The characteristics of cold pools over complex topography in TaiwanVVM
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method calculates the virtual potential temperature spatial anomaly and take the integral in vertical direction then get the cold pool intensity.

' In previous studies, the cold pools calculation mainly focus on the plane or ocean region. Under homogeneous surface property, the benchmark of spatial anomaly
i uses a fixed synoptic domain averaged.

EI:I With smaller convection and topography scale (about 1 to 10km) like in Taiwan, we use the size of precipitation object to calculate the benchmark. From the result,
the cold pool spatial structure is more reasonable under weak synoptic scale simulation.

Model

| Schematic plot of cold pool structure
° [ I
and Experlments DESIgn I Schematic vertical structure of cold pool Percentile
Model name Taiwan Vector Vorticity Model (TaiwanVVM) I Ny -y - - - | 10% 75
(Atmosphere) .l ) j TR NP :: : 400 23.45; 23.45 L R 2345
Model name (Land) Noah Land Surface Model (LSM) I g - A b % % ﬁ% - z ZE 3.00
Horizontal size 1024 x 1024km [ £ 3 fupm _f TS | ‘
Resolution 500 x 500 m I % N < % oA : M- 1:00 2325{ 23.25 23.25
Vertical grid 70 levels 6 - * JE . R 0.50
under 4000 m is constant height with the I M ; 0.20
difference 100m, € - . —~| [ O1 2308 23.05) 23,05
above 4000m is stretching grid I N e ggi 23457 o1 235 23457
Simulation Time 24 hrs l . Q g n
Time step 10 sec I § 10 gg 1.0 10% 10_:; ‘
Initial condition One of the typical weak synoptic scale in summer 5 | E 5%0-5-—/\%@-5 g {5 E’ o o o
from Chang et al., 2021 | > 1500 | . . . | | —1, [, 3
Boundary condition Double periodic with fixed SST | s ! 2 e > 0 ! E S
With coupled Taiwan 500m resolution topography I . AT D Aqua blu e region iS the rain faII region ’ 203503 1207 %03 %503
and land use data ] ' I = ‘ l "/'/IV’V 0 . 23.45 23.45 23.45
- . 1 ’ M ’ O Thick blue line is the cold pool front.
Initial Profile | O In front of the cold pool front, it gets -
N I strong convergence intensity.
100 I O Blue shaded is the cold pool intensity(ms~1). Purple vector is the surface e ud s, & Sl S
N . —1 23.05 = : i ol : ol : : ol 23.05 =% , il
Wlnd mS . 120..3 120.5 120.7 12.0.3 . 120.5 120.7 120.3 1.205 1.20.7 120.3 120.5 120.7 L1,
A | ( ) : e L O With smaller spatial size, the cold pool intensity
A I [0 Green contour is the precipitation. Gold region is the surface convergence C .y
ool A z0ne where the value over 1.5 x 103(s~1) distribution(blue) more fitting to the convergence
£ 2 | ' ' zone(gold) and some rainfall region(red).
s " N I
g | 2 Virtual Potential Temperature (K) pool matches the convergence zone more closely.
4001 , a I Bp = 9(1 + 0-608qvapor — qcloud — qrain) — > 150mg25
5004 é | Buoyancy (ms %) < —0.003 Oy,
6004 I y 90 —6p) 4 | e e 400
7001 - , g 0, @ : precipitation object __l_,[ / ,f'r_WS#:A*(t) L ' A BT 300
800 - |  cod pool intensity (ms~1) @ :coldpool S I,-" ~ - B R - eV . 00
1/ 50 e |- - - - _
1388 : , , . vi , , , B I B = J—Z fohb dz [Feng et al., 2015] - - l' f,f" f« 3 e 150
-50 -40 -30 -20 -10 O 10 20 30 40 - e < DD
Temperature (°C) 1 - s - -I - ,,f”ﬂj -g , Sl 1.00
v - ,f’ 1=~~~ "" """ e 0.50
[ ] [ ] | d J. - - / v
Result of simulation I RPN — 020
I x( ) s l_v-\..,__b\.::‘;};_,_.ﬂ.*. - L 0.10
Terrain Height (m) . e = . . . - . Ny
The cumulated precipitation 3000 | O A, (t) is one precipitation object size per time period. - 0.02
- 0 [ § * A,(t) is the feature size for the time period. 0 — oo
250 260 I M —_
245 i ] ] ] ] S — 0 0 5 10 15 20 I v
] This value is for the spatial size calculating 0,, . S 10E 10 105 £
24.01 100 = 2000 I = = § - 5.0 E
‘ g a Huo “ 8 5 8 05 | | 5 : B
= o - c r25 ¢
80 & — 1600 I > U = °
5777 : e | o : 5% 5 10 15 20 S0 goeg
) g o 0 | Calculate 6, with whole domain  Calculate 6, by prec. Object size S _ X (km) R
2 e TTEETEIXAAANTTIN YT aa A vk [ : O From the vertical structure, it shows that the cold pool
23.0 - 3 — 800 T A . . .
0" N | : : :: A Nl Sl \r . can effect the inflow regime and trigger the
_ 400 - L i 4 - | ‘ ; ‘ P ol 4 . ° ° ° °
° - s | e . <« > Vv = Ay, > convection earlier than the topography lifting.
119.8 120.0 1202 £§6.4 1206 1208 1210 ' - - v 0 I 23.6 (B RE R ' 23619 > m PV - v Hit ratio in spread=1x1 Hit ratio in spread=2x2
Lon 120E 121E 122 - N S Y 3 . i i \ . —
The maximum precipitation o . I : : . . - = > ! 50 1 h A — | 5] — 50
time period Precipitation evolution I - el - \ — -~
205 under different sea-level height region | oaeyY . - : 2 > 0 M 1 -
4.0 —— Below 500m 221 - v 2351 3 A S "‘\A/v
3.5. —— 500~1500m I > » '.‘-* y < 30 2 S 301 \
24.0 - o —— Over 1500m B . P rr L1 [ E £
- 18 %3'0_ I > > > Y ¥ 4 = 20 " 20
175 E25 I 23.4 e ey ¢
5 li é 20 I 120.4 120.5 120.6 2B 0 10 - 10
= 5151 I i . . 0 . . . . 0 ' ! ' |
8 1.0 I [0 Blue shaded is the cold pool intensity. Green E N 0o . S &
0.5 I region is the precipitation. Hit oo Tn spreac=3x3 —
o NFLE/ 995 13 14 15 16 17 18 10 20 21 I Vector is the surface wind. N — Perccttk (%)
' ' ' Lon ' ' ' | ocal Time (hr) . . . . . — 90
| O Left figure is using the whole grid point on land N Spread S
Ll In this weak synoptic simulation in summer, | in the red box region in South Taiwan to 230, S 1w BI 559 04 BT
the precipitation hotspot is near the foot of — : :
" precip ] 220 g1 4 : calculate the 6,,, which the cold pool region = 21 20 3541 315 2866 245
the mountain (up to mmad “),and it . . et s .
: ( p ) mismatches with the precipitation region. 3 B8 3038 1574 2007
mainly occurred in the afternoon(about 14 to | . . .
17 LST) : 0 From the right figure, it gets more reasonable 0
0 From the time evolution. it shows the | cold pool region with the precipitation region. O From the hitt4tit calculating from cold pool edge and the
’ : T : : o . . o« o
TR : I L0o -212€ of precipitation object under differenct percentile(%) convergence overlap’s count, it shows that the highest ratio is at
precipitation in the mountain(over 1500m) 5 : L )
d earlier than in the half th I — 100 small feature domain(about 15 km), which is occurred in the
occurre : earlier than in the | a .wav up the I — N afternoon(from 12 to 16 LST).
mountain (500~1500m), which is the I 809 99
convection development from mountain top ! e o Summary & Future work .
heating. | £ z [0 With considering precipitation object size to modify the |
[0 The precipitation in the halfway up the | E 8 ~ spatial region for calculating 6,, the cold pool distribution
mountain might from the convergence from : s 5 is more reasonable under small scale of convection and
the sea breeze and the convection outflow in I topography.
the mountain. I [0 Here is the first step to define more reasonable cold pool
Reference | ~ edge. Next we will use this method to discuss the
. : | o 0 e 3 0 0 ~interaction between the convection and cold pool over
. Feng, 7., Hagos, S., Rowe, A. K., Burleyson, C. D., Martini, M. N., & De Szoeke, Local Time (hr) g g
' S. P. (2015). Mechanisms of convective cloud organization I . po . . e . i Complex topography. i
by cold pools over tropical warm ocean during the AMIE/DYNAMO field [ D This flgure shows the evolution of the preC|p|tat|on | '
' campaign. Journal of Advances in Modeling Earth Systems, 7, | object size distribution under different percentile, ACkn Owledgement
' 357-381. https://doi.org/10.1002/2014MS000384 . . . . . .
: l which provides the information of rainfall system size This work was supported by the BIR 2 S #iEf it E-- LB =R E
 Tompkins, A. M. (2001a). Organization of tropical convection in low vertical I feature in South Taiwan in every time period. =+ E£ENSTC-112-2123-M-002-006.
5 wind shears: The role of cold pools. Journal of the Atmospheric I
. Sciences, 58(13), 1650-1672. ContaCt us:
: [0 Next we use the different percentile(25,50,75,90%) Po-Yen Ch d10229003@ntu.edu.t
' Wy, C.-M., H.-C. Lin, F.-Y. Cheng, and M.-H. Chien, 2019: Implementation of . epe o o-Yen en: ntu.eqau.tw
the land surface processes into a vector vorticity equation model (VVM) to I and Spread ratio to test the senS|t|V|ty of the cold . . -—"
' study its impact on afternoon thunderstorms over complex topography in I pool region, and compare with the surface Chlen-IVIIng Wu: mog@as.ntu.Edu.tW
' Taiwan. Asia-Pacific J. Atmos. Sci., 55, 701-717. . ore
R A I s o e —————————. : convergence zone to quantify the reasonability.


mailto:r03229008@ntu.edu.tw
mailto:mog@as.ntu.edu.tw
https://doi.org/10.1002/2014MS000384
https://jlc.jst.go.jp/DN/JLC/20123664163?type=list&lang=en&from=J-STAGE&dispptn=1

