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Spatio-temporal variation of soil moisture in arid area based on VIC land
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Abstract; There is an increasing need of large-scale, long-term and high-precision soil moisture monitoring. Methods based
on land use features, such as Variable Infiltration Capacity ( VIC) land-surface process model, can obtain more accurate
soil moisture characteristics in the spatio-temporal scale. It is of great significance to drought early warning, ecological
restoration, and precision agriculture decision-making and deployment. This paper took Wei-Ku oasis as the target area,
combined with VIC land surface process model and land use type change, to discuss the temporal and spatial changes of soil
moisture of different types in the study area from 2009 to 2016, and verified the accuracy with the measured data. The
results showed that; (1) the simulated value of soil moisture content in the northeast region was high, while the low value

of soil moisture content was concentrated in the western and southern regions of the study area. (2) The surface moisture
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content of saline soil was higher than that of cultivated land. In rainy season, the soil moisture content of shrub soil was
higher than that of other 3 types of land. Due to a large number of wasteland being converted into cultivated land, the soil
moisture content of oasis wasteland was close to that of the cultivated land, between 28.784 and 53.741 mm. (3) In the
past 7 years, the area of cultivated land and salinized land in Wei-Ku oasis have been greatly increased, the area of
cultivated land and salinized land increased by over 35% , the area of wasteland decreased by about 46% compared with that
of 2009, and the area of shrub increased by about 15%. (4) The wasteland soil moisture content decreased significantly
with the area, and the soil moisture content values were concentrated in the area above 28.6 mm of the normal curve. The
VIC simulated value and measured value RMSE ranged from 1.4 to 2.80, RE ranged from 0.90 to 2.20, R’ ranged from 0.40

to 0.60, and the simulation effect was good.

Key Words: soil moisture; Variable Infiltration Capacity ( VIC) land surface model; land use type; spatiotemporal

variation
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R LI E 35 S8 AR I T B 3K M ST U, BRI R AR (e TR RS TR 4k
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A TE T IE X AL DX D A B B Ay 8 R R AR O FiANa R = Band S
Wy, TR A11-Ab-C 2L BRI B 3 — , 2 R hR K H1 HRREE
@*llji%j: s *ﬁ*jﬁ% 20% Z—EE s %ﬁﬁﬁg N E}*%{’% Fig.1 Location of the study area

A, AHUE SR ATIR 1.0% L L, pH {H7E 8.2—8.5 Z

(], SRR, 32 A AR SR R R AR AR IR 1.39—1.61 g/em’ , BHRL A i + SEHLARZL A
70% , KU RR & 6, o 20% o WF5E XS+ 387K 43, 2008—2016 AEAEAS + 38 Bk i 42 5 KA T 0.5,
JB TSRS, IR 1 PR,

F1 2008—2016 £ F X AEB T EH A SKESITHFE

Table 1 Statistical characteristics of moisture content of soil samples in the study area from 2008 to 2016

P fi] Bt FHE Bt fR 22 I5oN( ] /M 5 R AL
Date Samples Mean SD( standard deviation ) Max Min CV ( coefficient of variation)
2008-09 102 9.536 3.515 29.417 1.151 0.369
2010-10 53 20.121 8.221 59.400 1.300 0.409
2011-11 50 7.198 2.354 36.570 0.110 0.327
2013-08 37 7.135 3.541 27.409 0.205 0.496
2015-07 36 5.576 1.245 29.787 0.515 0.223
2016-04 39 4.070 1.210 23.941 1.954 0.297

1.2 fEPRAY

B BCREDE AT G0 4 F1 ORI 50 TR0, AR B 2 | 505 A SO 59 A 4
#l, EEALFEERITUN( Kalidium foliatum) \AE 485 ( Halocnemum strabilaceum ) (ERFEA ( Halosttachys caspica) 3%
SR ( Alhagi sparsifolia ) . 5 ¥ ( populus euphratica ) . 7% ZF ( Phragmites communis ) . & Wl ( Tamarix
talamakannesis) % , N TAEMHLAE I ARIRT Hie ok A5

2 MRABEFE

2.1 BRI

TPEHX 2008—2016 45047 FAF 5% K HA RN 58 A L HERAE A, YIS /A AE S | S I 52 B 32 5l LA
RS X I, R FH TS AT R PR AR ] W.E. T BULES  Hydra %15 30080 B £ 35K
FRA W EBERAE, DIEAEME A IIESE T E , S E Onset 24 R4 H) HOBO B [ 3l s /K 7
TECRAFRIARAAL ) 0 s /K S RECE 243 AR 4l S 56 19 SR 18 5 /K A 1T e s J 8, AR A7 7= 2 1
WERAHR 1 em, BEIR T LI RE . HHRARRFHZEE Microtrac 23 FAE 77 (1) S3500 RO R SR BE AU
FE (HFE 0.01—2000 wm) ,
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VIC- 3L AT e R 2 LA R e 5 B ] 2 i

BEZANTIE AR IR, 2 —Fh 3T SVATS (Soil

Vegetation Atmospheric Transfer Schemes ) JELAE 1123 [8] 43 AlALVICK A R

A TARS LA R S 2k SO VIC i g -
WRUBELT , BB ALT 5 #SCH, 2R Fh e <% BN S5

WSO SRR R SR AR B v
RSB F D 522 Ko R A (9 45K 1 km B0 MR RIS

7 2K OO BF P ) - S O 25 5 B FAO —
AR 41 50 8 1 B 432K L A B i [ stoate F—ht

CMADS ( China Meteorological Assimilation Datasets for
SWATS) 51 B4 4 1 0 5 0K sh B, a8
BFE) 2 BER % H ;25 (8] 40 HER 174 1) [a] KB 2008—
2016, HLHCHE 4 CLDAS ¥4k IR 1L & 4t 10 3K 3h %t
PR K 2 Sy VIC BEE TR AR A
2.4 AFRIREIIGE SRS AT

SRERE RE(RY) F7 iR 2% (RMSE ) 5 A% % y
22 (RE) F8h5 X VIC /K SCRERI ARG BE B0 E . 43 3 A p
TRy F9 BT A1 S0 - 398 5 7K 2 B304 ol 7R %) R
TFITH, Hrp RS0 HE 5 K B 5 VIC L AT H2 AR

o . Fig.2 Schematic diagram of modelling approach

G B RE FRon L& K5 VIC BUAE 0 A8 X iR
2: RMSE FR/R S5 7K 8 5 VIC BERY A% 26565152 22 1
PR

3 ER59H

O A

3.1 WRSEIX ORI T AR AR AL

M2 2 I, 7 AF) BESE X HFHL AR 2346.38 km® B & 4071.09 km®, 3252 iy e 15 0 A FE AR TR
Horp SRS HAUN 461.45 km® AR HIAUN 1322.22 km® , ERBTHLET AL H 2009 4F (1) 921.27 km*# il &
2016 4F1Y 1220.98 km® , ZZ AL 5 299.70 km* , Ho o5 5T R T AR K, O 1031.44 km®, 7K S8 TR i 249.08
km? | K385 AT AR o 3 2 P A S S DR, 43 B DTER T 116.62 km® il 129.66 km®, X 7 A [R] 5 Hb i AR D
T 2808.12 km® , H = T FRRL RSy ) 2 E AN R b S AR b, B RS 1 B 0 Ry 1333.53 km® |, 1031.44 km® 0
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461.45 km®, BEMHBTRIFRIG N T K38 100 km? , 5525 55 Hb b 5Bk T K

F2 2009—2016 £ iB-FE &M LA AR B EREBIER
Table 2 Transition martrix of land use areas in Ugan-Kuqa River Delta in 2009—2016
2016

2009 bioe:1) HEH B i N Ktk
Wasteland /km?>  Built-up/km?  Cultivated/km®  Salinized/km?  Shrub covered/km?> Water/km?

it Wasteland/km? 3149.78 10.50 461.45 1031.44 1333.53 129.66
A H b Built-up/km? 0.75 30.51 3.45 0.00 7.84 0.46
Bt Cultivated/km? 7.59 10.67 2066.54 2.69 254.59 6.13
b5 HlL Salinized/km? 92.98 1.05 212.96 134.83 440.98 39.09
M Shrub covered/km? 48.70 12.21 1322.22 44.32 1881.39 116.62
JKHE Water/km? 10.45 0.04 4.48 7.30 20.58 52.02

3.2 VIC BERUAN[E H fy 1355 /K e if 23 28 4k

BT IR SR AR SRR S ORI R K S B K G K sl i di A B VIC /K SCRLHY | S i3
BT RIS AR E BRSO EE BRI E 3 5K 1, b 1 =3 AN a4 B e AN
b,7 &9 HFBMEN ¢, 10 2 12 AFHEHR d, K 3 53K 3 I8 2009 4F % 2016 4EMF5E X R )= - HEEKEZS
] 25 A N GE A | AR PR AL SR R, BFFE X [ 2009—2016 4F |1 2 3 J1 4y, 75 5 Hi X 4598 5 7Kk 53 B 7
14.814—25.214 mm P, I% T ARG X 3 38 % 7K 3 3l 7 35.98 LA b, B ARG IX P mg L IX. 1—3 H {7 A XF
TR 4—6 A6y, T35 K841 M 36.718 mm, 2012 4F 3k 3 % & {H 53.907 mm, 2009 4 Ky 5 K8
25.609 mm;7—9 H 4y, HHEE K N 5w, P EIAE] 41.512, SR ARy 2012 355 64.823 mm, e fIlKAF:
$3 2009 4F-24 30.658 mm , BF5E X AR AL IX 38 1% 7K B g T 35.210 mm, &5 (6] b, TR IX AR hETU RS P LN
BRI 10—12 H 4y, HEEE K318 M 37.887 mm, SAKAE(Y 2009 4F 4 29.890 mm , ¢ 5 4E4) 2012 4E K
58.677 mm, % [b] L, P4 Rg DX I b AR b X8 385 K A 13% . AR MR ALk, 2009 4F a2 d, 11
K EEEM 24.051 mm FFE 30.658 mm , )5 R 29.890 mm, 28 R A 0.179 FFEEME = 0.096, 35
IKEARAT A M T AR N AR AL, A8 S R BRI, AR VIC BEAURTHLORG FE AR (H] $2 157 ;2012 4F  H a 2 d,
-2 K EEAE] 9 AR N Fe R AL, 43 B R 54.241,53.907 ,64.823 .58.677 mm ; HAYAEA , Bl AU R 3G,
AT BIESOKEA TR T, 2009—2016 AU, DL 2014 4F R4, 48 5 ZEH 0.095 £0.110, )5
M 0.092, HAAEM 52250, b nT#53 RHE S K AR S5 R IR 5% h R A8k
3.3 NIE] ORI 2870 - K R e R AR 4

SR, 53R a BRI b ekl e BFHb d M B 4 SRR T 4 RS A 2009-01-01 F 2016-12-31 ]
1] =2 HHOK W sh A8 5 5 B K i 255 B ik, R ) 1 K AR A B 5 OE SR eR AR 4R, A
7 ARG, B SR, 2 10 AR TR, 28 4 AR RE 7 W, i T 208 S0
B WA AR — 2 SR RN TR PZ 8 )2 S K de ok, B S K i AR AT G B B R RN AR L
POEERENRRADR 1—6 A (10—12 ], =2 1S /K 2N E B2 7—9 H W3, b A B i i
i, 45 2 e S K RO IE L B 3h BT R, s B i s, Kb $h B R )2 3 S OK (A R 38.157
mm 7547 JicHh 45.214 mm ZoA5 #fHb 43.524 mm AoAT HEPA 38.278 ZE AT, A L) 45 K R m AIRAE Y Y BRAE
HEGAZE B EE S KB RS N 21.213 mm 245 FEH 28.963 mm AT HEHE 26.745 mm 72
A HEN 28.985 ity MWARIZ SIRJE S /KRR T 4 Fhih ) 135 /K s B R BT AR 2 R385 K 8
REL S TR 2 R AR R 3B SR Z R3Sk s T HAL A S AR Z IS K E S KE L
e KA 2009 A7 2 ] H A2 0 5 S L S RIS 2 R SOK AR AR I 2R AT I s 4, Bk
K, VIC BRI X 20 T 4 FORREIYIZAI R 2 ARZ5IR2E S K21k,
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Fig.3 2009—2016 surface soil moisture VIC simulation value
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F 3 2009—2016 k= Tk VIC BHBMESIHFE

Table 3 Statistical characteristics of surface soil moisture VIC simulation values from 2009 to 2016

4y =4 Rk T g 22 L INIE] /M AR5 R
Year Seasons Mean SD Max Min (%
2009 1—3 A 24.051 4.301 31.760 14.814 0.179
4—6 H 25.609 3.840 37.785 16.115 0.150
7—8 H 30.658 3.227 37.785 16.108 0.105
10—12 H 29.890 2.876 36.086 16.100 0.096
2010 1—3 27.678 2.630 40.169 16.093 0.095
4—6 H 30.620 2.985 38.102 16.085 0.097
7—8 H 32.826 3.487 40.169 16.078 0.106
10—12 H 31.069 2.909 39.618 16.071 0.094
2011 1—3 33.961 3.083 43.247 19.276 0.091
4—6 H 33.202 3.086 42.038 19.268 0.093
7—8 H 37.559 3.690 45.612 19.259 0.098
10—12 H 34.714 3.385 43.585 19.251 0.098
2012 1—3 H 54.241 5.195 68.567 32.071 0.096
4—6 H 53.907 5.043 67.472 32.057 0.094
7—8 H 64.823 7.253 77.430 32.043 0.112
10—12 A 58.677 5.972 72.598 32.030 0.102
2013 1—3 H 32.719 3.206 40.988 19.210 0.098
4—6 H 35.467 3.512 43.929 19.202 0.099
7—8 H 38.771 3.725 49.959 19.194 0.096
10—12 A 36.246 3.462 46.899 19.186 0.096
2014 1—3 A 33.434 3.165 43.165 19.178 0.095
4—6 H 35.273 3.869 47.868 19.171 0.110
7—8 H 43.093 4.536 58.694 19.163 0.105
10—12 A 38.494 3.526 49.787 19.155 0.092
2015 1—3 A 34.469 3.234 43.959 19.148 0.094
4—6 H 41.248 4.374 54.528 19.140 0.106
7—8 H 40.143 3.756 50.098 19.133 0.094
10—12 A 36.084 3.556 45.344 19.125 0.099
2016 1—3 A 35.477 3.728 44.974 19.118 0.105
4—6 H 38.419 4.398 50.410 19.111 0.114
7—8 H 44.227 4.720 55.182 19.104 0.107
10—12 A 37.925 3.653 48.355 19.096 0.096

PEBCH A 2012 4E808E iR ER 5, MRS S, A1 HZE 6 A, =2 B /KB EHEE TR, |
F 6 A a)FrLG BT X HE A TR 2, Bl PR, 398 35 7K et U 86 T ook 381 i oo {15 SR 00 5 T A 3R
8 K R TR AR K R AR A A v T AR RS , T REE TR R B K E, B
ik 3 R R
3.4 RI[A] LR R 3 K R AR T X

TEHCMLAL 4 Tl , 73 A RF 515 2014 4F 388K & VIC BMER 22 5, tiEl 6 5 7 s, HE 6
BT, $hi5 43R 2 5 K B VE I FE 34.854—55.874 mm, MlEE T #E L 30.210—52.141 mm, K21 0.06% , 7
2010—2013 4E4I1E] , Fhivi s 4 Sk B 5 THRHL K2 0.10% , 78 2014 4R W4 & /K B 5°F , B 5 78 2015—2016
AE TR TR K2 0.08% , [F) A 35 35t 5V MY 38 5 oK St ZE AR ADLI 1) 28 Ak U Sl AR 45 7E 34.587—53.414 mm Z
1] 75 2011—2014 4R Z=A5 401, A F I 5K it s T At 3 AP 2 K29 0.02% , AT REJE HH T H SR A9 R AR 1Y
WAFEARIR AT RE  AER AR HA Y | S K AR5 2R 15T M 47 S - 38 Bk e R = 0 1R), A 1 A
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T K
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2010 4R Z= I8 2 i T0E 58.745 mm ; B Hb - 498 55 7K 428 Ab Yo ] 5 37 7% 7K B AH — 2, 7F 28.784—53.741 mm
Z 8] ARIEIT 7 4 4 b R F AR Ak, KR e s Ak R Bk, S e b+ B S K B S R - A BT, R
2014 AFEHE K FHOOR 218 7, B AT A5 3h it i 5 ARG+ E KR 35,754 mm, [FIEHE Sl B AR AL, 7E
RERUIN] | 49385 /K R B B o T A WG b M) K 24 0.02% 5 5 it 5 4 i A8 Ak B SAREARL , T8k S0 AF A T JHL At 795 o

T2
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Fig.4 VIC simulation value of soil moisture content of saline soil, wasteland, cultivated land and shrubland from 2009 to 2016
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Table 4 VIC model typical ground class simulation evaluation results

I Land use type RMSE RE R?

8T Salinized 1.440 0.923 0.598
B Cultivated 1.931 1.394 0.503
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RMSE . ¥ 571225 Root Mean Squard Error; RE : #HXJ 1222 Relative error
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