T AR U0 I et 4 15 22 S AATTER AL T AR G LI
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2.1 RZE2RMIEFENX

R A 25 20U 5 A XU il e A s B2 T AR 43
h B RS 2R A3 (850—600 hPa) Fil il 7L 2 Ik 25
Z i (850 hPa 5 1500 m DL F) (FE# %5, 2012a) ,
BoERUREMEH 5 RKARGEAHAE LB, n Y
I 4351 7 38 75 e AIGis F B KU R R T R 1Y A
T 5 X T B & R M R R i R AR, A
AR 2 A RHEVEIR S — RIS W B KRR
GE 1) S WA S AR e I A XN R B A 2 T
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o R 2 (FBLR .1986) . TEARBIIEH B Ak
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LI P HEAT 2R A

HY TR 2 20t B A e B2 Y L KU iR DL M
IRV ) AR AT — o 22 5 .12 Sy 1k AR A 2R
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e R XU R IR 3 i D) A 5 R A 2 b IX AR A5 20
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B ¥ 2 L 1] b 1) 3k B e 0 1 — > KU AR /D A 8
3 km 5 B (LU AR & R M) B KGE T RS T
6 m/s (A Bl R B A SO 1 AR T 4l
XFREF 16200 m/s iz KK . 8(10) m/s X 38 = T
PIAS SR N 2 U 2D H A, X —E X
7 Ja B2t % b 2 IR 28 S A8 AR k)™
7 % (Higgins,et al, 1997 ; Pan,et al,2004; Vera,
et al,2006) . BLAk . WF5E A G IE AR 46 45 A Hb X 3 B
1o B B S R 0 A TR R I A RG22 e R AL
PRAA G A V) AR 5 RN SO R AT TR A Y
B SRR BN . 2 R B AT B — & KU
TAE VR EAT A3 AT B B UL I 1 1 XU K A AN —
FEALT 200 0 X 3, Zhang 4§ (2006) 7E 4 5% T4
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— AL B R

J5F Bonner (1968) 1 2 it & X A5, Chen 4§
(2005) ¢ X 1 % 23 [ ) | 4 fiff 2 600 hPa, £ X
e SO #2550 BHi 445 51 0 X o 3 26 S B 4
i I OBLIE AR A, IXUTE R A 43 ) BAE 925-—900
F1 850825 hPa, 54 Hi X AR 25 23t 1Y 35 22 KUk
B 7 1 19 BELAS VR FH T T i & AR A3 i »
B R A PR 320 52 N Ol B F RS 200D o 7
T 850—700 hPa iz 2 i W 2 R sh vk Qi . 5
MR R G806 R % V) IF M B 5 O B K R & A
Du 45 (2012) FIJ JFI XUJEE 26 75 3K B8 RHE XTI 7 3 o
(4 53 BT e, & 303 b DX () B A7 76 B P 2R IG5 20
O3 B R R 28 2 F 21002200 m B JE B
KRG HYVM LN 2. FEILZ AT, 3Z 214k
i R 43 HE R 0 B o B 43 B R s b IXAIG
25 VU I 5 ASO6] B — 22 45 F T 1 e R XU R A T
TR o R A YD AR B R R A AR B A
123K (T i 2 26,1983 5 7L B PR A, 1999 5 £ if ] 2
2001;Qian,et al,2004) .

Stensrud (1996) %L 45 20 It FAIK 23 5 3 < A
PIAME A HEAT T X4 R R S22 B A B E X
R TV AR A K P AU IR 2 e T U A
JR i T AR R AT BR A O — 5 A7 A8 5 1 AR
XA AT K R ZEA N 2 . 9 an
K 3R A5 (2007) 5B % v Y 94 e IR 2 20 i A PG
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2.2 REARSHRASEIINE

I 2 )z o An THE R A A XL H DL K
JE 3t DX AR N sl B A S 3 1 Bl X Bl 1 X L —
T 00T 200 J7 ) 5 1R B0 A 4Ok ) — 3. Sten-
srud (1996) A 4fs & A 1YW 78 iR 2 i I =S 20 A8
BRI K AR 434, Rife 55 (2010) F] J§ — & & Bk
40 k43 HEAR7  H [E] AL BEREE & 2 ) B
A AR RAE RS 20 A (R D AN

6
LLJ index (m/s)

Bl 1 19852005 4EZ W 4T BERHTHA 7 A (0 F1 1 7 (b) PR [AHIK 28 S 46 5 B
A B2 L E 500 m i AR KU (R 2R
Ce. R 17 A BB 2RI AL ED (Rife, et al, 2010))
Fig.1 Mean nocturnal LL] (NLL]) index (shaded) and 500 m AGL winds (vector)
at local midnight during the period 1985 — 2005 for (a) July and (b) January,
calculated from the CFDDA hourly analyses. The inset shows the
locations of the NLLJs analyzed for this study (¢) (Rife, et al, 2010)
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1981 ;Paegle,et al,1987), DAt ZEH X 5] , Weav-
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S 2 DT 2 B0 2 0 4F bR AR ik (Weaver,
et al,2008) . N, 75 JE /K J& ¥ F1 KT 1 AF AR By 4k
T A AE T 220002002 4F b 38 b XA 25 20
(4 %% HE 0 TR 2 B T 1997—1999 4F (Song, et al,
2005) ,
2.3 REAREWISE

28 2ORAE KO I I AR A7 AR 83 1 A X 2
a3 P A R B8 7K P R D) A2 S 200 Bl E ) AR 5 AN
[F] DX 8 1) i JE PR B R A T A T 22 s — IR L T 5
Ly K B 5 4E ) AR — 2. RLAb S5E Ml DX ] L IR
75 2 B R AR AE U R LD AR B RO SR LK &
L2 288 AEAE RO IR R &R 4, 1 A I i) oK
RO 5 B RGN AR 2 B LS R et 7F
FIE)H S AEE . AR RGBSR R8T
AU T BE (R T 1 R (1 2a.b) (Rife, et al, 2010),
r ] T G e L AR U AR R B R 9 22 B 0T LUK DA AR Y
02 SO ARG R K S5 R SRR G
Be & (B g %5, 2007 ; Liu, 20125 Liu, et al, 2012;
Findlater,1977; Vera, et al,2006), Bonner(1968)
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TR AR i . R OVE DA R b R 2R R R
B AR QR AF R 5 BRIy, B A
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THIX (B 3§ 5 %% .1980)

A 5 1) b AR S S0 B 5 P R R
LA U (4 S IR R AIE B AF AR 2 XU M K B
FU R T YT AS . R ARE Db 55 M X R 9], A TR
T2y & m b R B R AE (516 m/s) H TR
Mot LA _E 2501000 m % . & 3000 m K
MR 2 6 m/s(E 20) 1% — 3 FLL5 7R T L 4%
FEALE 200 2 Kk X 35 56 J5 B F 98 N BT & B
(Findlater,1977) . i ifi & 42 £ , Chen 4% (2005) I
Du % (2012) 1§ X% 6 ¥ A1 1 M X 22 45 B ol 1 2
TR 43 Bt rh R B AKOF XU A 1 T ) AR
PN AE PG 43 006 B 70 5 )2 S R RO
Aah. HTFRARELWMMIER LRSS RIALEMN
SR 30 % VI AH G BRI R A 2 UK 3 s (850—800 hPa)
H B, X WA R R A AE ) (Stensrud,
1996) , BE#F 5 %5 (1980) Ll 48 H K [a] RBE (% =5
LURAJE I AETE /Y, HOR B TR XIS 208
F18) 3 BB VAN [ 7 5 O BB 0 1 AR AL 2t — A
ST LTINS
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BHAE 19 42 30 440, Goualt (1938) . Farqu-
harson(1939) i Vi &% 3] & W 11 58 XU 3 1, Gifford
(1952) . Lettau(1954) } Blackadar(1955) fif fli 1 #f
RIE#—-LIELTX—HELWEE. £ET
1961 475 H 3 b X 15 UCEE X i B2 R O R T &
R o 22 08 I 356 A 4 R TR A T KU Y H AR
Flt B - 20T N 22 Ml R T R A TR O i, & 05
B3k 2 ol . B S SO s . 4258 I 1 v 0 4 2
BILAS s 2 H P LU S KGHE SCTF I6 i, 23 1 20 X
WK AL B — A~ 52 3 79 38 0 (Hoecker, 1963) , {25
AW HEARE) 2 am TR S FHEIRE K
M DX, RV A ML X 2 (A] 2 R 0 R Ok B R R
R 7 ) B 2T e B A BT 25 5 AR TR R R Y
M2 3 AT AR A U XU — i A A 224 b B[] 4P
WG A B i K R TG R/ (B 2d.3a) . i
A AR A 20 fe R XU AE — K [ 5 R PN 2 B
118 WL s AT B R AE DR ) A B 22 e A B S AR Ak (]
3. XF Tk A A7 7E A B S L B4, Blackadar
(1957) Fl Holton (1967 ) i 3 15 ¥ i 17 B¢ AL 7%
A 25 5 BT AR A T o IR R R 1) A L
43 S PEAT T @ B Bonner 25 (1970) ik — 4 48 Hi i
T 55 A A T AN [ T 5 850 ) A IR o A, o)
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c. -2 XU F T Y I 20 ML TR AL D 5 . it A DX T 2 0 e ] - B XU S (T 2b R FE AL D (Rifle, et al, 2010))
Fig.2 Composite characteristics for strong (=90th percentile) NLL] events for the Great Plains region
(site 1 in Fig. 1c¢) for July during 1985 —2005. (a) Terrain elevation within the region (MSL),

(b) mean NLL]J index (shaded) and 500 m AGL winds (arrow). (the thick white line denotes the
location of the cross section shown in panel (¢), and the white circle denotes the point at or near the
jet core, and marks the location of the time-height plot shown in panel (d)), (¢) cross section of the

mean wind speed along the white line in (b), and (d) mean time-height of wind speed within

the jet core, denoted by the white circle in (b) (Rife, et al, 2010)
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(b)
F8
-4
-0
st
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B 3 (a)Fort Meade jM 3 JXUBE £ AL W0 i 2001 4E 6 A 19 H 12 B—20 H 12 B CYHu i D

KA B A WU 2 (i 2k B 2 m/s) B I [8]- g 32 99 T
(PR X 3R 7R A RUGE 2 10 m/s, B — R PN 5 m/s)
(b6 A 19 H 21 I—20 H 20 WF CY 3] #3R LL_E 500 m g B2 4 #Y 72 I 3 5% 3 28
(i Sk 2 7m B XU I8 B A R fBL IR 7 of 1 149 7K P XU 2 (Zhang et al, 2006))

Fig.3 (a) Time-height cross section of horizontal wind and isotach (dotted, every 2 m/s)

v (m/s)

from the wind profiler observations at Fort Meade for the period 12:00 LST 19 June—12:00 LST 20 June 2001;

shading denotes the layers of horizontal winds exceeding 10 m/s (a full barb is 5 m/s). And
(b) hodograph at hourly intervals taken at 500 m AGL for the period 21:00 LST 19 June—
20:00 LST 20 June 2001; the arrow denotes horizontal wind vectors given near

sunset and at the time of peak magnitude (Zhang, et al, 2006)
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11T ARGE 1 i g T VLT U b X IS B K AR A
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X T A T M DX 22 Y T A R 4 T 5 A R B ]
PR AE T 12 /N2 AR s A Sr .

3 ARE I R A ML A
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FH %8 5 1 A2 AR A TR 835 09 H B PR FRAE . H % 5 i It
e BR A  FR I 3 b 3R AL P LT VR Y R
J2 W0 2 DL E KO RAE SR 2 N 5 2= A B
AN 52 B R R AR T R 52 BRI AE R A T IR
M RS 19 2K P K37 15 B A 1) 3 2 - i 5 2 1
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Fig. 4 Schematic illustration explaining (a) Blackadars (1957) inertial oscillation around the

geostrophic equilibrium; and (b) as in (a) but with the nocturnal wind oscillating around the nocturnal

equilibrium profile, in which M represents the wind speed

(Van De Wiel, et al, 2010)
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