ith B IR IR F IR

HRIENX

Vol.10 No.l | Feb. 2019 ARTICLE
Journal of Earth Environment [liv]e) B N0 WA YAl K:p11Y:]

ETER - BEVSWH TADES F—LlizH
SEHEX S 1

e 1,2,3 1,2,3 , 4 4 4 4
R , L&A , kR, A R, FEHES, R
1 K2R RS TR B, V6% 710054

2. KR K RIBIR S, P67 710054

3. KRS BIX T K SCH A SRV 2R TR S %, P9 710054

4. KR WERBL A SRR, V% 710054

i E: ATHRZERERGRTRIHERKIE, BT AR - HRBRS AT KBS F TR,
FIR ArcGIS FRI M T A AT ERITRER - SEMRHSHKIE, 24 T ARG T RER - HE2
Moy, S THERTRRMEESRGEZTHESHIE, ERET: 1978 —2012 5, ZRBEERH TR
B - HAEARLE A 046, 0.44. 0.38., 0.39, R T RAKILE A3 5K E T EAS; 1991—2012 4,
410.00—446.19 m /K45 X @ @ AR gy 1978 469 2.54 F K4 0, 342.51—360.00 m K% R [&] @ AR % 444
¥, PEARER A FLEFENEFE, RtB AR T ARFLRELASRA T FME; A 1978 FH
Ao, E 2012 FHTFRBAZTH Y2 7.08x10° m'; Bk, AKIIKRE, ATFRZY nEZEEHER
WTASEHEEZRE, AMEEAHEATIRERRTRABEET THHEIEZRE, AL BR- LR
o & T VAR AE R T K ARAL & 8] L A4S AR Ao fil B2 09 TALE OL, AR @ AR - SAEAR A AL 95 I AE e
TARABEAZENE, IEAT @R - HERSER T RAZIFR T LA — L6 ERAK,

KEWR: @R - BERY; TR & 20; ZRRER

Groundwater dynamic analysis based on hypsometric integral: a case study of Jinghuiqu
irrigation district, China

XU Bin"*’, WANG Jinfeng"*>, ZHANG Yan*, JIN Lan*, LI Huanhuan*, XIONG Yugqing"

1. School of Environmental Science and Engineering, Chang’an University, Xi’an 710054, China

2. Research Institute for Water and Developments, Chang’an University, Xi’an 710054, China

3. Key Laboratory of Subsurface Hydrology and Ecological Effects in Arid Region, Ministry of Education, Chang’an University,
Xi’an 710054, China

4. School of Earth Science and Resources, Chang’an University, Xi’an 710054, China

W EH: 2018-04-06; RAABHI: 2018-06-29; MI4EHAR: 2018-09-14

Received Date: 2018-04-06; Accepted Date: 2018-06-29; Online first: 2018-09-14

E@WH: &FFFAA0H7 4% (B08039) 5 BEARXAFALTMA (4171101190) ; FkFHEILAFA LS F

A F4 (310829171005, 310827171006 )

Foundation Item: Programme of Introducing Talents of Discipline to Universities (B08039); National Natural Science Foundation of
China (4171101190); Fundamental Research Funds for the Central Universities (310829171005, 310827171006)

BEEE: # X, E-mail: xubin@chd.edu.cn

Corresponding Author: XU Bin, E-mail: xubin@chd.edu.cn

SIAME: fh O, £ K HE, 45 2019, FEF A - AR BUR AUH TR S AT—— LA IRME DN ] [J]. HEEREREE AR, 10(1): 27 -37.

Citation: Xu B, Wang J F, Zhang Y, et al. 2019. Groundwater dynamic analysis based on hypsometric integral: a case study of Jinghuiqu irrigation

district, China [J]. Journal of Earth Environment, 10(1): 27-37.



28 H BRI 24 %105

Abstract: Background, aim, and scope Groundwater is an important water resources and a significant factor in
maintaining regional environmental health and ecological balance. The combined effect of human activities and
climate change has led to changes in the groundwater environment that inevitably have a corresponding impact on
groundwater dependent ecosystems. Therefore, an accurate analysis of the dynamic characteristics of groundwater
has important practical significance for making rational strategies of groundwater exploitation, the protection
of ecological balance and the sustainable development of society and economy. The hypsometric integral is a
quantitative index to study the relationship between the horizontal cross-sectional area and its elevation, which is
a kind of the quantitative analysis to reflect the status and erosion trend of the geomorphology. It is widely used in
the research of geomorphic evolution, evaluation of lithology and tectonics, hydrological characteristics analysis
of drainage basin. From the perspective of spatial data model representation of ground objects, both the shallow
groundwater surface and the drainage basin topography surface can be described by digital elevation model and
have the same mathematical basis for the hypsometric integral analysis. By analyzing the variation characteristics
of groundwater surface, the hypsometric integral analysis provides an applicable method for studying groundwater
dynamics. Jinghuiqu irrigation district is an important food and vegetable production base in Shaanxi Province
where residents mainly rely on groundwater. In recent years, the groundwater level and storage in the region has
been impacted by industrial and agricultural activities. The study was carried out to analyze the groundwater
dynamics in the region, and discuss the role of hypsometric integral in the groundwater dynamic analysis.
Materials and methods Shallow groundwater level data in 4 periods of 1978, 1991, 2001 and 2012 was filtered by
interval of about 10 a which derived from groundwater level monitoring data of Shaanxi Jinghui Canal Irrigation
Administration. The normal distribution condition was verified and the abnormal data were eliminated using QQ-
plot tool in the geostatistical analyst module of ArcGIS. Gaussian model was applied to fit the semivariogram and
the Ordinal Kriging method was used to interpolate the data to get the groundwater surface raster data, covering the
study area with a spatial resolution of 100 m for each grid. The descriptive statistical data of the groundwater level
in the period of 1978 —2012 was analyzed using ArcGIS and the hypsometric integral of each period is calculated.
Using slice tool in ArcGIS spatial analysis tools, the groundwater level in different periods is reclassified to 11
classes. According to the definition of hypsometric curve, the proportion of the total area and the total height
in the study area was calculated for the upper limit of each groundwater level class, hypsometric curves of
1978—2012 were depicted using Excel 2003. Results During the period of 1978—2012, the hypsometric integral
of groundwater was 0.46, 0.44, 0.38 and 0.39, indicating that the groundwater level and storage was in a decreasing
trend. In the period of 1991—2012, the area ratio in the groundwater level of 410.00—446.19 m decreased to 0,
in comparison of 2.54% in 1978. The area in the groundwater level of 342.51—360.00 m increased continually
in decades. The different trends of area ratio in groundwater level of 360.00—410.00 m showed the spatial
variability of groundwater extraction in different periods. During 1978 and 1991, the area ratio difference in the
groundwater level of 360.00—430.00 m was fair less, reflecting that the groundwater extraction was stable in the
period. Since 2001, the area ratio within the groundwater level range has changed to different extent, reflecting the
spatial evolution of groundwater extraction. In the period of 1978—2012, the groundwater storage decreased about
7.08x10° m’. Discussion The precipitation, amount of surface water use and groundwater exploitation was the most
important factors impacting the groundwater dynamics. The unbalance of recharges and discharges was the main
reason for the decrease of groundwater storage in the study area. In the period of 1978 —2012, the precipitation
showed a downward trend, the effective precipitation infiltration recharge decreased, and evaporation showed
an upward trend, the evaporation discharge increased. With the decrease of surface irrigation water intake in the
irrigation district, the irrigation infiltration recharge volume decreased from an annual average of 0.92x10°m’ in the
1980s to the current annual average of 0.28x10° m’, which aggravated the decline of the groundwater level. The

ratio of irrigation canal irrigation varied drastically and ranged from 0.25 to 1.31. The average values in the 1990s
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and the first decade of 21st century were 0.90 and 0.83, respectively, which had exceeded the suitable irrigation
ratio of 0.35 to 0.70. While the total amount of surface water irrigation declined, the ratio of well irrigation
increased significantly, and the depth of groundwater burial increased year by year, indicated that the unbalance
of groundwater recharge was increasingly serious. Conclusions The study shows that the hypsometric curve is
useful to depict the distribution characteristics of groundwater level change and storage variation, and the amount
of groundwater storage variation can be derived from the hypsometric integral value. It proves that the hypsometric
integral is applicable in the groundwater dynamic analysis. Recommendations and perspectives While using the
hypsometric integral to analyze the groundwater dynamics, the study area could be divided into smaller sub-areas,

and the hypsometric integral value of each sub-area would be calculated separately to depict the spatial distribution

characteristics of groundwater level and storage.
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2 EEMRIE (£ 3) o X 2 gk 3 1)
A TR AR - AR R DX (A AR L X
FHe e A B AR AR f e 5 b — 3, X 1978 —2012
BT OGRS, HL Pearson AHOCRECH
0.98. 0.96, 0.97 F10.94, I KEEEAHR, £
TR - W RE AR RE NS SR AIE st KA 19 25 ) 454 I
AL o

X TR - e R R A B R KAt A e AR AL i
AT S AT IE o DA I R T 2R AT = A 1
SHREHED RN o A T IX, it RAA A X
KN 2ZME, HAHM T KEEARTEAST
DX i A i AR A B, SRR AR A5 DX M T 7K i A
AR . = AR ) A3 1k A2 W T S AR A A 2
W, TR RE A, (R TREER R, SO
WEEE NS, =Mk i - &
e U4y 18 1978 — 1991 4 1978 —2001 4E FiI
1978 —2012 44 F K i fAfiA8fbit (R 4) , B
1978 —2012 4%, WM - mER I EHEY & T
SRR, IRk B e i M R K A
AR

i —2, 38k R KA AF A Ak B T
TKAKALAS R, 25 R W 5, 1978 —1991 4E F
1978 —2001 4F (1Y) = A 1] 43 S 18 7K A A2 i 422 30 55
DA, 2RI R oK A A R AR A TR T 4
TR - R R R K A AR IR 1R 25 15% Aid s
XFF 1978 —2012 47, =il 5w - &M
A3 R R 25 A TE 10% 2247, HEHE 9 A 5 v 1
TR, W 2 B = A ) AR
IEAA R ) B A, i AR - AR AR T AR
T T KK A A Eit A ()9 RO R S A R
BN R 22, AN, 25K A 1k Ab PR 2 5
e T AR - AR BTG A AR A R Y
K%,

Zi b, TR - SRR T DAFRAE R TR KK
7 25 [ 25 A RRAE RN A7 1t R AR AR A 0, R R AR -



R, &5 TR - SRR EH T K S S —— AR IR X A ]

e R BT ELRE A8 A DU 55l T K Ak A7 AR AL [EECHRIER TR 5 b S A TR AR T AU Ry g i
PESE PR Pl LUGH G 3 s e Pl s KRB

3 1978—2012 4FH TR MMIFESE R
Tab.3 Statistical data of monitoring well in the period of 1978 —2012

JKABLIX [H] R DX [a] T AR ]
Groundwater level Proportion of Class proportion of total area /%

class /m total height 1978 1991 2001 2012
(440.00, 446.19] 1.00 0.83 0.00 0.00 0.00
(430.00, 440.00] 0.94 1.24 0.00 0.00 0.00
(420.00, 430.00] 0.84 7.88 6.28 1.18 2.04
(410.00, 420.00] 0.75 14.11 14.49 8.88 10.20
(400.00, 410.00] 0.65 11.20 12.56 12.43 10.20
(390.00, 400.00] 0.55 12.45 13.53 13.61 18.37
(380.00, 390.00] 0.46 16.18 14.49 15.38 14.29
(370.00, 380.00] 0.36 12.86 14.01 17.16 14.29
(360.00, 370.00] 0.27 14.94 13.53 13.61 14.29
(350.00, 360.00] 0.17 7.88 9.18 14.79 14.29
[342.51, 350.00] 0.07 0.41 1.93 2.96 2.04

K4 HTRGEA R RO L

Tab.4 Comparison of groundwater storage variation

ek Groundwater storage variation /10° m’

ing:] wE
Period =Sy AR - AT Error /%
Delaunay triangulated Hypsometric integral
1978—1991 -1.72 -2.03 18.02
1978—2001 —6.92 —8.15 17.77
1978—2012 =7.17 —7.08 -1.26

K5 MR KK AR R 2 iR 22

Tab.5 Error comparison of groundwater level variation inversion

KA A IR AE MR R
- W R Groundwater level variation /m Groundwater level variation error /%
. Monitoring : SHESRE WAL MRBUNRE  SAEs mRL- mRES
Period S . H TR .
well count Inversion of Delaunay Inversion of Delaunay Hypsometric
Observed . .. . .
triangulated hypsometric integral triangulated integral
1978—1991 207 —1.85 —1.85 —2.18 —-0.27 17.57
1978—2001 169 =7.67 —7.44 —8.76 —2.96 14.23
1978—2012 49 —6.89 =7.71 —7.62 11.85 10.50
4 g KT - ARG, i T HE D T K SR
. N = 4 ZH A Q:'—: \/\ .
RIAAR T TR - SEBUNER A T Fokgh  TF T3l TSRS
ASAMHT 0 HEAR S, DL 7 44 V2 B I X 11 (1) 1978—2012 4%, DUl AR E K T

FIH ArcGIS %5 [a) 43 H1 T HAFE T AR AT KA - @ AR E S 046, 044, 0.38, 0.39,
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