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Abstract Using the ERA5 single-layer reanalysis data combined with the planetary boundary layer tower (PBL tower)
meteorological observations from a north-south climate transition zone mountainous forest in Huainan as forcing data,
we evaluate the applicability of the Community Land Model (CLM4.5) against observed canopy flux and
micrometeorological data at this site. Also three experiments to study the impact of soil texture on soil moisture are
designed to improve the model performance. The results show that overall CLM4.5 performances good in Huainan
mountainous forest, and the simulated results driven by observation is better than that of ERAS data. In terms of radiation
simulation, both the simulated results of the radiation components using ERA5 data and PBL tower observation data are
good, especially driven by PBL tower observation, and the correlation coefficient between the simulation results and
observations throughout the year is more than 0.97, and the root mean square error is below 25.056 W m2. The correlation
coefficient of the ERA5 forcing simulation is slightly lower, but it also reaches 0.92, and the root mean square error is
below 29.939 W m?; In terms of soil temperature, both the correlation coefficients reach more than 0.98; the correlation
coefficients of soil moisture results are all above 0.86, but systematically higher; and the average correlation coefficients
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of the simulated results of the sensible heat flux are 0.72 and 0.78, respectively. Through the comparison simulating tests
of three soil texture parameters, it is shown that the simulated results of the soil moisture with the measured three layers
of soil texture plus the data of the deep soil texture are closest to the observation. Thus the accurate description of the
soil texture can greatly improve the simulation of soil moisture. But further tuning of the parameters or parameterization
scheme is still needed. In addition, the ERAS reanalysis single-layer data as forcing in this site are reliable, and thus can
be used in the further simulating work. This study could be useful for further study of land and atmosphere exchange in
the north-south climate transition zone of Huainan, China.
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Table 1. Measurements and instruments employed in this study.
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Fig. 1 The diurnal variation of ERAS5 forcing data and observed values of (a) air temperature, (b) dew temperature, (c) incident solar radiation,
(d) incident longwave radiation and (e) wind speed in each month from May 2016 to April 2017
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Fig. 2 The time serial of total precipitation of 1 hour by ERA5 from May 2016 to April 2017
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Fig.3 The observed and simulated daily variations of (a) reflected radiation, (b) emitted longwave radiation and (c) net radiation over forest at
Huainan station from May 2016 to April 2017 (black dash line: observations; blue line: simulation with ERAS data forcing; red line: simulation
with observation data forcing.)
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Table 2. The correlation coefficients and root-mean-square-error between the simulated radiation components results (reflected radiation, emitted
longwave radiation and net radiation) of CLM4.5 driven by two sets of forcing data (ERAS5 and Obs forcing data) and the observed values at
Huainan station from May 2016 to April 2017

SR AR S H S R A it
i [a]/ RMSE/ RMSE/ RMSE/
CISER €/ R R R

(#E-H) (Wm) (Wm?) (Wm?)
ERA5 0.946 7.148 0.964 6.726 0.945 29.219

2016-05
Obs 0.996 6.352 0.977 4.303 0.980 25.526
ERA5 0.925 4815 0.954 13.171 0.868 35.730

2016-06
Obs 0.996 2.834 0.986 7.416 0.991 14.602
ERA5 0.882 5.270 0.981 10.617 0.862 35.589

2016-07
Obs 0.997 2.082 0.997 8.153 0.994 17.265
ERA5 0.909 3.900 0.985 13.478 0.799 34.752

2016-08
Obs 0.994 1.613 0.993 8.237 0.972 17.730




ERAS 0.957 3.800 0.979 8.791 0.900 22.044
2016-09

Obs 0.997 0.844 0.976 6.255 0.979 17.084

ERAS5 0.885 5.178 0.977 5.304 0.880 35.085
2016-10

Obs 0.997 1.542 0.990 3.386 0.971 33.169

ERAS5 0.955 3.555 0.983 5.438 0.855 28.078
2016-11

Obs 0.988 2.123 0.981 5.633 0.902 31.173

ERAS 0.946 2.710 0.938 5.994 0.525 29.316
2016-12

Obs 0.996 1.427 0.962 5.960 0.640 29.468

ERAS 0.944 4.939 0.942 6.131 0.687 27.486
2017-01

Obs 0.994 0.962 0.912 6.965 0.802 28.786

ERAS 0.850 7.556 0.966 6.896 0.845 24.951
2017-02

Obs 0.980 2.167 0.976 7.837 0.901 27.540

ERAS 0.968 5.802 0.937 5.575 0.941 21.955
2017-03

Obs 0.998 0.845 0.942 7.349 0.963 24.866

ERAS5 0.956 5.919 0.982 4.149 0.956 28.450
2017-04

Obs 0.979 7.089 0.977 5.362 0.984 24.821

ERAS5 0.920 5.206 0.993 8.302 0.928 29.839

2016-05~2017-04
Obs 0.978 3.091 0.995 6.580 0.973 25.056
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Fig.4 Same as fig. 3, but for soil temperature at the 10 cm depth
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Fig.5 Same as fig. 3, but for volumetric soil water at the 10 cm depth
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Fig.6 Same as fig. 3, but for volumetric soil water at the 10 cm depth

CLM4.5#5 5 + 35835 JF 4 15 (Oleson et al., 2013), 510 cmA120 cm WLINHEIR ()4 HL 2 &
9.1cm, 16.55cm#128.91 cmff LI )E . K — & JE R L2 0 FME, Rl JUZAERNZ
4.51~9.06 cm, 9.06 cm~16.55 cmAl 16.55 cm~28.91 cmf - HPIRA (ZEB] 245, 2011, #=H%%,
2019) o Fir DATE S UMME EAT 6 LL A BT ieE, 25 FE 2110 em LI H 45 A 10 emffix R3EM(E S, IR
ik B £ 419.06 cm516.55 cm )2 Hﬁiﬁjﬁ%@'%zxﬂ:t, )3, FA4111%16.55 cm #128.91 cm
52 % T 15 520 em i 3808 B CIAE XS EE . RI5AE10 eom W SR Rk Rk EE . T RA
F ), AT DRI ML A R R (A S, W i o e FERAB S E 45 S 55 W {EL
HIFH R R H05) 7117:0.882410.863, AHICMEIE T 1, 5 CLMA.S T 6k ey J5 35w A0 A by sl (¥ S 400 5
R R—8 GIEEE, 2019) . HEBEXSENAHEM RS RE, Will5EiEFERASE A
() - 438 35 B (35 5 R A 22 43 150,231 810,221 m3me3,  HIREHDUE 29 M WA (134% . 20 em Y4B
(1) = 3R FE U S5 AU b A 5 AR AL (PR, L4 5k i RIERAS 5 38 (1 AH % R 5
WISH0. 873F10. 847, MR ZESN BINO0. 234F10. 225m’m |, 510 emILERMHLEARL ., 20 cm
iﬁe}%ﬁ@ii%i@iﬁmwﬁ 510 emfdEEEER, 10 cm FFRMEA, 20 cm IR EGFIHHE
ZEUN0. 001 m'm o BN H 4 BRI R BRI H) 5 MRS 26 W LRSS

*ﬁfﬁ*ﬁmmﬂﬁmr‘ FERG W ZE, FIREIR LIRMFKEE A G, TIRMFFKEE /1 ER 135
B KERFEY) . Yang®E (2009) SR FH = AN S 200 75 78 = B v 2 3B S K B /1N, A
RNEEF R 2B TR LR H R . BRI E AR L], IR
FERM G (RENIEE, 2014) « FAREN (2018) R HCLMA. 537 6k i B =l s 1)

9



RN AR RS, e = BRI S AN AR R, E 25 RS ST 438 J 1 0 A AL 45 S 5 W
WA . WERg G IR GRS, 2021) . HIERMEEEEMNRG, SRR,
X EIESOKER B . LI LIRSS E RS EEER, ek LIBRE
5 BT PSS TR SE B (Gochis et al., 2010; Singh et al., 2015) . fEMR T ERRA, W]
DL SR E S KBRS, IREARZ (RS, 20200 . 84 Al A2 B B KsR
BRI . BT WRIERLE =, AR I RERASIIFE K, HbrpEKk B 5. #E1iE
JOR IR - 5 PR e LR Y R - B I SEBR B O, FRATTR A bRl S Rk =R =
ASKAE i BRI E B AR TR (R4, KRB EE R ME A BT g, B
WEE (Fehagkpinr) , HIEFRE R ER RS =2 L ERhifos fab i L EARN
(R4, SERBERETE TN EE (Eeh LRI Ul B LIZ 0 1) L 3K 7
BLSPRIG ISR, IR E AR )E B P R R A AR A R, A T R
NI S8 mf 2 FEST A 1358 2 R A RO . B RIS I 4 R, N NI
6 r R s T U g e AL o A R R A 33 ) MO 2 e KOOSR RIS 2 S R, iR
TIERAEAGE R LA, MR R KRR RGE R (RENI%E, 2014; DERENAE
20200 , RPN TR EE RS . AU IRANIR TS

#3[AFK 2, H910 cm IR, 10 om 330 FER A5 R

Table 3. Same as Table 2., but for soil temperature at the 10 cm depth, volumetric soil water at the 10 cm depth and sensible heat fluxes at 30 m

TR E T+ JEFA
gl RMSE RMSE RMSE
Ci s R8T R R R

(4F-H) (Wm3) (Wm3) (Wm?)
ERA5 0.974 1.076 0.886 0.197 0.735 52.206

2016-05
Obs 0.967 1214 0.926 0.209 0.811 44,587
ERA5 0.926 2.035 0.915 0.214 0.736 47.054

2016-06
Obs 0.946 1.405 0.916 0.227 0.865 37.955
ERA5 0.966 1.676 0.943 0.255 0.667 41.276

2016-07
Obs 0.976 1.556 0.938 0.258 0.828 37.797
ERA5 0.922 2.006 0.556 0.205 0.626 50.418

2016-08
Obs 0.915 1.282 0.594 0.217 0.804 41753
ERA5 0.978 1.566 0.651 0.195 0.753 55.341

2016-09
Obs 0.987 1.447 0.638 0.203 0.874 38.988
ERA5 0.970 1.234 0.972 0.228 0.546 53.959

2016-10
Obs 0.976 1.687 0.969 0.239 0.686 44.715
ERA5 0.912 2577 0.754 0.237 0.678 48.451

2016-11
Obs 0.907 3.149 0.475 0.240 0.737 44.337
ERA5 0.876 1.707 0.812 0.232 0.684 48.954

2016-12
Obs 0.834 2.201 0.810 0.236 0.775 42.868
ERA5 0.780 1.659 0.974 0.238 0.686 51.782

2017-01
Obs 0575 2.440 0.975 0.241 0.758 46.233
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ERA5 0.908 1.945 -0.034 0.223 0.772 45.024
2017-02
Obs 0.853 2.588 0.308 0.232 0.822 43.946
ERA5 0.881 1.183 0.297 0.203 0.851 42.042
2017-03
Obs 0.798 1.736 0.492 0.225 0.869 43.828
ERA5 0.950 1.644 0.801 0.214 0.832 44612
2017-04
Obs 0.952 2.100 0.797 0.236 0.873 40.555
ERA5 0.990 1.736 0.863 0.221 0.723 48.013
2016-05~2017-04
Obs 0.986 1.976 0.882 0.231 0.783 42.720
W 8 H 12 H-9 H 7 HIEHHE Bl
Fed =AU S 1 L e ¥ E
Table 4. Soil texture in the three simulation experiments
S1 S2 S3
b % FiL &Y WLEES R ) WL ES L
27 31 95.7 3.3 95.7 3.3
27 32 96. 1 3.4 96. 1 3.4
27 32 96.1 3.6 96. 1 3.6
27 32 27 32 96 4
27 33 27 33 96 4
28 36 28 36 96 4
29 34 29 34 96 4
31 32 31 32 96 4
35 32 35 32 96 4
52 28 52 28 96 4

e SISLIRRIR EEEA LA RN R EGE GBI S2SI iR T =2 P
SRR = =W+ & AR & B Sel, RS E . SHUMEA =R A I E KPS, DUBRRIR.
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Fig. 7 Time serials of observed and simulated 30 min sensible heat fluxes over forest at Huainan station in (a) May, (b) July, (c) October and
(d) December 2016 (black circles: observations; blue line: simulation with ERAS data forcing; red line: simulation with observation data forcing.)

[FRERI P sRia 0, R CLMA.5 Bl TR HGE &, 433500 30 m BT
b o ST BU AR W &5 SR AT s () o A, SR P AR O ] S Y R B, 1581 2016 4F 5 H-
2017 4 4 FJ I By 0 s 8 ASTADL A B AR SN A O RECH 0.783, TR ZEN 42.720 W
m2, ERAS e AL I A W I AH 5¢ RN 0.723, 357 HRRZE N 48.013 W m2, % 3 i
25 HUT A B A BRI FURN I B A O R BRI 5 iR R 2, AT LA B SR AL I R AT . R
AN A A R AR G R RO H SRR ) H AR A5 AR A, DARSZ RIS . ERAS Xk
FRIRSEAUL 45 B EE L BRAIG,  — 3% A 4EBIAS -0.729 W m~2, Wil 5 ie #5480 55 Wil 1 BIAS Jy-2.585
W m2, K74 2016 4 5. 7. 10 fil 12 H (Bl 4 R EMIMME I LA, S THEEKE
FIfENL . AR RIRR T RKIIRA, 5 AR & () 7a), (H-5 IS L A KRR,
AIRE AR S KRG MR E . TR BN g AR IERE — e mE, 12 A F & E
FE R AR —EZ M. ENEREEK F e (K 8a) , S BIAS LA & . 7 A
K 2 S EURIHE S (K 7h), BHME RS . 10 AW 2okE L, Bt/ 7c), (HA
ARG, [FIRE ] B 2B R 5. M 7 7T LA 2 ERAS SR IE ALK BT E R e AR AL
Fbi ok, WA H ERAS XGE G (B 1e) - MK 7d 7T LLE 3] ERAS HEUL ) B 7
MR A LR — 8, X RN I XGE f& —FEr), #B2& ERAS 1) (] 1e) , XbEahid i)
R —FER . MR 3 I LAERIXT CLMA.5 SHERI AL, F B AN I8, Rk &AL AE
B S HARBRTE 2 BB (2 IR 3) R RBERAXHZE. 2016 455 H-2017 4F 4
AR RS, 1L, K 8b W&y Hix /AN B AN 3R 38 (AR, T DA ) 3 6 i 4
FRARFEL b e T

AT RIIAS B8 b i SR R, 2019 4E 7 H 18 H-12 A 31 H A H BRIFERKME, =<
FERPM S, K 25 H EARS 538 [ BIAFITE AL 5 W 25 et t (B 9) o AUk
AR (9a) , XTSRRI (9b) , BIAS 434y 15.36 F1-1.59 W m~". JEEFHFI
TE IS5 I (A OC BB 909 0. 74 0. 75. S THDSHE AT SR U SUR A 2 A %

RIS SR R BN W B, A AT S B0, PRI A A S ) . ARAK A 38
SRR, R Z I (Bernhofer, 1992:Santana et al., 2018) , NEIFHIFFFTA . FF0
CO, S5l T (AR AL J B SARAS SR ARk, 38 006 A 5 9% 2 398 12 Jo R St T B U J T s
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Fig. 8 The simulated versus observed 30 min (a) sensible heat fluxes and the simulated (b) latent heat fluxes forced by ERA5 versus observation
over forest at Huainan station from May 2016 to April 2017 (Hs: Sensible heat fluxes; LE: Latent heat fluxes. In fig. (a), blue stands for ERA5
forcing and red stands for observation forcing; Lines are the regression curves; In fig. (b), black dash line is y=x; red line is the regression curve
of the simulations forced by ERAS5 and observation.)
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Fig. 9 The simulated (forced by ERAS data) versus observed 30 min (a) sensible heat fluxes and (b) latent heat fluxes over forest at Huainan
station from July 18 to December 31, 2019 (Hs: Sensible heat fluxes; LE: Latent heat fluxes.)
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