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Abstract

Based on the soil moisture data from GLDAS and precipitation data from GPCP during 1960~2010,
the temporal and spatial variation characteristics of soil moisture in four layers (0~10 cm, 10~40
cm, 40~100 cm, 100~200 cm) of Northern China in recent 50 years were analyzed, and the rela-
tionship between soil moisture and precipitation was discussed. Further, based on the data of
CSIR0-mk3.6.0 model under RCP4.5 and RCP8.5 emission scenarios, the change of soil moisture
during 2020~2100 is projected. The results show that: 1) The soil moisture in Northwest China
was increasing gradually in recent 50 years, while it declined gradually in most parts of North
China, Middle East of Inner Mongolia and Northeast China; 2) The soil moisture in the depth of
0~10 cm had a significantly positive correlation with precipitation, as the soil deepens, the corre-
lation between soil moisture and precipitation gradually became weak, even below 40 cm, the
correlation became negative correlation from positive correlation; 3) Under the two emission
scenarios RCP4.5 and RCP8.5, soil moisture has an increasing trend during 2020~2100 in Xinjiang
and the western part of Gansu, while it will decline in North China, Eastern Inner Mongolia and
Northeastern China. As the emission concentration rises, soil moisture becomes more in Xinjiang
and the western part of Gansu, but the soil moisture in Inner Mongolia and Northeast China will
change from decreasing to weak increasing. In general, relative to the period of 1986~2005, soil
moisture in Northern China will display a decreasing trend on regional average.

Keywords

Northern China, Soil Moisture, Precipitation, Temporal and Spatial Variation, Projection

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

THREEARE ST EESE, B AR KRR, RIEAE R B B, B
= A BRI (1] TR AR M 5 BRI 5 KA SRR, 5 AR A=A s B R OC.
ST R R M 3 A B AR A R SRR . IR R, bR A K, 2
MR IR, R, WG R, Hik, HEE - EEW AR TR — N0
E ' NZEATRPR[2]

8% %3 UL IR AR NI AE T BT 2 T 8% T/E. Wang et al. [3]F]H 254 LR
AR T 7 1950~2006 4+ E 3T SR AR, R R A X 57 R E A b E R SRR
TR GRS [A) R R A AT % 2 3 e 3 o 3 R VR b 3R - B FE AN PDSI 4R 500 AT R, LT 7 DXOR 7R e Vi)
[X [ 1980 EACHHIHEL TR T - W RIHAS S, HIET 2 5B E VR E 1P AL AR
FAEF[4] [5]. BRI LA HY, 3008 5 BB A% 73 20 173 s SR Fr 1 R e o FRE B R B XAz,
C.4 5 B LA 56%, FEEREFEILTX, Hd 4%t EmETRXERE. X a4 ™EHG
TR E A SR S LR AR R[6]-[11]. M T BRI R, MRS A L UAAE ™ E, I
L NRIEEE R IR, AR B PIOR. [RI, R KR I BT R AR T BT K S B
WA W50 4R, RE AL X R R AL CA O IR E ) — AN ORI ), R E Dy R B S T
] 5 B g OV ) St P AT 98 R R P T 8 1] A A BR B AR AL T A A IR 7L 7[12]

DOI: 10.12677/0jns.2021.96104 955 e


https://doi.org/10.12677/ojns.2021.96104
http://creativecommons.org/licenses/by/4.0/

B 5

RET BT R XA LR R AR . 2R,

T 9 3R P8 () 7 2% 32 B MO U T2 3 AR AU S5 [ 1.3 o 33k L vt T AL 00 2 e B P )
IR T TV, (RIS, T A 6 T R SR AIE AU SR OB T B [13] . O T AL K
I AR, TREKEN), Kk JUHEREEE TR, 1B AR R 1) A (R ——T DL Ak
B, (RN FIEAEIEE ROAGE, Bk RN TR [14]. 108 KRR ma Xt 113
MRS IR Z R T o W VR R ORI R, R ) 24 [l e - 43808 B e T (1) — R 4 Ik SO ELAE FAIE LI B
KHRFE. AT RRE AR, FHEEEARKARRE, EFERELE 7R S P R F R
4, HAZC ) GLDAS (Global Land Data Assimilation System) i 1) /& 1 F A 52 T2 A0 i S0 5eds , 7
FH e 1 ) Wi T A ORI [ AR, TS 38 17 o 2 1 3 2OIR A DA SO kG i ()0 i, & R
WEIC I AT SRR SRR [14] . DRGSO B @20 #5500 GLDAS LR RE k), X E A6 7 L3Rz
I AR AT 15007, It 7 IR S KGR, 20X 2020~2100 -3k [E 4677 51
FERARARHAT 7 1Ak, XK i 3R B AL T T B 07 A R TAE A —E iR S = .

2. ZENEH*E
2.1, R

A CHH T GLDAS (Global Land Data Assimilation System) 1960~2010 4F it 3835 & ()32 H % kL,
GPCC (Global Precipitation Climatology Centre)i& J 1] [%/K 5k, H - GLDAS TR FRVE4EIY =, 4
ll7& 0~10 cm, 10~40 cm, 40~100 cm, 100~200 cm. ¥ 0~10 cm R4, 10~100 cm #R A=, 100~200
cm FRNIRZ

ASCIEA T CMIPS f CSIRO-mk3.6.0 53X 7 RCP4.5 Al RCP8.5 Py Rl HEUS £ T 1 13381 FE % k)

HT ok, [FfSORH SBR[, AR SR R A (B R T B R — i )
0.25° x 0.25°[f1 4% L.

22. A%

1) it [AA[15]
BH B/ ZFFEME LB, AL:
y =a+bhx (D)
X, b oAz, yoA-BRE, x ARE, a AEH. Mb>0n, RRTBHREANMN; 4 b<0r
TR IR AR D o b AR R/ RO 7 - 43830 R 38 I B el (1 5
2) FHRFRHL[15]
P, - cov(x,y) )
D(x)yB(y)
Horb, x ONEHERE, y NIREEEREK, Pyoux 5y ZIRMHK R, Py NIEE, SRR SR
JEa#E K B RIS, Py N ffE, Uil R38R 5 s oK 2 I Rk, Py daxiEilorR,
Tt BH 9 R 5 5 B B R K 2 1) TE A DR B BRE DGO R

3. i 50 FEFETIHEE R =TT
3.1. AR TR E B 9164 E

SFEEEE[7]N 0y PDO FHALHE AR 2250t v [ ) B KRS R i o, BRI Dy, o [ g A Pk s/ i b
R K2 P E R PEKIRA TG I £ . 7 2000 4E PDO KA T — UARAL AR, X B &5l

DOI: 10.12677/0jns.2021.96104 956 H ARl


https://doi.org/10.12677/ojns.2021.96104

B 55

(] - 30 5 1) 25 TR A% R RIS AR 2 A, AR SCHE 1960~2010 4E 73 il = AN BCHEAT 6 EE, =N B il N
1960~2000 4, 2001~2010 4F, 1960~2010 4E.

1 al DU H R E X R38R 2(0~10 om),  PhAE. ARALRIAR IR0 20 i X 38 b A6 T R A,
35°N PARG LS 100°E DAARHLIX T304 T AHXHRIEIRES o SR BE A T H0R EE R 0, &M X 3 5K 24
FEIZE AN, {H 35°N LARG LA K 100°E DAZR Hi X 398360 B 4 1H B S B2 v 1 [A) — IR BB N 4 [ Ho At X

2
| 15
— 10
e
) 5
0

55N ¢

50N

45N

40N -

35N -

30N -

25N -

20N

vie i

. vie . .
NoE  80E  90E 100E 110E 120E 130 140E 80E 90E 100E 110E 120E 130E 140E 80E OOE 100E 110E 120E 130E 140E

15N - . \he i

55N

50N

45N

40N

35N

kg/m?

30N

25N

20N -

. . . \He i . . 2o ) . P [
15';OE 80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E

400
350
1300

| } 1250,
£

55N

50N

45N

40N

35N

kg/m?

30N

y
26N | /=
S
20N

15N y¥e . \Eo i

0
200
150
100
50
0

i 5 \ c s W¥e g0
70E  80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E

55N
50N |
45N
40N |
38N 200 @
30N |

25N |

20N

Ve

. s Ao N
70E  80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E 80E 90E 100E 110E 120E 130E 140E

15N . \Po

Figure 1. The spatial distribution of annual mean soil moisture (The three columns indicate three periods of 1960~1999,
2000~2010 and 1960~2010; the four rows mean four soil depths: 0~10 cm, 10~40 cm, 40~100 cm and 100~200 cm)
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Figure 2. The spatial distribution of linear trend of soil moisture during 1960~2010 ((a) 0~10 cm, (b) 10~40 cm, (c) 40~100
cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 3. The spatial distribution of linear trend of soil moisture in spring during 1960~2010 ((a) 0~10 cm, (b) 10~40 cm,
(c) 40~100 cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 4. The spatial distribution of linear trend of soil moisture in summer during 1960~2010 ((a) 0~10 cm, (b) 10~40 cm,
(c) 40~100 cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 5. The spatial distribution of linear trend of soil moisture in autumn during 1960~2010 ((a) 0~10 cm, (b) 10~40 cm,
(c) 40~100 cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 6. The spatial distribution of linear trend of soil moisture in winter during 1960~2010 ((a) 0~10 cm, (b) 10~40 cm,
(c) 40~100 cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 7. The spatial distribution of correlation between soil moisture and precipitation during 1960~2010 ((a) 0~10 cm, (b)
10~40 c¢m, (c) 40~100 cm, (d) 100~200 cm; the black dot indicates the trend passes the 95% significance test)
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Figure 8. The spatial distribution of linear trend of soil moisture during 2020~2100 under RCP4.5 (a) and RCP8.5 (b) (The
black dot indicates the trend passes the 95% significance test)

8. RCP4.5 (a)F1 RCP8.5 (b)AFHEMER T 2020~2100 FHIWEE LML T E s H(HPESRREMEEER
T 95N EE ML)

6. it

ASCHIH] GLDAS 30 et Al GPCC kit , v #r 1 JREL 7 3G R AR (RHIE,  FF e
T EEERE SRR LMK R, DT CMIPS Bt RCP4.5, RCP8.5 Wil il 5t 1 i £k gl
TAETT T8 X R HER AR, 345

1) JE LR ER AT KRBT LU S5 “ARIBIE T« “RIIBIET” MRAE. BEE LR W
IR, R A R

DOI: 10.12677/0jns.2021.96104 962 H ARl


https://doi.org/10.12677/ojns.2021.96104

B 55

2) ZAEHRYIL 50 FRE LT T 2T R R AN ZE AR, RABX LR T

B, TORTSEORED . H A PO AR DL AL X R R BT

3) LIRE S KRR RN 0~10 cm HIEEE 5 FK IR R irom, FEE BRI, LHEE

FESRKZ B R RIS, HLEF 40 om LN, R 5 FOKKI SR B IEAREAN AR, B
B P A0 Y 2 - S 2 PR S M B e )

4) 7& RCP4.5, RCP8.5 MAfHERUE ST, Hrid. HINVUH LR E 20 EEnaas, BFEEHR

ISR TN, 3R G R B AR IR, Ui I OR R (2020~2100 4E)FraE . H AT PG A5 DOR 248 45
M. EPNEE. RACHLIX SRR T R A R S, B HEBGREE RGN, S R /I (3 R A
%, FLEAR M X WA SR S

SE WK

[11  SAEE, RAUbk, R, o AR 0 X 4 33 A 1 AR R e 5 SR AR I R R[] AR 2# 4k, 2000, 58(3):
278-287.

[21 &S EER WEE, % FRETREX D EREEMPT AR F5FS4%, 2014, 32(1): 135-141.

[3] Wang, AH., Lettenmaier, D.P. and Sheffield, J. (2011) Soil Moisture Drought in China, 1950-2006. Journal of Cli-
mate, 24, 3257-3271. https://doi.org/10.1175/2011JCLI3733.1

[4] 5P, WAL, FETBEME 21 tHadwy X k3R 3K & A 5 3], BHE#@k, 2012, 57(16):
1412-1422.

[6] 7rEAME, Fo%F, SRPEE ST HEEERMAES S80S ENFRPR LR R[], B@ik, 2007, 52(8):
965-971.

[6] P, IEA, F4EdR. REEAIREHEAAIL T T BA& BTG T ) FEFFBR[]. HERE kR,
2005, 20(11): 1157-1167.

[71 SFE, frw. P EFFEMETRE 10 FERREARHE]. hERY 274, 2005, 48(3): 519-525.

[8] FFiFak, BAEE. 2B X200, KSR, 2008, 32(4): 752-760.

[O] %, ZEMENE. JRIEVHEE T R AR R ERIR D], TEAR, 2013, 31(1): 182-193.

[10] FEgte, ERM, WHETE, 55 MJO Fl AO Fr8:miin M T F AT L[], T5 4, 2011, 29(4): 401-406.

[11] R, AN, PRk, 4. 3 M SR80 51N & 2 P s 52 WS a0 el i [3]. +524, 2012, 30(3):
315-322.

[12] Walker, J.M. and Rowntree, P.R. (1977) The Effect of Soil Moisture on Circulation and Rainfall in a Tropical Model.
Quarterly Journal of the Royal Meteorological Society, 103, 29-46. https://doi.org/10.1002/qj.49710343503

[13] EWE, R, S0EEE, & TP R X R AUE BT U R 0], T 5%, 2014, 32(1): 135-141.

[14] Zhang, A.Z. and Jia, G.S. (2013) Monitoring Meteorological Drought in Semiarid Regions Using Multi-Sensor Mi-
crowave Remote Sensing Data. Remote Sensing of Environment, 134, 12-23. https://doi.org/10.1016/j.rse.2013.02.023

[15] ZAE. BARABESTHS W S T AR [M]. dbst SR HktE, 2007.

DOI: 10.12677/0jns.2021.96104 963 H ARl


https://doi.org/10.12677/ojns.2021.96104
https://doi.org/10.1175/2011JCLI3733.1
https://doi.org/10.1002/qj.49710343503
https://doi.org/10.1016/j.rse.2013.02.023

	近50年中国北方土壤湿度时空变化特征及未来预估
	摘  要
	关键词
	Temporal and Spatial Variation Characteristics of Soil Moisture in North China in Recent 50 Years and Its Future Prediction
	Abstract
	Keywords
	1. 引言
	2. 资料与方法
	2.1. 资料
	2.2. 方法

	3. 近50年中国土壤湿度的时空变化特征
	3.1. 不同时段土壤湿度的空间分布特征
	3.2. 土壤湿度线性趋势空间分布

	4. 土壤湿度与降水的关系
	5. 中国北方地区土壤湿度的未来变化
	6. 结论
	参考文献

