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Abstract Based on in-situ monitoring data produced by National Institute of Meteorological
Sciences, we evaluated the performance of Joint UK Land Environment Simulator (JULES) on
the surface energy balance for rice-paddy and cropland in Korea with the operational ancillary
data used for Unified Model (UM) Local Data Assimilation and Prediction System (LDAPS)
(CTL) and the high-resolution ancillary data from external sources (EXP). For these experi-
ments, we employed the one-year (March 2015~February 2016) observations of eddy-covari-
ance fluxes and soil moisture contents from a double-cropping rice-paddy in BoSeong and a
cropland in AnDong. On the rice-paddy site the model performed better in the CTL experiment
except for the sensible heat flux, and the latent heat flux was underestimated in both of experi-
ments which can be inferred that the model represents flood-irrigated surface poorly. On the
cropland site the model performance of the EXP experiment was worse than that of CTL experi-
ment related to unrealistic surface type fractions. The pattern of the modeled soil moisture was
similar to the observation but more variable in time. Our results shed a light on that 1) the
improvement of land scheme for the flood-irrigated rice-paddy and 2) the construction of appro-
priate high-resolution ancillary data should be considered in the future research.

Key words: JULES land surface model, evaluation, flux data, soil moisture

1M B

At 7] 7F FE A8 ol A 713715
A 5E 913k AAAA oIt o5 fI8 AP A, dF
AL 55 E83 BUHY dAFEe] s 78 F
o]™(e.g., Blyth et al.,, 2010; Jung et al., 2011), T

*Corresponding Author: Je-Woo Hong, Department of Atmospheric
Sciences, Yonsei University, Yonsei-ro 50, Seodaemun-gu, Seoul
03722, Korea.

Phone: +82-2-2123-5693, Fax: +82-2-2123-5163

E-mail: jewoo@yonsei.ac.kr

355

S E R R
ﬂ%E@%%ﬁ%°4%@£$
—5—}__]_ o]
g o] ]’57373“174% =@
%, AUA, F57] 23T
sHQJ—I;IF ;(]q— Al g Eo} 7
@7 98 9 & “’aMéA olal = %—7}
shel #7 7?*‘) 2 wde] igE F
o2 AWRF Y Faddd s AT d=E A H
24 s AH dee] 2 B34 A AHE
o] gwats] 3= oo™ (Essery et al., 2003; Giorgi

=



356 =71l E9 &

et al,, 2003), FZell= Ta 3 2 AR 5EHA 2
A= AR S F3l 53] g =8& A
=3} Y TH(Tang et al., 2013; Harper et al., 2018).

7173742 2010958 F=717374 €] Unified Model
(UME AHRIE 29 ZFolH, Fay Rds
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Fig. 1. Location of rice-paddy (blue) and cropland (green)
site.
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Table 1. Instrumentation details of BoSeong rice-paddy and AnDong cropland site.

BoSeong (R) AnDong (C)
Location Latitude (°N) 34.7607 36.7324
Longitude (°E) 127.2140 128.8747
Classification Rice-paddy Cropland
Double cropping - May-Nov: Capsicum annuum
Description - Dec-May: Hordeum vulgare - May-Aug: Cucucrbita moschata, Sesamum indicum
- Jun-Nov: Oryza sativa - Sep-Nov: Raphanus sativus
Measurement height (m) 2.5 10
Obstacle height (m) <1 <1
Altitude (m) 2 180

Sonic anemometer
Infrared gas analyser

CSAT3, Campbell Sci., US
EC-150, Campbell Sci., US

Radiometer CNR-4, Kipp&Zonen, Netherlands
Data logger CR-3000, Campbell Sci., US
Establishment 30 Sep 2014

CSAT3, Campbell Sci., US
EC-150, Campbell Sci., US
CNR-4, Kipp&Zonen, Netherlands
CR-3000, Campbell Sci., US

Nov 2012

N (flood-irrigation)= {18t =& EFto]l 23
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2.1.3 #=2AE A4

*¢-3F3F(upward- and downward-) “-}H(longwave
and shortwave) EHAF A& Z+ZHS EAMA(CNR-4,
Kipp&Zonen, Netherlands)Z =738t <5 -Ak(net-
radiation)2 AR} TE G duA] E¥2x F=L
A8l 32k 253 FFFE7(CSAT-3, Campbell
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Table 2. Soil property parameters in JULES.

= AR 7)ke] JULES A9 29 1.0] 45 24

Name Description Unit

albsoil  Soil albedo. A single (averaged) waveband is used. -

b Exponent in soil hydraulic characteristics. -

hcap Dry heat capacity of soil. Jm? K™

hcon Thermal conductivity of soil. Wm' K™

satcon Saturated hydrological soil conductivity. kg m?2s”!

Reciprocal of 1000, where a. is a parameter of the van Genuchten model (van Genuchten et al.,
sathh m
1991).

sm wilt Volul'netric soil moisture content at the wiltipg point. The wilting point is that at which soil e
- moisture stress completely prevents transpiration.

sm crit Volumetric soil moisFure contc?nt gt critical point. The critical point is that at which soil moisture e
- stress starts to restrict transpiration.

sm_sat  Volumetric soil moisture content at saturation. m® m™

Table 3. Parameters and initial conditions of JULES simulation with LDAPS setting (CTL) and local ancillary data (EXP).

Rice-paddy (BoSeong)

Cropland (AnDong)

CTL EXP CTL EXP
broad leaf 14.4 - 6.7 50.0
needle leaf 3.8 - 7.1 50.0
C3 72.0 90.0 15.0 -
P C4 6.5 10.0 31.5 -
%) shrub - - _ )
urban - - - -
lake - - 21.1 -
bare soil 34 - 18.6 -
land ice - - - -
albsoil 0.087 0.211 0.102 0.227
b 7.844 6.296 6.105 7.713
hcap 1.221 x 10° 1.110 x 10° 1.249 x 10° 1.247 x 10°
Sol hcon 0.235 B 0.199 B 0.259 . 0.247 B
properties satcon 2.944 x 10 1.495 x 10 5.563 x 10 3.840 x 10
sathh 0.284 0.937 0.182 0.208
sm_crit 0.326 0.401 0.265 0.303
sm_sat 0.447 0.491 0.427 0.434
sm_wilt 0.200 0.219 0.142 0.185
JULES AW 2dle mapela 7lys Fsf Az Wl sl
ER #&5e] vjwddS xdgit) 7k AR is)A 2 AT s A 71N 28 FA FA
571419 A &DT, AR, 2d 24, dd 24, HEde] 8448 s, é Ztge] WA wE
HE)T 47EA 9] BRI (A, S, WA, S1) 95 AW oA Fxe} BEF F e d% WHsks
o7 F Y EA 9E T/ WA HES 77t atetetarzt stk o5 918l ﬁd‘ﬁ L5 km SR =E =

*é?é%‘ Ak AW ofgfol = EFS Af B
Aolz /1M e AgaA ek # AR yelE s
o =% SqnE SRS Agd. o FEa)
A8 Zast B &4 w74 = albsoil, b, heap,
hcon, satcon, sathh, sm_wilt, sm_crit, sm_sat>Z &
97pAleH, 7+ W] A oo} TS Table 20 AlA
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A BEEQl UM Local Data Assimilation and
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Table 4. Definitions of the statistical parameters used in this study. P; = predicted values; O; = observed values; and N = number

of data points.

Statistical parameter

Definition

bias
Root Mean Square Error (RMSE)
Mean absolute error (MAE)

bias =N '=Y (P, - 0)

_ 0.5
RMSE = [N, (P, - 0]

MAE=N"'2},|P; - O]

(a) BoSeong (R)

(b) AnDong (C)

Fig. 2. Footprint of radiative flux over (a) BoSeong rice-paddy and (b) AnDong cropland site.
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Fig. 4. Scatter plots of modeled versus observed surface energy fluxes with LDAPS setting (CTL; a: net radiation, b: sensible
heat flux, c: latent heat flux) and local ancillary data (EXP; d: net radiation, e: sensible heat flux, f: latent heat flux) for
BoSeong rice-paddy site. The red crosses and black circles in the plots represent the daytime (downward shortwave radiation
> 120 W m™) and non-daytime (downward shortwave radiation < 120 W m™) data, respectively.
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Fig. 5. Scatter plots of modeled versus observed surface energy fluxes with LDAPS setting (CTL; a: net radiation, b: sensible
heat flux, c: latent heat flux) and local ancillary data (EXP; d: net radiation, e: sensible heat flux, f: latent heat flux) for AnDong
cropland site. The red crosses and black circles in the plots represent the daytime (downward shortwave radiation > 120 W m?)
and non-daytime (downward shortwave radiation < 120 W m™?) data, respectively.
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