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Convective Cloud Characteristic Temperature Judgment
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Abstract: A thunderstorm explanation forecast algorithm based on convective cloud characteristic tempera-
ture is proposed in order to satisfy aviation needs for efficient, high spatial and high temporal resolution
short-term thunderstorm forecasts. The algorithm is based on convective cloud top and base temperatures.,
—20C and —10°C isothermal layer geopotential heights. Forecast performance of the algorithm, which is
evaluated using the 2012— 2014 observations at 35 airports in China and Global Forecast System (GFS)
history products, shows high threat scores, positive skill scores and &=1. 5 h forecast time accuracy in all
airports. Meanwhile, the algorithm is compared with forecast performance of Terminal Aerodrome Fore-
cast (TAF) issued in 2014 by five airport weather services in China. The results show threat scores of the
algorithm are a little lower than TAF, and probability of detection equal to or much higher than TAF in
the condition issued at least 8 h earlier than TAF. Thunderstorm forecast products based on the algorithm
can meet the needs of aviation users.
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Fig. 1 Chart of isolated thunderstorm grid
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Flow chart of the thunderstorm explanation forecast algorithm
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Table 1 Annual average 12 h thunderstorm forecast scores of the algorithm
at 35 airports in China in 2012—2014
Wl CIRZEA I £ 20 ¢ TS SD ETS HSS FTS POD FAR
PR ZYTX 42.0 0.274 0.035 0.232 0.376 0.272 0. 862 0.713
KE ZYCC 49.3 0.297 0.027 0. 250 0. 399 0.293 0. 838 0. 685
I IR ZYHB 34,3 0.212 0.011 0.176 0. 299 0.216 0.798 0.777
Kt ZYTL 24.3 0.213 0.052 0.189 0.315 0.216 0.703 0.767
b ZBAA 38.7 0.328 0.048 0.296 0. 455 0.325 0.723 0.627
PRE ZBT] 37.0 0. 265 0.028 0.231 0.374 0. 265 0.718 0.703
W ZBHH 59.3 0.356 0.043 0.309 0.471 0. 348 0.712 0.580
FaF 30 ZBS] 26.3 0.239 0.062 0.215 0.351 0.241 0.636 0.721
Nl ZBYN 38.7 0.299 0.028 0.268 0.422 0.297 0.613 0. 624
g 7SSS 28.3 0.198 0.028 0.168 0.288 0. 202 0.733 0.784
i ZSPD 22.3 0.185 0.011 0. 160 0.276 0.190 0.837 0. 808
At ZSN] 23.7 0. 191 0.022 0. 164 0.282 0.196 0.923 0. 805
I ZSAM 34,7 0.139 0.012 0. 097 0.177 0.153 0. 893 0. 858
&M ZSFZ 38.0 0.182 0.007 0.139 0.244 0.190 0.812 0.810
g E ZSCN 63.0 0. 304 0.029 0.242 0. 389 0.297 0. 862 0. 681
b ZSIN 26.3 0. 250 0.014 0.224 0. 366 0.251 0.784 0.731
Hi 7SQD 13.7 0.174 0. 060 0.160 0.273 0.178 0. 839 0. 820
L] ZSHC 35.7 0.223 0.036 0.185 0.311 0.226 0.853 0.766
Tk ZSNB 34.0 0.217 0. 039 0. 180 0. 304 0.221 0. 892 0.777
Kb ZGHA 56.0 0. 255 0. 030 0.197 0.328 0. 254 0. 827 0. 730
Il 72GGG 104.3 0.337 0.037 0. 230 0.374 0.313 0. 920 0.653
bS] 72GSZ 67.3 0.249 0.028 0.177 0. 300 0.248 0.867 0.740
i)'l ZHHH 35.0 0.238 0.021 0.201 0.334 0. 240 0. 865 0.753
HB ZHCC 15.0 0.152 0.012 0.136 0. 239 0.156 0. 694 0.835
R HB ZUUU 42.0 0. 306 0.038 0. 266 0.419 0. 302 0.822 0.674
pig e ZUGY 50.0 0.193 0. 064 0.136 0.237 0.199 0. 930 0. 804
ER ZUCK 39.0 0. 205 0.001 0.162 0.279 0.211 0.876 0.788
EA ZULS 68. 3 0.249 0. 049 0.175 0.297 0.247 0. 836 0.740
[ ZLXY 11.3 0.105 0.039 0.092 0.167 0.109 0.541 0. 886
22 ZLLL 36.0 0.263 0.038 0.231 0.374 0.263 0.638 0. 690
IER N = IWWW 10.3 0.131 0.002 0.121 0.216 0. 134 0.504 0. 842
&t RCTP 41.7 0.157 0.008 0.107 0.194 0.169 0.827 0.838
e RCKH 70.7 0. 255 0.036 0.183 0. 308 0.253 0.751 0.723
Tk VHHH 62.3 0. 230 0.048 0.161 0.276 0.232 0.874 0.762
W] VMMC 65.7 0.223 0.039 0. 150 0. 259 0.225 0. 849 0. 769
K2 EERBEMBREX2012—2014 FHEFLIIFEFEHE 3 h FETIRITH
Table 2 Annual average 3 h thunderstorm forecast scores of the algorithm
at 10 airports in China in 2012—2014

Wl IR 20 & ¢ TS SD ETS HSS FTS POD FAR
b ZBAA 65.7 0.203 0.035 0.188 0.316 0. 205 0.534 0.754
AFRE ZBS] 41.3 0.134 0. 054 0.124 0.218 0. 137 0. 465 0. 840
KR ZBYN 55.7 0.165 0.048 0.153 0.263 0.167 0. 430 0.784
| 7SSS 44,7 0.106 0.027 0.093 0.170 0.109 0.495 0. 880
i ZSPD 36.0 0.096 0.011 0.085 0.157 0.100 0.582 0.897
1] ZSAM 49.0 0.072 0. 006 0.056 0.107 0.081 0.702 0.926
Il 2GGG 169.7 0.183 0.026 0.136 0.239 0.191 0.772 0. 806
TR HB ZUUU 72.7 0.182 0.028 0.163 0.279 0.185 0.683 0. 802
&t RCTP 68.0 0.095 0.007 0.075 0.139 0.105 0.676 0. 900
s VHHH 102.3 0.101 0.016 0.071 0.132 0.113 0. 607 0.892
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Zoum ML 3 K K P 4 ( Terminal Aerodrome
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WRA AR . A RATHL Y ER N TER &
AN TAF, JF ARG 22 hn = oy E PR R
A G BscH s AR M EHITHH. N
TSR AR MERE T HAL T 2014 AF AL
B LA MA = EPE A& LBk E 5
MR L G/ H N T RA N TAF B ™= 50 &
T TRV 43, IF 5 () S0 400 0 530 Tl A 1) T % T 4R ik
IT7 A, bRt Eas. g ARMT ME = 3 AL
WAk A 22 UTC Z /i & A Bk e B 00—24 UTC
) 24 h TAF,10 UTC ZRi&Afi %4 H 12 UTC £k
H 12 UTC yfiidie . s EBRF & Abpk bl & H
23 UTC KAy AW H 00 UTC 25 = H 06
UTC f# 30 h TAF,11 UTC %44 H 12 UTC ik
H 18 UTC iy 30 h TAF, TAF £z )5, B2

Pt SR RAAGBLAATIEIT . B BCA S5 ] I 46 /i i
Fop— 1y TAFBUHAT 12 h i B4 8 25 07 B8 B0l
TR R, B R N E 3 h FIE 12 h & 5% Wil =
At s 5 U R AT E A, RO RT 45 8] TAF #9752 i
RVF5y . AE TR A 4R FT & 7 1, TAF O 0~12 h,
MAE PN 8~20 h, B TAF #2417 8 h Bfi. £3 N
2014 4 B3R 5 ANHLYg TAF 58 M% 12 h & #
R4 H A, Hovh TAF PE40 45 5 76 % vh A B0k
FIR

M 3T LLEHT M A= TAF &% TS 145
B s IR F] 0. 463, HRAR KO b o & &6 A W E bR
W AR AL, A ek L3 A 4 Ak AU
0.167, Bk ER TS PE4 LT TAF, i H FAR
W TAF & . A st POD T & . & % w0 T
TAF. Bl TAF & iR 2 . F 502 & ek iE L
TAF 5% POD {2k 18. 4% , i 8 78 Z KL% 1
KT 80% ., FEF L TAF #2418 h & 915 &L
TR TS W4 g AR. FAR 5% . {5 POD £ K K
F TAF. FRFMAE L. EFREBERKEN
Ji DAL AR AT R A2 H B R A AR R A AR
T o PR LA 1 AR 2 LA AL 3 O [0 1 4 2 42 N 1
WRRAEREYE. ML S N E ARG
R M HL AL 28 0 DXL R R 70 km PR AR Y Y
RPN 5 | S 56 1 5 L RE A% 45 i T4 .

£3 204 FRm . LB M EFEMELNG TAF5EEBBETIRE X
& 12 h ERTRIT S L

Table 3 Comparison of average 12 h thunderstorm forecast scores between TAF and

the algorithm in Beijing, Shanghai, Guangzhou, Hong Kong and Taipei Airports in 2014

T ML R TS/TAF TS5 POD/TAF POD/%3% FAR/TAF FAR/® %
Jba ZBAA 43 0.403 0. 307 0.628 0.628 0.471 0.625
it ZSPD 20 0.300 0.188 0. 450 0. 950 0.526 0.810
T 72GGG 110 0.463 0.375 0.800 0. 955 0.476 0.618
=g RCTP 38 0. 167 0. 155 0.184 0. 868 0. 364 0. 841
Uk VHHH 75 0. 395 0. 283 0.800 0.907 0.562 0.708

W AR TAF BR4R45 5.
Note: Blackbody is TAF.

2.3 EEWMBABISH

S0 DL B AT B AE R 28O0 A Ay
M AR T TS PE43 8 AR U A 22, {H |y T Jfg &
R PRI S 1 T R TR S R T 2
rHr. L2014 4E 8 A 30 H 2R HLIG KA g

5% 500 hPa Il FAT 5 A I 3 <3 A PG R
e A L TR 52 i (& 3a) L B FHHLYS 30 H 01—10
UTC 3T W) W Bk KA # Horpr 02—04 K 09
UTC FEKSRJERB P JRAVLH LAY 20 km
WP 2R 25524 H 00 UTC T-logp & (& 3b) %8k}
s K F58GR3) 37 CL.STHEECN 0.45C, £ KK
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Fig.3 (a) GFS FNL 500 hPa synoptic weather map at 00:00 UTC 30 August 2014 with

geopotential height (black solid contours; unit;

unit; C) and wind vectors (full barb and flag denote 4 and 20 m + s

dagpm) , temperature (red dashed contours,

', respectively) included;

(b) skew-T diagram of the Xi’an rawinsonde at 00:00 UTC 30 August 2014 with

temperature (black line) and dew point temperature (blue line) profiles included

and the same wind barb and flag as Fig. 3a;
(¢) thunderstorm product valid at 03:00 UTC 30 August 2014 (resolution: 0.5°X0.5°,

50 km per circle, red cells denote thunderstorm, the center of circles denotes

the position of Xi’an Xianyang Airport) ;
(d) same as Fig. 3a, but at 06:00 UTC 27 November 2014
(e) same as Fig. 3b, but for Nanjing rawinsonde at 00:00 UTC 27 November 2014
(f) same as Fig. 3c, but at 09:00 UTC 27 November 2014 and the center of circles is Nanjing Airport
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