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Abstract To study the effects of different boundary layer schemes on the simulation of landing attenuation stage of
typhoon Meranti (1614), a series of high-resolution (1.33 km) numerical tests were carried out using seven boundary layer
parameterization schemes in the mesoscale numerical model WRF v3.8, namely, YSU, MYJ, QNSE, ACM2, UW, GBM,
and Boulac, in terms of movement track, intensity, structure, rainfall, and near-surface physical variables. The results
indicate the following. First, boundary layer schemes significantly influenced the simulation of typhoon Meranti’s track,
intensity, and rainfall during its landing attenuation stage, and the maximum differences in the 24-h simulated typhoon
track, lowest atmospheric pressure, maximum wind velocity, and 24-h cumulative rainfall extremum were 80 km, 11 hPa,
27 m sﬁl, and 241 mm, respectively. Second, simulation results of the Boulac scheme showed a typhoon track that is
closest to real-time results, followed by GBM, YSU, and MYJ schemes, and then by ACM2 and UW schemes, whereas
the QNSE scheme displayed the worst simulation. Meanwhile, the UW and QNSE schemes simulated the lowest
atmospheric pressure values, and MYJ and QNSE schemes simulated the maximum wind velocity values that are closest
to actual observations. All boundary layer schemes simulated the features of the typhoon. For example, the lowest
atmospheric pressure increased gradually during the landing stage, and the rate of such increase after landing was greater
than that before landing, which agreed with real-time results. However, the increasing rate of the lowest atmospheric
pressure before the typhoon landing that was simulated by each scheme is greater than the real-time result, whereas such
increasing rate after typhoon landing is less than the real-time result. Third, the Boulac scheme best simulated the 24-h
precipitation distribution, heavy precipitation area, structure, intensity, and TS score of precipitation at each level, whereas
the MYJ scheme was the second best. As simulated by QNSE, UW, and ACM2 schemes, the rain belt advanced so
quickly northwestward that the TS scores of precipitation at various levels were poor. Fourth, in the overall simulation of
track, intensity, and precipitation of the typhoon, Boulac and MYJ schemes showed optimal results, in which the Boulac
scheme was superior in simulating the typhoon track and precipitation and the MYJ scheme was superior in simulating
typhoon intensity. The YSU and GBM schemes had the second best simulation results, whereas QNSE, UW, and ACM2
schemes had worse simulation performance. Moreover, the boundary layer schemes significantly differed in calculating
the latent heat flux and sensible heat flux of near-surface layer, thereby affecting the simulation of typhoon track,
intensity, and rainfall, leading to significantly different simulation results. The QNSE scheme resulted in an abnormally
high latent heat flux, the MYJ and Boulac schemes resulted in the most modest values, and other schemes resulted in
slightly smaller values. On the other hand, the QNSE scheme had a slightly higher sensible heat flux, the MYJ scheme
showed the most modest one, and other schemes resulted in significantly smaller values. Finally, the boundary layer
schemes significantly differed in the simulated thermal and dynamical structure of boundary layer, and Boulac scheme
had the obvious advantages, particularly for the structure of boundary layer in daytime.

Keywords Typhoon, Boundary layer parameterization schemes, Numerical simulation, Heat flux
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Fig. 1 (a) Synoptic scale systems and overlaid physical variables at 2000 BT (Beijing time) 14 September and (b) 24-h rainfall (units: mm) in Fujian
observed at 0800 BT 15 September, 2016. In (a), the black solid line denotes the geopotential height (units: dagpm) at 500 hPa, the orange solid line for
the geopotential height of 1672 dagpm at 100 hPa, the red dashed line for |V|=15 m s ' at 850 hPa, the barbed arrow for the wind at 700 hPa. The
shadings in (a, b) show the 24-h rainfall observed at 0800 BT 15 September, 2016. The black dots in (b) show the automatic weather station in Fujian

Province. The red cross in (b) denotes the location of maximum precipitation
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Table 1 Design of numerical experiment schemes
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Fig. 3 (a) Typhoon moving path observed and simulated by seven different PBL schemes and (b) typhoon moving path errors with 1-h intervals from
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Fig. 4 Distance (barb) between typhoon centers simulated by (a) QNSE and Boulac, (b) QNSE and MY]J, (¢) ACM2 and UW, and (d) ACM2 and
YSU PBL schemes with 1-h intervals from 1400 BT 14 to 0800 BT 15 September, 2016, and its moving averaged tendency (dashed line)



5 FEMLSE: MRESHACTT RN T QR (1614) FREHT B0 K HUE BT 7T
No. 5 WANG Yehong et al. Numerical Investigation of the Effects of Boundary Layer Parameterization ... 943

AP B G KBTI 52 101 52 5 S8 (1) s i K T Fo At
PR B o BIAN [R5 07 St B Rt b B & XU 52
Wi 8 T Jee 1 6 X % 5 4 3 ot e 1) 5 X 5
Ko

B4 T QNSE A1 MYT (& 4b). ACM2
AUW (K 4c) Fe ACM2 F1YSU (H 4d) =4k
IS BRI & X0 (B BE R I 43 A, RIS QNSE
F1 Boulac it 5 41 45 R — &, ACM2 5 UWH
ACM2 5 YSU il 5 4 & X o0 [A] BB 3 7E 14 H
14:00~22:00 /)™ g F+ F%& . 7E 14 H 22:00~15 H
06:00 FF4:3 N 7€ 15 H 06:00~08:00 2212484k,
WA 52 —igrE (FEHD T &R A L,
Y ERNEERSZHG BEPF T R SLFE R, AN E
552 7 BRI AR B2 oK . T
QNSE 5 MYJ J7 & 8 1) 2 57 WAE 15 H 03:00 I+
EEEINR, HHAD =R 52 4 h, FELE 15
H 06:00 & & R0 R P 22 57 B sk o FEIL R A
AIHES QNSE J7 RAEFE 245 TR K-, H
EARREREE T, VKM MYT iR sh6e A& 77
FHK. FNEGRNEERFFMEREES, Mgz
g bR £ S A, SXERE, SRS, &
ZE R FI IR B 8 BRI, R R iE TR,
Atk QNSE 5 MY 1) 2 5 M7 & K& Bt J5 58 0

T

980
(a) +——+YSU 10.6
o——©ACM2 10.6
970 4 - * MYJ 6.9 /
F——7F Boulac 9.4 /
960

950

940 -

Sea level pressure/hPa

930
- " QNSE 4.9
< UW 4

920 + GBM 9.7

~———= OBS

1400 1700 2000 2300 0200 0500 0800
14 Sep 15 Sep
2016

Time (BT)

42 BNXEE

SEMBTEHE N, 2016 45 9 H 14 H 14:00, #
SRE R “EEFT H/NETHASE N 915 hPa,
KIRGE N 60 ms ', MJE7E 14 H 15:00 & 15 H
03:00 &5 MEFGEATHT 13 h Y, & KOS E M 925
hPa 212 34 N % 935 hPa, AHRNHT, e K RKGE M B
55ms ' ZEEME 50ms ' 15 H 03:05 & KB
MifE, & XA ERE &, A Sh WETH
935 hPa 4 % 970 hPa, it KXGE NI 50 ms™ iR
BN 35ms ! (5.

S AT R IR E AL Z S 8040 07 R
“BLEAET BEERY BN S KR DR IERRIEFEA
IR 25, BKZERIE 11 hPa, (HE T E A
A0 R A LR A S S IR L 4
L B ) 5 AR AE 5 S SR ABL, I B IE AR
HH B AR S T R A & XU i /TN 8 B IS 1
FRE; TR BRI, BRRR AU
Tt i B A G R 4% 7 IR TS, mifE
B IREREJEH XA szl (F 5a). RER, %
SR T R RS AT — 8 R B LA i 3 R et
TRMERFGIRAN “BE2EH7 G KBRS
B BB A AR A T e 3 A T /S T Bl b (R R AE
ELR AROGE 3K P A ST 3 52 T TR A I R A
Xt KA 22 T R R I i AN . 7R LRI R

70

(b) +——+YSU 6.4

e—oACM2 10.3
L g * MYJ 2.8
E——=& Boulac 5.7

Wind speed/m s°!

1400 1700 2000 2300 0200 0500 0800
14 Sep 15 Sep
2016

Time (BT)

K5 AR R AS R R S T SR 2016 4F 9 H 14 H 14:00 2 15 H 08:00 1 h MBI G R (a) SAREFEAEL (b) kKK

Fig. 5 Typhoon (a) minimum sea level pressure and (b) maximum wind speed observed and simulated by seven different PBL schemes with 1-h

intervals from 1400 BT 14 to 0800 BT 15 September, 2016
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Table 2 Threat scores and spatial correlation coefficient of 24-h accumulated precipitation between the observation and

simulation from seven different PBL schemes

RNEL R ESEMNTT %
P& 7K %5 2%/mm YSU ACM2 MYJ Boulac QNSE Uw GBM
TS5 R>1 0.8948 0.8845 0.8953 0.9127* 0.8803 0.8819 0.9056
R>10 0.7217 0.6801 0.7318 0.7835* 0.6841 0.6790 0.7176
R>25 0.5796 0.5135 0.5818 0.6496* 0.5219 0.5122 0.5520
R>50 0.4352 0.3907 0.4548 0.5140% 0.4029 0.4103 0.4120
R>100 0.2974 0.2629 0.3055 0.3296* 0.2665 0.2824 0.2997
R>200 0.01818 0.0283 0.0236 0.0105 0.0292 0.0339 0.0345%*
TSV 0.1<R<50 0.6063 0.5291 0.6254 0.6717* 0.5471 0.5663 0.5774
50<<R<100 0.1429 0.1049 0.1095 0.1737* 0.1037 0.1018 0.1092
100<R<200 0.1622 0.1230 0.1178 0.2378* 0.1031 0.1335 0.1331
200<<R<400 0.0184 0.0283 0.0240 0.0105 0.0303 0.0342 0.0351*
EIEIVEPS 0.6884 0.7183 0.7441* 0.7258 0.7084 0.7083 0.7244
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Table 3 Rankings of typhoon moving track, intensity, precipitation threat score, and spatial correlation coefficient simulated

using seven different PBL schemes

A A KSR TSIE
HAIVE & [N & R ER 1R R>1 mm R>10 mm R>25 mm R>50 mm R>100 mm [ 7K 2% [a] A6 9%
1 uw MYJ Boulac Boulac Boulac Boulac Boulac Boulac MYJ
2 QNSE QNSE GBM GBM MYJ MY]J MYJ Boulac
3 MY]J Boulac YSU MY]J YSU YSU GBM GBM
4 Boulac YSU MY]J YSU GBM GBM GBM YSU ACM2
5 GBM Uw ACM2 ACM2 QNSE QNSE Uw Uw QNSE
6 ACM2 GBM Uw uw ACM2 ACM2 QNSE QNSE uw
7 YSU ACM2 QNSE QNSE uw ACM2 ACM2 YSU
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Fig. 9 Latent heat flux (left panel, units: 10> W m ?), sensible heat flux (middle panel, units: 10° W m %) and speed at 10-m height (right panel, units:
m sfl) simulated by (a) YSU, (b)ACM2, (c)MYJ, (d) Boulac, () UW, (f) GBM and (g) QNSE PBL schemes at 2000 BT 14 September, 2016.

Horizontal and vertical lines denote the latitude and longitude of observed typhoon center, respectively
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Fig. 10 Hourly observed maximum wind speed (dotted lines), the maximum of sensible heat flux (dashed lines) and speed at 10-m height (solid line)

simulated by (a) QNSE, (b) MYJ, (¢) YSU, (d) ACM2, (e) Boulac, (f) GBM and (g) UW PBL schemes
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118.1°E~118.4°E) PBL heights analyzed by GFS and simulated by
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Fig. 13 Simulated difference of maximum 24-h accumulated rainfall and its situation, difference of mean maximum wind speed, maximum wind

speed near typhoon center, minimum sea level pressure and its distance to typhoon center between YSU, UW, GBM, Boulac, ACM2_P experiments
and ACM2 experiment during 0800 BT 14 to 0800 BT 15 September, 2016, respectively
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