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Abstract: In this paper, taking Chengguan District of Lhasa City as an example, the dynamic characteristics and influencing factors of
groundwater in the valley plain of Lhasa City are analyzed. The intra—year and inter—annual variation characteristics of groundwater
level from 1996 to 2015 in Chengguan District are analyzed, and the spatial interpolation of inverse distance weighting method(IDW )is
used to obtain the spatial distribution and amplitude of groundwater level. The Pearson correlation analysis method and the Grey
correlation method are used to analyze the influencing factors of groundwater level dynamics in Chengguan District and the degree of
influence of each factor. The analysis results show that the groundwater level has the distribution characteristics of high in the east and
low in the west, high in the middle, and low in the north and south. From 1996 to 2015, the groundwater level decreased year by year,
with a decline range of 0.2~3.7 m, and an average annual decline is between 0.01 m and 0.19 m. The groundwater level is jointly
affected by precipitation, temperature, extraction and the construction land area. The degree of influence is: the temperature >
precipitation> the construction land area > the amount of groundwater extraction.
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Fig. 1 Hydrogeological diagram of Chengguan District
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Fig. 3 Distribution of long-term groundwater level monitoring points in Chengguan District
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Table 1 Changes in the average groundwater level of typical monitoring wells in

Chengguan District during the year m

W3 A5 1 2 3 4 5 6 7 8 9 10 11 12
LS01 3629.62  3629.56  3629.67 3629.64 3629.74 3629.89 3630.04 3630.09 3630.04 3629.88 3629.80  3629.65
LS12 3651.10  3651.05 3651.07 3651.25 365149 3652.01 3652.54 3652.59 365240 3651.98 3651.52 365125
LS07 364429 364420 364420 3644.16 3644.18  3644.43 3644.90 3645.15 364521 3644.89 3644.56 364426
LS08 364555 364535 364521 3645.08 3644.99 364515 3645.61 3646.14 3646.50 3646.36 3645.89  3645.60
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Fig. 4 Average groundwater table changes in monitored wells LSO1 (a) and LS12 (b) during the year
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Table 2 Statistical results of groundwater level data in Chengguan District from 1996 to 2015 m
Ay 19964F 19974F 19984F 19994F 20004F 20014F 20024F 20034F 20044F 20054F
KME 3654.42 3654.48 3654.54 3654.46 3654.43 3654.40 3654.33 3653.31 3653.21 3653.16
H/MA 3630.35 3630.34 3630.36 3630.30 3630.36 3630.43 3630.38 3630.42 3630.21 3630.43
SEHIE 3644.23 3644.16 3644.25 3644.20 3644.21 3644.156 3643.90 3643.59 3643.57 3643.37
Ay 20064 20074 20084 20094 20104 20114 20124F 20134 20144 20154F
S ONE] 3652.03 3651.71 3652.10 3651.98 3651.76 3651.67 3651.62 3651.40 3651.44 3651.25
fe/MA 3629.65 3629.62 3629.73 3629.71 3629.31 3629.05 3628.93 3628.91 3628.89 3628.75
FHIE 3642.67 3642.50 3642.73 3642.70 3642.53 3642.42 3642.50 3642.42 3642.49 3642.22
3645.4 160 3647.0 . 160
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I 30444 180 [m1 & 36455+ 180 f5m
= . > = ~
£ 364422 190 8 < 36450} 190 8
~ 3644.0 140 N 140
a3 8 H 120 3644.5 H 120
3643.6 b= CLL WL WL L Ly 0 T 36440 b——o= L1 LI LLLL LI L 10
1 23 456 7 8 91011124 1 23 456 7 8 91011124
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Fig. 5 Average groundwater table changes in monitored wells LS07 (a) and LS08 (b) during the year
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Fig. 6 The annual average groundwater table change in Chengguan District from 1996 to 2015
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Fig. 7 Average annual groundwater level in Chengguan District in 1996 (a) and 2015 (b)
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Fig. 10 Real contour of wavelet coefficient of

precipitation series

700000
600000

41 500000
Iz 400000
300000
200000
100000

0

0 1.0 2.0 3.0 4.0 50
JE #/a
Bl 11 BEKEFH/ N T 22

Fig. 11 Wavelet variance of precipitation sequence
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Table 4 Correlation analysis results between groundwater

level and precipitation in monitoring wells in

IR AR R LR 12, 1996—2015 AE4EH SR Chengguan District
W sh iR, AR bR B A LI, 1R HHLIIX WS HDCREL BERN
N " T — LS08 0.111 0.088
[ E,‘ W S El¢ /\7 “/\ /\\ /\x
*3 WXXERKETUEBRINER RI7A 25 it LS07 0.271%* 0.000
Table 3 Precipitation trend test results in LS012 0.562%+ 0.000
Chengguan District LS06 0.377%% 0.000
R A WP X
Spearman Kendall . 9/ T S LS04 0.302%* 0.000
. Il SE A Il SHAE I <05
ST Enapin|l) /(mm-a™") LS01 0.249%* 0.000
0.371 2.101 0.357 1.960 —5.445 ENTES TE: N TE 0.01 R CRUR )M 3
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Fig. 12 Average annual temperature change curve of Chengguan District from 1996 to 2015
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Rt AR ILIE 13, A TF R i 5 T KA A 5 I
14,

& 12 AT G 10 a o, IROC X T K R 2=
BAEYG I, AR Ao 3 A B D2006—
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220082012 4F, Hi I 7K ¥R et T HIG i, 1550 24

14000

g 970x107 m/a; 320122015 4F, b T /K TFRAAT)
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Table 5 Temperature trend test results in

Chengguan District
Kendall IRA LA
Sp\ear‘man g ‘enia i m{nan 3 o
ST SitHE|U| /(cCa™)
3.625 2.101 2.758 1.960 0.046 i
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Table 6 Correlation analysis results between groundwater

level and temperature in monitoring wells in

Chengguan District
AL 53 X WIS MR BER
) LS08 —0.693%* 0.001
L ]9 28 AR JE X
LS07 —0.689%* 0.001
LS012 —0.663** 0.001
e LS06 —0.642%* 0.002
EARLESR AR IR
LS04 —0.732%* 0.000
LS01 —0.561* 0.010

LE: *7E 0.05 ZL (BUR ) FHSCHE 355 **7E 0.01 G5 (BUR ) FI G
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Fig. 13 Trends in groundwater extraction in Chengguan District from 2006 to 2015
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Fig. 14 Correlation between the amount of exploitation and groundwater level in Chengguan District from 2006 to 2015
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Table 7 Correlation analysis results between groundwater

level and extraction volume of monitoring wells in

Chengguan District
RS IX WS MRS BERE

NI LS08 —0.863** 0.001
LLTRIVA A3 b AR X

LS07 —0.192 0.595

LSo012 —0.896%* 0.001

N LS06 -0.483 0.158
SR UES AR IR

LS04 0.323 0.363

LS01 —0.920%* 0.000

T ** N 0.01 G5 (BURB ) AR 1 3%
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Fig. 15 Land use types in Chengguan District in 1995 (a) and 2015 (b)
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Table 8 Land use statistics of Chengguan District from 1995 to 2015 km?
e L) WS T e R B B s KIS ARF L
1995 67.37 34.12 31.28 6.50 18.95 2.00
2000 58.90 36.75 34.37 6.18 24.42 0.00
2005 58.12 40.17 31.70 6.20 24.42 0.00
2010 42.52 39.74 30.53 25.27 22.55 0.00
2015 42.42 55.19 19.80 20.06 22.78 0.00
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Table 9 Correlation analysis results between groundwater
level of monitoring well and construction land area in

Chengguan District

X WS MR RERE

o ) LS08 ~0.986%* 0.002
LAY 45 B JIX

LS07 —0.954* 0.012

LS012 ~0.969%* 0.006

o ) LS06 —0.982%* 0.035
Fr B A RO R X

LS04 ~0.970%* 0.006

LS01 —0.955* 0.012

TE: *N1E 0.05 ZU (RUR) HHICHE B3, **B7E 0.01 Ui (XU=)
PSR TE

F10 BFHMMEESH TR BEIXEKE
Table 10 Degree of correlation between influencing

factors and groundwater levels

W Rk R AR R
LS01 0.743848  0.939396 0.722989 0.608418
LS04 0.743743  0.939547 0.723007 0.608402
LS06 0.743762  0.939525 0.723013 0.608415
LS07 0.743740  0.939561 0.723027 0.608421
LS08 0.744009  0.939146 0.722927 0.608409
LS12 0.743732  0.939573 0.72303 0.608421

ZAEEY 0743765 0.939522 0.723016 0.608418
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