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Fig.1 Location of study area and distribution of observation wells
in different terraces

2 fARAE

2.1 R#HFHE

2004—2010 4] % FAREX 51T AU T 7K Ry
FEIEAT IS, 3 ANE b R HAN £ 2300k 26 (BYib 1)
13 (Bris2) F112 (B 3) o ZKFEECEIKIE R 2 m &b,
W KA 28 . SR [ EAT GPS e, il
FAFE AR R o RIS AR X AN LI (1) 7K BRI
¥ 36# (RHFER) F43# (IRHS%) HE N KWIEN
MEMFE, W B H R KA A 88 5% CTD-Diver (JE[H) 1
ATHU TR 7KK AT « I BERTHE 2 1 [ 20 . Hb R KA B
ANCSRALAE 36#H1 4341 IR 3304 13.5 FT 38.2 m
2.2 H@ENESHHAZE

2 POV FHRCAS 56 7K L S R PR I R RS P« AH
X} 2543150 Spearman FRASE R HE,

X TAEXS 220000, AHRE224) 6 /2 56 T & 53 ii=1, ...,
SDPEITE j(=1,... . 1)K T (A (ECp) LI j (1T AT
I EEAE A (E_Cj) )22

EC:‘/ _E_Cj
i E—CJ

MR 22 AE I TR)_ER#ME (mean relative difference,

MRD) &, , HIPFHIAIX] 25> RIbR#E% (standard deviation

(D

of relative difference, SDRD) o(8,) [ AR 405 H -

o(3) = Jﬁi(&y -5’ (3

A m I IR EL

Fr A FE S MRD B/ BRI P HEZ R R, FF
b A — /M A SDRD. /M MRD {H % /R4 E 4
A TAIFEE M, K1 MRD (B KR & 55 A7 AL SR IR TR
AP, ARYE Vachaud 5405 —ANFE S MRD #2230
T%IFH SDRD LN, HAXA s & RR AL E
o A7 'E A MRD {HA£+0.05 5 [l N il DA K 2 8L T
0131, F 55 1) MRD {H £E+0.05 2 [B)ARAL S& FRINATF 5T X Hs
AR RR B — AN AT, AR PR
MBI S — A4 SDRD {E /M,

5 2 Bk R T 4ES 4L Spearman FRAHC R L 7,

62 (R, — R, )
i=1

r=1-—

5 4
n(n” —1)

e Ry A AEALE 1§ ASETR) jOWEIIELFRIRR, 10 R M
DB AR R — A7 B i AN FIN ] & Rk, n W R
S

JIT A B A AN [ 3000 I T P 3 Ao A 5 2 e o
o r e T =1 FH1 2 AR, v (BT T 1 3
W IR TV AS s PR R, BRI O DI [ AR phl =,

AN TR IS 1) ROBE T AR 7K FEL 3 R R KA 1 i S5
Morlet /MBAEH 34T . Morlet /Mg i H () 52 AP

g(1) =l i (5

e s ARBECEAAL, fo h/NBERE LA, ¢ IR

3 ZEREHH

3.1 KB SEAR BT LHHE
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Table 1 Summary statistics for groundwater electrical conductivity of well locations in 3 terraces at different time points.

34 b 1 Terrace 1 [ b 2 Terrace 2 [ ih 3 Terrace 3
Date  w/MH Min. SCINI:! Max. FHME Mean (0, /ME Min. SEINI:| Max. FHME Mean (0, R/ME Min. SEINI:| Max. SFHI{E Mean (0,
) (Sm™) (Sm') s (Sm™) (Sm) s )
2004-01  0.0934#)  0.6926H) 0.28 64 0.10@4#)  0.54(9%) 022 53 0.1146%)  0.91(36#) 035 70
2004-03  0.10(34%)  0.78(26%) 0.30 65  0.11(4%)  0.5809%) 0.25 54 0.11(46%)  0.92(36%) 032 70
2004-06  0.10(34%)  0.78(264) 0.30 69 0.11(4%)  0.62(9%) 024 58 0.10(504)  0.96(36%) 038 70
2004-08  0.10(34#)  0.84(26%) 0.29 75 0114 0.61(9%) 024 57 0.11(46%)  0.99(36%) 0.40 67
2005-03  0.10(34#)  0.75(26%) 031 65  0.12(4%)  0.60(9%) 024 53 0.12(46%)  0.92(36%) 032 70
2005-05 0.10(34#)  0.76(26#) 0.31 66 0.12(47#) 0.61(9#) 0.27 50 0.12(46#)  0.91(36#) 0.38 64
2005-08 0.11(34#)  0.93(27#) 0.34 75 0.11(4#) 0.68(18#) 0.28 64 0.12(46#)  0.91(36#) 0.38 67
2005-00  0.10(34%)  0.79(19%) 032 71 0114%)  0.599%) 0.26 53 0.12(46%)  0.94(36#) 0.38 69
2006-03  0.13(42#)  0.74(26H) 031 64 0.11(4%)  0.58(9%) 0.24 51 0.12(46%)  0.89(36#) 0.36 68
2006-08  0.11(34%)  0.85(26%) 033 67  0.11(4%)  0.5809%) 0.26 50 0.11(46%)  0.90(36%) 0.36 68
2007-03  0.11(34%)  0.76(26%) 031 65  0.11(4%)  0.5509%) 0.23 51 0.12(46%)  0.87(36%) 032 69
2008-03  0.11(34#)  0.78(26%) 031 64 0.11(4%)  0.5509%) 024 49 0.13(46#)  0.87(36#%) 0.36 62
2008-00  0.10(34#)  0.75(19%) 0.28 66 0.11(4%)  0.5409%) 0.25 50 0.12(46%)  0.87(36%) 038 64
2009-03 0.11(34#)  0.77(19#) 0.30 65 0.11(4#) 0.52(9#%) 0.23 47 0.12(46#)  0.82(36#) 0.38 59
2009-09 0.11(34#)  0.79(19#) 0.31 66 0.11(4#) 0.51(9#%) 0.23 46 0.12(46#)  0.76(36#) 0.39 59
2009-12  0.1134%)  0.7926%) 031 66 0.114%)  0.51(9%) 023 47 0.1246%)  0.7936#) 0.38 60
2010-03  0.1134%)  0.81(26%) 032 63 0.114%)  0.50(9%) 0.24 45 0.1246%)  0.78(36#) 033 65
2010-09  0.08(42#)  1.00(19%) 037 72 0134 0.53(9%) 0.26 44 0.14(46%)  091(36%) 0.41 59
q;[ii{f‘ 0.10 0.80 0.31 67 0.11 0.57 0.25 51 0.12 0.88 0.37 66

" CV oA RREL

Note: CV is coefficient of variation.

3.2 MT/KEBSEREIEEMEST

Spearman FkAH K R AL e — Al LRIA H — A& &
FEAN ] i R 28 Ak 558 BE R 1) R AR S B0 36 7 vk,
S5 Ry 2 TR S A ) AR, 3 AN B
RN K 2 EAE 18 /NI TH] A1) Spearman FRAH K R 4L
(ro) WK 2—3K 4, HERTCUEH, B 1. Firis 2 Ffy
3 1) AR AEVE 433 4 0.71~0.99.0.74~1.00 F10.70~

0.99, HAGIIAE P<0.01 AT E MK H KT 7 {HIY
FAL T 1, USRI i iR R 7K 3 238 I H 5 B )
IR ASE M. 77 %5087 (analysis of variance, ANOVA)
SHTRIIANE B HL) Spearman FAT ¢ R BUAAFAE 3% 25
S, Ul R K F T 2R RIS TR AR M R 59 S SLPT R
Mo ZA K. R, Spearman FRAH IS 2 BHAS [F] i Ho I
RUTHL T 7K L 20 S T B Z PR A e R A S

T2 18 ETIE A TH e 1 A9t Tk B S3 Spearman #AHH X R %

Table 2 Spearman rank order correlation coefficients for groundwater electrical conductivity in terrace 1 at 18 time points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 0.87
3 0.90 0.97
4 0.76 0.80 0.82
5 0.92 0.95 0.98 0.83
6 0.94 0.96 0.98 0.82 0.98
7 0.93 0.95 0.98 0.81 0.97 0.99
8 0.89 0.93 0.93 0.87 0.93 0.93 0.93
9 0.93 0.89 0.93 0.76 0.95 0.94 0.94 0.88
10 0.96 0.89 0.94 0.74 0.94 0.96 0.96 0.89 0.94
11 0.98 0.91 0.95 0.77 0.97 0.96 0.94 0.88 0.96 0.95
12 0.94 0.89 0.94 0.76 0.96 0.95 0.93 0.87 0.96 0.94 0.99
13 0.92 0.94 0.96 0.81 0.97 0.97 0.97 0.91 0.94 0.95 0.96 0.96
14 0.92 0.92 0.95 0.80 0.97 0.96 0.94 0.88 0.95 0.93 0.99 0.98 0.97
15 0.95 0.93 0.96 0.77 0.97 0.97 0.95 0.89 0.97 0.95 0.99 0.99 0.98 0.98
16 0.92 0.89 0.93 0.84 0.95 0.94 0.92 0.85 0.95 0.91 0.99 0.99 0.96 0.98 0.98
17 0.92 0.86 0.91 0.73 0.91 0.91 0.90 0.84 0.89 0.89 0.95 0.95 0.91 0.95 0.97 0.98
18 0.92 0.86 0.88 0.71 0.93 0.93 0.90 0.84 0.92 0.91 0.96 0.93 0.89 0.93 0.95 0.94 0.92
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Table 3 Spearman rank order correlation coefficients for groundwater electrical conductivity in terrace 2 at 18 time points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
0.91
0.97 0.99

0.77 0.92 0.78

0.93 0.98 0.99 0.76

0.86 0.97 0.94 0.82 0.94

0.91 0.93 0.98 0.74 0.97 0.89

0.90 0.91 0.97 0.80 0.96 0.90 0.99

0.92 0.89 0.99 0.77 0.97 0.88 0.98 0.98

10 0.88 0.91 0.95 0.77 0.95 0.88 0.97 0.98 0.96

11 0.79 0.98 0.84 0.95 0.84 0.91 0.77 0.81 0.79 0.79

12 0.90 0.91 0.97 0.80 0.96 0.90 0.99 1.00 0.98 0.98 0.81

13 0.89 0.93 0.97 0.79 0.96 0.92 0.98 0.99 0.96 0.96 0.82 0.99

14 0.87 0.92 0.95 0.84 0.94 0.92 0.97 0.99 0.96 0.98 0.85 0.99 0.99

15 0.78 0.88 0.90 0.89 0.90 0.93 0.90 0.93 0.87 0.91 0.89 0.93 0.95 0.96

16 0.86 0.93 0.94 0.90 0.93 0.95 0.93 0.96 0.91 0.94 0.92 0.96 0.96 0.98 0.99

17 0.87 0.93 0.94 0.82 0.94 0.93 0.94 0.96 0.93 0.96 0.85 0.96 0.97 0.97 0.97 0.98
18 0.87 0.93 0.96 0.99 0.96 0.94 0.99 0.99 0.95 0.97 0.97 0.99 0.99 0.99 0.98 1.00 0.98

O 0 9 N W B W N

T4 18 ETEETHi 3 Yt KBS 3 Spearman #AHE X R %]

Table 4 Spearman rank order correlation coefficients for groundwater electrical conductivity in terrace 3 at 18 time points

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
2 0.85
3 0.92 0.87
4 0.99 0.85 0.92
5 0.90 0.91 0.97 0.91
6 0.98 0.87 0.94 0.97 0.91
7 0.97 0.87 0.87 0.97 0.88 0.92
8 0.94 0.88 0.80 0.93 0.82 0.90 0.98
9 0.90 0.90 0.78 0.90 0.82 0.87 0.96 0.99
10 0.96 0.80 0.83 0.94 0.83 0.90 0.99 0.97 0.94
11 0.85 0.93 0.80 0.83 0.84 0.83 0.92 0.94 0.96 0.90
12 0.94 0.86 0.80 0.93 0.82 0.88 0.99 0.99 0.97 0.96 0.94
13 0.94 0.93 0.84 0.93 0.84 0.94 0.95 0.98 0.97 0.92 0.94 0.96
14 0.93 0.96 0.87 0.93 0.88 0.92 0.94 0.95 0.92 0.91 0.95 0.94 0.98
15 0.95 0.90 0.83 0.94 0.83 0.93 0.97 0.99 0.97 0.95 0.93 0.98 0.99 0.97
16 0.78 0.87 0.70 0.75 0.71 0.76 0.86 0.92 0.94 0.85 0.98 0.88 0.92 0.92 0.91

17 0.96 0.90 0.89 0.96 0.94 0.90 0.99 0.99 0.99 0.98 0.95 0.98 0.95 0.93 0.98 0.95
18 0.97 0.92 0.93 0.97 0.93 0.97 0.95 0.92 0.92 0.91 0.89 0.93 0.95 0.96 0.94 0.83 0.96

e F2~F 4P 1] 18 4 HIACEIA S5 2004 45 1 H. 3 H. 6 HRI8 H, 200543 H. 5 H. 8 HRI9 H, 2006 43 AFI 8 H, 2007 43 /I, 2008 4£3 H
9 H, 200943 H. 9 HAI 12 H, 2010 4F3 AR 9 H; MHKRREIYLE P<0.01 KPR FAHC.

Note: In table2. table3. table4, 1 to 18 refer to Jan., March, June and Aug. 2004, March, May, Aug. and Sept. 2005, March and Aug. 2006, March 2007, March and Sept.
2008, March, Sept. and Dec. 2009, March and Sept. 2010. Correlations are all significant at P<0.01.
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Temporal stability of groundwater electrical conductivity in Luohuiqu
irrigation district

Xu Guoce'?, Liu Haibo?, Shen Zhenzhou!, Wang Jinhua', Ran Dachuan?, Li Zhanbin? Li Peng®
(1. Key Laboratory of the Loess Plateau Soil Erosion and Water Process and Control, Ministry of Water Resources, Zhengzhou 450003,
China; 2. State Key Laboratory Base of Eco-Hydraulic Engineering in Arid Area, Xi’an University of Technology, Xi’ an 710048, China;
3. Beijing Soil Conservation and Ecology Engineering Consulting Company Limited, Beijing, 100055, China)

Abstract: Soil salinization is currently an important limiting factor on agriculture development in irrigation areas all over the
world. Electrical conductivity (EC) is one of the main indicators which are used to determine whether the irrigation water will
cause soil salinization. It is of important significance to study the temporal and spatial variation of groundwater EC for
agricultural irrigation in irrigation districts. This study was conducted to examine the temporal stability and periodicity of
groundwater EC in irrigation districts. To accomplish this, 51 observation wells were selected for analysis of groundwater EC
in Luohuiqu irrigation district which was an important agricultural production base in Shaanxi Province, China. The 51
observation wells belonged to 3 different terraces which were Terrace 1, 2 and 3. The altitudes of the 3 terraces were >342-360,
>360-369 and >370-388 m, respectively. The numbers of observation wells in Terrace 1, 2 and 3 were 26, 13 and 12,
respectively. Water samples were collected from 2 m below the well water surface to measure the groundwater EC and
temperature at each site. Well 36 (high EC) and 43 (low EC) were selected for long-term observation. A CTD-Diver (USA)
groundwater level data logger was adopted for measuring and recording the groundwater EC, temperature and level. According
to the long sequence monitoring results of groundwater EC for the 51 observation wells, relative difference analysis and
non-parametric Spearman’s rank correlation test were used to check for temporal stability of groundwater EC, while Morlet
wavelet analysis was applied to study the periodic variation of groundwater EC and groundwater level of high and low salinity
wells. The results indicated that the order of mean groundwater EC values of the 3 terraces at different time instants was
Terrace 3 > Terrace 1 > Terrace 2. Significant difference existed among the mean groundwater EC values of the 3 terraces
(P<0.01). The groundwater EC values of the 3 terraces at different time instants all indicated moderate spatial variability, with
coefficient of variation (CV) values ranging from 44% to 75%. Based on the mean EC value of each observation well, 21 wells
were slightly saline and 30 wells were moderately saline. The ranges of minimum and maximum value of groundwater EC
were 0.08-0.14 and 0.50-1.00 S/m, respectively. The most of Spearman rank correlation coefficients for groundwater EC were
close to 1 (P< 0.01), which indicated that the groundwater EC of the 3 terraces exhibited strong temporal stability. But the
temporal stability of groundwater EC had little relationship with the terraces which the corresponding well sites belonged to.
The representative locations of mean groundwater EC for Terrace 1, 2 and 3 were Well 40. 38 and 45, respectively. The
representative location of mean groundwater EC for the entire study area was Well 2. Based on the Morlet wavelet analysis of
the groundwater EC and water level of Well 36 (high EC) and 43 (low EC), both of the groundwater EC and water level
showed periodic variations. The groundwater EC and water level indicated different vibration periods on different time scales
for both Well 36 and 43. The change in groundwater EC on small time scales was mainly affected by lateral recharge sources.
The groundwater EC and water level showed an obviously inverse phase on large time scales. In conclusion, the groundwater
EC has strong temporal stability and periodicity in Luohuiqu irrigation district. The representative location with mean
groundwater EC can be used to monitor the mean groundwater EC of the study area. Irrigation time should be fully considered
in irrigation districts to avoid soil salinization. The representative location with mean groundwater EC can provide great
guidance to determine the irrigation time quickly and accurately to reduce the risk of soil salinization.

Key words: irrigation canals; groundwater; conductivity; temporal stability; Morlet wavelet analysis



