Atmosphere. Korean Meteorological Society
Vol. 26, No. 4 (2016) pp. 673-686
https://doi.org/10.14191/Atmos.2016.26.4.673
pISSN 1598-3560  eISSN 2288-3266

=
(Article)

Azt Do 2lic|2EH 235 XI2E 0[EE WRF 2H
HMAASDE Mets my|
ZoiM* - e - =Y - AR - dEA - U=
=713t S8
(8, 20163 9Y 29Y, Y 201613 119 4, A Y: 20169 112 15Y)

Accuracy Assessment of Planetary Boundary Layer Height for the WRF Model
Using Temporal High Resolution Radio-sonde Observations

Misun Kang®, Yun-Kyu Lim, Changbum Cho, Kyu Rang Kim, Jun Sang Park, and Baek-Jo Kim
Applied Meteorology Research Division, National Institute of Meteorological Sciences, Jeju, Korea

(Manuscript received 29 September 2016; revised 4 November 2016; accepted 15 November 2016)

Abstract Understanding limitation of simulation for Planetary Boundary Layer (PBL) height
in mesoscale meteorological model is important for accurate meteorological variable and diffu-
sion of air pollution. This study examined the accuracy for simulated PBL heights using two dif-
ferent PBL schemes (MYJ, YSU) in Weather Research and Forecasting (WRF) model during
the radiosonde observation period. The simulated PBL height were verified using atmospheric
sounding data obtained from radiosonde observations that were conducted during 5 months from
August to December 2014 over the Gumi weir in Nakdong river. Four Dimensional Data Assim-
ilation (FDDA) using radiosonde observation data were conducted to reduce error of PBL height
in WRF model. The assessment result of PBL height showed that RMSE with YSU scheme
were lower than that with MYJ scheme in the day and night time, respectively. Especially, the
WRF model with YSU scheme produced lower PBL height than with the MYJ scheme during
night time. The YSU scheme showed lower RMSE than the MYJ scheme on sunny, cloudy and
rainy day, too. The experiment result of FDDA showed that PBL height error were reduced by

FDDA and PBL height at the nudging coefficient of 3.0 x 10~

' (YSU_FDDA 2) were similar

to observation compared to the nudging coefficient of 3.0 x 10™* (YSU_FDDA 1).
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Fig. 1. The map of domain for the WRF model. Horizontal grid size of the domain is 1,500 m and closed circle indicates the
site of radiosonde observation near the Gumi weir in Nakdong river.
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Table 1. The period of observation and experiment.

ARE ol&

% WRF 2d A AZILE A g= 37}

Experiment name

Period (LST)

Exp(8)
Exp(9)
Exp(10)
Exp(11)
Exp(12)

1500 LST 5 August 2014 - 1200 LST 9 August 2014

1200 LST 29 September 2014 - 0900 LST 3 October 2014
1200 LST 27 October 2014 - 0900 LST 31 October 2014
1200 LST 17 November 2014 - 0900 LST 21 November 2014
1200 LST 22 December 2014 - 0900 LST 26 December 2014

Table 2. The configuration of the WRF simulation.

WREF Version 3.4.1

Initial and boundary conditions
Horizontal resolution

Vertical resolution
Microphysics

Land surface

Longwave radiation
Shortwave radiation

PBL

LDAPS® analysis data

1500 m (with 511 x 713 grids)

40 layers (up to 50 hPa)

WDMS6” (Lim and Hong, 2010)

Noah LSM® (Chen and Dudhia, 2001)
RRTMg" (Mlawer et al., 1997)

Goddard short wave (Chou and Suarez, 1994)
MYJ (Janjic, 1990)

YSU (Hong et al., 2006)

Data assimilation

FDDA® (Stauffer and Seaman, 1990)

LDAPS”: Local Data Assimilation and Prediction System.
WDM6”: WRF Double-Moment 6-class.

LSM®: Land Surface Model.

RRTMg?: Rapid Radiative Transfer Model for GCMs.
FDDA: Four-Dimensional Data Assimilation.
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Fig. 2. Flow chart to simulate the accuracy assessment in accordance with calculation method of PBL height (m) in the

mesoscale meteorological model.
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Fig. 3. Mean diurnal variation of observed PBL height (m) using two different PBL height (m) calculation method (Parcel and

Ri, method) and averaged PBL height (m).
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Fig. 4. Mean diurnal variation of observed PBL height (m; OBS-Pa) and surface sensible heat flux (W m™>).
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Fig. 5. Time series of the PBL height (m) calculated from the five experiments and their average.
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Table 3. RMSE and Bias based on PBL scheme (MYJ, YSU), experiment [Exp(8), Exp(9), Exp(10), Exp(11), and Exp(12)),
weather conditions (clear, cloudy, rainy, and misty days), and time (day and night time).

OB heiah Total Day time (0700-1800 LST)  Night time (1900-0600 LST)
eight
£ RMSE (m) Bias (m) RMSE (m) Bias (m) RMSE (m) Bias (m)
Ex(®) MYJ 802.7 5282 1069.1 7622 382.0 2943
p YSU 573.8 221.8 786.2 546.1 2013 ~1023
Exp(®) MY 1001.1 309.2 1044.4 2573 956.0 3612
p YSU 969.4 —469.8 838.8 —401.8 1084.5 ~537.9
Exp(10) MYJ 697.6 _386.6 867.2 4843 470.5 -289.0
P YSu 630.1 4326 726.0 ~503.1 517.0 4222
E(11) MYJ 628.9 3187 843.2 —479.7 2833 ~157.8
P YSU 4615 ~269.9 551.5 _337.4 349.1 2025
Exp(12) MY 530.5 —89.9 700.9 ~106.8 267.7 ~73.0
p YSU 502.9 279.7 644.1 -386.7 301.9 ~172.7
Clear dave MYJ 598.4 _184.9 823.6 3353 366.9 -79.8
Y YSU 519.0 2479 669.1 2731 380.6 22303
Cloudy davs  MY! 343.9 _125.1 922.8 563 855.9 ~249.0
yays  ysu 2915 289.6 771.1 -204.8 962.9 4423
Rainy d MY 1011.9 616.7 1314.1 1054.2 5479 91.6
amy days YSU 4822 8.4 579.1 200.1 649.7 2216
Misty dave MYJ 705.7 636.1 ] - - ]
ty day YSU 816.7 —758.4 ; ] ; )
Total MYJ 750.0 1153 890.2 _124.4 576.0 ~106.1
YSU 653.1 _252.1 732.4 2513 562.3 2528

Fig. 6. PBL height (m) on (a) a high accuracy case of 18 November 2014 and (b) a low accuracy case of 20 November 2014.
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ol mmsigitt. A el T WRIREF IR
& B 7F Wete] Biast YSUE 200.1 m, MYJE
1,0542 mE UERAITE ol2lgk gl ot <l
sted Aol v ] 9= Exp(8)2] PBL i
EE #3534 Zol7t AA Yt
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Fig. 7. (a) Boundary layer profiles of observed and simulated (YSU scheme) virtual potential temperature and wind speed and

(b) their difference at 1500 LST on 18 November 2014.

Fig. 8. Same as Fig. 7, except for at 1500 LST on 20 November 2014.
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Fig. 9. Boundary layer profiles of observed and simulated virtual potential temperature and wind speed from (a)
YSU_FDDA 1 and (b) YSU_FDDA 2 experiments at 1500 LST on 20 November 2014.
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Fig. 10. Observed and simulated PBL height (m) before
(YSU) and after the Four-Dimensional Data Assimilation
(YSU _FDDA 1 and YSU FDDA 2) on 20 November 2014.
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Table 4. RMSE, and Bias before (YSU) and after the Four-Dimensional Data Assimilation (YSU_FDDA 1 and YSU FDDA 2)

on 20 November 2014.
Total Day time (0700-1800 LST) Night time (1900-0600 LST)
PBL height - -
RMSE (m) Bias (m) RMSE (m) Bias (m) RMSE (m) Bias (m)
YSU 488.2 —418.7 610.2 -516.8 3229 -278.0
YSU _FDDA 1 498.1 —427.5 626.1 -534.4 322.9 -278.0
YSU_FDDA 2 345.2 —313.6 382.7 -330.2 303.2 -259.5

Atk AYAIZke] YSU FDDA 13} YSU FDDA 2¢]
PBL % Biast ztz} —278.0me} —259.5m% YSU
AP 3} ¥]523 FF(278.0m)CE o HE] of7ke] ¢z}
£ /WAEA 2okt 22Y YSU FDDA 2¢] 73-%-¢ll
= F7F Bias7} 3302 mE YSU2 —516.8 m=.t} 7l
A=t 28y YSU FDDA 12] 73-%-, 0900 LST ©]
Zo|% PBL IEE YSUS M3 302 Reolg)
AT ASAEE WAIAFNE B3 YSU B
o 227F SIS AL AARE] HARY Fe AES

Atk AlFZHo 2 1200 LSTOlE 372 mE #=R}h
566m S 23k 1500 LSTIlE 575 mE &=
B2t} 1,035 m @A 2ottt B 1800 LST ©]%
o= YSUXRT} PBL X% 2327} Z718+9 T YSU
FDDA 29| Z%-o% A3 #AFHT= H4o s
A9 1200 LSTY] PBL I EE 367 mzE #=3}
301 m Fx2] 2polE B E3F 1500 LSTol= 999
mE #FZHT} 61lm A= & TS BPom 1800
LSTol= YSU FDDA 2& 9% m=z YSU (20 m)<}
YSU FDDA 1 (20 m):2.t} 7/HAES 29l YSU_
FDDA 12 YSU FDDA 2¢] Hla] WA A$7F U3
27 el 2l JdEe] dgel ofF 22 JIgS
n XA =o 7S a3Foz JAs] ofeE
Ao g ATHEL

2 dFdMe 957 FHAY
I E greEd A8E o]§3)
MYJ, YSU PBL ¥<te] w}& PBL I%= 4
7¥atith. =3 YSU PBL #QHS tido =

Fxo] s PYAT|2A o thed
AFAE AU

] EH A5 E o] &3te] A= PBL A=E 4
A3k A3} Exp(8) - Exp(12)¢] M+ PBL 1%+ OBS-
Pa B o] Z9-oE= 721 m, OBS-Ri ¥ o] 79-o=
4 PBL 1%+ 615 m= OBS-Pa o] PBL 1%
2 =7 Ase A4S Boy d HaE dye

= 7138ks 7] Al26¢ 43 (2016)

e Azl 2E 94 URE WEAA PBL
1% FHNAT Pl okslRlo] me} v
PN
T

A SEAIF AL, Exp(12)= Aol a7|st st
Az 7Iebo] Aol el EQbgel frE &
gto] Z315o] PBL X =2 7 LA H T o]
PBL X% £7%9 A7 Min et al. (1999), Kwon et
al. (20013} FAFSH AxE YERf AT

WRF 2dolA YSU, MYJ WekS o]-&3ke] PBL
IEE AA3ES W Exp(8) - Exp(12)2] EE AH)
oA T Wt BF A WE 542 & Rttt 1
b YSU et} MY Wke] 7+ A Biase 7t
ZF 2513 m, —1244m=Z & HOE B 7Hzhe]
RMSEE 7324 m, 8902m= MYJ ete] ¢ x7t
157.6 m A% FA YRyt 7k PBL ®<tel o}
2 A3 Zols A7 AR AH O Z YSU HRES
o]-83l9-S W RMSEZF MYJ:EtH 2 Uehgth. F
7+ 5 et 25 34 29 HE ZI= Hu et al
(2010)2] Al mejd PBL Xy #ZHU 3
A Re] Ak Aget 722 ZAsjo|t) WHH, Hu et
al. (2010) 5<] A7olA+= YSU PBL ®<te] MYJ
PBL 'etEth v Al7F 59F PBL =S A4 29
Ao oy B AFoMes AlEEE g2
< YeRdth oftel= F Wt 2% PBL =S
2 2ot 53] YSU Wk W ] &3
o] MYJ ®etET}E PBL 52 WA ®oslct &
A HE2 B35 Ao B g 53 A5
o BT YSU HiQto] MYJ Hi¢tETH e RMSES
YERA T

upx|eto g2 YSU Wete] Exp(l11) Aol tiske] 2}
teEd AEE ol&3st B HUAS FATo=ZH
PBL %9 232 ojx A% U 4 UATHTable
4). 2394} YSU FDDA 1, YSU FDDA 2 F+ 23 =
T, AT7EEE AR 53 a9 wE ok PBL
3= FEe P4 a3 nusioh v, YSU
FDDA 25 &34 #= YlAe] 7 PBL i% 24}

=

d



Y
2
to
_>|‘I_'4
N
ol\
)
ol
rlr
—{o
bt
e
B
o)
o
pr
o,
)
-+

s ] g
A= oo Faghs AR
BL

5 e Abels ThEe P

&3 F7H4< UEJ_ PBL 3= %77} dgsitt. =
g o] PBL 2= Aot Zojshr] 913t
ohFs e 2 E’%i} o 271 4HAE A =
gol A&HoR AT Aol

B ATE S/ ATNEAY 71y
g 510

2 FYERFU
REFERENCES

Benkley, C. W., and L. L. Schulman, 1979: Estimating
hourly mixing depths from historical meteorological
data. J. Appl. Meteorol., 18, 772-780.

Braun, S. A., and W.-K. Tao, 2000: Sensitivity of high-res-
olution simulation of hurricane Bob (1991) to plane-
tary boundary layer parameterization. Mon. Wea.
Rev,, 128, 3941-3961.

Bright, D. R., and S. L. Mullen, 2002: The sensitivity of
the numerical simulation of the southwest monsoon
boundary layer to the choice of PBL turbulence
parameterization in MMS. Wea. Forecasting, 17, 99-
114.

Chen, F., and J. Dudhia, 2001: Coupling an advanced land
surface-hydrology model with the Penn State-NCAR
MMS modeling system. Part : Model implementation
and sensitivity. Mon. Wea. Rev., 129, 569-585.

Chou, M.-D., and M. J. Suarez, 1994: An efficient thermal
infrared radiation parameterization for use in general
circulation models. NASA Technical Memorandum,
104606, 85pp.

Garcia-Diez, M., J. Fernandez, L. Fita, and C. Yague,
2013: Seasonal dependence of WRF model biases
and sensitivity to PBL schemes over Europe. Quart.
J. Roy. Meteor. Soc., 139, 501-514.

Hong, S.-Y., 2010: A new stable boundary-layer mixing
scheme and its impact on the simulated East Asian

IR e L B 685

summer monsoon. Quart. J. Roy. Meteor. Soc., 136,
1481-1496.

, Y. Noh, and J. Dudhia, 2006: A new vertical diffu-
sion package with an explicit treatment of entrain-
ment processes. Mon. Wea. Rev., 134, 2318-2341.

, and S.-W. Kim, 2008: Stable boundary layer mix-
ing in a vertical diffusion scheme. In 18th Sympo-
sium on Boundary Layers and Turbulence B, 16.

Hu, X.-M., J. W. Nielsen-Gammon, and F. Zhang, 2010:
Evaluation of three planetary boundary layer schemes
in the WRF model. J. Appl. Meteor. Climatol., 49,
1831-1844.

Hwang, Y. J., J. C. Ha, Y. H. Kim, K. H. Kim, E. H. Jeon,
and D. E. Chang, 2011: Observing system experi-
ments using KLAPS and 3DVAR for the upper-air
observations over the south and west sea during
ProbeX-2009. Atmosphere, 21, 1-16 (in Korean with
English abstract).

Janjic, Z. 1., 1990: The step-mountain coordinate: physical
package. Mon. Wea. Rev., 118, 1429-1443.

, 2002: Nonsingular implementation of the Mellor-
Yamada level 2.5 scheme in the NCEP Meso model.
NCEP office note, 437, 61 pp.

Kaimal, J. C., and J. J. Finnigan, 1994: Atmospheric
Boundary Layer Flows: Their Structure and Mea-
surement. Oxford University Press, 289 pp.

Kang, M., Y.-K. Lim, C. Cho, K. R. Kim, J. S. Park, and
B.-J. Kim, 2015: The sensitivity analyses of initial
condition and data assimilation for a fog event using
the Mesoscale Meteorological Model. J. Korean
Earth Sci. Soc., 36, 567-579 (in Korean with English
abstract).

Kim, Y.-K., J.-H. Hong, and B.-1. Jeon, 1994: A study on
the distribution of air pollutant concentration accord-
ing to micrometeorological characteristics. Atmo-
sphere, 3, 31-38 (in Korean with English abstract).

Kwon, B. H., B. Benech, D. Lambert, P. Durand, A. Druil-
het, H. Giordani, and S. Planton, 1998: Structure of
the marine atmospheric boundary layer over an oce-
anic thermal front: SEMAPHORE experiment. J. Geo-
phys. Res., 103, 25159-25180.

, K.-D. Min, and D.-S. Kim, 2001: Development of
the atmospheric mixed layer observed in Kyungpook
province. J. Korean Meteor. Soc., 37, 31-38 (in Korean
with English abstract).

Li, X., and Z. Pu, 2008: Sensitivity of numerical simula-
tion of early rapid intensification of hurricane Emily
(2005) to cloud microphysical and planetary bound-
ary layer parameterization. Mon. Wea. Rev., 136,

Atmosphere, Vol. 26, No. 4. (2016)



686 A 7> AT B F ) A& AR E o

4819-4838.

Lim, K.-S. S., and S.-Y. Hong, 2010: Development of an
effective double-moment cloud microphysics scheme
with prognostic cloud condensation nuclei (CCN) for
weather and climate models. Mon. Wea. Rev., 138,
1587-1612.

Lim, Y. K., S. K. Song, and S. O. Han, 2014: Data assimi-
lation effect of mobile rawinsonde observation using
unified model observing system experiment during
the summer intensive observation period in 2013. J.
Korean Earth Sci. Soc., 35, 215-224 (in Korean with
English abstract).

Lohou, F., B. Campistron, A. Druilhet, P. Foster, and J. P.
Pages, 1998: Turbulence and coherent organizations
in the atmospheric boundary layer: a radar-aircraft
experimental approach. Bound.-Layer Meteor., 86,
147-179.

Min, K. D., S. H. Kim, K. E. Kim, and B. H. Kwon, 1999:
Seasonal and local characteristics of atmospheric
mixed layer over Kyungpook province. J. Korean
Meteor. Soc., 35, 539-548 (in Korean with English
abstract).

Milawer, E. J., S. J. Taubman, P. D. Brown, M. J. Iacono,
and S. A. Clough, 1997: Radiative transfer for inho-
mogeneous atmospheres: RRTM, a validated cor-
related-k model for the longwave. J. Geophys. Res.,
102, 16663-16682.

= 7138ks 7] Al26¢ 43 (2016)

o

3 WRF 29 Y3 AZ T Qo >

o,

7t

Moon, N., S. Kim, and J. Seo, 2011: Sensibility study for
PBL Scheme of WRF-CMAQ. J. Korean Soc. Atmos.
Environ., 27, 791-804 (in Korean with English
abstract).

Seibert, P., F. Beyrich, S.-E. Gryning, S. Joffre, A. Rasmus-
sen, and P. Tercier, 2000: Review and intercompari-
son of operational methods for the determination of
the mixing height. Afmos. Environ., 34, 1001-1027.

Shafran, P. C., N. L. Seaman, and G. A. Gayno, 2000: Eval-
uation of numerical predictions of boundary layer
structure during the Lake Michigan Ozone Study. J.
Appl. Meteorol., 39, 412-426.

Shin, H. H., and S. Y. Hong, 2011: Intercomparison of
planetary boundary-layer parameterizations in the
WRF model for a single day from CASES-99. Bound.-
Layer Meteor., 139, 261-281.

Stauffer, D. R., and N. L. Seaman, 1990: Use of fourdi-
mensional data assimilation in a limited-area meso-
scale model. Part I: experiments with synoptic scale
data. Mon. Wea. Rev., 118, 1250-1277.

, and , 1994: On multi-scale four-dimen-
sional data assimilation. J. Appl. Meteorl., 33, 416-
434,

Zhang, D.-L., and W.-Z. Zheng, 2004: Diurnal cycles of
surface winds and temperatures as simulated by five
boundary layer. J. Appl. Meteorol., 43, 157-169.




	시간 고해상도 라디오존데 관측 자료를 이용한 WRF 모델 행성경계층고도 정확도 평가
	Abstract
	1. 서론
	2. 자료 및 방법
	3. 결과
	4. 토의
	REFERENCES


