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Abstract The ‘‘Grain for Green’’ Project on the Loess

Plateau of China has converted a large area of cultivated

slope farmland to terraces to reduce soil erosion and

improve the ecological environment. The area of terraced

land on the Loess Plateau was 32,600 km2 in 2010.

Knowledge of the behavior of soil water storage (SWS)

and its spatiotemporal distribution provides essential

information concerning hydrological and ecological pro-

cesses. This study aimed to analyze the temporal stability

of SWS after rainfall for different time periods on terraces

planted with jujube trees (Ziziphus jujuba Mill.). The SWS

of 21 locations was obtained from July 19 to September 3

in 2014 and from August 01 to August 31 in 2015. Relative

difference analysis and the nonparametric Spearman rank

correlation test were used to check the temporal stability of

SWS. The SWS on terraces was normally distributed and

demonstrated moderate spatial variability. The SWS at

three soil depths all showed strong temporal stability with

stability in the order of 0–0.6\ 0–1.0\ 0–1.6 m. Rainfall

significantly affected the temporal stability of SWS in the

depth of 0–0.6 m. The number of representative locations

of SWS was not constant. The best representative locations

were not identical for different soil depths; however, a

common representative location did exist for the different

depths and periods. Moreover, the mean SWS generally

increased from the upper to lower slope. The temporal

stability of SWS was not significantly affected by rainfall

but was significantly negatively correlated with sand con-

tent. The total root length and soil organic carbon content

did not show any obvious correlations with mean SWS. It

was feasible to use the representative locations of SWS to

represent the mean SWS over a period of time. However,

the cumulative absolute error increased with cumulative

days. In conclusion, SWS in the deeper soil depths indi-

cated greater temporal stability than that in shallow soil

depth during wet period. The best representative locations

for SWS were depth and time dependent.

Keywords Soil water storage � Terrace � Temporal

stability � Rainfall � Soil depth

Introduction

Water content in soil profiles changes with time as a result

of rainfall distribution, soil capillarity and drainage, runoff,

evapotranspiration and irrigation (Silva 2012; Chaney et al.

2015). It is one of the main factors that affects plant growth

and vigor (Magagi and Kerr 2001; Wang et al. 2007;

Santos et al. 2014). Information on the dynamics of soil

water within soil profiles is vital for the sustainable

development of vegetation restoration (Josa et al. 2012; Liu

and Shao 2015). However, the high spatial and temporal

variability of soil water due to the heterogeneity of soil
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texture, topography, vegetation and climate in the natural

environment makes soil water in regional scale difficult to

estimate (Gómez-Plaza et al. 2001; Hu et al. 2011; Kong

et al. 2011; Chaney et al. 2015; Wang et al. 2015).

Despite the strong spatiotemporal variability of soil

water, previous studies have indicated that the spatial

patterns of soil water show time stability (Vachaud et al.

1985; Kachanoski and de Jong 1988; Schneider et al.

2008; Brocca et al. 2009, 2010; Hu et al. 2010; Liu and

Shao 2014). Vachaud et al. (1985) first introduced the

concept of temporal stability of soil water, defined as ‘‘the

time-invariant association between spatial location and

classical statistical parameters of a given soil property’’

and suggested the ranking stability method. The concept

was later expanded by Kachanoski and de Jong (1988),

who described time stability of soil moisture as ‘‘the

temporal persistence of a spatial pattern,’’ potentially

evaluated using a simple correlation between successive

time intervals (Penna et al. 2013). Since then, the time

stability concept has been applied throughout a wide

range of spatial and temporal scales (Vanderlinden et al.

2012). Temporal stability provides a useful insight when

analyzing spatiotemporal patterns of soil moisture (Brocca

et al. 2010; Martinez et al. 2013). The method has been

successfully used to find locations that represent the mean

soil water content of an area, to down- or upscale soil

water measurement, to estimate missing data, and for data

assimilation in hydrological research (Vanderlinden et al.

2012; Penna et al. 2013). However, across study areas of

various sizes, many environmental factors are linked to

the temporal stability of soil moisture, such as soil

properties (soil texture, porosity, organic carbon content,

bulk density and soil thickness), topography, vegetation,

climate and seasonality (Vachaud et al. 1985; Crave and

Gascuel-Odoux 1997; Jacobs et al. 2004; Martı́nez-Fer-

nández and Ceballos 2005; Famiglietti et al. 2008; Zhu

and Lin 2011; Vanderlinden et al. 2012; Wang et al.

2015). For example, Martı́nez-Fernández and Ceballos

(2003) found that temporal stability of soil moisture is

always higher when the soils are dry than when the water

content is high in the central sector of the Duero basin

(Spain). In contrast, Zhao et al. (2010) found that soil

moisture under wet conditions was more stable than that

under dry conditions in a semiarid steppe. Gómez-Plaza

et al. (2000) concluded that topography and vegetation

were the primary factors responsible for temporally

stable locations of soil water content. Conflicting results

were reported that contents of clay and organic matter

rather than topographic variables appeared to be the pri-

mary factors (da Silva et al. 2001; Jacobs et al. 2004).

Rivera et al. (2014) reported that most of the variability

of soil water content changes is associated with both the

amount and intensity of rainfall. The changes in the most

stable point depend on the amount of water entering the

soil and the previous state of the soil water content.

On the Loess Plateau, the Chinese government has

implemented many management programs of vegetative

restoration since the late 1990s that have converted crop-

land to terraces, forests or grassland to improve the eco-

logical status and to reduce soil erosion and restore

vegetation (Chen et al. 2008; Liu and Shao 2015). The area

of terraced land on the Loess Plateau was 32,600 km2 in

2010. Therefore, understanding the spatial patterns and

stability of soil water storage (SWS) in terraces is essential

for a thorough comprehension of the hydrological and

vegetation restoration processes on the Loess Plateau.

However, few studies have explored the depth dependency

of spatiotemporal variability characteristics (Gao et al.

2015). Little work has examined the effect of research

period on the temporal stability and representative location

of SWS. Furthermore, no study appears to have analyzed

the temporal stability of SWS in terraces after rainfall. In

this study, the spatial patterns and stability of SWS at

different soil depths based on 21 locations along terraces

planted with jujube trees (Ziziphus jujuba Mill.) were

analyzed. We then evaluated the predictive accuracies of

the representative locations in different research periods

and the relationships between temporal stability of SWS

and some parameters. The specific objectives of this study

were to: (1) analyze the spatial patterns and stability of

SWS for different soil layers in the terraces, (2) evaluate

the predictive accuracies of the representative locations of

SWS during different research periods and (3) examine the

primary factors responsible for temporal stability after

rainfall.

Materials and methods

Description of study area

The study was conducted on terraced land located in the

Wangmaogou Watershed (110�2002600–110�2204600E,

37�3401300–37�3600300N), 5 km north of Suide County,

Shaanxi Province, China (Fig. 1). The watershed has a

continental monsoon climate with an area of 5.97 km2. The

altitude is in the range of 940–1200 m.a.s.l., and the mean

annual temperature is 10.2 �C. The mean annual precipi-

tation is approximately 513 mm, of which more than 60 %

falls between July and September. The watershed is in the

center of the water erosion region of the Loess Plateau. The

soil in the study area is loessial soil mainly consisting of

particles of size \0.25 mm, with fine sand and silt

accounting for 60 %. Rock fragment contents are very low.

The bulk density of topsoil is generally 1.1–1.3 g/cm3. The

primary land-use types in the watershed are grassland
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(36.51 %), sloping farmland (22.32 %), terraces (25.78 %),

forestland (9.15 %), and dam farmlands (6.24 %).

Soil sampling and analysis

Polycarbonate tubes (2 m long and diameter 44 mm) with

a steel cutting shoe were installed at 21 locations along the

terraces planted with jujube trees. The mean spacing of the

trees was 3.88 m and their age was 14 years. The mean

distance between adjacent tube locations in the terraces

was approximately 5.5 m. The elevation range was

1048–1056 m. From each location, soil samples with roots

at intervals of 0.2 m down to a depth of 1.6 m were col-

lected. The root length and diameter were measured using a

WinRHIZO 2013 image analyzer system (Regent Instru-

ments Inc., Canada). The root diameter was defined as

follows:\0.5, 0.5–1.0, 1.0–1.5, 1.5–2.0 and[2.0 mm. Soil

particle size distribution was described in terms of the

percentages of silt (\0.002 mm), clay (0.002–0.05 mm)

and sand (0.05–2.0 mm). Soil particle composition was

measured by laser diffraction using a Mastersizer 2000

particle size analyzer (Malvern Instruments, Malvern,

England). Soil organic carbon (SOC) content was deter-

mined in duplicate for each sample using a multi N/C 3100

analyzer (Analytik Jena AG, Germany). From July 19 to

September 3 in 2014 and from August 01 to August 31 in

2015, volumetric soil water contents (SWCs) were

obtained approximately every day at intervals of 0.2 m

down to a depth of 1.6 m at 21 locations. The rainfall

distribution from July to September in 2014 and 2015 are

shown in Fig. 2. Time domain reflectometry (TDR) soil

moisture measurement system (TRIME-PICO IPH, Ger-

many) was used to measure the volumetric water content

(%, v/v) of soil moisture at each location.

Fig. 1 Distribution of 21 tube

locations across the terraces (c,

d) located in the Wangmaogou

watershed (b) on the Loess

Plateau of China (a)
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Data analysis

To capture possible changes in the spatial pattern, samples

of soil moisture should be collected on at least 13 occasions

(Martı́nez-Fernández and Ceballos 2005; Schneider et al.

2008). Therefore, the SWS for 07/19/14–08/02/14 were

selected to determine the temporal stability and represen-

tative locations of SWS at different soil depths. The SWS

for 07/19/14–09/03/14 and 08/01/15–08/31/15 was used to

verify the prediction accuracy of representative locations of

SWS. SWC (i, j, k) was assumed to be the SWC at location

i, time j and soil depth k, and was defined as:

SWSði; j; kÞ ¼ SWCði; j; kÞ � h ð1Þ

and the SWS at location i, time j and 0–k soil depth was:

SWSij ¼
X

SWSði; j; kÞ ð2Þ

where SWS is in mm, SWC is in %, cm3/cm3 and h is the

height of SWS (in mm).

Two approaches were used to evaluate the temporal

stability of SWS in this study: nonparametric Spearman’s

rank correlation test and relative difference analysis.

Spearman’s rank order correlation is a nonparametric (free

distribution) test that can indicate the strength and direction

of the same variable observed at different dates (Douaik

2006). The representative locations should be those with

mean relative difference (MRD) closest to zero and the

minimum associated standard deviations. The locations

with MRD values within ±0.05 were considered to be

close to zero. Another condition that must be fulfilled is for

the representative locations to have low standard deviation

of relative difference (SDRD) values (Jacobs et al. 2004;

Gao and Shao 2012a; Xu et al. 2015).

The root mean square error (RMSE) is a frequently used

measure of the difference between values predicted and the

values actually observed (Gao and Shao 2012a; Liu and

Shao 2014). The mean absolute error (MAE) is another

useful measure widely used to evaluate predictive accuracy

(Hu et al. 2010). MAE and RMSE were calculated based

on the following equations:

MAE ¼ 1

n

Xn

i¼1

Pi � pij j ð3Þ

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

n

Xn

i¼1

Pi � pið Þ2

s
ð4Þ

where Pi and pi are the predicted and measured values,

respectively.

Results

Descriptive statistics for SWS

Summary statistics of SWS in part of and the entire moni-

toring period at different soil depths are given in Table 1.

Due to rainfall on 07/20/14, 07/21/14 and 07/29/14, the mean

and minimum SWS in 07/19/14–08/02/14 were larger than

those of 07/19/14–09/03/14 and 08/01/15–08/31/15. The

standard errors of SWS were larger during the period 07/19/

14–08/02/14 than during 07/19/14–09/03/14 and 08/01/

15–08/31/15. The standard errors of SWS at different soil

depths were small and increased with increasing soil depth.

The coefficient of variation (CV) can be used to qualitatively

ascertain the magnitude of the spatial variability. Specifi-

cally, this value is considered weak when CV\ 10 %,

moderate at 10 %\CV\ 100 % and strong when

CV[ 100 % (Nielsen and Bouma 1985). Hence, the SWS

demonstrated moderate spatial variability, with CV values in

the range of 12–23 %. The CV values decreased with

increasing depth. Moreover, the SWS at the 21 locations for

the entire monitoring period showed significant differences

(p\ 0.01). The SWS at the 21 locations was normally dis-

tributed for the same time point (p[ 0.05), and the SWS in

each location during the entire monitoring period was also

normally distributed (p[ 0.05).

Temporal stability of SWS using Spearman’s

correlation test

The rs values of the three soil depths for the periods 07/19/

14–08/02/14, 07/19/14–08/31/15 are shown in Table 2 and

Fig. 3, respectively. The rs values for periods 07/19/14–08/

02/14 and 07/19/14–08/31/15 were within the range of

0.76–0.99 and 0.64–0.90, respectively. The lowest mean rs

values in depths of 0–0.6, 0–1.0 and 0–1.6 m for the

periods 07/19/14–08/02/14 and 07/19/14–08/31/15 were

Fig. 2 Rainfall distribution in the study area during the rainy season

(July–September 2014 and July–September 2015)
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0.85, 0.86 and 0.90 and 0.64, 0.66 and 0.70, respectively.

The rs values were close to 1 and the correlations were all

highly significant (p\ 0.01), indicating that the SWS of

the three soil depths in the two periods both showed strong

temporal stability. The mean rs values indicated an order of

0–0.6\ 0–1.0\ 0–1.6 m. There were significant

Table 1 Summary statistics of

soil water storage at different

soil depths

Dates Depths (m) Mean (mm) Min (mm) Max (mm) SE (mm) CV (%)

07/19/14–08/02/14 0–0.6 89.08 46.26 114.60 0.83 16

0–1.0 139.38 79.46 182.78 1.19 15

0–1.6 204.49 108.34 274.78 1.74 14

07/19/14–09/03/14 0–0.6 75.86 30.94 114.60 0.57 23

0–1.0 124.05 60.26 182.78 0.79 19

0–1.6 188.69 92.6 274.78 1.08 17

08/01/15–08/31/15 0–0.6 56.24 15.56 102.50 0.47 19

0–1.0 95.42 40.84 146.18 0.61 14

0–1.6 152.11 75.34 206.34 0.85 12

Min minimum value, Max maximum value, SE standard error, CV coefficient of variation

Table 2 Spearman’s rank

correlation coefficients for each

sampling date with the 13 other

sampling dates at each soil

depth

Dates 0–0.6 m 0–1.0 m 0–1.6 m

Mean Max Min Mean Max Min Mean Max Min

07/19 0.89 0.94 0.83 0.90 0.94 0.85 0.89 0.95 0.82

07/20 0.88 0.94 0.81 0.89 0.96 0.81 0.91 0.96 0.84

07/21 0.85 0.96 0.77 0.86 0.92 0.77 0.92 0.96 0.84

07/22 0.88 0.96 0.79 0.89 0.96 0.78 0.93 0.98 0.84

07/23 0.87 0.96 0.82 0.87 0.96 0.76 0.89 0.94 0.84

07/24 0.90 0.95 0.87 0.90 0.94 0.85 0.94 0.98 0.88

07/25 0.89 0.92 0.82 0.90 0.96 0.85 0.92 0.97 0.88

07/26 0.91 0.98 0.82 0.92 0.99 0.85 0.94 0.99 0.88

07/27 0.90 0.95 0.84 0.90 0.95 0.85 0.91 0.97 0.88

07/28 0.91 0.98 0.83 0.91 0.99 0.84 0.92 0.99 0.86

07/29 0.86 0.94 0.78 0.92 0.96 0.87 0.92 0.96 0.88

07/30 0.90 0.96 0.82 0.90 0.98 0.79 0.92 0.97 0.88

07/31 0.90 0.96 0.80 0.90 0.98 0.81 0.92 0.97 0.88

08/02 0.86 0.92 0.77 0.86 0.95 0.76 0.89 0.95 0.84

Correlations are all significant at p\ 0.01 (two-tailed)

Fig. 3 Spearman’s rank

correlation coefficients for each

sampling date with the 66 other

sampling dates at each soil

depth
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differences among the three soil depths (p\ 0.01), indi-

cating that temporal stability of SWS was strongest for

0–1.6 m. Moreover, the correlation coefficients between

the two periods in corresponding soil depths were signifi-

cantly different (p\ 0.01).

Temporal stability of SWS based on relative

difference analysis

Relative difference analysis was used to quantitatively

identify the locations that were consistently greater, less

than or equal to the mean SWS of the terrace land. The

rank ordered MRD and corresponding SDRD for SWS at

the three soil depths in the three periods are presented in

Fig. 4. The ranges of MRD in 0–0.6, 0–1.0 and 0–1.6 m for

the period 07/19/14–08/02/14 were -0.38 to 0.20, -0.36 to

0.27 and -0.32 to 0.31, respectively; and correspondingly

for 07/19/14–09/03/14 were -0.37 to 0.28, -0.36 to 0.35

and -0.33 to 0.37; for 08/01/15–08/31/15 were -0.46 to

0.19, -0.39 to 0.15 and -0.36 to 0.16. The mean SDRD in

0–0.6, 0–1.0 and 0–1.6 m for the periods 07/19/14–08/02/

14, 07/19/14–09/03/14 and 08/01/15–08/31/15 were 0.05,

0.04 and 0.03, 0.06, 0.05 and 0.03 and 0.05, 0.04 and 0.03,

respectively. This indicated a downward trend with

increased soil depth, which was closely related to the CV

values. The best representative locations in 0–0.6, 0–1.0

and 0–1.6 m for the periods 07/19/14–08/02/14, 07/19/

14–09/03/14 and 08/01/15–08/31/15 were locations 7, 19

and 21, locations 14, 21 and 9 and locations 20, 20 and 19,

respectively. The best representative locations for SWS

were depth dependent and showed some differences. There

was more than one representative location for each soil

depth. Other studies also found that the numbers of rep-

resentative locations were not constant in other land-use

types (Hu et al. 2010; Coppola et al. 2011; de Souza et al.

2011; Gao and Shao 2012a). Therefore, the best repre-

sentative locations for SWS were depth and time depen-

dent. However, a common representative location (i.e.,

location 9) occurred for the different depths and periods.

Prediction analysis using the representative

locations of SWS

The prediction analysis of the best representative locations

for the mean SWS at the three soil depths are shown in

Fig. 5. The relationships between mean SWS and the SWS

at best representative locations could be fitted by linear

functions, which were all significant at p\ 0.01. The

regression coefficient (R2) values of mean SWS and the

SWS at best representative locations were all [0.77. The

low RMSE and MAE values indicated high predictive

accuracy of the best representative locations during the

period 07/19/14–08/02/14 (Fig. 4a). However, the predic-

tive accuracies of the best representative locations for the

two monitoring periods of 07/19/14–08/02/14 were sig-

nificantly lower than those of the best representative

Fig. 4 Mean relative difference of soil water storage at different soil depths. Vertical bars represent ± standard deviation. The best

representative locations of each depth are marked in black
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locations calculated for 07/19/14–09/03/14 and 08/01/

15–08/31/15 (p\ 0.05, Fig. 4b, c). The largest differences

in RMSE and MAE values were 7.43 and 5.84 mm,

respectively. The percentages of RMSE values in mean

SWS at the depths of 0–0.6, 0–1.0 and 0–1.6 m for the

periods 07/19/14–09/03/14 and 08/01/15–08/31/15 were

10, 5 and 2 and 4, 4 and 3 %, respectively. Correspond-

ingly, the percentages of MAE values in mean SWS were

8, 5 and 3 and 4, 4 and 3 %. The percentages of RMSE and

MAE values in mean SWS decreased as soil depth

increased, indicating that the predictive accuracies of the

best representative locations increased with increasing soil

depth.

Cumulative absolute error of SWS

for the representative locations

The relationships between cumulative absolute error using

the best representative locations for the mean SWS and the

cumulative days at different soil depths are shown in

Fig. 6. The increase rates of cumulative absolute error in

the three soil depths for the best representative locations

were significantly larger for 07/19/14–08/02/14 than for

07/19/14–09/03/14 and 08/01/15–08/31/15 (p\ 0.01). The

cumulative error between the mean SWS of the terrace land

during the period 07/19/14–09/03/14 and the SWS at the

best representative locations calculated for 07/19/14–08/

02/14 and 07/19/14–09/03/14 at soil depths of 0–0.6, 0–1.0

and 0–1.6 m were 197, 191 and 30 and 17, 4 and 30 mm,

respectively. The cumulative error between the mean SWS

of the terrace land during the period 08/01/15–08/31/15

and the SWS at the best representative locations calculated

for 07/19/14–08/02/14 and 08/01/15–08/31/15 at soil

depths of 0–0.6, 0–1.0 and 0–1.6 m were 37, 78 and 69 and

28, 3 and 41 mm, respectively. This indicated that the best

representative locations calculated for the short period

resulted in a larger cumulative absolute error when used to

evaluate the mean SWS of the long period. The cumulative

absolute error indicated an obvious increasing trend with

the cumulative days, suggesting that it may not be suit-

able to use the representative locations for the study of

SWS in a long time sequence. Moreover, the differences

between the mean SWS and the best representative location

were not consistently positive or consistently negative.

Fig. 5 Comparison of mean soil water storage with the soil water storage at representative locations at different soil depths: representative

locations calculated for 07/19/14–08/02/14 (a, c), 07/19/14–09/03/14 (b) and 08/01/15–08/31/15 (d)
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Spatial change in SWS across the slope

Considering that locations 1–3 were in the same terrace

as locations 4–6 and there may have been an edge effect,

locations 1–3 were not selected to study the SWC

change along the terraces. The mean SWC and some

corresponding variables at different slope positions over

the entire monitoring period are given in Table 3.

Locations 16–21, 10–15 and 4–9 represented the upper,

middle and lower slopes, respectively. The mean SWS

and the total root length were highest for the lower

slope; mean SWS and total root length generally

increased from the upper to the lower slope, as also did

the mean SOC and silt content. The sand content showed

an opposite trend to mean silt content. However, the

total root length, clay content, silt content and SOC did

not show significant correlations with mean SWS

(p[ 0.05). There was a significant negative correlation

between mean SWS and sand content (p\ 0.05).

Therefore, sand content had the greatest effect on the

temporal stability of SWS in the terrace land.

Discussion

The rainfall on 07/20/14, 07/21/14 and 07/29/14 resulted in

a significant difference of SWS among 07/19/14–08/02/14,

08/03/14–09/03/14 and 08/01/15–08/31/15 (p\ 0.01). The

rainfall resulted in the change in temporal stability of the

SWS spatial patterns. The CV values and mean SDRD all

decreased with increasing soil depth, indicating that SWS

had smaller differences in deep compared to shallow soil.

The trend was similar to the findings of Hu et al. (2010)

and Wang et al. (2015). Distributions with a high kurtosis

have sharper peaks and longer, fatter tails, while a low

kurtosis indicates a more rounded peak and shorter, thinner

tails. The kurtosis values of SWS in the depths 0–0.6, 0–1.0

and 0–1.6 m in the entire monitoring period were -0.45,

-0.17 and 0.37 (n = 903), respectively. This indicated that

the SWS distribution was more concentrated in deeper soil

during the wet period. The SWS in the present study was

far less than that in the study area of Martı́nez-Fernández

and Ceballos (2003) during wet period. Smaller differences

in SWS in deeper soil showed stronger temporal stability.

Fig. 6 Cumulative absolute error between the mean soil water storage and the soil water storage at the representative locations for each soil

depth: representative locations calculated for 07/19/14–08/02/14 (a, c), 07/19/14–09/03/14 (b) and 08/01/15–08/31/15 (d)
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The mean rs values indicated an order of

0–0.6\ 0–1.0\ 0–1.6 m. The result was similar to the

findings of Hu et al. (2010), who found that the temporal

stability of SWS in deeper soil layers ([1 m) was stronger

than in the 0–1 m soil layer. Other studies also concluded

that temporal stability increased with depth (Nielsen et al.

2000; Guber et al. 2008; Gao and Shao 2012b). It should be

noted that the study area of Hu et al. (2010) and Gao and

Shao (2012b) was on the Loess Plateau with a continental

monsoon climate while the study areas of Nielsen et al.

(2000) and Guber et al. (2008) were of approximately twice

mean annual precipitation than that of the Loess Plateau.

The representative locations of SWS were similar at

different soil depths. Other studies also found that the

representative locations of soil water content could be

similar for different depths (Cassel et al. 2000; Gao and

Shao 2012a). However, the best representative locations for

SWS were not the same and changed with time and soil

depths. The best representative locations in our study were

not identical for different soil depths, which was consistent

with previous reports (Guber et al. 2008; Martinez et al.

2013; Li and Shao 2014). Moreover, the best representative

locations calculated for the period 07/19/14–08/02/14 were

not the same as those for 07/19/14–09/03/14 and 08/01/

15–08/31/15. The result was in agreement with that by

Rivera et al. (2014), who found that different locations and

depths are representative of processes at different time

scales. The predictive accuracies of the best representative

locations for the different monitoring periods calculated for

07/19/14–08/02/14 were significantly lower than those

calculated for 07/19/14–09/03/14 and 08/01/15–08/31/15

(p\ 0.05). The predictive accuracies increased with

increasing soil depth. The predictions were reliable com-

pared with those reported by Cosh et al. (2008) and Brocca

et al. (2009). The number of representative locations of

SWS was not constant. The number of representative

locations was found to be changed in different study areas

(Hu et al. 2010; Coppola et al. 2011; de Souza et al. 2011;

Gao and Shao 2012a).

The mean SWS and total root length were both highest

for the lower slope, suggesting that roots were distributed

more in the areas with higher SWS in the terraces. The

result was similar to the findings of Ji et al. (2012), who

found that the maximum moisture content was in the lower

slope. They also found that the root number and root area

ratio were positively correlated with soil moisture content

(p\ 0.001). In contrasting studies, higher fine root bio-

mass was located upslope, and was negatively correlated

with soil moisture content (Enoki et al. 1996; Tateno et al.

2004)—a difference likely due to different seasons. SWC is

negatively correlated with total root length during dry

seasons. In the present study, data were collected during

the rainy season, explaining why the roots were distributed

more in areas with higher SWS. In addition, the jujube

trees did not significantly affect the spatial variability of

SWS in the terrace land. The CV values of SWS in the

present terrace land was similar to that of cropland in the

study of Liu and Shao (2014), who found that the CV

values of SWS in cropland were weaker than those in

fallow land, shrubland and grassland in different soil lay-

ers. The result was similar to the findings of Cassel et al.

(2000) and Martinez et al. (2013), who reported that the

temporal variability of soil water was higher when evap-

oration and transpiration were combined than when they

were considered separately.

The clay and silt contents did not have a significant

effect on the temporal stability of SWS. However, there

was a significant negative correlation between the mean

SWS and sand content (p\ 0.05). This result was similar

to other findings (Vachaud et al. 1985; da Silva et al. 2001;

Biswas and Si 2011; Gao and Shao 2012a; Manns et al.

2015), which emphasized the importance of soil texture on

Table 3 Mean soil water storage for different slope positions over the entire monitoring period

Depth (m) Location Mean value SOC (g/kg)

Soil water storage (mm) Total root length (cm) Clay (%) Silt (%) Sand (%)

0–0.6 16–21 69.19 281.01 0.25 68.80 30.96 9.56

10–15 66.83 441.57 0.24 69.42 30.34 11.26

4–9 70.92 603.31 0.30 70.34 29.36 13.24

0–1.0 16–21 110.98 344.98 0.23 69.81 29.96 9.71

10–15 112.44 547.40 0.24 70.33 29.43 10.41

4–9 118.25 723.55 0.29 71.27 28.44 13.27

0–1.6 16–21 169.28 434.56 0.22 70.34 29.44 9.30

10–15 175.09 632.78 0.22 70.51 29.27 10.18

4–9 183.77 848.63 0.26 70.79 28.95 12.92
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the temporal stability characteristics of SWC. Soil porosity

affects the SWC distribution along the slope and a soil

profile texture with higher sand content may result in both

high plant evapotranspiration and low soil water retention

(She et al. 2015). That SOC did not have a significant effect

on the temporal stability of SWS was similar to previous

studies that reported that SWC was only slightly affected

by SOC (Schneider et al. 2008; Gao and Shao 2012a).

Moreover, the effect of roots on the temporal stability of

SWS has seldom been studied. In the present study, there

was no significant relationship between total root length

and SWS. A common representative location (i.e., location

9) occurred for the different depths and periods. This was

likely because the soil particle size distribution, SOC and

total root length all did not show large difference with the

average values of the terrace land. Grayson and Western

(1998) and Vivoni et al. (2008) also reported that the

representative locations of mean soil water content of a

catchment should be the locations which capture the

average characteristics of that catchment.

Conclusions

The SWS on the terraces was normally distributed and

demonstrated moderate spatial variability. The spatial

variability decreased with increasing soil depth. The SWS

at the three soil depths all showed strong temporal stability

in the order of 0–0.6\ 0–1.0\ 0–1.6 m. Rainfall signifi-

cantly affected the temporal stability of SWS in the soil

depth of 0–0.6 m. The number of representative locations

of SWS was not constant. The best representative locations

for SWS were depth and time dependent. However, a

common representative location did exist for the different

depths and periods. The best representative locations cal-

culated for a short period resulted in a larger cumulative

absolute error when used to evaluate the mean SWS for a

long period. Moreover, mean SWS generally increased

from the upper to lower slope. The temporal stability of

SWS was not significantly affected by rainfall but showed

a significant negative correlation with sand content. The

total root length and SOC did not show an obvious corre-

lation with mean SWS. It was feasible to use the repre-

sentative locations of SWS to represent the mean SWS

over a period of time; however, the cumulative absolute

error increased with cumulative days.
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