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Abstract: The geostatistics and geographic information system ( GIS) were used to analyze the
corresponding changes of groundwater depth to landscape pattern evolution in Dengkou County, Bayannur
City, Inner Mongolia. Firstly, the spatial heterogeneity of groundwater depth was analyzed by the
semiofficial model in Dengkou County, and the spatial distribution of groundwater depth of the research
area in 2008 and 2016 was simulated by using Kriging interpolation. Secondly, characteristics of the
landscape pattern evolution of Dengkou County in 2008 and 2016 were studied. At last, the variation of
groundwater depth and landscape pattern evolution data was coupled by GIS overlay analysis, and the
response mechanism of groundwater depth to landscape pattern evolution was analyzed. The results were
as follows: The groundwater depth of Dengkou County, in general, followed the trend of increasing from
northeast to southwest, both the spatial heterogeneity and the random disturbance in the spatial
heterogeneity were increased during the study period. The main landscape types of the county were forest
land, followed by sandy land, bare land and water, the construction land and waters were increased
obviously while arable land and sand land were decreased slightly during the study period. The evolution
of landscape patterns had an obvious effect on the groundwater depth, construction land expansion

deepened it, and the continuous improvement of the surface irrigation system made it rise. In general,
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the utilization efficiency of groundwater resources was obviously improved in Dengkou County. The study

was of significance for the rational utilization of groundwater resources and the optimization of landscape

pattern.
Key words: Dengkou County; geostatistics;
semivariogram
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Tab.1 Dengkou County landscape classification system
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Fig. 6  Spatial interpolation of groundwater depth

B e /m
1

201
L5k
1.0 2.0 3.0 40
1 (E/m
(a) 20084
40
350

T /m

1.0 2.0 3.0 4.0
i /m
(a) 20164

BT H e 2R 5 YR

Fig.7 Cross validation of interpolation results

4.2 BOBSNERBETHN

B FHFFE X 2008 4F 55 2016 4F 50 WA Jmy 43 A K]
(B 2), AW A GIS 4 #r T H Ml 4E T #F 58 X
2008—2016 4F 5t M AK Ja ¥ B 40 B 3% 2 TR, 3 4
BT R[] 5 00AS Jy 2 B W) 56 85 sh S B, ANk 3 s o

H 20 AT 0, £ 5 BE BN R ST IX A 5 Y S
MRS T g A b, o B3 1w R A 30% DAL, HR oAV
b RS KR o ELE AR 20% 22 Ay, AR g
5P b AT BURE X A /0N I b SRR SR R I FE 4 3 B
TR EBRY S AES A X E T EES T E
B BEREAE o 43 BT 2008—2016 4F (14 5t WA JR) T
ARTLAL, WFFE I B E AR S5 KR R A T S o R
FU AR, Hrb S M AR Ak T O 69.79% |, 5 8%
HR N 12.22% , 5 s HE Ry 57.57% , 35 W] &,
P 26 6 A I T A 7 S e A O e AR TRy

&2 2008—2016 £ R MIEFHEH HEKE

Tab.2 Transfer matrix of landscape pattern in 2008—2016 km’
2016 4R FL A o W%
A H 55 Hb P Wit KAk 23
Hr b 8.10 10. 61 35.53 8.93 525.07 2.82 591. 06 16. 10
A5 43.10 1.25 3.33 0. 81 7.11 0.01 55.62 1.52
P 9.38 35.55 1053. 02 50.37 160. 67 0. 60 1309. 60 35.68
2008 4 Vb 5.73 42.26 107.92 617.78 63. 80 0.53 838. 03 22.83
SR NS 0.51 162. 95 6.54 3.36 35. 14 3.83 212. 34 5.78
b 0. 09 4.77 3.07 1.86 0.34 654. 09 664. 22 18.09
it 66.91 257.39 1209. 41 683. 11 792. 14 661.90
it/ % 1.82 7.01 32.95 18. 61 21.58 18.03




210 B 1 Y = SR

201094

x3 2008—2016 F +iuF| FAshSE
Tab.3 Dynamic degrees of landscape in 2008—2016

%
LA 5 Ak AR R R B R
Bt 13.57 12.33 1.24
H 57 b 69.79 12.22 57.57
M 3.94 2.45 1.49
i 4.26 3.29 0.97
Kk 54.99 10. 43 44.56
i 0. 34 0.19 0.15

Fh B M % g 8 S Mt 1 T AR A ) 43,10 kL B T
At UL T (1 4 % T B 2 M X 2 I 7 S A o
R, g SR Mo G BF = A T BB R AR 7, 2
2T 2R 1) A 35 1T RE T I — 2 TR 5 76 BIF S I B P Ok
e 1 2 B 25 B R 54.99% , M b B A R Ol
10. 43% i 33 5k %y 44. 56 % , % B B P 7K 4R i
SRS, FE R W T EUN KRS 5K AR
R, U H DR OB Rm s e Rz,
FEME TR R S A A 8 T 2 iy A SR B,
SR TR DX 4 b [R) AR T I = 398 3 A £k 55 [R]85, 14 18
N IR . AT BN, B s o AR sk 2 A ol B
&, A 5T 00 WY 591. 06 km? i 2> 2 BF 5% A 9] Y
66.91 km” , B # 5 W A9 By 1 B O K A
(525.07 km®) FIAkHb (35. 53 km®) , (e Fift 5 004 Sy 28
7843 R BT 2 g 5 A N T AR N X AR SR S
B VDA VD TARR B . AT 5% I B P, bR b i B A
PRFEAALS T Vb 3t v AU B /b, iy 838. 03 km® jigi /b
] 683. 11 km®, S Mt T HF 52 iF BE 4 B v 34 70 TR
PR o b OO TE AF 53 i B N B AR I AR Ak .

T BE— A4 W IR I BE P S WA SR 5 8 X M
KRR R SR, A5 T 2016 4FHb T K 38T
3o (I Uk 25 2008 47 b T 7K HE R4 (500 L A5 2
AF 6] B LR AS B, W1 8a o A A ArcMap 10. 2
25 (8] B N4 A D BE , 42 BT 55 B B4R R S A = 7
RS I XA, AN &l 8b TR o

H HE 2008 4F,2016 4F i1 /K #1775 1 EL Bk
2T 2% A T A0 B BRI DL SRR L L ik B R R T
o G54 oA Ry 18 A2 43 B w2, A 5% B BB PN
Bk A T RY W, MR KE A H 54 8 1
R TR /K 7, R e e B3 ff i B
ST MR KR S o LR A A W R R K A
B2 E T, SR A0 B M X 50 R R 2, e R A Ak e AR
(1) )i R AT R A AR ) B A T8 Oy A R K IR (AR
MM R T RE KR B A 7S B, B A A M R K
Br A BT T FE o LR MR 7K 30 09 0 0 de o B i, 4%
B 5 A JR G AR 0 A R A, b b AR AR Bk b 5 SR

M B 5K A WA, K S B WA TR I, % T
PR IR A5 L1 AT B T A 1) R S D 4, L i KA
TR BB R U B IR AR JE RS
PN AT A B2 2% 48 1 i 3 b IX M R K A b T
(Pl 8) o A5 XLAS Jrg f14 76 42 43 A T R0, L 3sk 7Y g i A
TR PR ) M Y B RS S A A R BB Y
PORAFBE T RS A K B 5 9 T Bt P A B, B M Y
HEWE K T, 2 3t R K A5 2 1 4 K (B 5
7K AN TS VDB B IR AR 1 45 P 38 IR R S 17 20
5 B3R VU R A A TR A 2 T T T8t P 5 fok A5 9
IR IKAEGERER 0 A4 [R] IS 2 3 T K EA T T 4R 58
Xt HEAIF 5 I BB 2R 1 M T K 23 A ks SRy Rl
Wt I ) 1 A%, e 10 B0 K B U 1) ) AR A i T
o, T KL B R AS A AR A L AT v R e o —
I(l(\'llt\'(‘l"l-f 107 !(Y(Y'I‘Z
N

(W E

106730"0"E 106°50'0"E

bl

"N 40750/ 0"N

"-'a -
41 ' Vi
j—l[ i
0__85 17 255 34 o
[ = = ee— ]

40°10°0°N. 407°20°0"N  40°30°0"N  40°40'0"N  40°50"0"N
!
i L
s . » !
= ;Jb
L ¥
40°10°0"N  40°2000"N  40°30°0"N 40°40"0"N

1

106°50"('E

106°10"0"E 106730°07TE 107°10°0"F

(a) o R
106°30'0"F

106°10'0°F.
N

W E
]

106°50"0"E 107°10°0"E

.,j.:.‘ TI i.,::":
[ BRe Uk R [dEe )
[ s ek X (i
0 85 17 255 34
T

VO'N 40°20°0"N 40°30°0"N  40°40°0"N 40°50"()'N

km

40°1(

106°30°0"E 106750'0'E
(h) AT R

& 8 2008—2016 4F i 11 ELHi R /K H ¥ 5 5 0
K Joy Bif 25 4 A AR S 4

Fig.8 Spatial and temporal coupling analysis on

40°10°0"N  40°2000"N 40°30°0"N  40°40°0"N 40°50'0"N

L i
106°10°0"E 107°10"0"E

evolution of groundwater depth and landscape

pattern of Dengkou County from 2008 to 2016



%12 4

XRS5 R LR K S ) S R 20 AT B HG X S5 0L J 72 A Y )

211

AR, WRAT AR S5 AR D B IX, T KA F)
T AN, o T S ATRE H B R K A R T
KB NGB

5 it

(1) it 1 2Ll T 7K JHE R SR S ARG ey 7 L 1o 7Y 75
U TR 1) A A, EL Il rp S v B A XA TR
Fo 3R K BETR o 8 1B T K PR A [R) AR 6 1
5ik, BIF 5 A BE A 3t 7 LR s ) S S v Bl AL
S, 5 S-S AR A Frig i, a3 18] 55 Bk B A

£ BT

(2) i H B 32 20 57 0028 Y Oy bk i, LR Ol 7
o R A F 5 I B P S S 5 K A i
2, A LT U0 AT DB SRS R 194 9 A S e T e
B B P36 U AR B B

(3) M WA J= 15 728 Xof b R 7K 3T B 5 i) o
TR ST 3 R 5 (8 A5 AR RO X R K A7 A
TR, T L 3 T TR R 0 1 AN W 52 5 0 A B B I T
IKALA BT LT AR FE T By, 7 11 B3R 7K BE Y
GRS &SRR T

Huhhot: Inner Mongolia

2 % x

(1] BFF, La4, 4. RTREW T RKBRAEP R ESESEBT]. J6atImE R4 (8 AR, 2009,
45(5) . 564 -567.

CHENG Lirong, WANG Jinsheng, LI Yunsheng. On the groundwater protection strategies in China[J]. Journal of Beijing
Normal University ( Natural Science) , 2009, 45(5) : 564 —567. (in Chinese)

(2] BgEAM. @A T KEEIFN (D], w50 i K% ,2005.

JU Yumei. Appraisal of groundwater resources in the city of Mianzhu[ D]. Nanjing: Hohai University, 2005. (in Chinese)

[3] X%, B HTFKRDZMEMHARILZGIFIFLLT]. Hi{H L7, 2015, 34(29): 103 - 105.

DENG Hui, YANG Jia. Case study of groundwater dynamic monitoring technology[ J]. Value Engineering, 2015, 34(29) . 103 -
105. (in Chinese)

(4] 9B, a7, EWAAR, % PEEE TR T REELESELT]. ARTRESH, 2002, 17(3): 321 -326.
HU Ruji, FAN Zili, WANG Yajun, et al. Groundwater resources and their characteristics in arid lands of Northwestern China
[J]. Journal of Natural Resources, 2002, 17(3) : 321 —326. (in Chinese)

[5] KM, AL, 2. PET XM T KRR LE o], TR, 2009, 52(2) :3 - 15.

ZHANG Hongyi, ZENG Fanjiang, AN Haitang. Formation, distribution and transport of shallow groundwater in arid areas,
China[J]. Arid Zone Research, 2009, 52(2) :3 - 15. (in Chinese)

(6] #AS, BIE T, M, 5 PEENETEXASH T RERSERENHCT]. TRXRERSHE, 2008,
22(2):3-17.

FAN Zili, CHEN Yaning, LI Heping, et al. Determination of suitable ecological groundwater depth in arid areas in northwest
part of China [J]. Journal of Arid Land Resources and Environment, 2008, 22(2) :3 —7. (in Chinese)

(7] 0w, £44, A5 BT T AOKE AR R EmiE [ J]. R R 4R (B SRR AR , 2013,
49(2) . 246 -249.

YI Biaoqi, WANG Jinsheng, ZUO Rui. Determination and delineation methods based on classification of wellhead protection
areas[ J]. Journal of Beijing Normal University ( Natural Science), 2013, 49(2) . 246 —249. (in Chinese)

(8] k=2, skBRE, #2HE, 55, SR KGR IR BR AR EA T [T]. TR, 2008, 23(1): 35 -40.

LIU Honglan, ZHANG Junguo, DONG Anxiang, et al. Analysis on the actuality of water resource utilization and its future
prediction in Zhangye City, Gansu Province[ J]. Journal of Arid Zone Research, 2008, 23(1): 35 —40. (in Chinese)

(9] BRAE, F0E3C. JRRLHRIE A 3R P BoK B AR S5 55 M IR E A A SR [T ] K RAR$FE 4R, 2003, 17(6) : 137 -139.
CHEN Yan, QI Qingwen. Investigation on land use and water and soil conservation measures by remote sensing-taking Dalate
County, Inner Mongolia autonomous region for example[ J]. Journal of Soil and Water Conservation, 2003, 17(6) : 137 - 139.
(in Chinese)

[10]  BhKJG. D225 Fyb iR s b Pl vl R 2 R R FE [ D ). RIS 4« N 52l 0l R4, 2012.

HAN Yongguang. Oasis deserticulture and sustainable development for Ulan Buh Desert [ D ].
Agricultural University, 2012. (in Chinese)
[11]  JREH. sARHT TR LA SRPARLT]. oKk, 2009, 31(3): 64 -65.
SU Huiyan. The development and utilization of groundwater in Chaoyang and the protection planning [ J]. Journal of
Groundwater, 2009, 31(3): 64 —65. (in Chinese)
[12] CRONIN A A, BRESLIN N, GIBSON J, et al. Monitoring source and domestic water quality in parallel with sanitary risk
identification in Northern Mozambique to prioritise protection interventions[ J]. Journal of Water & Health, 2006, 4(3) ; 333.
[13]  BE#E. DH0/RH 8L 2 REE S o BOT O Bl 2 28 st S8 I PR [ D). B3 - 52 B A, 2006.

YAO Hui. Genetic diversity and quality assessment of Glycyrrhiza uralensis and antioxidant constituents of Viscum coloratum

[D]. Shanghai: Fudan University, 2006. (in Chinese)



212 PSS A1 R A S 14 2019 4

[14]  farfEk, REIA, STRER. @ 1 B b &3 R4S M A28 A 0 Al A% R BB [T Mol B, 2006,42(10) 13 - 18.
HE Hengbin, ZHANG Huijuan, JIA Guixia. Population structure and spatial distribution pattern of Ammopiptanthus mongolicus
in Dengkou County, Inner Mongolia autonomous region [ J]. Journal of Forestry Science, 2006, 42 (10). 13 - 18. (in
Chinese)

[15] HRZ. R ZEF R KBS [D]. LTI K, 2014,
XTAO Tailiang. Spatial correlation analysis of economic development in the northeast China[ D]. Shenyang: Liaoning Normal
University, 2014. (in Chinese)

[16] SHAO]J, CUI'Y, HAO Q, et al. Study on the estimation of ground water withdrawals based on groundwater flow modeling and
its application in the North China Plain[ J]. Journal of Earth Science, 2014, 25(6) : 1033 —1042.

[17] RUUD N, HARTER T, NAUGLE A. Estimation of groundwater pumping as closure to the water balance of a semiarid,
irrigated agricultural[ J]. Journal of Hydrology, 2004, 297(124) . 51 -73.

(18] M, BRE, T4, 5. JET 83— /K SO AR A0 AY A 3 7 SR i A5 55 (7] R /K AL 5K FIREH$L, 2016,
14(1) . 54 -58.
YANG Liu, CHEN Xi, ZHANG Shu’an, et al. Estimation of groundwater withdrawal for agricultural irrigation based on surface
groundwater hydro logical simulation[ J]. South North Water Transfers and Water Science & Technology, 2016, 14(1) . 54 -
58. (in Chinese)

[19]  sRB%, Eobilk, £5, 5. SRR AESTORR[T]. KiaagiEe 4, 2010, 28(12) : 26 -29.
ZHANG Shujun, WANG Guangqgian, WANG Fang, et al. Study on vegetation ecological water demand in Qaidam basin[ J].
Water Resources and Power, 2010, 28(12) : 26 —29. (in Chinese)

[20] A&, 250, AL, S SRRV 8 U T 2K I A AR e o i Sk b R AR A B 2L T ] A AR IR A 4R, 2009,
24(3) . 498 -506.
ZHOU Jian, LI Xin, WANG Genxu, et al. The spatial-temporal variation analysis of groundwater and response to land-use
change in the middle researches of the Heihe River basin[ J]. Journal of Natural Resources, 2009, 24 (3) . 498 —506. (in
Chinese)

(2] BRIVT. fideds M4 B m B AT s (D], Kb - WIm K2, 2011.
CHEN Peng. Studies of sensor network data interpolation algorithm[ D]. Changsha: Hunan University, 2011. (in Chinese)

[22] WhoRIL, M. I =M X% 2 TR 582 LRSS E e (1], Rl TR, 2007,
23(8): 45 -51.
YAO Rongjiang, YANG Jinsong. Quantitative analysis of spatial distribution pattern of soil salt accumulation in plough layer
and shallow groundwater in the Yellow River Delta[ J]. Transantions of the CASE, 2007, 23(8) : 45 —=51. (in Chinese)

(23] 2=, 22120 KILOdb R b Al 2 | a5 f 4 dr (1], BRI 2: , 2009, 32(6) : 33 -35.
LI Runsheng, GONG Yiqing. Land-use spatial structure analysis of the north branch of Yangtze river estuary[ J]. Modern
Surveying and Mapping, 2009, 32(6) : 33 =35. (in Chinese)

[24] &%, RUIRNE, £59, %. ZUEME TR TR = BB RFAET]. P ERE AR, 2012, 18(3) : 34 -41.

CHANG Dong, XU Mingkang, WANG Yong, et al. Spatial variability of soil trace elements in gentle slope tobacco field[ J].
Journal of China Tobacco, 2012, 18(3): 34 —41. (in Chinese)



