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Abstract The turbulence in planetary bodndary layer (PBL) atmosphere is one of the most
important process to transport energy to maintain atmospheric movement. Asgndplacing
goes clos to the length scale of energetic turbulent eddy, turbulence is partly resolved, which is

call ed -2dree digpregbl em. The traditional PBL scheme
turbulent transporin numericalmodek. In ader to improve the capability of PBL scheme in
multi-s c al e model , i nctoanédg sitmel athigorney we i my

Mellor-YamadaNakanishiNiino (MYNN) scheme by introducing neocal turbulent
parameterization of heat,and moisture turbulent flux medhscale dependent turbulent length
scale for seladapting,arrangement in a wide model resolutions based on the Reynolds average
numerical simulation. The sedfdapting MYNN scheme is used to simulate afegacase in the
Huanghai'region on February,28014 using an or&ay nesting Weather Research and Forecast
(WRE) model with horizontal resolutions of 3 km and 1 km, and 1.5 km and 0.5 km in comparison
with the“original MYNN scheme. The new MYNN scheme demonstrates reasonable vertical
turbulent transprt of heat and moisture in a kilometessolution model. Compared with satellite
imageries, the integrated leevel cloud water shows similar horizontal coverage of sea fog in
different resolution models with the salfiapting MYNN scheme. Vertical prtes of temperature

and humidity also illustrate structural distribution in well accordance with the-iBfAm
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reanalysis data in comparison with the original scheme. Preliminary results show the possibility of
its selfadapting application in mulScalemodels.

Key words Planetary boundary layeiSelf-adapting parameterizatiorGrey-zone, Sea fog,
Numerical simulation.

[ ] Mellor-YamadaNakanishiNiino (MYNN)
MYNN 3km 1km 4.5%km3/0.5km
WRF 2014 2 26
MYNN MYNN
[ 1]
" ” [ ]
i E
P435



2 km

(Nakanishi,etal, 2004;

2009 (
, 2014
(Stull ,etal, 1988
[ ]
( 2019
( 72013)
4 km
(Zhou 2014
NavierStokes(RANS)
(LES) 10 100m
(Zhou 20149
( 2013
! (Shin,etal”, 2013; Zhangetal , 2017
[ ] “ § Wyngaad  (2004)
RANS
LES Nakanishi (2009 RANS LES
Cheng (2010) 50 m4 km
(Honnertetal , 2011
Shin  (2013) LES
Shin  (2015)

Zhang



(2017)

Nakanish  (2001) Mellor - Yamada

(Mellor ,etal , 1979

MYNN
Nakanishi (2004 2006 2009) LES
MYNN Chaboureau (2002)
Ito (2019 LES
Huang Peng2017
MYNN
Hariprasad  (2014) (2014)
MYNN ( 2010
1km
( 2017
(2005)
Li  (2012) MYNN
(2017
MYNN
[ ] 2014 2 26
MYNN
[ ] WRF4.0
1 09 BT
( 2009 06

14 15



16 18

408 408

35N 35N

30N 30N
20E 125E

408 40N

35§ 35N

30N 30N

120E 1258 1208 125E

12014 2 26 (a)09 (b) 12 (c) 15 (d) 17
Fg. 1 Visible cloud imageries at (a) 0900 BT (b)1200BT (c)1500BT (d)1700
BT 26 Feb. 2014 by Himawari satellite

2 26
08 ERAinterim 500 hPa
2a

850 hPa 925 hPa 2 4mls

2d
925hPa 3



110E 120E 130E sk 110E 120E 130E et

22014 2 26 08 ERAinte[‘ (a)500hPa (b)850hPa

(c)925hPa (d)
Fg.2 Geo potential height (solid), temperature (dash) and horizontal wind (barb)
of ERA interimreanalysisdata  at0800BTonFeb.26,2014 at (a)500hPa (b)85 OhPa
c) 925 hPa and (d) the surface

lk'



40N

®"ig
Huanghai Sea

35N

120E 125E

EELLL LT T
2 -1 0 1 2 3 4 5 6

v
3 ERAinterim 925h

Hg.3TemperaturedifferenceofERA - interimbetw; aand2mabovethesurface.
3.MYNN /' .

Smagorinky 63 Deardorff 1974
3.1 MYNN

K-

MYNN RANS

LES



=- —<uw>
pt Hz
ﬂ:_£<vw>
oz
BB s
pt Hz
&:'£<qu>
u Hz
(U V) Q

<uw> <vw> <wg > <wg, >
MYNNevel -2.5 TKE
Nakanishi et al 2009

2

ut

0

(@) (ga.) (a2)

£<wq|2>+2<wqI >H_Q|:0
£<Wq|q‘lv>+<qu>H—Q'+<Wq|>p'QW=0
pz pz
£<qu2\/>+2<wqw>HQW=O
74
Qo r p q,
TKE q=(u®> W \i\f)}/z
RANS
- <uw> :LqSVI&
pz
- <vw> :LqSMﬂ
pz
- <wq > 28, b2 = Lo(s,. B2 g
- <wq, > 4q8, M = 1g(5,,, 2%+ @)
74 pz
- <wg, > = b, <wg, >- b, <wgq, >
SuSy L 25
bq MYNNevel -3 Gq Gq

0

TKE

e=q/2

level -2.5

L £<W(u2+v2+W2)+@>+2(<Wu>£+<wv>ﬂ)+zgqu- 2e 2
Wz r Wz v

b



3.2 1 B

LMESO
5
1 1 1 1
= += =
LMESO LS LT LB
Lmeso
8 0.25
'I‘kZ—
L 32114025
L, =1 0.072kz
i
EIo.sskz(l- 5.01)°0%¢
ﬁqzdz
L. =0.182
ﬁqdz
0
£0.219/N
_f 1/2
L, =i[0.21+3(q / L,N)¥?]q/ N
i
T =
|
Le L,

LES
Deardorff (1974)

? min[ 0.76e"'? gﬂ‘, DS]
q pz

Lies=

DS

—_ =) —r—

N? Brunt-Vai sal a

lto (2014)  LES

RANS
Huang Peng(2017)

MESO

B o012 0

B9 S0 v<0 8

Il_67>0

RANS LES



Shin  Hong 2015 Lveso Lies

Zhang
(2017) 3D TKE
D/z
P e DA Z
) LMESO I_LES I—D LD
LES
_ Diz *+0.07 D/z *®
TKE ~ Dz 2 2/3 10
z “+0.142 D/z, “° +0.071
Lp = Pe(D/ 2)Lyesot[1- Pre(D/ Z)]L ks 11
RANS LES
3.4
MYNMNvel -2.5 MYNNZ2.5) levels<3
Zhanget al, 2017)
MYNN3
Shin (2015
11
NL NL
et =" §
NL NL
<Wq>D :<Wq> (war)
NL
(D/z)? +0.03(D/ z)*** - 0.308
P .(D/z)=05 i _ +05
{wa) (D/z)%+0.03(D/ z)*?°+0.308 -
2 718 _
b (DI2) :0.243(D/;)2 +O.936(D/zi)7l8 1110, o
(wa) (D/z)?+0.312(D/ z)""® +0.329
<w'q ¥ wg' ™ Honnert (2011) Shin (2015
4.

10



41 w

WRF 4.0 Thompson
(Thompson 20089 RRTMG lacono 2008
2014 2 26
MYNN 3km  1.5km
1km 500m 36° N 124 E
100hPa 44 ,850Pa 12 n =0.0000 0.9975 0.925 0.9850

0.9775 0.9700 0.9540 0.9340 0.9090 0.8800 0.8506 0.8212
0 36 62 113 164 230 325 467 662 896 1152 1433m
42 v L

ECMWF ERAintefim

0.75° x 0.75° 37 4
2014 2 24 20
5
2-4 2014 2 26
WRF
MY NA5
51 W F
(2004) 2004
(2010)
0.016 g/kg 400 m
( 2013 2009

300 m
300

11



40°N y 40°N |

39°N 39N 4

38°N 38°N

37°N | 37°N -

36°N | 36°N -

35°N 35°N

34°N 4 . ‘ ] . 34°N | [ ; . ;
120°E 122°E 124°E 126°E 120°E 122°E 124°E 126°E

40°N | 40°N |

39°N - 39°N -

38°N 38°N

37°N - 37°N -

36°N 36°N -

35°N - 35°N &

34°N | | : . | . 34°N :
120°E 122°E 124°E 1267 12:)"5 12;°E 12;°E 12(;°E

aoN - (c) .- 40°N

39°N + 39°N

38°N 38°N

37°N 37°N

36°N | %4 36°N ;

L 5 35°N 5

34°N | | : . :] 2 34°N | . . ‘
120°E 122°E 124°E  126° 120°E  122°E 124°E 126°E

aon - (d). - 40°N

39°N - 39°N

38°N 38°N

37°N 37°N

36°N | ‘ e 36°N

35N | 3% 35°N

34°N | | : : T o N d

120°E 122°E 124°E 126°E 120°E 122°E 124°E 126°E
cloud water mixing ratio (g kg-1)

.033 .05 .067 .083 .1 .117 .133 .15 .167 .183 .2 .217 233 .25 .267 283 .3 .317 .333

12



42014 2 26 12 MYNN () MYNN ( ) 3km ae
15 km b, f 1km c,g 0.5 km d, h

FHg.4 Vertical -integrating average of mixing ratio of cloud water below 300 mwith
original MYNN (left) and the self -adapting MYNN (right)in3  km(a,e),1.5 km(b,
f),1 km(c,g)and 0.5 km(d, h) resolution model at 1200 BT 26 Feb. 2014

4 300m 1
MYNN 3km
1.5 km
1km 05 km RANS
4cd
MYNN
3 km
1 km “ ”
1 km
MYNN 3km
MYNN
1.5 km 0.5 km
3km  1km
0.5 km “ ”
MYNN 3km 15 km 1km 05 km
5.2 0 i

13



] 1 | 1 -
Point A 3km
.............. Point A 3km
500 r Point A tkm
-------------- Point A 1km_
Point B 3km
400 il T ——— Point B 3km
_ . Point B 1km
£ e 4 R AL TSsseesn o B S Point B 1km_sa
% = 300 = Point C 3km
5 ) ke W7 f 0 T e e g Point C 3km_sa
I % , Point C 1km
200 b \~‘ll E Point C 1km_sa
100i+ 3 \ =
0 T T T T 1
01 06 1 16 21

Fig.5 Vertical profile of turbulent leng
time series of PBL height at points A, Band C

5 MYNN 2014 2 26 12
A A B
3km MYNN 80m 50m

s

80 m 15 km
1.0 km ‘ "

MYNN 3km

0 5N
MYNN PTKE1

[‘ - 150m 250m 0
MYNN
3 km
0.5 km
0

14



5b 3km 1km

MYNN MYNN A B C
26 A B
150m B 100m 3 km
C MYNN 12
5.3
6 MYNN 12
. . Q
ERAinterim
200m
0.5 km
MYNN MYNN
3 km /N ERAinterim
4
MYNN 1km 05 km
3 km
LN
700 ———— b Ly gy 4 8 % 03
O E ]
500 - —5:;: L - ]
E a0 | ° S L B ]
%’ 300 - 3 g’ —
200 o 200 —
100 - 3 100 1
0 = - : : e | ] o
2720 2740 2760 2780 2800  282.0 5 % 46 = % i
WinpSTare (k) Relative humidity
6 26 12 A
MYNN

15



Fig.6Verticalprofilesoftemperature (left)andrelative humidity (right)atpoint

Aat1200 BTFeb.26withoriginal(solid)and the self -adapting(dashed)MYNNschemes
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