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Spatio-temporal variability of groundwater and
land coverage in Qira oasis
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Abstract ; Qira oasis is a typical desert oasis in Xinjiang and groundwater is the key factor to maintain vegeta-
tion growth in the oasis and transition zone. In this paper, oasis irrigation area as the main body and spatio-temporal
variations of groundwater from 2008 to 2015 were taken as the main line, remote sensing, GS+ geostatistics, opti-
mization K—means clustering and spatial overlay analysis were used to analyze the variations characteristics of
groundwater and land coverage in oasis. The results indicated that; (1) The maximum variation of groundwater
depth in oasis was well 11 (9.66 m). The minimum amplitude of variation was well 25 (0.1 m). The groundwater
depth had obvious spatial auto-correlation, and the space-related distance was 11.852 km. The groundwater depth
in the northeast of the oasis decreased significantly, the area of the descending area was 184.85 km®, accounting for
72% of the oasis area. (2) Through the K—means clustering on the groundwater depth of oasis, it was divided into
four sub-areas, among which the groundwater depth of the first and second clustering center all decreases.

(3) From 2000 to 2015, the land cover type of oasis changed greatly, woodland area decreased significantly by
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26.02 km’, while the grassland area increased by 11.15 km”®, farmland expanded significantly in the northeastern

area. (4) The groundwater burial depth of different land coverage types in oasis was: farmland > woodland > grass-

land.

Keywords: groundwater depth; land coverage; spatio-temporal variability; K—-means clustering; overlay analy-

sis; desert oasis
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Table 1  Descriptive statistical analysis of groundwater depth from 2008 to 2015
= . = =
@;17—1 Ll S SO i gﬁfd 2 C;[iif&of
number Amplitude Minimum Maximum Average deviation Variance variation
1 9.150 62.800 71.950 66.702 3.266 10.667 0.049
2 3.070 29.000 32.070 30.185 1.157 1.338 0.038
3 3.770 36.080 39.850 37.830 1.829 3.344 0.048
4 4.300 38.950 43.250 41.028 1.633 2.666 0.040
5 2.220 38.500 40.720 39.893 0.838 0.702 0.021
6 2.080 18.070 20.150 19.078 0.841 0.708 0.044
7 9.350 9.820 19.170 11.750 3.653 13.343 0.311
8 3.100 17.400 20.500 19.187 1.061 1.126 0.055
9 2.470 20.100 22.570 21.348 1.085 1.177 0.051
10 3.558 23.813 27.370 25.177 1.446 2.091 0.057
11 9.660 16.800 26.460 23.038 3.271 10.700 0.142
12 4.450 11.550 16.000 14.275 1.479 2.186 0.104
13 2.990 4.920 7.910 6.723 1.239 1.534 0.184
14 3.550 18.350 21.900 20.082 1.388 1.926 0.069
15 2.290 14.800 17.090 15.822 0.915 0.836 0.058
16 3.340 8.600 11.940 10.593 1.195 1.429 0.113
17 5.480 3.850 9.330 6.048 1.825 3.330 0.302
18 0.980 1.400 2.380 1.915 0.425 0.181 0.222
19 2.020 14.050 16.070 14.741 0.720 0.518 0.049
20 0.850 4.400 5.250 4.807 0.347 0.120 0.072
21 1.570 1.750 3.320 2.518 0.557 0.310 0.221
22 3.680 4.850 8.530 6.393 1.502 2.256 0.235
23 1.380 8.420 9.800 9.298 0.570 0.325 0.061
24 0.550 4.300 4.850 4.475 0.260 0.068 0.058
25 0.100 11.950 12.050 12.013 0.048 0.002 0.004
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Table 2 Semi-variogram model of groundwater and its parameters

A YedxE WG E HEMHE Heg i/ I G MH AR POERB ARy iR 2%
Model Nugget Partial sill Sill Nugget/Sill Range/km R? RMSDE
BRI Spherical model — 0.001 0.187 0.188 0.005 11.852 0.809 0.541
FTA Y Gaussian model 0.003 0.253 0.256 0.012 11.852 0.879 1.253
TE B Exponential model  0.001 0.169 0.170 0.006 11.852 0.727 0.505
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Fig.1 Spatial distribution of groundwater depth variation (A) and statistics of groundwater
depth variation area (B) from 2008 to 2010
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variation area (B) from 2008 to 2015
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Table 3 Groundwater buried depth of different land use types

R LA PR DX B R e T IR RO, HL A 2%
PHEE DX PN S B A M AL DX S O 0 B 8 T A1

N3 A DAY )< Y :t
AR KT wip  JBPACPSRE A RO R A
. 2 oY O N Al Y Y A
Land coverage type Area/km depth/m 3) MR AT A FZ LR Ll A
AR o oo 1 A oy SN A B 3K T A
High cover grass o ' N U N N \ N .
S T AEAF T SR 22 2 e, il 22 T DR F 1) A2 9 18R
Medium covered grass 6383 8.89 %?Sk%ij: , @%%ﬂ$7k,ﬂﬁ 54@%%7k%ﬁ %%%%
R e o RN, T 3 A0 P 5 SR T BT 7K
Low cover grass ' ’ - % N
e FERBE. ST E AT 030 F K Mk S B
L N 3 vt Ve Y — N H B
Construction (residential) land 49.74 17.50 AJ—:T\ ,mﬁ%ﬂ;%ﬁ%ﬁ s éﬁ@ﬂ(ﬁ{ﬁ?ﬁ%ﬂ:%lﬁlﬂz%
}iﬁ(ﬂb‘ 35.44 13.28 P, IFESRIN R K IR EAIG Y [Ziﬂi,@}gi
orest . . .
& 105.04 14 ol A1 R FE K R B AR AE P T AR B 1k T KA A
Fa;':;%nd SRR, X T M T S R A 2 U X 3, v B B
Water 2 27 AR IR BRAL, A BU AR I T RS R R
T4 AEEHEXT R A T KIE R R KER S
Table 4  Groundwater depth and surface water corresponding to different vegetation
st 7 - W KR HuFIK S B b £ 666.7m? WA
Bp=! TR Aver Sater Surface wat Surface water irriati
Cr()p types Area/kmz verage groundwater uriace water Surface water 1rr1gatlon per
depth/m distribution/m? unit area/(m?® + 666.7m™?)
/NAZ Wheat 0.68 13.81 1603750.72 333
Tk Corn 1.06 27.02 5438843.87 508
Bk Walnut 12.25 17.78 5520409.05 346
Bk FI/NAE Walnut and wheat 8.40 25.93 8628260.10
A EK Walnut and corn 0.42 37.96 12974690.76
I Red dates 45.51 17.34 4162416.81 513
LIRFI/NE Red dates and wheat 8.82 24.46 15114019.64
LA LK Red dates and corn 0.21 48.10 16884324.08
£114 Pomegranate 5.25 29.43 5526297.38 400
AEFI/NE Pomegranate and wheat 0.68 26.13 3056377.08
BE# F1/NZZ Peach and wheat 0.22 9.84 5910488.41
R Apple 0.55 15.35 6704833.17 400
B Apricot 0.30 8.20 3049866.57 400
P Reed 0.77 5.03 203230.45 333
HHh Grass 0.83 5.21 161500.82 333
FORFIEHE Corn and grass 0.47 6.25 0
ZIH0 Red willow 4.04 10.02 0 333
R Sacsaoul 1.33 11.46 0 333
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81.54%
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I, LRI AN 7] b 9 7 9 S 70 1) b T 7K R AR 3]
HARYCA AT bR M, 25 35 003 T KO-
REIR LA 5 m, Z000 MR AT 2 T /KR O 48
RE 10 m 2, AR EAH T KIEEE 1.5~4 m
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