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The Influence of Time Scale on the Quantitative Study of Soil and

Water Conservation Effect of Grassland

Xiaoxia WU, Zhujun GU"

School of Bio-Chemical and Environmental Engineering, Nanjing Xiaozhuang University, Nanjing 211171, China

Abstract Quantitative analysis of time scale effects is conducive to further understanding of vegetation water and soil conservation mechanism.
Based on the observation data of the grass covered and bare soil (control) experimental plots located in Hetian Town, Changting County of Fu-
jian Province from 2007 to 2010, the characteristics of 4 parameters ( precipitation, vegetation, RE and SE) were analyzed at precipitation e-
vent, month, season, and annual scales, and then the linear regression models were established to describe the relationships between RE(SE)
and its influencing factors of precipitation and vegetation. RE (SE) means the ratio of runoff depth (soil loss) of grass covered plot to that of
the control plot. Results show that these 4 parameters presented different magnitude and variation on different time scales. RE and SE were rel-
atively stable either within or among different time scales due to their ratios reducing the influence of other factors. The coupling of precipitation
and vegetation led to better water conservation effect at lower RE ( < 0.3) at precipitation event scale as well as at season scale, while the wa-
ter conservation effect was dominated by precipitation at slightly higher (0.3 —=0.4) and higher ( >0.7) REs at precipitation event scale as
well as at annual scale (R* > 0.78). For the soil conservation effect, precipitation or/and vegetation was/were the dominated influence factor
(s) at precipitation event and annual scales, and the grass LAI could basically describe the positive conservation effect (SE <1,R* >0.55),
while the maximum 30 min intensity (I,,) could describe the negative conservation effect more accurately (SE >1, R* >0.79). More uncer-
tainties (R*=~0.4) exist in the models of both RE and SE at two moderate time scales ( month and season). Consequently, factors influencing
water and soil conservation effect of grass present different variation and coupling characteristics on different time scales, indicating the impor-

tance of time scale at the study on water and soil conservation.

Key words Time scale, Leaf area index, Water conservation effect, Soil conservation effect

1 Introduction

China’s soil erosion is serious'' | which has severely restricted the
sustained and stable development of China’s economy. Soil erosion
is affected by climate, topography, vegetation, soil, land use and
other factors, and there is heterogeneity in the spatial and tempo-
ral distribution of these factors, so there is a significant scale
effect”” ', In the above-mentioned factors, vegetation is the key

“=3]In recent years, the study on the soil and

controlling factor
water conservation effect of vegetation has been widely carried out.
Peng Shaoyun et al. compare the soil and water conservation func-
tions of five plants ( Pueraria lobata; Manglietia yuyuanensis Law ;
Lespedeza bicolor Turcz; Paspalum notatum Flugge; Paspalum
wettsteinii Hackel) , and it is found that Pueraria lobata and Man-
glietia yuyuanensis Law are better than Lespedeza bicolor Turcz and
Paspalum notatum Flugge, while Paspalum weitsteinit Hackel is
poorest®’. Chirino et al. perform four years of observation on five
plant coverage plots in southeastern semi-arid region of Spain and
find that the runoff and erosion of forest-grass and forest-shrub
plots are slightly less than pure grass and shrub plots'”’. With fur-
ther research, the quantification of vegetation indicators has be-

come the widespread demand in the soil and water conservation
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study, and the vegetation coverage has been widely used™ . Many
scholars believe that the higher the vegetation cover, the more sig-

P-1 " But some

nificant the soil and water conservation functions
studies have pointed out that at the same level of coverage vegeta-
tion, natural forests are better than plantations in terms of soil and
[12-13] I

It

indicates that there are limitations in the vegetation coverage which

water conservation effect due to multi-layered structure

reflect the soil and water conservation functions of vegetation only
from the horizontal level, so the leaf area index ( LAI) that can
reflect the vertical distribution density of vegetation has attracted
increasing attention. The studies of Sun Jiajia et al. show that it is
more stable and reliable to use leaf area index to evaluate the veg-
etation soil and water conservation benefits compared with the veg-
etation coverage. Some scholars believe that in the universal soil
loss equation (USLE) , the value of vegetation cover and manage-
ment factor C must take into account the value of the leaf area in-
dex'™. In the recent studies on hydrological and ecological func-
tion of forest, LAI has become the key parameter of precipitation-
vegetation coupling due to its hydrological sensitivity''®’. The de-
velopment of measurement technology and remote sensing technol-
ogy has provided conditions for the LAl measurement in a wide

range and further broadened the LAI applications'” .

Currently,
the soil and water conservation research has been launched at vari-
ous spatial scales'™ . Li Rui et al. establish the runoff experimen-
tal plots in Guizhou’s karst areas to study the relationship between
11 Nie Xiaojun et al. use 137Cs

tracer method to research the characteristics of soil erosion in the

precipitation and soil erosion

hilly areas in the central part of the Sichuan Basin, and find that
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tillage erosion is a major erosion process of short steep arable
land, while water erosion is a major erosion process of gentle long

arable land™”

. Lu Kexin et al. study the rainstorm runoff erosion
power at the scales of slope and basin, and results show that the
runoff erosion power is more suitable as a dynamic erosion fac-
tor ', There are also many studies on soil and water conservation
at the regional, watershed and global scales, combined with re-
mote sensing, geographic information systems and other technolo-

2731 Meanwhile, the soil erosion study on different time

gies
scales is also often reported. Jiao Juying et al. perform the statisti-
cal analysis of 248 storm precipitation events of three different
types as well as erosion characteristics in the Loess Plateau, and
results show that small-scale short-term heavy rainstorm has the
highest frequency in the Loess Plateau, and it is the main reason
for soil erosion™'. Liu Zhengjia et al. estimate the temporal and
spatial variation of precipitation erosivity in the Yimeng Mountain
based on the daily precipitation data during 1971 —2008, and re-
sults show that the precipitation erosivity is mainly concentrated in
June to September >’. Andreu et al. compare the soil aggregate
and soil-stone ratio between southern and northern slopes in four
seasons, and find that the soil aggregate and erosion get better

gradually from winter to fall"™

. Wu Mei et al. use the 11 a pre-
cipitation, runoff and sediment data to study the monthly and an-
nual erosion of runoff and soil in the hilly areas of northern Si-
chuan, and find that the annual runoff is significantly correlated
with the precipitation or precipitation erosivity ( R® =
0.716/0.660) ”". In summary, there have been many studies on
the soil erosion at different spatial and temporal scales, but the
studies on soil and water conservation effect on different time
scales based on the quantitative indicators of vegetation structure is

rarely reported.

2 Materials and methods

2.1 Establishment of experimental plots In February 2007,
we built two soil erosion experimental plots ( grass cover plot and
bare soil control) in Luodicao Mountain, Hetian Town, Changting
County, Fujian Province. Changting borders Liancheng County to
the east, Wuping and Shanghang counties to the south (all in
Longyan municipality) , Sanming municipality’s Ninghua County to
the north, Ganzhou municipality’s Ruijin City in Jiangxi province
to the west. Located in the southern end of the Wuyi Mountains,
Changting belongs to subtropical zone. The region enjoys abundant
precipitation as the warm maritime air meets the cool air in the
mountains, generating a large amount of precipitation. Changting
County is a typical severe soil erosion area in southern China. The
plot slope is 8° and the horizontal projection area is 5 m x20 m.
The concrete slab is used to surround the plots, and the concrete
slab is 20 cm protruding above the soil and 20 ¢m deep in the soil.
The downslope has runoff and sediment outlet and runoff pond.
The soil within the plots is the red mountain soil developed from
the granite parent material and the physical and chemical proper-

ties are similar. The annual Paspalurn wettsteinii Hackel was plan-

ted in the grass cover plot. From March 2007, the grass seeds
were evenly sown on the slope during March to April annually,
and the grass was in a natural growth state. The height was up to
about 60cm in summer and fall, and the vegetation coverage was
up to about 80% .

2.2 Observation of precipitation parameters The precipita-
tion of individual precipitation event (P, mm), precipitation du-
ration (T, min) , and the maximum 30 min precipitation intensity
(I,, mm/h) are all read from the precipitation curve. The data
are from the meteorological observatory located in the vicinity of
experimental plots. According to the observation data, we calcu-
late the precipitation kinetic energy and precipitation erosivity of
individual precipitation event, respectively. The total kinetic en-
ergy of one individual precipitation event (£, MJ/ha) is to total
the product of unit kinetic energy of precipitation and the corre-
sponding precipitation in various time periods’™ . The erosivity of
one individual precipitation event (R) is the product of total ki-
netic energy of one precipitation event (E) and the maximum 30
min precipitation intensity of this precipitation (7;,), namely R =
E - I,. The cumulative precipitation of 11 previous days (AP, ,
mm) is the sum of precipitation 11 days before the calculation pe-
riod. The monthly, quarterly and annual precipitation parameters
are calculated using the mean on the corresponding time scale ex-
cept precipitation (P) and precipitation duration (T) calculated
by accumulating. To ensure the comparability of data values, the
precipitation characteristic parameters on the corresponding time
scales need to be normalized by the following formula;

X = (X =X, )/ (X = X))
where X, , X;, X, and X, are the normalized value of precipita-

tion characteristic indicator, original data, maximum and mini-

max

min

mum values.
From March 2007 to Novem-
ber 2010, the leaf area index in the plots was periodically meas-

2.3 Leaf area index estimates

ured on sunny days each week. The grass cover plot was divided
into three sub-plots, and a fixed measuring point was set and
marked in each sub-plot. LP80 AccuPAR Canopy Analyzer was
used to automatic measure the solar radiation values of lower part
of herbaceous vegetation in the area outside the plot and inside the
plot, respectively. According to the active radiation of photosyn-
thesis, the leaf area index in sub-plots was calculated, and the av-
erage of three sub-plots was taken as leaf area index of grass. Af-
ter reaching a peak in the summer, the leaf area index of grassland
would probably remain unchanged in theory in the next few
months, but it gradually decreased in reality and the reduced part
could be understood as the contribution of dead leaf. To analyze
the impact of dead leaf, the difference between LAI peak of grass
and the observed values is regarded as LAl of dead leaf
(LAT,..41t)- The monthly, quarterly and annual LAT values (in-
cluding LAI

scale average.

and LAI,,.,) employ the corresponding time

grass

2.4 Soil and water conservation effect assessment The ratio

between surface runoff depth of grass cover plot and surface runoff
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depth of control plot under different time scales was used to repre-
sent the RE (SE) values of water conservation ( soil conservation)
of herbaceous vegetation. This ratio reduces the impact of precipi-
tation, topography, soil and other external factors. The lower the
values of RE and SE, the better the soil and water conservation
effect of vegetation. Under various time scales, with RE/SE as the

dependent variable, LAI LAI,..q . and precipitation as the in-

ass 9
dependent variables, WZ used stepwise regression to establish
multi-variable linear model to identify the dominant factors affect-
ing the soil and water conservation of grassland. According to the
clustering feature of RE/SE for the scatterplot data of 7 precipita-
tion parameters and 2 vegetation parameters, the RE/SE was di-
vided into several sections for modeling. The statistical and analyt-

ical work was completed using SPSS17.0 (SPSS Inc. , USA) and
Excel (Microsoft, USA).

3 Results and discussions
3.1 Precipitation characteristics

riod, there were 144 erosive precipitation events, and the average

During the observation pe-

precipitation (P) was 28.4 mm. The average precipitation dura-
tion (7) was 491.5 min, and the average maximum 30 min pre-
cipitation intensity (I,,) was 11.6 mm/h. The average kinetic en-
ergy (E) of individual precipitation event was calculated at 6. 75
MJ/hm’, and the average erosivity (R) of individual precipitation
event was 104.1 (MJ - mm)/(hm” - h). After normalization, it
is found that the precipitation parameters show different character-
istics on different time scales. From the average normalized value

(Fig. 1 a), precipitation (P), maximum 30 min precipitation in-
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tensity (/,,), precipitation erosivity (R) and multiplication factor
(P - I,,) gradually increased from the scale of individual precipi-
tation event to the annual scale; kinetic energy of precipitation
(E) on the quarterly and annual scales was significantly greater
than on the monthly and individual precipitation event scales; pre-
cipitation duration (T) on the individual precipitation event,
quarterly and annual scales was slightly larger than on the monthly
scale; the cumulative precipitation of the first 11 days (AP,;) on
an annual scale was significantly greater than on the other three
time scales. Similarly, as to the standard deviation of normalized
values, P, I,,, R, P - I, and AP, on an annual scale were the
largest, and E and T on quarterly and annual scales were slightly
larger than on the monthly and individual precipitation event
scales. As far as the dispersion coefficient is concerned ( Fig. 1
b), R and P - I, were the greatest on each time scale, followed
by E and AP,,. There are also great differences in the dispersion
coefficient of each precipitation parameter between different time
scales.

3.2 Vegetation changes With the coarsening of time scales
from individual precipitation event to annual scale, the mean
LAL,,., first slowly declines and then rises (Fig. 2 a), while the
standard deviation slowly rises and then declines; both the mean

and standard deviation of LAI first slowly rise and then de-

dead leat
cline. From the dispersion coefficient (Fig. 2 b), with the coars-
ening of time scales, the dispersion coefficient of LAL,  first
slowly rises and then declines, reaching a peak on the monthly
scale, while it is the other way around for LAI,_, .., reaching a

minimum value on the quarterly scale.

Individual
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30 r event
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L5t
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P 130 R P«130 E T APII

Precipitation parameter

Fig.1 The characteristics of precipitation parameters on different time scales

3.3 Water conservation effect = With the coarsening of time
scales from individual precipitation event to annual scale, RD
(Runoff Depth) first slowly declines and then rises (Fig. 3 a),
and the dispersion coefficient clearly indicates the variability of
these two indicators (Fig. 3 b). The dispersion coefficient of RD
is higher than that of RE on different time scales, and with the
coarsening of time scales, the dispersion coefficient of RD shows a
rising trend while the dispersion coefficient of RE is slightly higher
on the quarterly scale and close on other scales. RD and RE show
different characteristics with the change in time scales, and RD

shows great fluctuation on different time scales due to the effect of

various factors, while RE is relatively stable after eliminating the
effect of the same factors. Therefore, this paper further analyzes
the factors affecting the water conservation characteristics of herba-
ceous vegetation based on RE. On different time scales, this pa-
per performs multivariate linear regression on RE and all precipita-
tion and vegetation parameters, respectively, and for the individu-
al precipitation event scale, the model is built based on segmented
RE due to the cluster distribution of data. The optimal model is
shown in Table 1. From the coefficient of determination (R*), on
the individual precipitation event scale (RE <0.4 and RE >0.7)

and annual scale, the optimal model R* is higher than 0.78; on
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the individual precipitation event scale (0.4 < RE <0.7) and
monthly and quarterly scales, the optimal model R’ is less than
0.4. On the individual precipitation event scale (RE <0.4 and
RE >0.7) and annual scale, the role of precipitation and vegeta-
tion determines the water conservation effect; on the individual
precipitation event scale (0.4 <RE <0.7) and monthly and quar-
terly scales, the water conservation effect is also affected by topog-
raphy, soil and other environmental factors. In terms of the inde-
pendent variable of optimized model, on the individual precipitati-
on event scale (RE <0.3) and monthly scale, the independent
variables of optimized model are precipitation and vegetation pa-
rameters, indicating that the coupling of precipitation and vegeta-

tion leads to better water conservation effect ( normalized mean of

[ Individual precipitation event

B Monthly
18 r Quarterly
' & O Annual
g 1.2
El
kol
g s
2 04 L I ]:
T h\\\\\ ) )
0
LAL,, LAL, .

Vegetation parameter

RE is smallest on the monthly scale, Fig. 4a). On the individual
precipitation event scale (0.3 <RE <0.4 and RE >0.7), quar-
terly and annual scales, the independent variables of the optimal
model are all precipitation parameters (T, P, I,yand P « I,;) , in-
dicating that when the time scale is large and RE is high, precipi-
tation is the major factor for runoff generation, but there are differ-
ences in the key influencing factors on different time scales. At
this point, the water conservation role of vegetation is very weak,
so the water conservation effect is poor. The result indicates the
importance of vegetation and precipitation to water conservation
effect on different time scales, which can provide a reference for
the study of factors influencing water conservation effect on differ-

ent time scales.

O Individual precipitation event

Fig.2 The characteristics of vegetation parameters on different time scales
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Fig.3 The characteristics of water conservation parameters on different time scales

3.4 Soil conservation effect With the coarsening of time
scales from individual precipitation event to annual scale, SL
(Soil Toss) first slowly rises and then declines (Fig. 4a), reac-
hing a peak on the quarterly scale, while SE (Soil Conservation
Effect) is highest on the individual precipitation event scale, and
small on other three time scales. In terms of the dispersion coeffi-
cient (Fig. 4b), except the quarterly scale, the dispersion coeffi-
cient of SL is higher than that of SE on other scales; both SL and

SE are highest on the individual precipitation event scale, followed

by monthly scale. The multivariate linear regression is also per-
formed on SE and all precipitation and vegetation parameters on
different time scales, respectively, and for the individual precipi-
tation event scale, the model is built based on segmented SE. The
optimal model is shown in Table 2. From the coefficient of deter-
mination (R*) , on the individual precipitation event scale and an-
nual scale, the optimal model R is higher than 0. 55, and on
monthly and quarterly scales, the optimal model R is about 0. 4.

On the individual precipitation event scale and annual scale, the
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role of precipitation or vegetation determines the soil conservation
effect; on the monthly and quarterly scales, the study on soil con-
servation effect of vegetation needs to consider the effect of other
environmental factors. In terms of the independent variables of op-
timized model, the independent variable of optimized estimation
model of soil conservation positive effect SE( < 1) is LAl on the
individual precipitation event scale, indicating that the grass vege-
tation dominates the soil conservation positive effect. The inde-
pendent variable of optimized estimation model of soil conservation

negative effect SE( >1) is I, on the individual precipitation event

scale, showing that the soil conservation negative effect is mainly
due to the impact of specific precipitation intensity (I, =11.3 +
8.7 mm/h) , and the soil conservation role of grassland vegetation
is weak. On the annual scale, P can explain more than 60% of
SE, once again showing that precipitation plays a key role in stud-
ying the soil conservation effect™ . On the monthly and quarterly
scales, the independent variables of optimized model are LAl
and I,,, and on the medium time scales, the soil conservation
effect is mainly affected by grass vegetation and precipitation in-

tensity.

Table 1 The estimation of optimized model based on RE segmentation on different time scales

Time scales RE segmentation Optimized model R Model No.
Individual precipitation event RE < 0.3 RE = 1.761T + 0.174LAl,,,,,.. — 0.802 0.988 (2)
0.3 < RE < 0.4 RE = -0.3494 T + 0.5107 0.812 (3)
0.4 < RE < 0.7 RE = -0.3272 IAl,,, + 0.7795 0.242 (4)
RE > 0.7 RE = 1.0357 P + 0.4988 0.775 (5)
Monthly Overall RE = -0.3181,, - 0.381/41,, + 0.238 0.318 (6)
Quarterly Overall RE = 0.381P x I, + 0.402 0.364 (7)
Annual Overall RE = 0.4331,, + 0.246 0.927 (8)

Note: RE is water conservation effect; P is the precipitation (mm) ; 7 is the precipitation duration (min) ; /5, is the maximum 30 min precipitation intensity (mm/

h); LAl is the dead leaf area index; LAl is the grass leaf area index.
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Fig.4 The characteristics of soil conservation parameters on different time scales

Table 2 The estimation of RE optimized model on different time scales

2

Time scales SE segmentation Optimized model R Model No.
Individual precipitation event SE < 0.5 SE = -0.7781Al,,, + 0.866 0.614 (8)
0.5 < SE <1 SE = -0.1894 LAl + 0.7363 0.552 9)
1 <SE < 1.4 SE = 0.8447 I,, + 0.9613 0.900 (10)
SE > 1.4 SE = 1.6621,, + 1.311 0.793 (11)
Monthly Overall SE = -0.4221,, - 0.2711AI,,, + 0.368 0.380 (12)
Quarterly Overall SE = -0.696IA1,, + 0.848 0.416 (13)
Annual Overall SE = -0.1803 P + 0.3267 0.640 (14)

Note: SE is soil conservation effect; P is the precipitation (mm) ; /5, is the maximum 30 min precipitation intensity (mm/h) ; LAl

4 Conclusions
Based on the observation data about 144 erosive precipitation events
in the experimental plots during 2007 — 2010, this paper analyzes

the variation of four categories of parameters ( precipitation, vegeta-

is the grass leaf area index.

grass

tion, water conservation and soil conservation) on the individual
precipitation event scale, monthly, quarterly and annual scales, and
establishes the relationship model between water and soil conserva-

tion effect value and all precipitation and vegetation indicators to an-
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alyze various elements. The results show that four types of parame-
ters show different values and changes on different time scales, and
RE and SE values are relatively stable between time scales or within
the time scales by eliminating the impact of the same type of factors.
On the individual precipitation event scale with low RE values ( <
0.3) and monthly scale, the combined effect of precipitation and
vegetation leads to better water conservation effect, while on the in-
dividual precipitation event scale with RE values in the interval of
(0.3-0.4) or ( >0.7) and annual scale, the precipitation charac-
teristics dominate the water conservation effect of the study plot (R
>0.78). In terms of the soil conservation effect, it is mainly affect-
ed by precipitation or vegetation on the individual precipitation e-
vent and annual scales, and grass leaf area index can better charac-
terize the positive soil conservation effect of grassland in the study
plot (RE <1,R* >0.55) while the maximum 30 min precipitation
intensity can accurately characterize the negative soil conservation
effect of grassland (RE>1, R* >0.79). For both water conserva-
tion or soil conservation effects, there are great uncertainties on the
monthly and quarterly scales (R* ~0.4), so there is a need to con-
sider more influencing factors. It indicates that on different time
scales, the factors influencing soil and water conservation effect of
vegetation show different changes and coupling characteristics, so
there is a need to be concerned about time scale effect in the study

on the soil and water conservation effect of vegetation.
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