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Fig. 1 Distribution of meteorological stations and Garde I standard farming system zones
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Table I Mean difference between mean annual soil and air temperatures a ( °C ) relative to soil depth and zone
0~5cm 5~10 cm 10 ~ 15 cm 15~20 cm 20 ~40 cm
/3 X Partition
o n o n a n [ n [ n
ZRALIX 2.1 27 2.1 27 2.2 27 2.1 27 2.2 61
Northeast China
BT X 1.3 66 1.3 66 1.4 66 1.4 66 1.1 36
The Huang—Huai-Hai region
KALH T e IX 1.3 68 1.3 68 1.4 68 1.4 68 1.3 29
The middle and lower reaches of the Yangtze
River
TLRg X 1.7 103 1.7 103 1.8 103 1.8 103 1.7 31
Jiangnan region
BRI X 2.1 44 2.1 44 2.2 44 2.2 44 22 17
South China
A 5ty e D B R T 4R X 2.0 21 2.0 21 2.1 21 2.1 21 2.5 47
Inner Mongolia and zone along the Great Wall
B X 1.7 71 1.8 71 1.9 71 1.9 71 2.0 37
Loess Plateau
PSR 1.6 40 1.6 40 1.7 40 1.7 40 1.5 15
Sichuan Basin
i e 2.1 70 2.1 70 2.2 70 2.2 70 2.2 19
Yunnan-Guizhou Plateau
BT 1Lk X 3.5 19 3.6 19 3.6 19 3.6 19 3.4 4
Hengduan mountain region
PEbIX 2.7 42 2.6 42 2.6 42 2.6 42 2.8 60
Northwest China
T R S X 3.9 39 3.9 39 4.0 39 3.9 39 43 23

Qinghai-Tibet Plateau

. nNFEEARE Note: n denotes number of samples

2.2.2 AEMHARZE AT K20 em 140 cm
AEM AR 2 ME (1) SRARARK (1), 4451
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2.2.3 BB MEF RS X720 ecm 140 em
AR M IR ) PR R A SO B UEA TR A, SR (3R
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DRI 52t e IR KRV 2 X A R 25 =0.3 C,
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F2 HE20 cmA40 cmEH BRI E VI HIE
Table 2 Equations for estimation of mean annual soil temperature at 20 cm and 40 cm in depth
gy IX FEAEL A5 e 2
Partition Sample size Estimation equation
20 ecm
5t IX Northeast China 27 ¥=23.690+0.578x,-0.137x,—-0.104x,+0.001x, 0.96"
T 66 y=14.675+0.529x,~0.293x,+0.03 1x,+0.00 1 x, 0.95
The Huang—Huai—Hai region
T WX o
KILH R 68 1=18.321+0.565x,-0.233x,-0.023x,+0.003x, 0.91
The middle and lower reaches of the Yangize River
VL X Jiangnan region 103 ¥=0.612+0.872x,-0.189x,+0.075x, 0.94
4835 1X. South China 44 Y==5.622+1.329x,-0.118x,40.025x,+0.002x, 0.89"
SRty R MR I T R X o
W?{'{' PR R AR 21 y=13.157+0.789x,+0.033x,-0.093x, 0.96
Inner Mongolia and zone along the Great Wall
# + 5 JFLIX. Loess Plateau 71 ¥=12.919+0.673x,-0.201x,+5.732e—5x, 0.98"
PUJI £ X Sichuan Basin 40 ¥=5.948+0.762x,+0.001x,-0.001x, 0.96"
o
= R IX
e 70 1=13.31840.979x,-0.031x,-0.096x, 0.97
Yunnan—-Guizhou Plateau
R AT 1L Tk X .
L o 19 y=12.75140.959x,-0.159x,-0.070x,+0.00 1 x, 0.98
Hengduan mountain region
PE4LIX Northwest China 42 »=18.151+0.773x,-0.271x,-0.012x,-0.001x, 0.92”
F M X Qinghai-Tibet Plateau 39 y=15.483+0.847x,~0.089x,-0.075x, 0.96"
40 cm
5t IX Northeast China 61 ¥=31.591+0.271x,-0.424x,-0.050x,—0.003x, 0.97"
PETEIX The Huang—Huai—Hai region 36 y=28.605+0.363x,-0.342x,-0.054x,~0.003x, 0.93"
T WX o
KILHF U 29 1=18.894+0.480x,-0.411x,+0.030x,+0.004x, 0.94
The middle and lower reaches of the Yangtze River
VL X Jiangnan region 31 y==5.784+1.015x,+0.013x,+0.055x,+0.004x, 0.95"
1ERIX South China 17 y=—6.437+1.294x,-0.234x,+0.062x,+0.002x, 0.87"
56T 1 R SR TR 4R IX
W%"{' FIR BRI 47 y=35.846+0.462x,~0.247x,-0.160x,~0.002x, 0.97
Inner Mongolia and zone along the Great Wall
4 E R X o
" 37 1=10.633+0.710x,-0.155x,+6.0856—5x; 0.97
Loess Plateau
DY 1) 2 X o
, ) 15 1=15.76140.668x,-0.104x,-0.05 1x,=0.00 1 x, 0.99
Sichuan Basin
o
=t R X
s 19 1=32.31840.666x,-0.124x,-0.192x,-0.00 1 x, 0.96
Yunnan—Guizhou Plateau
T Lk X
o 4 1=32.935+0.542x,~1.578x,+0.232x, 1
Hengduan mountain region
[l .
, 60 1=13.791+0.681x,-0.170x,+0.003x,-0.00 1 x, 0.92
Northwest China
T R X .
RS 23 1=33.17240.569x,-0.275x,-0.130x,=0.002x, 0.98

Qinghai-Tibet Plateau

e x MAEHSIR, NS, x NG, x, R, yNESME, TEKRp <0.01KF E B EMRE Note: x, denotes mean

annual air temperature, x, denotes latitude, x; denotes longitude, x, denotes altitude, y denotes mean annual soil temperature,

" Significant at p < 0.01
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Table 3 Equations for estimation of mean annual soil temperature at 20 ¢cm and 40 ¢m based on mean difference between mean annual

soil and air temperatures

20 cm 40 em
I3 X
Partition HEARL o507 FEACKL 5505 e
Sample size Estimationequation Sample size Estimationequation
RALIX 27 y=x+2.1 61 y=x+2.2
Northeast China
HOUEE X 66 y=x+1.4 36 y=x+1.1
The Huang—Huai—Hai region
KL R EX 68 y=x+1.4 29 y=x+ 1.3
The middle and lower reaches of the Yangtze River
VL X 103 y=x+1.8 31 y=x+1.7
Jiangnan region
TER X 44 y=x+2.2 17 y=x+2.2
South China
PR 5% iy e R A I v 4 I 21 y=x+2.1 47 y=x+2.5
Inner Mongolia and zone along the Great Wall
# X 71 y=x+1.9 37 y=x+2.0
Loess Plateau
VY1) 2 X 40 y=x+1.7 15 y=x+1.5
Sichuan Basin
= B R 70 y=x+2.2 19 y=x+2.2
Yunnan—Guizhou Plateau
8 T L1 Jk IXC 19 y=x+3.6 4 y=x+3.4
Hengduan mountain region
PEALIX 42 y=x+2.6 60 y=x+2.8
Northwest China
TR e i X 39 y=x+3.9 23 y=x+4.3

Qinghai-Tibet Plateau

3 ¢ ®
31 B EERERENES

XF895 M G35 ~ 40 cmAF 347 Hby i Fif VR B 184
AR — AT a2, BRI AR L X RN
R R AR, HAR]— 3 DX P 450 5 0 1 A 34 R
B TR 32 48 n O oA 22 B0 ) ) AR AR R, 7 R — TR
FEVE P H B T AR =R (R X ) A
AR (5) o XS b O A< 5l Buds
TR 43 DX AR SR 22 39948, 32 X N B0 i &
G RREmR. tT E E R R G EE 3E
AR AR G SRR S B B R A B, A X

T A 249 M 22 7 SR A REAR G b S ke 7y IX g
fil, DRI e T A S Ol 2 P B R A B 4G
o oA

SRR N T U 5 8 vk A S 0 4% XA B O e
WRM AW B FM (FR2) , HE TR XA
GG AR /N, o XN B S S0Pt 2 38 A ) A
AR 22 RIS O . BT, RYTHTE
WelX . VLR DCRIAERGIX A5 2R A DU I8 S A
R E Y S REEEN, TR
G AR N AT I A, IR D7 R AE DX N 45 3 7 4
REIBCIHE S A SRR e . RAEIX . R /N 2%&is
Worli 32 & VR MR, T AR A 0 g R
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Table 4 Accuracy test of the methods for estimation of mean annual soil temperature
20 cm 40 cm

43X BIF il 1

Partition Validation sites Wi M2 WL EL 1 M2
Observation Observation
RILIX KiEDawa 10.9 10.9 11.6 10.5 10.6 11.7
Northeast China # 1 Yingkou 11 1Ll 119 109 110 12.0
VI X T Zibo 15.1 152 15.6 14.7 14.8 15.3
The Huang-Huai~Hai region 2 M Bozhou 16,5 165 16.5 164 163 16.2
KA T IX 1M Huzhou 17.8 17.7 17.7 17.7 17.8 17.6
The middle and lower reaches of the Yangtze 5 # Huangshi 156 186 189 185 185 188
River

VLR X % Ji'an 20.3 20.4 20.5 20.2 20.1 20.4
Jiangnan region #5171 Qimen 180 17.9 17.9 18.1  18.0 17.8
LR IX LA Yulin 24.2 242 24.4 24.1 24.0 24.4
South China R 1li Lingshan 237 23.6 24.0 233 234 240
A S e I B T £ X Il Yinchuan 11.7 120 11.6 11.3 11.6 12.0
Inner Mongolia and zone along the Great Wall {4 B Y EjinHoro Banner 04 9.6 90 9.5 92 94
AR KHiTianzhen 9.3 9.5 8.9 9.2 9.3 9.0
Loess Plateau % Houma 144 145 1438 143 143 14.9
Y Za b X N HE Chengdu 17.7 17.8 18 17.8 17.7 17.8
Sichuan Basin 12 Yibin 192 193 197 192 192 195
=Bt R IX 52 Mengzi 21.3 213 212 21.1 21.0 21.2
Yunnan=Guizhou Plateau #5%) Duyun 18.0  18.1 185 183 18.4 185
BB Lk X M Linzhi 13.3 13.2 12.7 13.3 13.4 125
Hengduan mountain region /R B Maerkang 1.6 117 12.4 11.6  11.6 122
PEALIX ik Zhangye 11.2 11.1 10.4 11.3 11.4 10.6
Northwest China W% H Kashi 148 148 149 141 142 15.1
T R 5 A X T Henan 4.0 45 3.6 3.8 34 4.0
Qinghai-Tibet Plateau P 4 Zedang 129 138 13.1 1.7 114 135

e MIERBIH R, M2RRAES AR 25 F ¥ {HTE Note: M1 denotes regression equation method; M2 denotes method

based on mean difference between mean annual soil and air temperature

A W, BRJTRRRAER

W +Hiindd 360
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HBIX, PN S PR A A PR B R B B AR
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Table 5 Trend of the change in mean annual soil temperature with depth at meteorological stations relative to zone

X RIE Depth (cm)
Partition 5~10 10~15 15~20 20 ~ 40
ARILIX
. TR Tt TR TR
Northeast China
o LT TR Az T
The Huang—Huai—-Hai region
KALH TR IX.
A IR T T
The middle and lower reaches of the Yangtze River
PAREAES
' ' e IR e T
J]angnﬂn reg]ﬂn
'ﬂﬁﬁgjg
e LT LT 19t TR
South China
A5 oty e JE B AR T 4 X
e ! FFARE FFAE TR Fhe LT
Inner Mongolia and zone along the Great Wall
w1t EIX
a LTt EH g LTt
Loess Plateau
DU 1 23 X
_ , s IR s T
Sichuan Basin
=5 JRIX
w =i T A A
Yunnan—-Guizhou Plateau
R Lk X
- LA s T s
Hengduan mountain region
] .
) TR TR FREIANAR TR BT
Northwest China
T R X X X ,
- EIHAEFRE  EIHAE R s LIt

Qinghai-Tibet Plateau

ALY TR UG 940 om 471 i il B A LD AR GOR R IR 2D R R PR 25 1 . e

W +Hiindd 361

I, 8T UR AR AR M VAt S R A [ T3 e JEE )4 4
M URARDL o 5 78 e Jirt DRI A 552 oty g i B R BT 2R X
fi0 B AR, (H ARG B S A R A L, A
Ul AR X P A DX A 5 AR o A AN 2,
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Table 6 Statistical characteristics of the variation in magnitude ( °C ) of mean annual soil temperature with soil depth from 5 ¢cm to 40 cm

6 5~40 cmF MR T ERIFIHHFE (C)

R Depth (cm)

IrIX Tt H 20 ~ 40
Partition Item 5~10  10~15 5~20 SR A SAE AL /4
Total variable quantity Total variable Quantity/4
ZRALIX ¥ Mean 0.2 0.2 0.1 0.3 0.1
Northeast China WA A Max 0.5 0.5 0.4 0.9 0.2
We/IME Min 0.0 0.1 0.1 0.0 0.0
HOUEHEIX YJ{EMean 0.0 0.1 0.0 0.2 0.1
TheHuang—Huai-Hai region s (i Max 0.2 0.2 0.1 0.7 0.2
e /MEMin 0.0 0.0 0.0 0.0 0.0
KIT R B fEMean 0.1 0.1 0.0 0.3 0.1
The middle and lower e AE Max 0.2 0.3 0.1 0.6 0.2
reaches of the Yangtze River B/IMEMin 0.0 0.0 0.0 0.0 0.0
VLFG X YI{EMean 0.1 0.0 0.0 0.2 0.1
Jiangnan region WA AE Max 0.2 0.3 0.1 0.6 0.2
We/IME Min 0.0 0.0 0.0 0.0 0.0
B X ¥I{iMean 0.0 0.1 0.1 0.4 0.1
South China WA Max 0.1 0.4 1.1 0.9 0.2
e /MEMin 0.0 0.0 0.0 0.0 0.0
WEE SR LKL X B Mean 0.1 0.1 0.2 0.3 0.1
Inner Mongolia and zone KA Max 0.2 0.3 1.6 0.6 02
along the Great Wall W/MEMiIn 0.0 0.0 0.0 0.1 0.0
AR X Y Mean 0.1 0.1 0.1 0.2 0.1
Loess Plateau e KA Max 0.4 0.7 0.2 0.7 0.2
e/ IMEMin 0.0 0.0 0.0 0.0 0.0
VY1 Za i X YI{EMean 0.4 0.1 0.0 0.2 0.1
Sichuan Basin KA Max 0.2 0.4 0.1 0.6 0.2
We/IME Min 0.0 0.0 0.0 0.0 0.0
=R EX ¥ifMean 0.1 0.1 0.1 0.4 0.1
Yunnan-Guizhou Plateau W A B Max 0.4 0.2 0.2 1.0 0.3
e /MEMin 0.0 0.0 0.0 0.1 0.0
BT LK X ¥ Mean 0.1 0.0 0.1 0.1 0.0
Hengduan mountain region W KA Max 0.1 0.0 0.1 0.2 0.1
e/ IMEMin 0.0 0.0 0.0 0.0 0.0
[iE]AES YI{EMean 0.1 0.1 0.1 0.3 0.1
Northwest China WA Max 0.4 0.3 0.1 0.9 0.2
We/IME Min 0.0 0.0 0.0 0.0 0.0
T R S X HJ{EMean 0.1 0.1 0.0 0.4 0.1
Qinghai-Tibet Plateau e R AB Max 0.3 0.1 0.1 1.2 0.3
He/IMEMin 0.0 0.0 0.0 0.0 0.0
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Methods for Estimation of Mean Annual Soil Temperature in China

HAN Chunlan YU Wuji LIU Jinbao FU Xiaomei ZHAO Liting
( College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract [Objective] Mean annual soil temperature is an important physical property of soil and
of great significance to regional agricultural production. The purpose of this study is to explore regional
characteristics of mean annual soil temperature relative to soil depth in China, and define an applicable
method for accurate estimation of mean annual soil temperature. [Method] Ground meteorological data
accumulated in the 895 meteorological stations in China during the period from 1980 to 2010 were collated
and mean annual soil temperature analyzed based on zoning by Grade I standard farming system in China.
Two methods were tested for estimation of mean annual soil temperature in China. The first one is a multiple
regression equation established on the basis of SPSS Statistics 17.0 for regression of mean annual soil
temperature with mean annual air temperature, latitude, longitude and altitude, and the second one is
to estimate mean annual soil temperature based on the mean annual air temperatures and regional mean air
temperature already available. [Result] Results show that the mean annual soil temperature in various soil
layers 5 to 40 cm in depth in all the regions was higher than the mean annual air temperature monitored at the
meteorological stations of corresponding regions. In the same meteorological zone, regardless of meteorological
stations, mean annual soil temperature varied with soil depth within 5 ~40 e¢m, but the variation did follow
the same trend. Mean annual soil and air temperatures differed in the range of <0.1°C in all the soil layers
from 5 to 20 e¢m in depth, but varied more, significantly in the soil layers from 20 to 40 cm in depth, and the
difference in some individuals zones reached 0.4°C. Comparison between meteorological zones shows that the
difference between mean annual soil and air temperatures varied regionally, that is, declining first and then
rising from north to south, and gradually increasing from east to west; in some zones the difference varied in
the range of 1.4 ~3.9°Cat 20 cm in soil depth and in the range of1.1 ~4.3°C at 40cm in soil depth. Compared
with the estimation model based on zoning by Grade I standard farming system, the regression equation was
higher in accuracy, but it was not so significant in the Qinghai-Tibet Plateau, Inner Mongolia and zones
alongside the Great Wall. Analysis of the data of mean annual soil temperatures in soil layers at 5, 10, 15,
20 and 40 cm in depth at all the 262 meteorological stations that had kept complete data shows that in the soil
layers 5 ~ 40 e¢m in depth, mean annual soil temperature varied in the range of <0.1°C at 5 cm and much less
in the soil layers 20 ~ 40 cm in depth. Based on a single estimation site, the estimated mean soil temperature
in the soil layer at 50 cm differed from the value at 40 c¢m to the extreme by <0.4°C. [ Conclusion] The
estimation of mean annual soil temperature using the mean annual soil and air temperature difference method
is quite low in accuracy and the method is recommended for use only in the Middle and Lower Reaches of the
Yangtze River, Jiangnan region, Sichuan Basin and Yunnan-Guizhou Plateau, and the regression equation
method is quite high in accuracy in all the zones of Grade I standard farming system, except for Qinghai-
Tibet Plateau, Inner Mongolia and zones alongside the Great Wall. In farming zones where the distribution of

meteorological stations is dense and little in elevation variation, the regression equation based model is the
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more higher in accuracy with little variation in mean annual soil temperature in the soil layer 40 ~ 50 ¢m in
depth. Therefore, it is advisable to use the soil temperature at 40 cm to replace that at 50 ¢m in the prevailing
“Chinese Soil Taxonomy” .

Key words Mean annual soil temperature; Soil temperature; Prediction model; Regional variation
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