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ABSTRACT

In this paper, different mathematical models wesedi to quantitative assessment of temporal andiadpat
distribution of rainfall erosion force R based oaographic information systems, comparing the difiee between
the different algorithms, the results showed tlz@fiall erosion force by different algorithms araitg different, the
calculation results of annual rainfall erosion ferdR sorted for Z> F>W>L model, while that of monthésults
ordered as Z> W>L>F model. While carry out risk assment of soil and water losses, should adjustunes to
local conditions, it is very important to choos@senable risk evaluation model for accurate preadicof regional
soil erosion. Different algorithms has the differgpatial distribution of rainfall erosion force Righ risk areas are
mainly concentrated in the west and the south, kewelow risk areas are mainly distributed in therth and east.
These results can provide scientific basis for erion and control of soil erosion.
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INTRODUCTION

Soil erosion refers to a process of the soil piadi@and surface appendages were eclipsed handliggation, and
deposition under external force [1-3]. Rainfallsom force R said potential ability of soil erosicaused by rainfall
to reflect the impact of climatic factors on soibsion, is one of the calculation factors of UnsadrSoil Loss
Equation [4-6]. How to accurately evaluate riskraihfall erosion force R of soil erosion, has vémyportant
significance for identifying regional soil erosiosk and formulating reasonable measures of présmiatind control
[7, 8].

Risk of rainfall erosion force R of soil erosiond®sely related to rainfall, rainfall intensity camainfall time, it is

difficult to directly measured, most with rainfatitensity, rainfall and other parameters to estin{t11]. To this
end, researcher had proposed various calculati@nEers and methods of rainfall erosion forcerfd, @ambined
with the geographic information system, researchspatial and temporal dynamic of rainfall erosiaicé R

[12-16]. However, the rainfall erosion force R aitfums in different regions is difficult to be erted to other
areas, therefore, how comparative analysis thereiffces of spatial distribution and different aipons the based
on existing algorithm is an important researchdios.

This study application of daily rainfall data inréle monitoring sites of Zhangjiakou, Huailai ande@fde in
1980-2000, and the four different calculation methmf rainfall erosion force R, based on the gapkic
information system and models in Hebei provinc€bina, assessment of regional rainfall erosiong@anditions,
comparison of different calculation methods of Rueato analyze spatial distribution of differengaidithms in
order to provide a reference for the regional sgiksion prevention.
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EXPERIMENTAL SECTION

2.1 Sudy area
Hebei province is located in north latitude 36 *082 ° 40, longitude 113 ° 27 - 119 ° 50, tat@rea of 188, 000
kmz2. Landform with plateau, mountains and plainkjclv accounted for 9.3%, 49.5% and 41.2% of thal tatea,
respectively, the altitude of roughly from the movest to the southeast gradually declined. In wedte Taihang
Mountain, and northern is Yanshan, surrounded Bgrai-circular Hebei Plain. A temperate continemt@insoon
climate, the annual average temperature ofcB8BC, the average annual precipitation is 350-15mm. (Eig
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Fig. 1. The study area of Hebei provincein China

2.2 Z mode

Zhanget al established rainfall erosion force R model byhydainfall data, referred to as the Z model, cited
for half monthly rainfall erosion force, the summaran be obtained monthly rainfall erosion forcel amnual
rainfall erosion force. The Z model calculated @kfvs [17]:

k
R=42.(P)° (1)
i=1
) = 215865 % 2
5= 08363 18177, 24455 o
d12 Py12

Where, R for the firstk months of rainfall erosion force (Midm/hmz /a/h)P; said the firsj days of rainfall of half
period k said the days of half perioBy,, refers daily rainfatl2mm, Py, refers daily rainfall12mm of annual
rainfall.

2.3 L model
Its model requires only annual rainfall or averagaual rainfall, we can calculate the average drmuenulti-year
of rainfall erosion force R-value by Roose [18Fereed to as the L model, which was expressed as:

R=05P )
Where,P is the average annual or monthly rainfRlis the rainfall erosion force.
2.4 F model

Soil and water conservation experimental statioRujian and Fujian Agricultural University presesiteeferred to
as the F model, calculated as follows [19]:
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12
R=>(-115527#0179R) )

i=1

Where,P; is the firsti monthly rainfall,P is the annual rainfall.

2.5W model
Formula of rainfall erosion force empirical by Wisoemier referred to as the W model, as following]2

p2
(151Ig#P— 08189

12
R=11735x10 (6)

i=1
Where,P; is the firsti monthly rainfall,P is the annual rainfall.
2.6 IDW spatial interpolation method

Inverse Distance Weighted method is a global irtiaton method, that is, all samples are estimaddue involved
in a point estimate of Z values based on GIS, tatied as follows:

n

Ve = D WjVj @)
j=1

Whereve (=1, ...... N is the pointX;, ;) of variable valueyy; is the weight corresponding coefficients.

RESULTSAND DISCUSSION

3.1 Comparison of different monitoring sites of rainfall erosion force R by using Z model
3.1.1 Analysis of changes of annual rainfall erosion force
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Fig. 2. Changetrend of annual rainfall erosion force R in different monitoring sites

The figure 2 shows that the rainfall is abundantHiebei province, rainfall erosion in large exteahd annual
rainfall erosion force R in 166.03-4810.12 [in/hm2?/h/a. The maximum rainfall erosion force Regred in
Chengde in 1995, the R value was 4810.12iMdhm?/h/a, the minimum of rainfall erosion forceaRpeared in
1994, which was 166.03 Ndm/hmz2/h/a. R value of three monitoring sites ofaltcare more than 1000
MJmm/hmz/h/a, including the year of 1991, 1994, 198896 and 2000, different monitoring sites showedual
rainfall erosion force are quite different in Hepedvince.
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3.1.2 Analysis of changes of monthly rainfall erosion force
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Fig. 3. Change trend of monthly rainfall erosion force R in different monitoring sites

Figure 3 indicates that maximum of the monthly falinerosion force R in the first half of July inh€ngde was
9096.67 MInm/hm?/h/a, ample rainfall period concentratedune}August in Hebei, water shortage period focused
on January-March, and December. Monthly rainfadlsern force R in Chengde is greater than the Zliakaj and
Huaihua, showed that rainfall is larger in Chengdenthly rainfall erosion force R is relatively higy, protection
measures should be paid attention to the plentfafall period to reduce the risk of soil erosion.

3.2 Comparison of different monitoring sites of rainfall erosion force R by using L model
3.2.1 Analysis of changes of annual rainfall erosion force
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Fig. 4. Changetrend of annual rainfall erosion force R in different monitoring sites

Figure 4 shows that, annual rainfall erosion foré® was 115-437 Mihm/hm#/h/a in 1980-2000 in
Hebei province. The minimum and maximum R was rethgely in 1984 of Zhangjiakou and in 1995 of
Chengde. The rainfall erosion force R greater t2@d MImm/hm2/h/a in 1994 and 1995, the rainfall erosionfR
Chengde was significantly higher than that of Zljakgu and Huaihua, showed that annual rainfallsieno of
different monitoring sites are quite different ielbei province.
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3.2.2 Analysis of changes of monthly rainfall erosion force

The Figure 5 indicates that R value of monthipfill erosion force in 1980-2000 in Hebei proviringhe range
of 16.00-1128.50 Mihm/hm?2 /h/a, minimum value in the Huaihua site iacBmber, while the maximum site in
Huaihua in July. High value period of rainfall eiarsforce R over 800 Mthm/hmz /h/a, and middle and low value
were 100-800, and 100 MIImm/hm?/h/a, respectively. It should adopt the mess of prevention and control,
S0 as not to cause soil erosion in plentiful rdindariod.
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Fig. 5. Changetrend of monthly rainfall erosion force R in different monitoring sites

3.3 Comparison of different monitoring sites of rainfall erosion force R by using F model
3.3.1 Analysis of changes of annual rainfall erosion force
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Fig. 6. Changetrend of annual rainfall erosion force R in different monitoring sites

Figure 6 shows that, the annual rainfall erosiorréhged from 287.67 to 3000.43 Mhim/hmz2/h/a in
1980-2000, minimum and maximum values respectivel¥984 of Zhangjiakou and in 1995 of Chengde. Aghon
them, rainfall erosion R value were all more tha@0d MJImm/hmz/h/a in 1994 and 1995 of three monitoring
sites, and the ordered as: Chengde > Huaihua >gjibkau, it indicates that the character of rainéabsion force

R in different monitoring sites of Hebei Provincastthe large degree of difference.
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3.3.2 Analysis of changes of monthly rainfall erosion force
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Fig. 7. Change trend of monthly rainfall erosion force R in different monitoring sites

Figure 7 indicated that, the monthly rainfall eoosiR for 0.48-493.27 Mthm/hm?2 /h/a, the minimum value in
January in Zhangjiakou, while that the maximum ime@gde in July. Monthly rainfall erosion R in Chdegwas
greater than Zhangjiakou and Huaihua. Showed tteater rainfall in Chengde, and rainfall erosioisRelatively
higher, it should strengthen management and reshiterosion risk under the sufficient precipitatioeriod.

3.4 Comparison of different monitoring sites of rainfall erosion force R by using W model
3.4.1 Analysis of changes of annual rainfall erosion force
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Fig. 8. Changetrend of annual rainfall erosion force R in different monitoring sites

Figure 8 shows that the rainfall erosion force Rusaranged from 25.47 to 1518.32 Khin/hm2 /h/a in three
monitoring sites in 1980-2000, minimum and maximuatues in 1980 and 1999, respectively in Zhangjia&od

Huaihua. Rainfall erosion force R in Chengde isatgethan the Zhangjiakou and Huaihua, howeveiilland

1999 that of the Huaihua is much larger than therm@de and Zhangjiakou. It showed that annual rtiefasion

force in different monitoring sites was quite diéat.
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3.4.2 Analysis of changes of monthly rainfall erosion force

The Figure 9 indicated that the monthly rainfalbgton force in the range of 0.03-2791.17 ddh/hm?2 /h/a, the
minimum value is Zhangjiakou in January and Chengddanuary, while that of the maximum in Huaihoa i
July. Monitoring sites of the monthly rainfall efon force R in Chengde was greater than the df@monitoring
sites, indicating that the rainfall erosion force different monitoring sites was quite differertet plentiful

rainfall period should take effective measuresrttqrt water and land resources, so as not to cars®IS soil and
water losses.
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Fig. 9. Change trend of monthly rainfall erosion force R in different monitoring sites

3.5 Comparison of rainfall erosion force R by different mathematical models

The calculation results of rainfall erosion forcéyrdifferent models were quite different. Amonert calculation
results of the annual rainfall erosion force R edras: Z>F>W>L model. Comparatively speaking, tssaf L

model are smaller, while that of the Z model igar Calculation results of the monthly rainfalbgipbn force R
ranking: Z>W>L>F model. In contrast, Results of Ddel is larger, while that of the F model is largeshowed
that rainfall erosion force R was greatly influedd®y different models. Assessment of soil and wiatsses should
be adapted to local conditions, a reasonable chimiceevaluation model is extremely important forcaately

predict the regional soil erosion risk.

3.6 Spatial analysis of rainfall erosion force R based on inverse distance weighted interpolation method of
GIS

Spatial distribution of rainfall erosion force R svguite different by different models, but the atetrend was
basically identical (Fig. 10).

The rainfall erosion force R is 0-4341.92 [Min/hmz /h/a by Z model, larger rainfall erosioneistern, relatively
speaking, that of the smaller in the north, nortstwand southwest. In contrast, rainfall erosioncéoR is
20.50-1275.66 Minm/hm? /h/a by L model, larger rainfall erosionnarthwest and southwest, while the northern
and eastern was smaller. However, rainfall ero$wne R is 0.83-345.31 NIBim/hm?2 /h/a by F model, larger
rainfall erosion in the western, nevertheless, tswast, northern and eastern was smaller. In cdntramfall
erosion force R is 0.13-1710.35 hin/hm?2 /h/a by W model, the larger rainfall erosiorsouthern, while that of
the western, northern was smaller.
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CONCLUSION

In this study, a comparative analysis of differalgiorithms for rainfall erosion force R based oi®@hd the

mathematical models, results indicated that diffeedgorithms has important influence on the caltiah results of

rainfall erosion force R, the annual change inrtteximum by Z model for 4810.12 Nidm/hm? /h/a, while the L
model is the smallest, is 437 Mim/hm2 /h/a. In contrast, the monthly change afdat by Z models for 9096.67
MJithm/hmz? /h/a, but the F model is the smallest of. 2B3/Jmm/hm? /h/a.

Interpolation analysis of inverse distance weightesllts show, spatial distribution of rainfall sian force R was
different by different algorithms. Rainfall erosidorce R was 0.83-345.31 N#Im/hm2 /h/a by F model, rainfall
erosion force R of western was bigger, while ttighe northern and eastern southwest were sm@ltamparatively

speaking, rainfall erosion force R for the 0-4321MJmm/hm?2 /h/a by Z model, which eastern was largdsijen
the north, northwest and southwest were smaller.

Acknowledgements
This research was supported by the funding of Maticience and Technology Support Program (BAD8jBdd
PhD research startup foundation of Xi*an Polytectumiversity (BS1306).

REFERENCES

[1] R. G. Evans, B. N. Girgin, J. F. Chenoweth &hdW. Kroeger.Agricultural Water Management995, 27(3-4),
283-297.

[2] M. A. Fullen and R. T. Brandsm&aoil Technology1995, 8(1), 1-15.

[3] K. P. Price Remote Sensing of Environmel193, 45(3), 233-248.

[4] J. Busnelli, L. d. V. Neder and J. M. Saya@uaternary International2006, 158(1), 147-161.

[5] Q. J. Liu, H. Y. Zhang, J. An and Y. Z. WOATENA 2014, 115(1), 11-18.

[6] X.-L. Xu, W. Liu, Y.-P. Kong, K.-L. Zhang, B. Yand J.-D. Chenlransportation Research Part D: Transport
and Environment2009, 14(7), 497-501.

[7]1 A. Vrieling, G. Sterk and S. M. de Jonipurnal of Hydrology2010, 395(3-4), 235-241.

[8] C. Westmark and G. W. Lawledslear, 1995, 186-187, Part 2(1), 384-387.

[9] Q. J. Liu, Z. H. Shi, X. X. Yu and H. Y. Zhan§oil and Tillage Researc@014, 136(1), 1-8.

[10] M. C. Ramos and B. Dura@ATENA 2014, 123(1), 135-147.

[11] A. Vrieling, J. C. B. Hoedjes and M. van dezldfe.Global and Planetary Chang2014, 115(1), 33-43.
[12] J. Arndez, V. Larrea and L. Ortigo$2ATENA 2004, 57(1), 1-14.

[13] H. Bouchnak, M. Sfar Felfoul, M. R. Boussenma &1. H. SnaneCATENA 2009, 78(2), 170-177.
[14] J. A. Martnez-Casasnovas, M. C. Ramos and M. Ribes-Dasiderma2002, 105(1-2), 125-140.
[15] M. SeegerCATENA 2007, 71(1), 56-67.

[16] W. Wei, L. Chen, B. Fu and J. Ché2ATENA 2010, 81(1), 24-31.

[17] W. B. ZhangJournal of Soil and Water Conservatj@®02, 16(7), 43-46.

[18] E. J. RooseOrstom 1975, 5(2), 1.

[19] Y. H. Huang, C. L. Lu and T. F. Zhentpurnal of Soil and Water Conservatjd®92, 6(4), 1-5.

[20] W. H. WischmeierAgricultural engineering1962, 43(1), 212-215.

328



