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on land surface process simulations
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Abstract Many surface-layer observations have shown that the sum of sensible and latent heat
fluxes was lower than the available energy when using the eddy covariance method. It means the
observed energy was unclosed. The unclosed degree was usually 20% and even more in particular
cases. The land surface models were developed based on the concept of energy balance between
the atmosphere and land surface, and the parameterization scheme of the boundary layer in the
land surface models were often developed from the observed turbulent heat fluxes. Thus, energy
closure degree was bound to affect land surface models. Based on the data observed at SACOL
site in spring, 2007, following the law of energy conservation, the residual part of the energy

from its imbalance was distributed into the turbulent heat fluxes through the Bowen ratio so as to
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modify the direct measurement and make energy closed. Then two turbulent boundary layer
parameterization schemes were developed as energy closure and unclosure schemes from the

observed and modified turbulent heat fluxes. The impacts of energy unclosure and closure on land

surface process simulations were investigated by using the land surface model SHAW with

properties of soil that are kept unchanged.
Keywords

numerical simulation and comparing the simulations with the observation. The results suggest
modifying the measured turbulent heat flux to make the energy closed, the model is able to better

that the energy closure remarkably affect the land surface models. For taking using of the energy
upward longwave radiation and soil temperature.

unclosure turbulent boundary layer parameterization schemes the model obviously overestimated

And in the case of using the schemes by

5 5

simulate upward longwave radiation and soil temperature with any physical and bio-chemical
fluxes, Land surface process models

Surface energy closure, Turbulent boundary layer parameterization, Turbulent heat
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Fig. 6 (a) Comparison of SHAW_IMBALANCE and SHAW_BALANCE simulations with observed upward shortwave

radiation (USR); (b) Scatter plot of SHAW_IMBALANCE simulation against measured upward shortwave radiation;

(c) Scatter plot of SHAW_BALANCE simulation against measured upward shortwave radiation
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Fig. 7 Same as Fig. 6, but for upward longwave radiation (ULR)
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Table 2  Statistical evaluation for USR and ULR between
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Fig. 8

(a) Comparison of SHAW_IMBALANCE and SHAW_BALANCE simulations with observed soil temperature

(ST); (b) Scatter plot of SHAW_IMBALANCE simulation against measured soil temperature; (¢) Scatter plot of SHAW _

BALANCE simulation against measured soil temperature



9 4 Mo i3 AR 45 « 0T Ml U2 BB Ak AT RO i v 5 A R i 2885

b (a)10 cm —Measure — SHAW BALANCE — SHAW IMBALANCE

40 T T T T T T —— 40 T T T T T T T
35| (®) 10 cm SHAW_IMBALANCE . - 35| (©) 10 cm SHAW_BALANCE ]
30} . 30} E

Simulated ST/("C)
[}

(=}
Simulated ST/(C)
1]

S

L y=117x-0.5 1or »=1.08x-09
spo R=0.953 . 5F R=0.969 E
oL ‘ 1 1 1 1 1 1 1 oL ' 1 1 1 1 1 1 L

0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Measured ST/(C) Measured ST/(°C)

B9 [FE 8. 10 cm Ab 44K B (ST)
Fig. 9 Same as Fig. 8, but for 10 cm depth soil temperature (ST)

320 [ T T T T T T T T T T 4
(@)
310 .
v  F 4
< 300 A A 3 4 F § 0
[75] . .
»HWHUAASAN v
280 | oot DRV -
1 1 1 1 1 1 1 1 1
238 240 242 244 246 248 250 252 254 256 258
DOY, 1998
320
310 .
M
3
£ 300} .
=
i
& 290 .
m
&
280+ .
(b
270 L .

270 280 290 300 310 320
Measured ST/K

10 Ca)SiB2 #EAKLILL Y 7 580 55 JL BY 0l 14 3 3 Ik 58 5 YOL0 B0 1) LU %50 o SR e LU {8 JB 8 D0 WL 5
(b) SiB2 BB T 600 5 B Sk 10 Hh 2 35 B 5 LI A B P BB 15 148, 51 Gao 0.
Fig. 10 (a) Comparison of SiB2-given soil temperature (solid line) to the observed equivalent (dotted line) at the BJ
station of the Tibetan Plateau; (b) Plot of scatter points of SiB2 simulated and measured soil temperature at the
Tibetan BJ station. Dash line is 1 : 1 line. Cited from Gao et al. P*J,

0.4 T T T T T
(a)5cm —Measure —SHAW_BALANCE — SHAW_IMBALANCE E
0.3 .

0.2 -

SM/(m*m™)

0.1 E

0.0 . L . . .
04-01 04-05 04-10 04-15 04-20 04-25 04-30

DOY, 2007

Bl 11 SHAW_BALANCE 5 SHAW_IMBALANCE BB ALY 5 cm Ab 19 + 308 B (SMD 5 WL {8 2 18] 1) L%
Fig. 11 Comparison of SHAW_IMBALANCE and SHAW_BALANCE simulations with observed soil moisture (SM)




28386 Hi Bk ¥ PR 2% i (Chinese J. Geophys.) 55 %

% 3 SHAW_IMBALANCE 5 SHAW_BALANCE
BUEELTHEEESANEENERNEITITHE

Table 3 Statistical evaluation for ST between measurement and

SHAW_IMBALANCE and SHAW_BALANCE simulation
at different depths

Depth  SHAW_IMBALANCE SHAW_BALANCE

(em)  MBE('C)RMBE( C)NSEE MBE('C)RMBE(C)NSEE

0 3.83 6.27 0.25 0. 94 2.69 0.11
5 2.90 4.58 0.23 0.42 2.58 0.13
10 2.72 3.00 0.12 0.22 0. 83 0. 04
20 2.23 2.39 0.13  —0.19 0.95 0.05
50 1.22 1.35 0.08 —0.91 1. 05 0.06
80 —1.15 1.24 0.09 —0.87 1. 04 0.07
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