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ABSTRACT

Geostatistical analysis methods are widely used in many fields, has become an important branch of statistics. For
a long time, Geo-statistics can not be combined with GIS analysis model very well, which became a big regret of
GIS software. ESRI ArcGIS Geo-dtatistical Analyst made a bridge between geo-statistics and GIS, making the
complex geostatistical approaches be easily implemented in this software, reflects the people-oriented, visual
development trend. This combination have an important groundbreaking, predicted by measuring the surface of
statistical error, GIS people could be able to quantified the quality of the surface of the model for the first time.
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INTRODUCTION

Geostatistics is also called the geological stafists famous in French statisticians G. Mathegaadually formed
on the basis of a large number of theoretical mebeaf a new branch of statistics [1]. It is basedregionalized
variable, with the aid of the variation function2].[ The research is both random and structuredspatial
correlation and dependence of natural phenomenasofence [3]. All structural and spatial data esmblomness,
or the spatial correlation and dependence, or emghkearch of spatial pattern and variation, aadi#ia is used to
estimate the optimal unbiased interpolation, amdutate the characteristic of these data, volatiity can use
geostatistics theory and approaches.

Geostatistics and classical statistics are in comraimce they are both on the basis of a large eurmbsamples,
based on the sample frequency distribution or tearmand variance of attribute values and theiresponding
rules of analysis, determine the spatial distritnutpattern and correlation [4]. But the biggestrahbteristic of
Geostatistics different from classical statistissthat Geo-statistics considers the size of thepkawalues and
attaches great importance to the sample spacadoaatd the distance between samples, so which snakehe
defect of the classical statistics that ignore $patial orientation [5]. Thus, Geo-statistical gs&é includes
assumptions, regionalized variable theory baséati@n analysis and space valuation.

1. The premise of geostatistics

1.1 Random Process

Same as the classical statistics, geostatistias@son the basis of a large number of samplesugr the analysis
of the rule of sample room, explore its distribati@and to make predictions [6]. Geostatistics reégal sample
values in the study area as the result of a rangi@oess, namely all samples are not independesaaati other
and they follow certain inherent law. Therefores thestination of geostatistics is to reveal thesiaht law and to
make some predictions.

1.2 Normal Distribution
In the statistical analysis, it was assumed tHatge number of samples are to obey the normaildigion, hence
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geostatistics is no exception. After achieving dlaga to deal with the analysis in the first plagegstatistics deal
with data transformation to accord with normal idittion and try to select reversible transfornthié data do not
conform to the normal distribution assumption.

1.3 Stability

Repeating for statistical point of view is the tretacal basis of geostatistics. Thinking of statstfrom a large
number of repeating observations can forecasmati and understand the estimates of variabilityuarcertainty.
For most of the geospatial data, the stationaggumption is reasonable. It includes two kindstalbitity: one is
the mean is smooth, that is, assuming that the fseeonstant and has nothing to do with the pasitibe other is
related to the covariance function of the secomidiosmoothly and the half variation function ofimsic stability.
The second smooth order is to assume that the datamce and direction of any two points of covac&is the
same, the covariance is only associated with theevaf these two points and has nothing to do witlere they
are. Intrinsic stationary hypothesis refers to amy points with the same distance and directionasfance (i.e.,
the variation function) is the same. The secondadimorder and the intrinsic smooth are to havebtec law and
the basic false. Setting by covariance function eadable function can predict and estimate theewainty of
prediction results.

2. Theregional variation

When a variable presents certain spatial distrilnuis regionalized variables, it often reflects samaracteristics
or phenomenon of the area. The difference betwesgioRalized variable and general random variabtbas the

general random variable values accord with cergawbability distribution, and regionalized variablalues

accord with the different location within the regi@and take different values. As regionalized vdeiamlues

determine the location in the territory, it showe tgeneral random variables, that is to say, reiated to the
location of a random variable. In the actual arialy often uses the method of sampling for thtueeof the

regionalized variables in a certain area, whioth@racterized as regionalized variable space fumation [6]:

Z(X)=Z(Xu,Xv,Xw)

According to its definition, regionalized varialflas two significant features: randomness and streicFirst of all,
regionalized variable is a random variable, it tas local, random and abnormal characteristicspsalg, the
structure characteristics of the regionalized \deichas a certain, namely variable at point x dred deviation
distance with the value of x + h in h point of 2 énd Z (x + h) have a certain degree of similangmely the self
correlation degree depends on the distance bettimeepoints h and variable characteristics. Besidegipnalized
variables also has the space limitations (i.e.,sthectural performance for a certain range), degrecontinuity
and different degree of anisotropy (i.e., all dii@ts show the correlations).

3. Variation analysis

3.1 covariance function

Covariance is also called the semi-variance, wh&ctihe difference between the two random variables.
probability theory, random variables are named & érand Variance is defined as [7]:

Cov(X,Y)=E[(X-E X)Y -E (Y)]

The spatial covariance function can be represeasd8]:

C(h)y=1p[Z (xi)—Z (xi)][Z (xi+h)—2Z(xi+h)]

Among them, the Z (x) is a regional random variadohel satisfy the second-order stationary hypothesisely
spatial distribution regularity of random varialde(x) is not due to the displacement change; Htfar sample
points of space distance; Z (xi) is the Z (x) ie gpace point xi sample values; Z + h (xi) is tletathce Z (X) in

the xi deviates from the value of the samples @f$ 1, 2,..., N (h)]; N separation distance fofh) is the total
number of sample points; Z (xi) and Z + h (xi) o respectively (xi) and Z + h (xi) sample mazmely [8]:

Z(xi)=xZ(x)
Z(xi+h)= Z(xi+h)

On the type of n is regarded as sample unit numipeigeneral, Z (xi) indicates the Z + h (xi) (spEci
circumstances can be considered approximately equal
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3.2 Half variation function

Variation function is also called half variationnfition, is the unique function of spatial statiati@nalysis.
Regionalized variable Z (x) at point x and x + tueaof Z (x) and Z (x + h) are half of the variarafepoor known
as regionalized variable Z (x). The half variatimction is remember to r (h), 2 r (h) as variahlaction
According to the definitions are [8]:

r(x, h)y=Vvar[Z(x)—-2Z(x+h)]

3.3 The variation analysis

The half variation function and covariance functioave the size of the statistical correlation doeffit as a
function of the distance, which is the quantitatjemgraphy close similarity theorem. Fig. 1 depiste and a half
of typical variation function and its co_(_respondtrtg/ariance function diagram.

Tz

Pl

Fig. 1 Oneand a half of the variation function diagram

The half variation function curve and covariancaction curve reflect a sampling point with adjaceampling
point of spatial relations. Moreover, they effeat @bnormal sample point that has good detectioRIE8cGIS
geostatistical analysis module can be used in aeyod the two, generally uses the half variationcfion. In the
half variation curve has two very important poiritgerval for zero point and half variant functistmen reaching
steady turning point, is produced by the two paintl four corresponding parameters: the piece a galue
(Nugget), cheng (Range), base station value (8illj Partial base stations (Partial Sill). Their nieg is as
follows:

Nugget value (Nugget): in theory, when the distalpeveen the sampling points is 0, the half varrafunction
value should be set zero, but due to the preseénoeasurement error and variation space, whenitbesampling
points are very close to their half variant funotiealue is not zero, the piece of gold value isdpaed. Internal
error caused by the instrument, measurement esgase mutation is a natural phenomenon in a ceszéce
within the scope of the change. The either sideobh together produce a piece of gold value.

Base stations values (Sill) : when the distancevéenh the sample point h increases, the variationtion r (h)
and a half from the original piece of gold valuaaieed a relatively stable constant, the constauoevia called
base stations. When the half variation functiorugak more than base stations, namely functionevehes not
change according to the sampling point distancatjadcorrelation does not exist.

Partial base stations values (Partial Sill): thiei@af base stations and the piece of gold valfierdince.

Variation (Range): when the half variation functieadue with the initial piece of gold value reachsbe stations,
the sample point distance called variation. Vasiagxpressed in some scales and the scope oflsgatielation,
its size is limited by observation scale. Withie tbcope of the variation, the smaller the distdeteeen sample
points, the similarity, namely spatial correlatisdarger. When h > R, regionalized variable spatarelation of Z
(x) does not exist, as some point with the distaaggeater than the variation of known points,npaiata cannot
be used for interpolation or extrapolation. Whetingited amount of sample points is after hours, ckhimay
appear on the graph with all r (h) material Nuggaimely curve is an approximate straight line palrab the
abscissa, and now the half variation function ofepMugget will effect on it. This is due to the lied sample
interval, point to point is a big change, namelglteaample is random, do not have spatial correlainl average
of sample points in the area.

This is the best estimate. At this time it onlyrizeses the sample interval, which can reflect pladiad correlation
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between the samples. The strength of the spatiatlation can be reflect by Partial Sill/Sill, atide value is
greater than the spatial correlation. Accordintitg Nugget/Sill called basal effect and the vasiatharacteristics
between the values are the greater of the varistidween the said samples is more caused by rafalons.

4. Spatial valuation

A complete process of geostatistical analysis atiapvaluation process is generally as follows: finst one is to
obtain the original data, inspect and analysisatddsuch as looking for the data implied charzsties and laws
e.g., whether it is normal distribution, is ther&rend effect, anisotropy, etc; Then it selectsh#&able prediction
model of surface, including the half variation mbdé choice and selection of prediction model; Fitize

inspection model or several models that is readenabre compared. Although in the case of ArcGliagispatial
statistical analysis module to complete the abaweegss is very simple, but follow a structured psxis still very
important [8].

(1) Data show
It is added in the ArcMap data view window and thgghe data layer to be analysed.

(2) Data check

It analysis on the statistical properties of dagts 20 deeply understand the data. Data check mbmteludes
inspected data distribution, finding outliers, giblirend analysis, detection of spatial autocoti@ta direction
variation, and covariance analysis of multiple dsees.

(3) Model fitting
Based on the understanding of the data, it choosespreliminary thought suitable model to create ghrface.
Comprehensive data check helps to choose the kuitadmel.

(4) Model diagnosis
The output of the assessment model can understendelected model’'s prediction effect of unknowtues.
Diagnosis includes forecasting accuracy and valiofithe model.

(5) Model comparison
By setting different parameters or selecting migtipptional models to create the surface, which ban
determined by comparing the analysis models thas batter prediction effect on unknown values.

CONCLUSION

This paper introduces the principle of geostatidtanalysis, provides an approach for geostatisticalysis, and
statistical analysis for the further applications.
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