5 33 % 45 140 X R OB 2 Vol. 33 No. 1
200941 H Chinese Journal of Atmospheric Sciences Jan. 2009

OB IR, EIIE. 45 2009, PRR-LIEIR B E AN HL AT [T]. KARE. 33 (1D 135 - 144, Dai Chengying. Gao Zhigiu, Wang Linlin.
et al. 2009. Intercomparison between two soil temperature algorithms [J]. Chinese Journal of Atmospheric Sciences (in Chinese), 33 (1); 135 - 144,

v A 1 35 m B A RIS BE o A
REE" BEK EAhH

1w E R B RS EBEFE r RA R B ARAb2E E R =, bRt 100029
2 PEBEBEDFIE AR, bt 100049
3WALE R4 R, AR 050021

i OE N T ERRMEE SR IR PR R R N2 v el A v 2 b X 3 B AR AL
BEEFEA, ASCRI 2005 4FH 4w R R ARIRI R 7 H 22~26 F AR - s 2 LI 3 - SR R WL R, R
T GEEECENATD - BRI R T iz X A HOR . A SCE R S X
FHER 0. 05~0. 1 m ¥R T 582 0 BRI EAR B /KGR B Z A, JAEHA T 0. 80X107° ~2. 43X 10" m/s Z
[f]. FEMCFERNZ 1o DL 0. 05 m ¥REER H3EZ R Bl i, srilFI B E45540 0. 10 m VREEMY T3 45
R T 20 30 TR BN SRR S 1) 3 BZ Sl o IR AL Sl B, ME S AMUEAE T H 8RB R
WE s T LR Al T O REIR o TR R X G R AR MR RN S A AU 5 S BRI M) S 3T R (AL st
] 08:00~20:00) [k EEBTHUE AR XN A 351 22 | Al 22 FIH —fEbRifEZE /3 B8 0. 19 K. 0. 18 K1 0. 08%4,
kR . WhEE ERE RERSHE BEERAE MMESXTRTE

XEHES 1006 - 9895 (2009) 01-0135- 10 hESES P46l XERFRIREY A

Intercomparison between Two Soil Temperature Algorithms

DAI Chengying!* 2, GAO Zhiqgiu!, WANG Linlin!* 2, and FAN Junhong?

1 State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry , Institute of Atmospheric Physics .
Chinese Academy of Sciences, Beijing 100029

2 Graduate University of Chinese Academy of Sciences, Beijing 100049

3 Hebei Meteorology Bureau, Shijiazhuang 050021

Abstract Ultilizing soil temperature data collected at a bare ground soil over the Loess Plateau during the period
from 22 to 26 July 2005, the soil thermal diffusivity is calculated by using two algorithms (i. e. , thermal conduction
algorithm combined with mathematical fitting method and thermal conduction-convection algorithm) in order to bet-
ter understand the physical property and procedures of the soil over the Loess Plateau quantitatively and to form a
basis of improvements of soil temperature diagnosis in land surface models. Soil thermal diffusivity is calculated by
the two methods mentioned above, and the sum of vertical gradient of soil thermal diffusivity and water flux density
is calculated by the thermal conduction-convection algorithm to range from 0. 80X 107° to 2. 43X 107% m/s for the
soil layer of 0. 05-0. 10 m. Taking the soil layer at the depth of 0. 05 m as the upper boundary, the temperature for
the soil layer at the depth of 0. 10 m is modeled by means of the two methods mentioned above. It is found that for
the thermal conduction algorithm, owing to the fact that it takes into account thermal conduction alone and considers
neither the soil water movement nor the soil vertical heterogeneity, both the diurnal amplitude and the delay of phase

are overestimated. For the thermal conduction-convection algorithm, the diurnal amplitude and phase can be well es-
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timated. The bias, standard error and normalized standard error of the modeled value against the observation are re-
spectively 0. 19 K, 0. 18 K and 0. 08% during the daytime (0800 - 2000 Beijing Time).

Key words bare ground soil, the Loess Plateau, soil temperature, thermal conduction algorithm, mathematical fit-

ting method, thermal conduction-convection algorithm
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Table 1 Elements needed by sine function curves
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Fig. 1
from 22 to 26 Jul (DOY 203 to 207) 2005

Soil temperatures observed at the depths of 0. 05 m and 0. 10 m and sine function curves at the bare soil site over the Loess Plateau
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Table 2 The minimum error of amplitude and phase of the soil temperature against the observed value and the corresponding soil

thermal diffusivity (%, m*/s)
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Fig. 2 Variations of phase error (a) and amplitude error (b) of the soil temperature at the depth of 0. 10 m with soil thermal diffusivity (k)
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Table 3 The value of soil thermal diffusivity and water flux density when the soil temperature at the depth of 0. 10 m is modeled by
two methods (W=0 and W=~ 0)

W=0 W0
kat? kaa. s k w
7H22H 2.06X1077 2.87X1077 3.31X1077 0.80X10°6
7H23H 1. 99X 1077 2.61X1077 3.34X1077 1. 58X 1076
7H 24 H 1. 99X 107 2.68X1077 3.55X10°7 1.68X10°6
7H25H 1. 99X 1077 2.34X1077 3.48X1077 2.43X1076
7H26H 2.27X1077 2.61X10°7 3.78X10°7 2.33X10°6
aT T

0.5 l 115 2 25 3 3j5 4 4.5
k107 m?-s!

P30 0.10 m 439830 BERCIDLE S5 WL R A 5 22 FIBE - S A
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Fig. 3 Variation of the sum of squared differences between the

modeled and observed soil temperature at the depth of 0. 10 m

with soil thermal diffusivity
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Fig. 6 Scatter plots of the modeled soil temperature against observations at the depth of 0. 10 m: (a) W=0, ka2 ; (b) W=0, ks, ap; (c) W70
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Table 4 Bias, SEE (Standard Error of the Estimate), and
NSEE (Normalized Standard Error) of the modeled tempera-
ture against the observations at the depth of 0. 10 m during

0800 - 2000 LST

W=0
kat? kaA, a0 W0
/K 0.43 0.31 0.19
/K 0.37 0.28 0.18
7 0.18% 0.13% 0.08%

XH, n HFEARBE (n=1363), Tu. Tow 35N
0. 10 m 3828 B P BSUE FOE . 70 9 g,
3 R R AUL AR AT LI %) - 34158 2 « A 25 R0 IH
—fbhnifEZE (W3R O RUIE, ek
AT DAY - S BE AL % 25, 08:00~20: 00
BRI (L ) P-4 18 22 . B 22 FH — Ak
WEZE{ 0,19 K, 0. 18 K i1 0. 08%,

5 #Hig

ASCH A 2005 AF A e TR RO O R
(LOPEX05) H1 7 H 22~26 H i [a] 4 1 - 458 5 Jir
WEIBERE s 7350 R I # A% T 07 1 AL =% it Oy
DT T YRR X 12 DX ) - SR
S WA Y W 8 W T R - e e 8= S
BRI K AR KR AZS . ok s His
IR, W24 (0.05 m, 0.10 m) JREAH
BTG B AR b, FHEHE] ¢ 09 1E 5% R B 75 21 19 1R
JiE 1l 22 55 S XL il 2 HUL

3 3 I B AL SOOI Y 1. 1 B L IR
PEEUL{EL 55 XL {1 22 P AR 3 A1 T DA B = i 22 43 A
Tt TR PR EEELR 1R (08:00~20:00)
- R R SEBR OB Y B R B . 45 R AR

(1) T2 30 B 7 ) 50N 2 5 MRk 4y
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K, [a] i + 398 35 2 457 A 7 34 J5 #0086 rad (19. 71
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