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ABSTRACT

In order to design geo-hazard prevention and cdnpdanning better, according to a detailed inveatign of
geo-hazard information, the geological environmemhditions and the characteristics of geo-hazarddimngling
County were detailed analyzed, GIS software isiadfb determined and quantify the geo-hazard etadn index,
the weights were gotten using a method combiniegjthalitative analysis with quantitative calculatiayeo-hazard
risk was evaluated in weighted sum method. Thdtseshiow that the high-risk areas mainly distrikdliie Luohe
River valley area, Juhe River valley area and NarchRiver valley area. The areas have great resigepulation,
frequent movement of floating, fast urbanizatiord atrong human engineering activities. The higt-rand
middle-risk geo-hazards are widely developed. Téle @valuation result is consistent with the actsiiation, and
is credible. After contrast the evaluation resulthwthe actual investigation, it can be found thila¢ evaluation
result has good agreement with the actual invetitiga
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INTRODUCTION

Geo-hazard is a kind of geological process or phmmn, it can deteriorate natural environment,atiene human
life and property, and destroy resources and enmiamt which are necessary to human survival andldpment. It
includes geo-hazard and the object geo-hazardteffecThe two aspects are complementing each othér a
indispensable [1].

Geo-hazard risk evaluation in China began in 128@s. twenty years of development, it has achiefradful
results in theory and practice, but several aspetstill in exploratory stage[2].Firstly, the méay of Geo-hazard
risk evaluation is not clear. The activities antkemsity of geo-hazard were highlighted during geaand risk
evaluation, but it's threaten object is lack of siieration. Secondly, the geo-hazard risk evalnatod risk
probability assessment of geo-hazard is confusibime geo-hazard risk evaluation is still a qualatito
semi-quantitative evaluation, so the evaluationuesxy is lower. It should focus on the detailedestigation of
geo-hazard and its threatening objects. The pdisgibf the impact, damage and destroy on theieoty must judge.
According to certain standards, geo-hazard riskation must be done. Risk probability assessmegeofhazard is
based on risk evaluation result and is quantitatBased on the formation condition analysis of paeard and
long-term monitoring, the probability of occurrenafedifferent intensity geo-hazard must be obtairite ultimate
result should be the probability of occurrenceiffedent time scale and different disaster gradgexd-hazard [3].

Thirdly, the geo-hazard evaluation index systemoisunified, the index value is no uniform standandthe unified
standard is very difficult to operate in the actinaplementation. It is decided by the complexitypeb-hazard. The
reasonable evaluation index system must be edtedlibased on the particular analysis on the gemdbgi
environment condition and influence factors of dreaard [4-6].
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GIS is a kind of international advanced level gepgic information system software. Spatial inforimatand its
attribute information will be accurately and traytput to users according to the of users’ needisxits and pictures.
Relying on its unique spatial analysis function arglialization capabilities, intuitionist maps dae generated and
provide a scientific basis to a variety of decisitis rapid evaluation unit subdivision and layeeday analysis
function can eliminate a lot of tedious data stimsworks during the geo-hazard susceptibilityleagon, and the
same time, the evaluation result is more sciergifid accurate evaluation [7-11].

GEO-HAZARD FEATURES

According to the geo-hazard survey data in Huagghounty, Shaanxi Province, the geo-hazard evalnatidex
system is established. The assignment principlesvafuation factors are proposed. The geo-hazaathi&ion is
done and divided in all area. Survey area is lata@iethe southern Loess Plateau. The landscapeniplex and
diverse. It can be divided into the hilly area, &meks gully and valley area. The main stratum eggdan the area is
Triassic, Jurassic, Cretaceous, Neocene and Qaayetroess is widely covered on the underlying antcbedrock.
On the role of intermittent uplift of new tectonimovement, under the long-term erosion of Juhe River
HuluRiver,Koujia River,etc. The current topograployming in underrating ridge and hilly and deeperiwalley
topography is performed. Annual average precipitais 588.1 mm. The precipitation distribution igremely
uneven during the year, rainfall mainly concentiatsummer, accounting for 51% of annual preciftatUnder
the special geological environmental conditionsnbiming with the human activities impact on the Iggal
environment in recent years, the geological disasteHuanglingCounty became multiple and frequent.

During Geo-hazard detailed survey, 350 survey gsiitivestigated.115 landslide are found, accogniiim 32.85%
of the total number of geo-hazard points, accognfor 32.85% of the total number of geo-hazard =082
collapse are investigated, counting for 9.14%.5ridefiow are investigated, accounting for 1.42%.18Gtable
slope are investigated, accounting for 51.42%.1dummgl subsidence are investigated, accounting fb498; 7
ground fissure are investigated, accounting foB%0

Tab.1 Geo-hazard statistics

The number of geo-hazards

Town name Total Landdide Collapse DebrisFlow Unstable Sope Ground Fissure GroundSubsidence
Qiaoshan 61 18 8 0 35 0 0
Diantou 50 12 7 1 25 2 3
Shuanglong 47 6 6 1 32 0 2
Cangcun 37 14 1 0 9 7 6
Longfang 33 11 5 0 17 0 0
Tianzhuang 30 13 2 2 13 0 0
Hexi 25 6 1 0 15 3 0
Yaoping 25 6 0 1 18 0 0
Taixian 19 12 1 0 4 2 0
Adang 18 10 0 0 8 0 0
Houzhuang 13 7 1 0 3 2 0

INFORMATION CONTENT ANALYSISMODEL
The information content can be gotten in the medethe quantitative indicators for geo-hazard esiluation by
calculating the amount of information of varioufiuence factors on the geo-hazard deformation aitdré. It can
accurately reflect the basic law of geo-hazard,di&n it is simple, easy, practical, easy to pr@ndhe calculation
principle and the process are showed as follows:

a. Calculating the information content I(xi/A) ofarhazard instability (A) provided by single factdindicators) xi:
1(x,A) = lg P& A
P79 o)

Where: P(xi/A) indicates the emergence probabilifyxi on the geo-hazard deformation and failure ditons;
P(xi)indicates the emergence probability of xi irecall condition.
S/s

Where: S indicates the total number of known sanupligs; N indicates the number of known deformatsord
failure sample units; Si indicates the number dfsuxi appear; Ni indicates the number of deforoatand failure
units xi appear.

b. Calculating the information content li of theogeazard deformation and failure on some unit mtedi by
combinations with P kinds of factors, namely:
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I, = I(x,A)=ilg';i—f';

c. Determining the stability level of the unit acding to the size of Ii;

li <0 indicates that the possibility of deformatiamd failure of the unit is less than the averagssibility of
deformation and failure in all regional;

li = 0 indicates that the possibility of deformatiand failure of the unit is equal to the averagssibility of
deformation and failure in all regional;

li> 0 indicates that the possibility of deformatiand failure of the unit is more likely the averggessibility of
deformation and failure in all regional. The vabfethe information in some unit is greater, the -peaard is more
easily to deformation and damage.

d.ldentifying mutations point as the cut-off poiby; statistical analysis (subjective judgmentslaster analysis), so
as to the area is divided into different levels.

Because the basic data of evaluation indictor magsdme from quantitative description, so, they mhbst
dimensionless unified in standardization, normaiima homogenization, or logarithmic, square roatl aother
numerical transformation method, before substituvaluation model.

GEO-HAZARD RISK EVALUATION

Evaluation index and its quantization

According to the geological environment charactegsand features of geo-hazard in Huangling Caqutity
geo-hazard risk evaluation indexes are chosen aandtified by GIS software[12-14].

Slope gradient index

The slope information of survey area is extracted aormalized from DEM by GIS software. The frequemf
geo-hazard is high on the slopes greater thans#0Slope index value is defined as 1 while slopelignt is greater
than 40°. The frequency of geo-hazard is low onsthpes less than 10°, so slope index value isieéfas 0 while
slope gradient is less than 10°.In the slope gradimm 10° to 40°, the slope index values are mgteed by
normalized probability of occurrence of geo-hazgigl(l).

Slope gradient index

High : 0.99

. Low : 0

0 35 7km

Fig.1 Normalized slope gradient index in Huangling County
Slope height index

The slope information was extracted from DEM data@S software. As geo-hazard mainly occurred anglopes
from 50 m to 100m, so the slope height index isngef as 1 where slope height is more than 100m. sldyge
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height index in the slope Less than 100 metersstsilouted in linear from 1 to 0(Fig.2).
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Slope height index

High : 0.8
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Fig.2 Normalized slope height index in Huangling County

Rock and soil structure index
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Fig.3 Rock and soil structureindex in Huangling County

Rock and soil structure index

There are four types of different rock and soilistare. Thick layered hard rock is mainly distriditin the eastern
mountain area, the geological hazard is seldomoslo and soil structure index is Assigned to 0.Al&ging layers
of thin layered semi-hard hard rock and middle tagiehard rock are distributed in valley sides, ge®logical
hazard is great quantity,. so soil structure indeassigned to 1.Gravel is mainly distributed itleyazone, the
geological hazard is seldom, so soil structurexridéAssigned to 0.Loess is mainly distributedhe toess Plateau
in eastern study area the geological hazard i gresntity. So soil structure index is assigned(feig.3).

Precipitation index

According to rainfall characteristics, rainfall éorimity coefficient is selected as the precipitatindex. The rainfall
uniformity coefficient is defined as the ratio dfetaverage rainy season rainfall (from July to &mapier) to the
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average annual rainfall, and is normalized andrpmtated from O to 1 in all study area. The raintaliformity
coefficient can objectively reflect the heterogépedf rainfall. The greater rainfall uniformity cffieient, the
rainfall more concentrated(Fig.4).

Precipitation index

High : 0.740549

. Low : 0.482898

0 4,700 9,400 18,800 km
L L 1 |

Fig.4 Precipitation index in Huangling County

Human engineering index

The influence of human engineering activities omfitrmation and development of geo-hazard is vempiex, and
the same time human engineering activities are itapbelements in the geo-hazard risk evaluatitre quantity of
human engineering index is simplified as followise tdisturbance of the county seat, the main tovghviay,
railway, national road building to geological emriment is the most serious, while the highest degfetheir
importance, the human engineering index is assigined/alue 1.In the influence area of the smatiemis, larger
villages, provincial road, the human engineerindei is assigned 0.8. In the influence area of alsmueillage,
county and township roads, the human engineerinigxins assigned 0.6. In the other area human tesvi
influenced, the human engineering index is assighddNo fixed human engineering activities of tegion, the
human engineering index are assigned 0.2(Figurbg)dquantitative approach has real physical meaiiihg.more
intense human activities, the possibility of cagsijeo-hazard is greater, and the risk of geo-hagagrkater.
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Fig.5 Human engineering index in Huangling County

2439



Yuxiang Cheng and Aidi Huo J. Chem. Pharm. Res., 2014, 6(6):2435-2442

Evaluation unit

The division of evaluation unit is variety, and ledas advantages and disadvantages. The divigiondod the size
of unit have great impact on the evaluation re€it.the basis of the DEM data[15-16], all studyaaeedivided into
6258 units using hydrological analysis method b Gdftware.

Evaluation weights

The evaluation index weights directly affect thewacy and effectiveness of the geo-hazard evalagsults.
Therefore, the weight is the key of the geo-hazdsld evaluation, and is difficult to gotten. In thexisting

evaluation model, the main methods commonly use@HP, gray correlation method, neural networks,,atese
weight calculate methods are summed up in two tygggective and objective analysis method. Subje&nalysis
method is through expert subjective analysis irebtd achieve qualitative to quantitative conversidowever, this
approach is subjective too much, and do not combittethe evaluation results. On the contrary, otije analysis
is through the objective information extraction arthlysis on statistical data of the factor, figdout the rules to
determine the weights. The method is over-reliameceobjective data, while ignoring the experts; tadculated
results are often unsatisfactory.

Therefore, the two methods are combined. Firstlyedding on experts’ experience, a set of weighdsgaren, and
then selected a number of typical evaluation uwi, can get the qualitative evaluation results thhouhe

geo-hazard characteristics and their environmergaditions, then using the evaluation factors amibits given

on experts’ experience, the geo-hazard risk otypesal evaluation unit selected can be quantitativaluated, the
weights gradually modified until the evaluation uks are consistent with qualitative analysis rssulhe final

weights can be used as the weight of the whol@nregi

Geo-hazard risk evaluation and result analysis
Through the simplest method of weighted sum, gemaifthrisk evaluation is computed. The results a@vs in
Fig.6.

compute result

I - 05051665 - . 173243508
[ . 17s2a3805 - . 302033241

[ ] .302033241 - . 661845267 i 5 10 km

Fig.6 Geo-hazard Risk Evaluation compute result in Huangling County

High-risk areas of geo-hazard are mainly distridute Luohe River valley area, Juhe River valleyaasnd
Nanchuan River valley area, involving Tianzhuangviip Qiaoshan Town, Hexi District offices, Diantoawn,

Cangcun Town, YaopingTown,etc. The total area sualdi68.49km2, accounted for 7.36% of all regiahdas

greater resident population, frequent movementaaiting and fast urbanization. The distributionnational roads,
railways, town and the famous tomb distribute ighkiisk areas. The total number of geo-hazard énhigh-risk
area is 175. The number of landslides is 48, inod high-risk of landslides, 2 middle-risk of tatides and 45
low-risk landslides.12collapses are low-risky. Thare 3 debris flow, including 1 high-risk, 1 miedisk and 1
low-risk. The number of unstable slope is 99, idolg 6 middle-risk and 93 low-risk. There are 1Wdsk surface
subsidence and 2 low-risk ground fissure.
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Middle-risk areas of geo-hazard mainly are disteluin the Loess Plateau and the loess hilly ar¢hd eastern of
study area and the rocky hilly in the western eBathe middle-risk area involved in almost evemyrt, with a total

area of about 788.01km2, accounting for 34.44%llairaas. Urbanization rate is quick in the eastemn. Roads,
town buildings, reservoirs, and other important@cbfacilities are more complete. The total numisegeo-hazard
in the middle-risk area is 164, including 65 lowkrilandslides, 17 low-risk collapses,1 middle-ribris flow,1

low-risk debris flow, 1 middle-risk unstable slopé, low-risk unstable slope, 1 middle-risk groundstire,4

low-risk ground fissure.

Low-risk areas of geo-hazard are distributed oetdite high-risk area and middle-risk area, mainlyZiwuling
hilly areas in the west of YaopingTown and Shuanglown. Area of low-risk areas of geo-hazard isubo
1331.5km2, accounting for 58.19%.The area havesspampopulation and weak human engineering actwiti
Geo-hazard developed in the area includes two Iskviandslides, three low-risk collapse and six-dsk unstable
slopes.

IE Middle-nsk area

M | Low-risk area

E Geo—hazard point

Fig.7 Division of geo-hazard risk in Huangling County

Geo-hazard risk zoning map and the actual survsyltrare overlaid as shown in Fig.7. It can be stab the
guantitative analysis results are consistent whih actual results; the most of measured geo-hgzairts are
located in high-risk areas and mid-risk areas. Tthesgeo-hazard risk evaluation result in the pépereditable.

CONCLUSION

(1) HuanglingCounty is chosen as the research glgetect slope gradient index, slope height indegk and soil
structure index, vegetation index, precipitatioder, human engineering index as the evaluatiornxinde

(2) On the basis of the DEM data, all study aredivided into 6258 units using hydrological anasysiethod by
GIS software.

(3) Combining subjective and objective analysishudt Evaluation weights are gotten.

(4) The evaluation results of geo-hazard risk shiwat the high-risk area is about 168.49km2, acaxlifdr 7.36%
of all regions, the middle-risk area is about 7882, accounting for 34.44% ,the low-risk area mw

1331.5km2,accounting for 58.19%.

(5) High-risk areas of geo-hazard are mainly disttied in LuoheRiver valley area, JuheRiver vallegaaand
NanchuanRiver valley area, it has greater resigeptlation, frequent movement of floating and farftanization.
The distribution of national roads, railways, toand the famous tomb distribute in this areas. Btel humber of
geo-hazard in the high-risk area is 175. The evialnaesults are consistent with qualitative anialyssult.

(6) During geological hazard evaluation process,ahaluation unit dividing, actors quantificatiomdacalculation
are completed on GIS platform, so GIS softwareeasywseful in regional geological hazard evaluation its

powerful spatial analysis capabilities.
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