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Fig. 1 Geographic map of the Shiyang River Basin
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Table 1 Chronology of shallow soil temperature anomaly in the middle and lower reaches of the Shiyang River Basin ()

ARAR fFi# Middle reaches T Ui Lower reaches
Decade 0cm 5 cm 10 em 15 cm 20 ¢cm 0 cm S5 em 10 cm 15 cm 20 cm
1961—1970 -0.9 -0.5 -0.6 -0.6 -0.6 -1.4 -1.3 -1.3 -1.2 -1.2
1971—1980 -0.8 -0.5 -0.6 -0.6 -0.6 -1.0 -0.9 -0.9 -0.9 -1.0
1981—1990 -0.5 -0.5 -0.4 -0.4 -0.3 0.0 0.0 0.1 0.2 0.0
1991—2000 0.2 0.1 0.3 0.3 0.3 0.5 0.5 0.5 0.6 0.6
2001—2013 1.5 1.1 1.0 1.0 1.1 1.5 1.3 1.2 1.2 1.2
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Fig. 2 Change in annual shallow soil temperature in the middle and lower reaches of the Shiyang River Basin
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Table 2 Annual mean shallow soil temperature and its climate tendency rates and trend coefficient in the middle and lower reaches of

the Shiyang River Basin

FriiEMiddle reaches

“NifLower reaches

=1 v " )
J2U H{H i i % LSRR KM [TIRES LSRR
Level Mean value Tendency rate Tendency Mean value Tendency rate Tendency
() (°C 10a™") coefficient (c) (°C 10a™) coefficient

0 11.7 0.587 0.792 11.0 0.728 0.919

5 11.7 0.385 0.669 10.9 0.627 0.875

10 11.7 0.397 0.690 11.0 0.606 0.868

15 11.7 0.407 0.721 10.9 0.592 0.872

20 11.7 0.423 0.731 10.9 0.610 0.877

s BYSEmE, TRAW, LR, Wi,
5 ) 2 0 [ A T B A, M IR Y H R AR i R A v i
(2 ) ZRMPENTIX R, XA RE 25 R 24 1A
W (B PRI 0 SRR, T AL, 32 MR 1) v A1
SR T . N E LR R — R
33 BEEPHEXBHENET

TINFKLIA . B B, A0 Z 2 MR 0 7
B A R A R hR3TAE, i
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15 em 120 emib i N E R R K, ERZ, LTk
Ao HRSS AR RIRZ R FI AR, T
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WA B REZ IR E T, hliE . R
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REBRUERE, P, PSR RE. 2. &
B0 em&Z BB REIEL T «=0.01
1 P KOE RS, BB EIR R TiF20 cm
KRB AR T o =0.01 49 3 MK
Ky, FIHEBIREE, 10 emMll5 em& S E#
PRFGE T o =0.050 8 FHEAEKLR, FTHE
PEE, 5 emXFUEBHERPCET T o0 =0.1/
EMEACPRR, EIHEBER R TS ~ 20 em%
TS AR R RO W B KRR, T
PR
3.4 XBEHEBMATH

SFTA SRR . R R )2 R R B, TR

MR A AR AR i, H AR REK, 0 ~ 20
emM iR HAEEHK12.7, 9.6, 83, 7.1, 6.0 C; |
70 ~ 20 emMiilE A AR K 16.4, 14.7, 103, 8.7,
6.8 Co HULAT UL, HAARRN T > rfiiE, HREH
R Z B IR, AR AR BN o 7R iR A
Lo PRI A B AR A
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A A BARA, 7H W&,
3.5 KREHEBHNERT M

K B X T 53 alk E MR T TR
R IE4aml LIE . A0 ik o ~ 20
em¥ER 2 H I 201 40 60478 2 90 4R AR v 1A 34 22 Ui 5
TRERE, 19964 s B EAbias, Ri201H
20 904F AR ) Z 2 1t 20 1 1 34F A Pk I T B B
BRI 5, 0 cnZEfL i N B i,
199645 M LAY H1.83 . 1.51, 1.46. 1.60,
1.70, Y@ TAEME bR, Al HiEO ~ 20 em
R 1 2 AR B 199647 . MIE4bRT IR H: A
FIPEL T 70 ~ 20 emik )2 MR 201 22 604E48 2280
AEAR R Y P R R, 198S5AE R IR R B
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Br, 19964 - hn Skl b Th#ads. Hp201 42904
A2 L2017 134 S Pk BB, 45 )2 IR0
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Table 3 Seasonal mean shallow soil temperature and its climate tendency rate and trend coefficient in the middle and lower reaches of

the Shiyang River Basin

0 cm 5 em 10 em
.. P . Sl L .
i N it 1] 2% FERE Y i 1] 2 JERFN 7 1] 2 FER Y
Hb 5iPlace . Mean Mean Mean
Season Tendency rate  Tendency Tendency rate  Tendency Tendency rate  Tendency
value ! value . value |
(C10a™) coefficient (C10a™")  coefficient (c10a™) coefficient
(c) (c) (c)
FiEMiddle  HZE
14.3 0.651 0.698 13.6 0.545 0.634 13.1 0.549 0.666
reaches Spring
FES
27.2 0.631 0.640 25.9 0.498 0.549 25.3 0.503 0.595
Summer
kg
10.5 0.522 0.670 11.2 0.298 0.470 11.6 0.296 0.446
Autumn
-5.0 0.529 0.605 -3.7 0.189 0.322 -3.3 0.241 0.394
Winter
TiifLower HZ
13.6 0.868 0.803 12.3 1.105 0.828 11.7 1.111 0.852
reaches Spring
e
27.8 0.678 0.731 26.0 0.867 0.805 25.3 0.938 0.856
Summer
&S
9.6 0.655 0.788 10.5 0.336 0.586 11.2 0.312 0.520
Autumn
X7
-6.7 0.703 0.721 -5.3 0.190 0.270 -4.5 0.055 0.088
Winter
15 em 20 cm
R 1 T P
EaN i i) 5 FEEER ¥E i ) 28 LR
i 25 Place ) Mean
Season | Tendency rate Tendency Mean value Tendency rate Tendency
value
(°C10a™) coefficient (c) (°C10a™") coefficient
(c)
PiEMiddle  HZ
12.8 0.554 0.676 12.5 0.563 0.694
reaches Spring
e
24.9 0.515 0.636 24.6 0.523 0.668
Summer
B
12.0 0.320 0.480 12.3 0.336 0.493
Autumn
K
-2.9 0.254 0.427 -2.5 0.266 0.449
Winter
FiiFLower HF=
11.1 1.126 0.866 10.5 1.208 0.887
reaches Spring
CES
24.6 0.987 0.890 23.9 1.107 0.914
Summer
&S
11.8 0.302 0.515 12.2 0.306 0.536
Autumn
&2
-3.7 -0.056 -0.089 -3.0 -0.171 -0.267
Winter

http: //pedologica. issas. ac. cn



6 1] WEFe 2 A1 I R T T 2 A A B R A A e i

1407

301 a il
25 Middle reaches

HiiR
Geotemperatur (°C)

1 2 3 4 5 6 7 8 9 10 11 12
H 4 Month

K3 A soh o iR )2 Ml e A A1

Fig. 3 Monthly change in shallow soil temperature in the middle and lower reaches of the Shiyang River Basin

AEA Year
— v N N > = ¥ NN > — v
O O O > > 0 0 X0 N N © O
[o NN e el Nie e e e e M- -1
~~~~~~~~~~ NN
T

DN N
S =
(=
NN
T

BB

Accumulatedanomaly (°C)

25 L adrjf Middle reaches

H ik
Geotemperature (°C)

1 2 3 4 5 6 7 8 9 10 11 12
H 4 Month

— o e e e e e = e

2001
4 2005
w2009
2013

HATHEP
Accumulatedanomaly (°C)

b Tii# Lower reaches

K4 A lod o T iRAE 2 Hl Y R

Fig. 4 Accumulated anomaly of annual shallow soil temperature in the middle and lower reaches of the Shiyang River Basin

AEAE R LR IR 1,48, 1.25, 1.07, 1.07. 1.11,
B st TAEME IO, IR T Ui 2 L Y 28 AR
] A 1985 4F F19964F . H T 19854 {5 M b K T
19964, K, 19854819964 1 548 I i .
3.6 REHERX SR AT IR N

S 1 LN N T R Y =8 R A B L B g
TR TE AR BT, AR BEORE,
53af SFW Bk o N R AR AR A 2 LT
(ES5) , HAMMG R FREN0.437 C 102", K
a2 50H0.731 95 FiiFN0.417 °C 10a™", X
R R K N0.784 9, MR SRR BB 5 L HL
E, REHEBRBEED T « =0.01/9 2 FMEAKCEE
5, FIHERIRRE . 2 M 20 R &
B, L AR BB R SR AR ~ 6 alty
HEFIIA S AL, PR S, 5B o =0.0509 2%
AT A 50

3t — U TR AR, IR A2 A S BR
R AR AR A - SERRCIR B 5 i 4 R B HAR SR
B, AR AR A SR 5 = R A AR A . e
Pk A R R BRE R, ATt
P JZ i B SR A T E T (R4, Kdrbx
4 R BRI BT R FER L ¢, W R T
ey AR P L R, O e R A AR A R AR
£ ) ) R R L v i SRR AR IR S AR TR R R Y
EARRFIEME, FRRAMCREI KL, HAME
FRE A T o =0.001 8 B F KRGS, A2
IR o U IR X IR B A Y 2 P IR Ak
7, BV JZ M il 04 7 i R h T RS A U
AT BT 2 st A B, RS2 R
W T[] FL A A ] A 7 A e 3, 0 AR 1) B I ) A2
MAE—RE FEJE b AT AR 2= 3 it () B e [ A2 4k
Hy LB S A al A, - ) il B A A TR Y

http: //pedologica. issas. ac. cn



1408 + %

3=0.043 7 x~78.52

(=0.731 9, n=53, p<0.01)

o
S
o
o
S
E
<
e
L
o
£
L)
F
|
r
1 1 1 1 1 1 1 1 1 1 1 1 1
6
— w N o o~ — vy N o o~ — w (o) o
O O O - - o0 o0 =2 [N [*)) [ I ] (= —
[ N N ()Y N (o)) [} [} (o)) ()} [ ] (=) (=]
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ o o o o
AEA Year

3=0.041 7x-74.41
(=0.784 9, n=53, p<0.01)

A Temoerature (“C)

2009
2013 L

0
2005

SRR ST bR A SN T S W '

Fig. 5

S A e, HAER ARt B RA R AR, <R BE
B ] P 725 X 72 J22 e Tk o o ] £ 22 Ak ELAT W 3 R AR
A, B9 RIAZARZE A, 2 sl A 22 A vl R L2 X
SRS . 305 SRR R T A P AU
a4y, AR O IETIEWI . R0 T R
IR R F R A R B — Bk

HI3.3 0 M el J, A SR i . R A
FAHE LTSN FE>EE>UE>LF,
T A7 58 ¥ 45 20T BRI e B0 ST O A B AR Y
EIHERNE T > FE>RF>EF, HEFUR
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Table 4 Relationships between annual air temperature and annual shallow soil temperature In the middle and lower reaches of the

Shiyang River Basin
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Level KHRK AHOC R AL KHR AHIC R EL

(em) Relationship Correlation coefficient Relationship Correlation coefficient
0 1.194 x+1.886 0.960 4 1.380x-0.613 9 0.925 1
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10 0.905 6x+4.221 0.939 2 1.194x+0.862 2 0.909 6
15 0.896 9x+4.322 0.947 0 1.167x+1.080 09132
20 0.920 9x+4.099 0.948 3 1.192x+0.825 5 0.9109
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CHANGE IN SHALLOW SOIL TEMPERATURE AND ITS RESPONSE TO CHANGE IN
AIR TEMPERATURE IN MIDDLE AND LOWER REACHES OF SHIYANG RIVER BASIN

Ding Wenkui® Ma Zhonghua® Xu Zhengfen®
(1 Lanzhou Institute of Arid Meteorology CMA, Key Laboratory of Arid Climate Change and Reducing Disaster, Key Open

Yang Xiaoling' >

Laboratory of Arid Climate Change and Disaster Reduction CMA, Lanzhou 730020, China )
(2 Wuwei Meteorological Bureau of Gansu Province, Wuwei, Gansu 733000, China )
(3 Pucheng County Meteorological Bureau of Fujian Province, Pucheng, Fujian 353400, China)

Abstract To rationally guide agricultural production, protect ecological environment and explore how
much soil temperature responds to climate change, a study was performed to systematically analyze temporal
variation and extreme value of shallow soil temperature and their relationships with air temperature based
on the observatory data, accumulated during 1961—2013, of the daily shallow soil temperature (0. 5.

10. 15. 20 em ) and annual air temperature in the middle ( Wuwei) and lower (Minqin) reaches of
the Shiyang River Basin, using the linear trend method, variance analysis method, accumulative anomaly
method, and correlation coefficient method. Results show that in that region the decade and annual shallow

soil temperature displayed a very significant rising trend, particularly, in the first 13 years of the twenty-
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first century; climate tendency rate was greater in the middle reaches than in the lower reaches, and climate
tendency coefficients all passed the o =0.01 significant level test. Annual mean of shallow soil temperature
was higher in the middle reaches than in the lower reaches. In the chronology of shallow soil temperature
existed 4 ~ 6 year paracycles of variation for both middle and lower reaches. Sudden change in shallow soil
temperature occurred in 1996 in the middle reaches and in 1985 and 1996 in the lower reaches. Shallow soil
temperature was the highest in summer and the lowest in winter in both the middle and lower reaches, and
tended to rise in all the four seasons, with climate tendency rate being in the order of spring > summer >
autumn > winter. Monthly variation of shallow soil temperature was quite consistent, with an obvious peak in
July and an obvious valley in January. The annual mean air temperature was obviously in a rising trend in that
region. The climate tendency rate was 0.437 °C 10a™" in the middle reaches and 0.417 °C 10a™' in the lower
reaches, and climate tendency coefficients all passed the a=0.01 significant level test. Annual shallow soil
temperature and annual air temperature were in an extremely significant positive relationship, with correlation
coefficients passing the a =0.001significance level test, indicating that air temperature has a positive effect
on shallow soil temperature. Annual air temperature and shallow soil temperature showed a similar pattern
of variation. It is quite obvious that annual variation of air temperature has a remarkable positive effect on
annual variation of shallow soil temperature. The increase in shallow soil temperature may be explained as
its response to the rising air temperature, and the response is more sensitive in the lower reaches than in the
middle reaches, and in spring and summer than in winter.

Key words Shallow soil temperature; Variation characteristics; Correlation coefficient; Shiyang

River Basin
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