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Impact of diabatic heating in the parametrization of inertia-gravity waves
generated by convection

'M.Sc. Student of Meteorology, Institute of Geophysics, University of Tehran
’Professor, Department of Space Physics, Institute of Geophysics, University of Tehran
3 Assistant Professor, Department of Space Physics, Institute of Geophysics, University of Tehran

Abstract
A significant part of inertia-gravity waves consists of processes that are unresolved in the GCMs. In most of the
relations presented for parameterization of inertia—gravity waves generated by convection, latent heating is
explicitly present. In this research, at first the baroclinic waves have been simulated using the WRF model. Then
a new equation is introduced for calculating the vertical velocity in a way that diabatic heating is explicitly
involved in the forcing terms. The vertical velocity equation is solved in both compressible and incompressible
forms and by using the diabatic vertical velocity latent heating is determined. The results showed that solving
the vertical velocity equation in incompressible form provides optimal solution for determining latent heating
and cooling. In addition, the maximum heating is in the upper levels jet exit region and the maximum cooling is
in the jet entrance region.

Keywords: ideal simulation, baroclinic waves, inertia—gravity waves, convection, latent heat,

balanced vertical velocity

doddo )
sl Gl 0ailo Sk 59 Ngd oo wbal ey 2,z L oS aites (90 JIS glsel AGW) (3-S5 sl
G &5 s glrosndy alex (-GS el (Ve VG SY) Sl d 55 5 y0bed 9 (-GS
o 3,y el glgal nl BT (T (550 5 CnSls g ad JKST (S (205 slaoe bawsgi peiiiens j5bots Lol I sagee
3 Bae nlnle S o S-S glyel Drag) jlay o] & a5 00l 32 eSleo (lz 2 Ghi0p obiie 1 (219
@ Bl al> o 50 glaal Gayb 5l a5 Cond (LS draloe &l j0 52 IS B0 slade ;o SIS Elosl Sl 55l

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Mahnoosh Haghighatnasabl, Ali R. Mohebalhojeh?, Mohammad Mirzaei® !
I
I
I
I
I
I
I
I
I
I
I
I
I
. , . c L eq e |
el S @3B LS aulne (in oG9, 59 3l Ell sile al)ly (Voo Yol e 5 025) 99800 319 52 el (29,5 :
I

I

I



FYY 6 a1 ool - 1S el b a5 5050k il £ 3 s

3 1) Sdyen deiizr 5l (LBU (3= SIS el Jlag (Vo2 F) Jailasl g ol 0us plonil zlgal (6551 jlade alona
ohSer 5 Sl e .30 )5 55k sl )L WACCM (Whole Atmosphere Community Climate Model) S 55,5 Jow
g S slagslaans o ) G3-GIS glosl 5 Lad5S zae 55l 5 bl LA zoe (Swij 4z iz 0 (VO
(Edy08 5 402 «22) 6 LunsSU lodosinr 5l (AL (3-S5 losl 6551 53l eyl sl (hanls; g aslllae gl e
3 ol tl Gl Gle S oo (39 astine piliuns lgel (nl S L 5 (65 51 armlne Ll ol i 0 005 )
e OF 039l 5 0098 (wyiss 10 52 (IS (305 ladon 13 (s ConeS S plsie 4 Gl Gibe )T &5 cl J
Wy oo gyl silo el ly Ol Gile S 0yl Gl 5By 8L culply el x589 p3Y Elsel 3oyl
b axsls (IS 595 slaoe ;0 Sden deiin I (36 (23 SIS Elasl ile el 538 plonl 4 SLLs S
s gy ¥
..u}..;@ olbe w5 Oygen famio 0 0 88l oISl 90 Llob slaalslas
aaf——fa V-(V¢)-k- Vx(w—) Y

85=}/+2J(u,v)—V-(V5)—V-(wa—). )
zZ

o
l} ‘59_9‘ S )‘Q); V Wlewd Z g y sx 6L~w‘) 9 Sy LsLb:UL]}A w).sc\.u w 9 v‘u ‘(Y)ﬁ(\)LSLQdJaJ‘) o

. _ 1 B .
Cyyods &5 col Sl &l Sl y:fg—p—VZp 5 Sl Slee ol b, o S by,
0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
B 5 oleg 5l s a5 Col JB> 88| o Slos Jlaie 0 5 ,Lid P Ll o i o i,y =V -DV /Dt !
)‘)3 65L-o L: QWLSA ool )|)3 Q‘ 5o (\) aolro )‘ % 9 M; M UL°) A Comnd ul.......: @5‘ @l;lﬁ )‘ 09.4.4‘50 !
Aolrs g pdunSTy 28,5 a0 5 (Soliuoge 3 (65,50 alolee 5l oolatwl b g (V) aobas L alolas () ]y B3 ols !
1l Casddy i S jg0ds o ey !

1 62_ 28W 2%“’ i

I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

. _ 971y,
p Vi (w —) = . E(ln/’o)JrfWE(lnPo)—faz[V (V¢)] )

+ﬂ}.VXE(Wa_Vj_LV26_V.Vp_;V2E p[wi(lnpo)}
oz\ 0z ) p, oz pl-x) oz dz

2 1
_LVZ(V.Va_p)_LVZ(a_pa_W)_LVZ(Wa_IZ
Lo oz" p, 0z 0z"  p, Oz

+iv2[§ [ PR H+—[2J(u V), =V -(V3), —v-(waa—v), —az—f].
zZ

)

o 1- ot

W S dslae Jo sl (orly 308 s U (g, 5l GRegh crl )3 el 9))0k ale)S Byne 2 .m abal; 5o
B oslse @38 e b (9 Gl ey S0 Loy 2 9,502 Ol @I St s Al (6l S o0 00l
Sae pow Ao )3 SpdyeSTy (85 Sl 50 5l (LU Sex Sl s 4wl cal 3 tl (o) sae ped 45 s
Slowlee ;o 1) OMaz ! (oS o0 duslie oly e i 3 g 4T 10 U ) W58 Ce s a5 o s 13 )
A b @B e dolae Jo gy eegd B S Sl 0 1) 6 pdleSTS byd (ped D)jgod 5 00,55 0)lg 095
Gale S e sl el (ool S3e iz Ly pg 4550 U 0B Sy Aol o (Sile 0 b 30081 025
Sy y3bie s Cesl 03V (55,000 5 9,0k lacloly 51 Bl U5 (ilete Sy 5l (B g e 05l Ol
L S G o | ol oty 5 Y+ 15 S 5 fashS VO G581 S5 b WRF oo b (g3t 51 45 sl
I Oilse @3B Sy 5l 9y 500 ool 4 g e jlie @B Sy 03,5 05 L w08 il lgen SaglS YO glad



el 6K 58 55 it S pahidona AY ole g s Yo i VA atd

b 53 oS dsbme el (Olad Giale,S 5 315D 5,0k wulb 4y bsye 451 lie @ Sy 5l ot s o
I NPT PESJII I R VPRI s
1

d’ o( . pR
(Inpy)+ /"Wy E(lnpo):;)v{g(Qﬁﬂ' e

1, ’p 2 azwbd 20w, d
— VP (W, =)+ [P P
X (% 822) s oz’ 4 Oz dz

092 alys dlome BB 55 &yg00 ol GinleS ke uaalis 171 35 aolae cusl) aos 51

l-x _
Q:p—R I:V Z(pOFd):|dZ. (a)

KWVD(com)

Knplincom] |

35

w
T

N
n

energy [10*% J/m?]

1L

ﬁ

0.5+t f
0 "“”JJ

run time [days]
GrdlnST (2,8 b c¥olae Jo 4 bgyye (550 l0500) KWD (incom) ol KWD Ly (jlsiel (i 6551 (Gloj iV IS
SEndepSly 585 S5 0 b S¥olae o 4 gy (Sjelw o505 KWD (com) 4

75001

7000

P
<
b
Q

6000 A

55001

5000

4500 U5

Meridional distance (km)

4000

35001

0 500 1000 1500 2000 2500 3000 3500 4000
Zonal distance (km)

-3 -27-24-21-18-15-12-06-06-03 0.3 0.6 00 1.2 1.6 1.8 24 24 27 3

sl i (Fems-1 5l 58,5 nolie sl VomS-1 alols b obws 95 bglas) (810l Cae pos (550 y20skS ¥ 515 50 plod GaleS Y U5
AOK aloli b) o YO+ 515 0 (ewily lod sloaiyy 5 (508 595 ba3) yoskS A 515 0 YPVU (il



FYF 6 a1 ool - 1S el b a5 5050k il £ 3 s

GrSazs Y
dmlns 1) 0l 0jleels idu (i 6551 0902 ilge @3B Sy Wl Jo (sl e gy @ 00 2 Gl
O (s 5 e oS Ceul (pme (pl 4 0Bl S SE S 0jleel e (Somm e @5 &S i e s )S
Oileel o 560 ) S el 5SS (HBly )L (S i 55 4 &y 5o g 009 S ilee
Oslgel e 658 5 (S5 Hlo90) oS o 6 pdilinSTs byt (58,5l 0 L) o Sae s slae & olSin
sl S8 (S 0kems J3903) (oomly 308 iz pgs a0 B @I e e 5 6 pdieSTE 85 5 0 b ol
Ly2) gy Oilse @B G 0] Cusony ol Wil 51 Gheghy onl o 45 by, g0 0 CdS g onlple
Sy dalone sl it U2 oly s pbpSTE byd (23,5 500 b (Brme (SrdipSTy (85 5l 50 5 s pbeSTS
J9S wde 59, 50 Bl leS polie ¥ S8l e Giale)S e sl oud solitul S¥olae )3 (jlgie (318
ol 5o ol Giale)S o olil ke ateiey ¥ JSS Gillas ams o (i |y K/ ey iogleSF 5150 0 (LadsS g
Toba 52 JLadeS 3550 (8,5 )3 Sl ools £ VIFK/D B YNVK/ (s (620l L (0 2 515 e 9 S (295) 42U
Wz g JLaeS S e Cagll 4 e ate (2lsb 818 LS 4 e ys Sl ok 0gl Heme Cews 3 (o
osalivo (nypy slojly yo p)8 gl aihie po a5 Sl Glale)S ¥ S5 50 05800 () gabe 0 ol b ateen
obeyS jlhadhaie (ol sl (n g (Sloo stasys 00U b cn ) Tobie )0 a5 LadeS (Sadiiia 4 by 09d o
2 obeS aiay jlade Jg axdls (g yticy (Bl 5 S he)y cnl )0 e e S Ol (e ddhie 4 Cod
L oS iblie 5,8 oo 48 VAK/D b VOK/h e aibaie ol 55 Gigle)S M dicieg a5 (6 0b 4y auns] (2a dilaio ol
S Ol 6999 dbhie )3 0y slse B3y 9 19n Jop bl 4 bgyye (¥ S5 G Coons 50) aits olyon ole
CVIBK/R B VYK e b ol s i 035 35 50 55 deml cpl o ol Bl b S ogb Ly 3blie 4 a5 o

3,0 34>

&bw
Beres, J. H.,, M. J. Alexander, 2004: A method of specifying the gravity wave convection latent heating
properties and background wind. J. Atmos. Sci., 61, 324-337.

Kim, Y.-J., S. D. Eckermann, and H.-Y. Chun, 2003: An overview of the past, present and future of gravity-
wave drag parametrization for numerical climate and weather prediction models. Atmosphere—Ocean, 41,
65-98.

Long-Lin, Y., 2007: Mesoscale Dynamics. Cambridge University Press, 646 pp.

Mirzaei, M., C. Ziilicke, A. R. Mohebalhojeh, F. Ahmadi-Givi, and R. Plougonven, 2014: Structure, energy, and
parameterization of inertia—gravity waves in dry and moist simulations of a baroclinic wave life Cycle. J.
Atmos. Sci., 71, 2390-2414.



