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A numerical simulation on gravity waves generated by thermal source

and their influences on mean flow
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Abstract In this study, a time- and space-dependent thermal forcing is introduced into a
compressible and isothermal two-dimensional atmosphere. Stationary background and monthly
averaged eastward horizontal wind at middle latitude in January are employed as two different
background flows, respectively. The propagation and characteristics of gravity waves generated
by thermal source in these two different background flows are numerically simulated. Gravity
waves generated by thermal source have wide spectra in the earlier stage, but the spectra of
horizontal and vertical wavelengths shrink when the excited waves propagate in the atmosphere.
Small-scale and low-frequency parts in the excited downwind waves are easily absorbed by the
eastward jet which will be enhanced consequently. Whereas the excited upwind (westward-
propagating) waves can easily go through the jet, which will induce an enhancement of westward
background in the mesosphere. This indicates that troposphere jet will influence the wind

structure in the mesosphere. It is also found that the wavelengths/frequencies of the excited
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waves are dependent on the temporal and spatial scale of the thermal source; the vertical and

temporal scales of the excited waves are more sensitive to the changes of thermal forcing than the

horizontal scale of excited waves.
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its Gaussian fit (dashed curve)
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Horizontal disturbance velocity/(m-s')
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Fig. 2 Temporal evolutions of horizontal disturbance velocities excited by the thermal forcing in case 1

The minimum value and interval of the contours are 1 and 3 m/s, respectively. The solid and

dashed contours denote the positive and negative values, respectively.
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Fig. 4 Normalized wavenumber spectra of the weighted horizontal wind disturbances
for the upward propagating gravity wave packets at selected times in case 1

The minimum value and interval of the contours are all 0. 2.
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Fig. 6 The averaged momentum flux contour (a) and profile (b) of the excited gravity waves in case 2 at 4200 s

The minimum value and interval of contours are all 0. 02 kg « m ™!

« s 2. The profiles in the panel (b) are horizontally averaged from the

panel (a). The solid and dashed contours in the panel (a) denote the positive and negative values, respectively. The dotted and dashed

curves in the panel (b) denote the horizontally averaged momentum flux for the upwind (westward) propagating waves and downwind

(eastward) propagating waves, respectively, the solid curve denotes the total sum of these two.



1708 H Bk ¥ B % R (Chinese J. Geophys. ) 54 %

80 T —— T T 80
\‘\ —~ {qi(@jﬂ L) ! )
NN
Bl NI YN 1
VA
60 - VI I Wy - 60
~ NNt .\\\\ A
gl A W k{“u‘\h :»\\\ 4 sof ¢
s AR\ \\\’N"[\ ¢ ;\Q\ l
E ! QW\
40 - \ - 40
i M
30 -4 30
20 - 20
L @) L
10 1 L i 1 1 L 1 1 10 "
200 400 600 800 1000 1200 1400 -3
x'km Drag/(m-s'-d")

K7 il 4200 s BRI BOR 1Y TR 0 W D0 i SR A R B Cad AT 1] ()
() B P SE L IR/MEH 2 m e s7h o d7H EBESN 2 m e 571 o d7 SEERARRIEAH , AR AUR GUE. (b) B () RTE/K T J7 18] _F iy T34,
T R AR 0 IR A 1) I8 B ML T R R SR IR A% 4 1 5 B L T L SRR R OR P A 2 AL
Fig. 7 The wave drag contour (a) and profile (b) in case 2 at 4200 s
The minimum value and interval of contours are all 2 m + s~ ! « d~!. The solid and dashed contours in the panel (a) denote the positive and
negative values, respectively. The profiles in the panel (b) are horizontally averaged from the panel (a). The dotted and dashed curves in
the panel (b) denote the drag of the upwind propagating waves and downwind propagating waves, respectively, the solid curve denotes the

total sum of these two.

) B KFA B 526 km FIEEFEL A7 B 50. 8 km &b 0,40 m« s« d i/ NFRERUERE I S B0M B ). 5

AEKRIREEN —10.61 m s ' o d " X175 A 5
37 AR 5 r 38 R A P AE (] — e B U3 X A% 1
SR AR RBER 1.04dmes '« d ',
T8 /N T 305 RUAL 6 1 U B0 B D X2 T LK
F AN I T IR A 49 19 D82 2 8 X8 )25 2 D i OB T 3
DAL 43 11 10 B A% 5 21 20t X 1 7 BT RAFE &
T DX DA R A 4 1 38 % T S R AR AR Az /)
T 33 KL HK 0 B VR . b DA e BT L, FRATT R B
B3 WA F X 7 e E B AE 50 ke BRFIT  TE B 6 0 K 6
HpSP- 357 8 2y e U T A AR SR Y I DRI DX 1 B
HIAE R — 20, FEIE 6, P 343k 2l i i
BRI 9 55 BEAE 20 ke B3R 1 1] 7 o SR B i
EARAE 50 km BT 33X 106 B 76 2 2o 5 5 200 S L
A3 JRCA T ) 0 2 Ak 2 1) b AR 4 TR) R I R 2
B v B 0 TG s B R REA S SRR AR
JE BT 4 3l & B Fh 5 Ak SRR 8 M b AR
7 3 HB 4y Sl R 23 5 KU

X B R KI5 1] AP IS AR SR XN (<<
20 km) . S S IEM (R 0. 32 m e s '« d LR
DT L B R 14, 0 ke, SR T 45 08 A Y D E S
JE (12 km) , 3 5 W #RE U Kk F1 7 iR 10 2
LU TE 2O IR LA b 3 KA 9 1 I S O L T
50.4 km A A f KR E N —2.55 m» s« d7',
AL 1 e S 3000 M 7E 51,2 km Ab A5 F KR

BAE 50.4 km b KIRE N —2.16 mes '« d !,
B T v B X 3XOR BT RS R B )
W) /N ROBE FE A F 0 23 25 B B A T W e » DT o
ST UL A T R AR AR R I A S B AR
s 0 G Rl NP A T WG = B W e A 8
2 KA 2000 ] J2 R S 454 1 52
3.4 FIFER T REMN B &KW

TG B i 8 PR Y I s RORE X K B R
JE 5 e o FRATT e 728 HA U A I () 0 A ) RUBE L A T —
RV ABIRT o3 B, 5 06 T I o AR Y =5 ] R
JEE O 8 A 3 s e 48] = rp FRATTHE K- 2f B 4
Tk 60 km, HoAth 2505 1] — — 2 4 pd b, AT
T 2Ry 12 km, HABS 56 ——F A T
53 B 58 3E TR IR () R RE X6 i % i R R R )
FATAE)—FEhh b, FEPAPE 0% B[] 22 a3 Kk 1200 s,
FoA SR AR ) AT 534 A ] 115 2]
(7K -3t 3 3 BE TR LA o (=) /o » S T L AR
A5 30 B B K 30 3l R B AR i
TIPSR I 5 B — BEAT X Fe 43 #T

BT A T DT YR PR R B e e R v A R
XU R RUOBE RS R, 25 T B AE 1800 s B 4 I 52 JiE
e R o7 BB S BB R T T i RUBE 1Y) 4 R T L 1T
TE 4200 s I 1 5 5 7 98 0 A% 5 500 X8 3804 I R



74 T A PR T D RRAE LA B A A B A LT Y 1709

JEEAT RV R 32 R R ) 38 A e 2 AR DR A 1 35
DI BT AFRATTAE R 1 P45 i T 48 1800 s I 45>l
ERIE S OW S VAR R QR & ]
4200 s 252 HL

i 1 Al UL 9 = v PR g S 7K 2 3
P — 1 3 A% R B K B 350, 0 km, B
M R — 19 1.5 A 3 U6 R R Y 7K F 2 BE R
B SE A U KT 5 491 D v R 1 i T R
SEIEIMENG]— 1) 3 A5 O WA BB 80. 4 km,
ROV A ] — 4 3 A% 5 PR A 3 S R A L
T 5 91 A BRI B0 e 30T I I 2 B 1 o 3 451 — # 2
5 PR B8 7P R B 91— WA 384 o T 3 9
R A /1 eF 7 PR 3 U > o A I 1Y o 3 3
Bl — /9 2 7% (1. 85 ). dy 3 28 A ] 23 B ] 60 S
PR RS L e R A 5 ) RURE 5 98 A e Y 2 L RUEE
AR TR ROPEE X B4R 114 72 A HE K P RUE T AURK.

®1 ENGIFHSHURIE 1800 s B
HBEHRRENSH
Table 1 Parameters of these cases and gravity wave

packets excited by thermal source at 1800 s

8, /km 8./km &./s A./km A./km Frc/(]ticlncy Period/s
/s
Case 1 20 4 600 234.0 26.8 0.0011 900
Case 3 60 4 600 350.0 40.2 0.0008 1234
Case 4 20 12 600 234.0 80.4 0.0013 778
Case 5 20 4 1200 350.0 20.1 0. 0006 1667
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