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Abstract In arid and semi-arid regions, soil moisture in

particular is a key integrative state variable that is linked to

a range of hydrological, ecological, climatic, and geologi-

cal processes; however, it is usually highly variable in

space and time. To overcome this issue, it is necessary to

study the temporal stability of soil moisture. Here, we

intend to take a soil moisture temporary stability analysis

for the typical hilly and gully re-vegetated areas in the

Loess Plateau. Using cumulative frequency distribution,

the relative difference, and Spearman’s rank correlation

coefficient to conduct temporal stability analysis for the

soil moisture at five slope transects of a typical hilly and

gully re-vegetated loess catchment during the rainy season

of 2012. We found the soil moisture spatial distribution

pattern for the small, typical hilly and gully re-vegetated

Loess Plateau catchment to be stable. However, it is not

always easy to find sites representative of the catchment

average moisture content under different conditions; but it

is easier to find sites with extremely high water content in

the slopes. A new method for identifying temporally

stable locations in typical re-vegetated hilly and gully loess

areas is needed. The relationships between soil moisture

and other catchment conditions for the diagnosis of rep-

resentative sites must also be determined. The pattern

stability and type stability of soil moisture guarantees that

sampling comparisons in this area can be conducted at

different times to compare the differences between various

land cover types, especially with regard to deep soil depth.

Keywords Land cover � Re-vegetation � Loess plateau �
Soil moisture � Temporal stability

Introduction

Soil moisture in particular is a key integrative state variable

that is linked to a range of hydrological, ecological, climatic,

and geological processes (Qiu et al. 2001; Legates et al.

2010). Soil moisture is also highly variable in space and time

due to the high nonlinearity and complex feedback mecha-

nisms among different controlling factors and processes (Hu

et al. 2010a). To overcome this issue, there has been growing

interest in studying the temporal stability of soil moisture

(Wang 2014; Wang et al. 2015), which was first defined by

Vachaud et al. (1985) as the time invariant association

between spatial location and statistical parametric values on

the basis of the probability density of soil moisture. Tem-

poral stability is also often referred to as time stability, but

other terms, such as rank stability and order stability, have

also been proposed and discussed (Chen 2006).

The number of publications on soil moisture temporal

stability has recently undergone a period of accelerated

growth (Vanderlinden et al. 2012). Information on tem-

poral stability has also found multiple applications, such as

identifying representative locations, optimizing monitoring

schemes, filling in missing data, scaling soil moisture

content, improving the performance of hydrological mod-

els, and delineating water management zones (Wang

2014). Optimizing the sampling strategy for the sake of
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reducing the level of uncertainty in the estimation of soil

moisture distribution is not only beneficial to the determi-

nation and construction of efficient networks of stations

(Van Pelt and Wierenga 2001; Martinez-Fernandez and

Ceballos 2003), but could also be effectively combined

with remote sensing to improve the precision of soil

moisture estimation as well as to calibrate and validate the

confidence degree (Mohanty and Skaggs 2001; Jacobs et al.

2004). Due to the wide application of the temporal stability

concept and approach based on the probability density

function of soil moisture under many different climatic

conditions, Brocca et al. (2009, 2010) systemically sum-

marized the characteristics of the temporal stability of soil

moisture and its influential factors, including topography,

precipitation, and vegetation in addition to soil texture

(Grayson and Western 1998; Mohanty and Skaggs 2001).

The Loess Plateau in China is a region representative of a

typical area that experiences a water deficiency, and is an

ideal area to research the dynamics of soil moisture in

response to natural and anthropological influences, as large

scale re-vegetation programmes have been implemented

since 1980s in this area. A series of studies on the time sta-

bility of soil moisture in the northern Loess Plateau have

been conducted for different purposes (Hu et al. 2009, 2012;

Gao and Shao 2012; Jia and Shao 2013; Gao et al. 2015). The

earliest study was conducted by Hu et al. (2009), who

explored the effects of neutron probe calibration procedures

on the identification of the most time stable location for mean

soil moisture estimation. Subsequently, Hu et al. (2010a)

developed a new index termed the mean absolute bias error

for soil moisture temporary stability analysis. Thereafter,

they explored the impacts of soil depth, soil texture, and land

use on the time stability of soil moisture (Hu et al. 2010b) and

compared the performance of seven time stability indices

(Hu et al. 2012). Recently, the time stability concept has been

extended to an adjacent or distant area for the estimation of

mean soil moisture, and has also been applied in diverse soil

layers (Gao and Shao 2012; Jia and Shao 2013; Gao et al.

2013, 2015). However, nearly all these studies were con-

centrated in the transitional belt between loess and desert;

studies conducted in typical hilly and gully areas of the Loess

Plateau are rare.

Following the implementation of the Grain-for-Green

project for over 10 years, most of the cultivated lands on

the slope in the Loess Plateau were planted with forests and

shrubs, though grasses, in some cases succeeding to sub-

shrubs, were also grown on some abandoned cultivated

lands. These re-vegetated communities influence soil

moisture recharge and usage processes. Wang et al. (2012,

2013) identified soil moisture replenishment, retention, and

flux variations under tree, shrub, subshrub, grass, and corn

cover in the catchment of the Loess Plateau. The different

land cover types clearly influenced the water input and

output amounts in the re-vegetated area. Soil particle size

and soil organic matter content were also recognized as the

influencing factors for moisture spatial variability (Hu et al.

2009). Vegetation restoration programs have thus compli-

cated the spatiotemporal distribution of soil moisture. A

temporary stability analysis needs to be conducted for the

soil moisture in the typical hilly and gully re-vegetated

areas in the Loess Plateau.

This study, therefore, aimed to investigate the temporal

stability of the spatial patterns for soil moisture content

along the soil profiles and to identify representative loca-

tions of each soil layer for future prediction of the mean

soil moisture of this typical hilly and gully loess area.

Materials and methods

Site description

The experiment was conducted in the Yangjuanggou

watershed (36�420N, 109�310E, 2.02 km2), which is located

in the central part of the Loess Plateau in Shaanxi Province,

China. It is also representative of the geomorphology of the

hilly and well-developed gullies in the central Loess Pla-

teau. The climate at this study site is typically arid and

semiarid, which is influenced by the combination of the

North China monsoon and northwest arid climatic condi-

tions. Precipitation mainly occurs between June and

September, amounting to *535 mm per year, and displays

significant inter-annual variability (Wang et al. 2013). The

average temperature of the study region was *10.6 �C
over the past 20 years. Loessial soil, one kind of Calcic

Cambisols in the study area is representative of the Loess

Plateau. Its specific properties are a uniform texture, high

porosity, and high erosivity (Zhou et al. 2015). The dis-

tribution range of vegetation in the study site was classified

as a forest-steppe vegetation area. With the aim of soil and

water conservation, the Grain-for-Green policy was widely

implemented in the Loess Plateau after 1999 by abandon-

ing cultivated lands on steep slopes for re-vegetation. As a

result, a large amount of vegetation was introduced in the

research region, including Robini apseudoacacia Linn,

Platycladus orientalis, Sophora davidii, Lespedeza davur-

ica, and Amorpha fruticosa, among others. Details of the

study site have also been documented by Wang et al.

(2012, 2013, 2016).

Soil moisture sampling transects and soil moisture

sampling

Five slope transects (Slope1, Slope2, Slope3, Slope4, and

Slope5; Fig. 1) were established in this *2 km2 water-

shed, with lengths of *350, 300, 300, 400, and 400 m,
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respectively, to sample soil moisture. There were 11, 9, 9,

12, and 11 sampling points along the transects of Slope 1,

Slope 2, Slope 3, Slope 4, and Slope 5, respectively

(Fig. 1). Soil moisture was sampled at these points at

depths of 0–180 cm at 10-cm intervals during the period

from May 15 to September 23, 2012.

During the entire sampling period, 12 sampling occa-

sions were taken in total. Soil moisture values for all

depths were sampled using a portable time domain

reflectometry (TDR) system (TRIME-PICO IPH/T3;

IMKO, Germany), consisting of a TRIMEIPH probe, a

TRIME-Data Pilot data logger, and fiber glass access

tubes (/ = 40 mm). On each sampling occasion, soil

moisture was sampled within 4 h. During such short

times, the temporal variation in soil moisture was

expected to be negligible. A hand auger (/ = 45 mm)

was used to install fiber glass access tubes rather than the

original accessories for installing tubes. To facilitate

installation of the tubes, the relief at some sampling points

was slightly disturbed. Each site was set described above

at the end of April 2011, and measurements were begun

two months later to allow the soil to settle. The TRI-

METDR system has been shown to provide accurate soil

moisture measurements in the Loess Plateau region after

local calibration (Li et al. 2005; Gao et al. 2011; Wang

et al. 2016).

These five slope transects have different land cover

combinations (land cover types from the foot to the top of

the hillslope). Slope 1 is: young plantation ? old planta-

tion ? grass; slope 2 is: subshrub ? young plantation ?

grass; slope 3 is: old plantation ? young planta-

tion ? grass; slope 4 is: shrub ? grass ? old plantation;

and slope 5 is: young plantation ? shrub ? grass. The

grasses are mainly Artemisia Linn, couch grass, and small

weed, and the shrubs are Prunus armeniaca and Hippophae

rhamnoides in the mature forest and Robini apseudoacacia

in the young forest. All vegetation replaced former farm-

land. The shape and gradient of slopes 1, 4, and 5 are

similar. But the aspect of slope 1 is opposite of the other

two. Slope 2 and 3 also have a similar shape and gradient

but different aspect (Table 1) (Wang et al. 2016).

Method of data analysis

Three techniques are usually used for the analysis of soil

moisture temporal stability—cumulative frequency distri-

bution, relative difference analysis, and the nonparametric

Spearman’s rank correlation test. Let M be the number of

sampling campaign, N be the number of observing loca-

tions, and hij be the rank of soil moisture content at the

location of i and the j sampling campaign, and hil is the

rank of soil moisture observed at the same location but for

one sampling campaign (Hu et al. 2009).

The Spearman rank correlation coefficient (rs) is cal-

culated as follows:

rs ¼ 1 � 6
XN

i¼1

hij � hil
� �2

NðN2 � 1Þ

The closer the value is to 1, the more stable the analyzed

process.

Fig. 1 The general situation of

Yangjuangou watershed and

pictures of sampling sites
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Table 1 Topographical attributes and the land cover types of the sample sites (Wang et al. 2016)

Slope Site Aspect Cos(aspect) Gradient (�) Cover type Comment

S1 A1 East -0.173 21 Young plantation \5 years, bottom of the slop

S1 A2 East -0.173 21 Young plantation \5 years

S1 A3 East -0.173 21 Young plantation \5 years

S1 A4 East -0.173 16 Young plantation \5 years

S1 A5 East -0.173 22 Young plantation \5 years, more dense, transition zone between

young plantation and old plantation

S1 A6 East -0.173 16 Old plantation [25 years

S1 A7 East -0.173 31 Old plantation [25 years

S1 A8 East -0.173 36 Old plantation [25 years

S1 A9 East -0.173 39 Old plantation [25 years, gully bank

S1 A10 East -0.173 39 Old plantation [25 years, gully bank

S1 A11 – – 0 Grassland Mountain top

S2 B1 Northeast 0.574 16 Subshrub Bottom of the slop

S2 B2 Northeast 0.574 12 Subshrub –

S2 B3 Northeast 0.574 14 Shrub –

S2 B4 Northeast 0.707 36 Young plantation Higher and with dense herbs

S2 B5 Northeast 0.707 34 Young plantation Higher and with dense herbs

S2 B6 Northeast 0.707 27 Young plantation Dense herbs

S2 B7 Northeast 0.707 26 Young plantation Dense herbs

S2 B8 Northeast 0.707 24 Grassland Sparse

S2 B9 Northeast 0.707 34 Grassland –

S3 C1 Southeast -0.706 28 Old plantation [30 years

S3 C2 Southeast -0.706 33 Old plantation [30 years

S3 C3 Southeast -0.706 37 Old plantation [30 years

S3 C4 Southeast -0.706 38 Old plantation [30 years

S3 C5 Southeast -0.706 32 Old plantation [30 years

S3 C6 Southeast -0.706 21 Old ?youngplantation –

S3 C7 Southeast -0.706 12 Grassland Sparse

S3 C8 Southeast -0.706 10 Grassland Sparse

S3 C9 Southeast -0.706 8 Grassland Dense

S4 D1 Southwest -0.344 8 Shrub Sparse

S4 D2 Southwest -0.344 16 Shrub Sparse

S4 D3 Southwest -0.344 21 Shrub Sparse

S4 D4 Southwest -0.344 16 Shrub Sparse

S4 D5 Southwest -0.344 8 Orchard

S4 D6 Southwest -0.344 16 Grassland Sparse

S4 D7 Southwest -0.344 26 Subshrub ? grassland Transition zone between grassland and old

plantation

S4 D8 Southwest -0.344 34 Old plantation [30 years

S4 D9 Southwest -0.344 35 Old plantation [30 years

S4 D10 Southwest -0.344 35 Old plantation [30 years

S4 D11 Southwest -0.344 35 Old plantation [30 years, gully bank

S4 D12 – – – Grassland Mountain top

S5 E1 Southwest -0.344 8 Young plantation Terrace land

S5 E2 Southwest -0.344 5 Young plantation Terrace land

S5 E3 Southwest -0.344 5 Young plantation Terrace land

S5 E4 Southwest -0.344 0 Young plantation Terrace land

S5 E5 Southwest -0.344 0 Young plantation Terrace land

S5 E6 Southwest -0.344 0 Young plantation Terrace land
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The temporal mean relative difference di and its stan-

dard deviation r(di) are defined as follows:

di ¼
1

M

XM

j¼1

dij

rðdiÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

M � 1

XM

j¼1

ðdij � diÞ2

vuut

Where dij is the relative difference of soil moisture for

location i between the mean soil moisture of all the sam-

pling locations at the j sampling campaign. Values of di
near zero at locations indicate that their soil moisture

content are close to the mean value of the study area,

whereas other locations with di higher or lower than zero

are over or underestimating, respectively, the mean of the

area. Locations with low values of r(di) are considered to

be temporally stable. Thus, it is mainly used to identify

locations that systematically represent the average soil

moisture of the study area.

The cumulative frequency distribution for each sam-

pling campaign is used to find sites near the 50 % level of

the distribution, and these points can represent the average

conditions of the study area. Similarly, the cumulative

frequency distribution can also be used to determine the

drier and wetter sites under different water conditions.

Results

Stability of soil moisture spatial patterns

in the catchment

All the average rank correlation coefficients of the soil

moisture at four different depths (0–40, 40–100, 100–180,

and 0–180 cm) are greater than 0.45, and reached a sig-

nificant level (P\ 0.05) (Fig. 2). This finding suggests

that the spatial patterns of the soil moisture distribution in

this small catchment are similar in different occasions.

The temporary dynamic of the value of the rank corre-

lation coefficient of the soil moisture in these different

depths shows a deep layer with a higher spatial structure

stability. Surface (0–40 cm) soil moisture is lower in

early observations and also with lower rank correlation

coefficient values. With the rainy season, the soil water

replenished, making the surface moisture content uniform

and causing the rank correlation coefficient to rise.

However, the values for the depth of 40–100 cm is

reduced, as this is a critical zone in which different land

use types influence water input and output processes

(Wang et al. 2012).

Representative sites based on relative difference

analysis

According to the temporal mean relative difference di
(Fig. 3) and its standard deviation r(di) of the surface layer

(0–40 cm), there are six sites with values of di within

±1 %, including A6, B14, C7, B13, E9, and D9; the

maximum ten sites include B5, E11, E3, C6, E10, B7, D1,

E6, D6, and B6; and the minimum ten sites include A1, C3,

B9, A5, C1, E2, A4, A7, D11, and C2. For the layer with a

depth of 40–100 cm, there are only two sites with values of

di within ±1 %, namely, D1 and C4; the maximum ten

sites include B3, E8, E3, B14, B8, D6, B7, E4, B10, and

B6; and the minimum ten sites include A1, C2, C3, B12,

Table 1 continued

Slope Site Aspect Cos(aspect) Gradient (�) Cover type Comment

S5 E7 Southwest -0.344 0 Young plantation Terrace land, with silt pit

S5 E8 Southwest -0.344 0 Shrub Dense

S5 E9 Southwest -0.344 0 Shrub Dense

S5 E10 Southwest -0.344 0 Young plantation Terrace land, with silt pit

S5 E11 – – – Grassland Mountain top
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Fig. 2 Mean Spearman’s rank correlation coefficients corresponding

to different time lags for the four depths soil moisture
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C7, D11, D8, A7, B13, and D2. For the layer with a depth

of 100–180 cm, there are only three sites with values of di
within ±1 %, namely, A7, D5,and A4; the maximum ten

sites include B6, B4, A5, D4, E4, D7, B11, B14, B10, and

B8, and the minimum ten sites include C2, A1, D11, E11,

C3, B12, A2, E1, E10, and C5. For the entire average soil

moisture depth profile of 0–180 cm, there are eight sites

with values of di within ±1 %, including C4, C8, D3, A11,

E7, E5, D1, and B2; the maximum ten sites include D7,

D4, D6, B11, B7, B14, E4, B6, B10, and B8; and the

minimum ten sites include A1, C2, C3, D11, B12, E11, C7,

A2, E1, and D9. Of the sites with values of di within ±1 %

in the four different layers, only the C4 site was repeated in

the depth profile of 40–100 cm and the depth profile of

0–180 cm. However, in the driest ten sites, four sites—A1,

C2, C3, and D11—appeared in all four different depths.

The B6 site always remained in the ten wettest sites in the

four depths, and the D6 and B7 sites are the wettest in the

three depths except in the depth of 100–180 cm, while E3

site is the wettest site in the two surface layers (Table 1).

Representative sites based on cumulative frequency

distribution analysis

For all four layers, we chose the sampling campaign of

May 15 which is at the beginning of the rainy season as the

dry period and of September 23 as the wet period which is

at the end of the rainy season, and the average content of all

the 2012 sampling campaigns was subjected to a total of

three cumulative frequency distribution analyses. For the

surface layer with a depth of 0–40 cm, the average soil

moisture of these three occasions amounted to 13.1, 16.7,

and 13.2 cm3 cm-3. The five sites near the 50 % level of

the distribution on May 15 are C5, B14, D7, A3, and C6;

on September 23, they are D2, E8, B11, B2, and D4; and

for the entire 2012 observation period are C7, D9, D8, E9,

and A3. For the middle layer, which is 40–100 cm in depth,

the average soil moisture of these three occasions amount

to 9.4, 12.5, and 10.0 cm3 cm-3. The five sites near the

50 % level of the distribution on May 15 are B13, B9, A3,

D5, and E3; on September 23 are D4, B2, D12, E7, and E5;
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and for the entire 2012 observation period are C8, E2, A10,

D7, and D10. For the deep layer with a depth of

100–180 cm, the average soil moisture for these three

occasions amounted to 10.6, 9.4, and 9.6 cm3 cm-3. The

five sites near the 50 % level of the distribution on May 15

are B6, D6, D11, D10, and D4; on September 23 are D1,

E5, E8, B4, and B9; and for the entire 2012 observation

period are B9, E8, A10, B1, and B5. For the whole

0–180 cm depth profile, the average soil moisture of these

three occasions amounts to 1.8, 12.0, and 10.1 cm3 cm-3.

The five sites near the 50 % level of the distribution on

May 15 are E9, D3, D11, C4 and B9; on September 23 are

A3, B4, B9, A5, and D5; and for the entire 2012 obser-

vation period are B9, A4, B1, D12, and A10. Only the B9

site appears in the three occasions of the 0–180 layer, with

no recurring sites in other layers (Fig. 4).

Discussions

Soil moisture spatial pattern stability

in the catchment

Rank correlation coefficient analysis indicates that the soil

moisture content has significantly similar spatial patterns in

four layers during the observed period with the deepest

layer with a depth of 100–180 cm being the most stable.

Compared with the results for the northern Loess Plateau,

in which there is a transitional belt between loess and

desert (Hu et al. 2010a), the soil moisture spatial distri-

bution pattern in the typical loess hilly and gully areas is

less stable. The rank correlation coefficient of the northern

plateau is over 0.82 and has reached a very significant level

(P\ 0.01), although the soil texture here is more uniform
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(Hu et al. 2010a). Meanwhile, with the increase in depth in

the profile, there is also a characteristic feature of ‘‘irreg-

ularly changing’’, ‘‘regularly changing’’, and ‘‘relatively

constant’’, respectively (Gao et al. 2015). These findings

are the result of the more complex terrain and hetero-

geneity of this study area, as well as the greater rainfall

here than the northern Loess Plateau. And with the obser-

vation period in the rainy season, precipitation is frequent,

and water budget processes are active, causing fluctuations

in moisture (Wang et al. 2013).

Because the small watershed has spatial heterogeneity in

terms of land cover and soil texture, result in water

movement in depth is also spatial heterogeneous. For the

subsurface layer at a depth of 40–100 cm under conditions

of heavy rainfall, water may reach up to 100 cm down in

the soil layer; under conditions of less rainfall, extensive

vegetation restoration may intercept rainfall before it can

reach the soil (Wang et al. 2013). The frequent and intense

influence of environmental factors results in the soil

moisture spatial pattern in the layer being relatively

unstable during the rainy season. For this reason, the

temporal mean relative difference analysis also resulted in

varying depths of a profile, which was also found in the

study conducted by Hu et al. (2010b). The finding implies

that the stable or representative site in a particular layer or

depth of the catchment cannot represent other depths due to

the spatial heterogeneity of the soil moisture profile. Also,

relevant is the smaller gap between the moisture content of

sample sites with a large sample size.

Representative stability sites of the catchment

The above analysis indicates that the soil moisture spatial

distribution pattern of a catchment has temporary stability,

but it is usually difficult to find a common representative

sample of the different layers. For the entire 0–180 cm soil

profile, based on relative difference analysis, the drier sites

of the catchment are all located in the old plantations on the

sunny slope, while the wetter sites are found in the shrub

and grass sites on the shady slope. These findings are

consistent with vegetation effects on soil moisture in the

Loess Plateau (Fu et al. 2003; Chen et al. 2007). Similarly,

the representative sites, based on cumulative frequency

distribution analysis, in four depths in the drier period,

wetter period, and throughout the observation season are

different. However, the B9 site can be identified as a

common representative site in the 0–180 cm layer in all

three observation periods. The site consists of abandoned

farmland mixed with grasses and shrubs at the top of a

shady slope. In addition, the higher moisture content sites

of the samples in the three observation periods are rela-

tively stable, which implies that this method can be used to

find the wetter sites easily. It is worth noting that the

representative sites obtained by relative difference analysis

and cumulative frequency distribution analysis are also

inconsistent. This inconsistency is associated with small

differences in the soil moisture content between sample

sites during the observation period, which is also affected

in the temporary stability analysis method. Hu et al.(2010b)

expounded the problems associated with using this method

to estimate mean soil moisture content, considering the

constant relative differences in stable locations as sug-

gested by Grayson and Western (1998), and developed an

index of mean absolute bias error to identify temporally

stable locations.

Implications for typical re-vegetated hilly and gully

loess areas

Soil moisture acts as a crucial factor in vegetation pro-

duction in the Loess Plateau and has garnered a great deal

of attentions in recent decades (Yao et al. 2012; Wang et al.

2012, 2013; Zhou et al. 2015). However, manual sampling

is difficult and time consuming, making it ill suited for

large scale studies. In addition, in the complex broken

terrain of the Loess Plateau, soil moisture remote sensing

inversion products errors tend to be larger. Therefore, the

recognition of temporally stable locations with respect to

soil water content is of considerable importance for the

prediction of the general regional average moisture con-

dition, especially in the re-vegetated catchments in typical

hilly and gully areas. The soil moisture content patterns of

the various vegetation types in the semiarid area of the

Loess Plateau have been extensively researched and doc-

umented over the past several decades, including the ver-

tical profile characteristics (Qiu et al. 2001; Fu et al. 2003;

Chen et al. 2007). The infiltration and diminishing pro-

cesses of the soil water of typical land covers in this area

have also been well documented during the rainy season,

and there exist stable type of soil moisture in this area

(Wang et al. 2012, 2013). This study confirms that

stable patterns exist in this catchment, and representative

sites can be found in different layers to diagnose pulses of

soil moisture. However, the inconsistencies of the results of

relative difference analysis and cumulative frequency dis-

tribution analysis remind us of the need to develop a new

method for identifying temporally stable locations for this

typical re-vegetated hilly and gully loess area.

Catchments are complex systems that are subject to a

variety of influences, including water as an important

driving force. Analysis of the soil moisture of a site that

is representative of the catchment can inform researchers

of the whole basin’s hydrological, ecological, climatic,

and even geological processes; nevertheless, further

analysis is required to determine the relationship between

them.
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Conclusions

Using the three typical pieces of time stability analysis

equipment, cumulative frequency distribution, the relative

difference, and Spearman’s rank correlation coefficient; we

found the spatial distribution pattern of soil moisture in the

small catchment to be stable. This finding implies that there

exist pattern stability and type stability for the soil moisture

in the typical re-vegetated hilly and gully areas of the

Loess Plateau catchment. Pattern stability and type stability

allows us to compare soil moisture differences between

land cover types in this area, even during the rainy season.

However, due to the frequent precipitation during the

observation period, the gap between the soil moisture

content of different sites gradually narrowing, as well as

the defects of the traditional time stability analysis method,

it is not easy to find sites that are representative of the

catchment average moisture content under different con-

ditions. It is, however, easier to find sites with extremely

high water content in the slopes. It is also necessary to

determine the relationships between soil moisture and other

catchment conditions for the diagnosis from represent site.
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