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Terrestrial Water Storage Changes of He’nan Province from GRACE Satellite

CAO Yanping, ZHAO Fang
(School of Environment and Planning , He’nan University, Kaifeng, He’nan 475004, China)

Abstract; [ Objective | Studying the spatio-temporal variations of water storage in He’nan Province to provide
a theoretical basis for the rational planning of agricultural development. [ Methods] The spatio-temporal vari-
ations of terrestrial water storage changes(TWSC) of He’ nan Province were derived from GRACE during
2002—2014, and the influence factors were analyzed. [ Results] (1) The annual variation of TWSC in
He’nan Province presented a cosine-shaped curve, in a loss state between January and July, and getting sur-
plus between August and December. The lag time between the peaks of TWSC and precipitation was two
months. (2) He’nan TWSC presented a decreasing trend during the observation period at a rate of —6. 34
mm/a. Geographically, the reduction rate of water reserves was higher at the south part than that at the
north part. [Conclusion] Through quantitatively calculation of the annual variation ratio of total water consumption
of human activities and TWSC, it can be concluded that about 1/3 variation of water storage in He’nan Province is
contributed by human activities, and the other part, about 2/3 of the variation came from natural factors.

Keywords: GRACE gravity satellite; water storage; He’nan Province

4,13X10"° m®, 19 By .
, 5.0X10° m*™, . ,
. o . b ’
[2], o
Y N ’
. o
’ o
:2016-09-01 :2016-09-21
. “ ”(17A170005)

(1986—), ( ) s , , . E-mail:0310cyp@163. com,



37

296
, . GRACE
1957—2005 10a 43.0+5.0 Gt/a ;
b ( , 2.3+0.8 Gt/a"'*,
) 1956—2010 Amazon 2005
s 1. 085X 10° m*/10 a, , 3 N
Ll , 2006 6—7 ,
. b7l GRACE ,Wahr [
. SWAT GRACE
, . . GRACE
[5] o Y b b
, (23] Wahr [ GRACE
; . , GRACE
[19]
. GRACE
. , GRACE CPC, GLDAS
. ,GRACE
. GRACE , 2002—2014
10 ~ 15 km , .
Lol | GRACE , . .
, GRACE
1
S 1.1
, . . 31°23'—36°22', 110°21'—116°39, 17
./ 5 . 1 , 1. 67X 10° k.
GRACE 2 3 ,
b [8: ’ ’
[9] [10] [11] , . ,
[12] [13] s [14] ,
bl GRACE ,
. [13] GRACE . ;
2002—2008 .
(0] 2002—2010 GRACE , . 12.2~16.0 C,
11 mm/a . 478.6~1 116.9 mmt*, ,



2 : GRACE 297
50% ~60%, ) 1.3
3% ~10%™7; 1.3.1
(22 _ , o
4, 25X10" m?, 3. 13X 10" m®, N N
2.16X10" m*, 1. 04X 10" :
m* . . N 4 , niY,-—iiiY;
,2001—2011 4 slope= —————"=— (D
7.903 X n&d ()
10° m’,2. 50X 10" m’,5. 903X 10° m’ ,2. 53X 10" m’* 1 3 Y
1.2 (mm) , Ch; i 1,2,++,n, slope
GRACE . '
’ ’ 1.3.2 Mann-Kendall
1.2.1 GRACE GRACE ’
GRACE CSR Level-2R1.05 , Mann-Kendall (
’ 96 MK ). :
1 o
. GRACE ’ ’
(2425 ,
261 [27] o)
[6] ’
(TWSO) ., 1 , 0.1°%, 2
1.2.2 N GRACE
(China meteoro- 2 , .
logical forcing dataset) , ITP Les20) 2.1
Princeton s 1 . ,
GEWEX-SRB , global land data assimila- ,
tion system(GLDAS) s . 1 ,2002 8 2014
tropical rainfall measuring mission( TRMM) 10 —133~210 mm
s ; 2004 9 ,2014 6
s . , 3
N . ITP :2002 8 2005 12
, 1979—2012 , 20 mm ;2006
3 h, 0.17%, 1 2009 12
) . 4 mm; 2010 1
— Chttp: // westdec. 2014 10 s
westgis. ac. cn/) . —26 mm, ,
y ArcGIS , N
, . , 2.2
GRACE ’ 2 1—12
. ITP . , . 2 )
{ » 2003—2014 H 5—9

o

579. 0 mm, 73.0% ;7



298 37
, 182. 4 mm, 2.3
23.0%, «
? 7177 0 6 ( 3) ’ M—K
, 59.3 mm, 8—12 (a=0.05) ( 3, 3 ,
. 9 . 56. 0 mm, 2003—2013
, , —6.34 mm/a, 2003—2013
2 o . . N N N )

’ o ) 78

6—9 R 7—9 ~—10 mm/a, P 0.01¢(

( ) , .9 3. N ,
L 26 9—12 . . e~
. 3—6 10—12 —8 mm/a, . P
. o 1—2 0.01, , .
0, 2 . b 0. 01
~0.05, \
) , , —0.6~—6 mm/a,p 0. 05,
1 . 2 2002—2014 .
3 Mann-Kendall
2002—2012 o



GRACE

299

o o b

—24.2 mm/a, , 0.053 C/a,

. 2003—

0.08~0.10 C/a,

[11]

[12]

b

2003—2014
6 ,2003—2014 s
,  3.305X10° m*/a

2.0 mm/a;

. /
1/3,
1/3, 2/3
2012
0.053 C/a.
6
3i6 .
«C 2,
;6 .
. 3 ,
« 4, ,
70% ,
80 %

[23]

[9] [4]

—6. 34 mm/a, ,

—24. 2 mm/a,

’

D

6),



300 37
3 , L ]
.. [y,
) 7 .2014.12(6) :58-62.
[2] . , .1956—2007
Ll 12010, 6 (4)
’ 277-283.
« O )
(3] . ) . . 19572005
A ° 0l ,2008,4(2)
3 ’ 78-83.
[4] , , .o
, ; Lyl ,
s 2012(2) :14-17.
’ o L5] ; ; . . SWAT
R :
, . [Jl. ,2010,29(2) :395-400.
[6] Wahr J, Molenarr M, Bryan F. Time variability of the
4 Earth’s gravity field: Hydrological and oceanic effects
and their possible detection using GRACE [J]. Journal
D ’ of Geophysical Research Atmospheres, 1998,103(103):

3 :2002 2005 12 30205-30230.

32006 1 12 (7] Tapley B D. Bettadpur S, Ries J C. et al. GRACE
32010 1 10 ° measurements of mass variability in the earth system
(2) “ [J]. Science, 2004,305(5683):503-505.

” ,1—7 R 6 [8] ; ) . GRACE
, 59. 3 mm;8 12 Ly
X 9 , 56. 0 mm., ,2011,41(5):1580-1586.
[9] , . GRACE
[J.
z ° ,2012,32(2) :39-43.
S 2003—  [10] . . . GRACE
2013 , —6.34 mm/a; (1. (D). ,
s N 2012,42(6):917-922.
4 . [11] R R R GRACE
7 [Jl ,2012(5):
’ 1-5
[12] s s .2002—2010 GRACE
1/3 2/3 (1. ,2013,32(1) ;
° 68-77.
S , [13] . . GRACE
o (Il , 2011,26(6): 719
, , 727.
. / , [14] Chen Jianli, Wilson C R, Tapley BD. The 2009 excep-
tional Amazon flood and interannual terrestrial water
’ storage change observed by GRACE []J]. Water Re-
’ ‘ sources Research, 2010,46(12) :439-445.
’ [15] Rodell M, Famiglietti ] S. An analysis of terrestrial
s o

water storage variations in Illinois with implications for

the Gravity Recovery and Climate Experiment

(GRACE) []J]. Water Resources Research, 2001, 37



GRACE

301

(37):1327-1340.

[yl ,2013,35(9) ;55-56.

[16] Wang Hansheng, Jia Lulu, Steffen H, et al. Increased [24] Swenson S, Chambers D, Wahr J. Estimating geo-
water storage in North America and Scandinavia from center variations from a combination of GRACE and
GRACE gravity data [ J]. Nature Geoscience, 2013,6 ocean model output[J]. Journal of Geophysical Re-
(1):38-42. search, 2008,113(B8) :194-205.

[17] Xavier L, Becker M, Cazenave A, et al. Interannual [25] Chen Jianli, Wilson C R. Low degree gravity changes
variability in water storage over 2003—2008 in the Am~ from GRACE, Earth rotation, geophysical models, and
azon Basin from GRACE space gravimetry, in situ river satellite laser ranging [ J]. Journal of Geophysical Re-
level and precipitation data [J]. Remote Sensing of En- search, 2008, 113(6):3043-3061.
vironment, 2010,114(8):1629-1637. [26] Swenson S, Wahr J. Post-processing removal of corre-

[18] Wahr J. Swenson S, Zlotnicki V, et al. Time-variable lated errors in GRACE data [J]. Geophysical Research
gravity from GRACE: First results [ J]. Geophysical Letters, 2006,33(8) :1-4.

Research Letters, 2004, 31(11):293-317. [27] Zhang Zizhan, Chao Benfong, Lu Yang, et al. An ef-

[19] , , , GRACE fective filtering for GRACE time-variable gravity: Fan

[Jl filter [ J]. Geophysical Research Letters, 2009, 36
(D). ,2006,36(3) :225-232. (17):1397-1413.
[20] s s ., .1961—2013 [28]
. +2015,31(13) ;249 [D]. .2013.
257. [29] Chen Yingying, Yang Kun, He Jie, et al. Improving
[21] R s land surface temperature modeling for dry land of China
[Jl. ,2008,26(6) :676-680. [J]. Journal of Geophysical Research, 2011, 116
[22] . . ; 19512012 (116) :999-1010.
Morlet L. ,2015,37(10):  [30] ; . Mann-Kendall
25-28. [1]. ,2011,26(9) :1585-
[23] , 11 1501,
( 294)
[7] . . . [16] , , ,
[yl » 2014, 30 (] ,2014,12(2) . 49-
(15):229-238. 52.
(8] ; , » . 1962—2010 [17] , . LIl
B ,2015,31 12015(2) :12-17.
(4).277-285. [18] , s .50
(9] [l ,2012,28(14)
[D]. : ,2004. 269-274.

[10] TM,ETM* [19] Zhang Lei, Wu Bingfang, Yin Kai, et al. Impacts of

[D]. ,2013. human activities on the evolution of estuarine wetland
[11] R R , Landsat8 in the Yangtze Delta from 2000 to 2010[J]. Environ-

LJ]. ,2014,5 mental Earth Sciences, 2015,73(1) :435-447.
(5):339-343. [20] s s s
[12] , , s LIl ,2012,28(26)
[Jl. ,2011,33(12) :2277-2284. 267-271.

[13] , , N [21] , , , .40

(1. ,2009,39(2) :188-203. [J]. ,2006,20(8) :91-
[14] , s s 93.

[Jl. ,2006,61(6) :654-662. [22] , , ,
[15] . . , AR »2011,15(1) 183~
[l ,2015,37(8) :78-82. 200.



