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In this paper, we analyze cow endemic fluorosis spatial distribution characteristics in the target district based on combination of spatial statistical analysis and GIS. This disease geographical distribution relates closely to the environmental factors of habitats and the correct analysis of the spatial distribution of the disease for monitoring and prevention plays an important role. However, the amount of monitoring spots is smaller and the monitored data are very limited. How to use the limited data to show the general spatial distribution of the disease is a key issue in building the efficient spatial monitoring method. We use GIS application software ArcGIS9.1 to overcome the lack of data of sampling sites and establish a prediction model in estimation of the disease distribution. Comparing with the true disease distribution, the prediction model has a well coincidence and is feasible and provides a fundamental application for other study on space-related cow diseases.

Introduction

The use of geographical information systems (GIS) and spatial statistical analysis in public health is now widespread. GIS is powerful automated system for the storage, retrieval, analysis, and display of spatial data. The system offers new and expanding opportunities for epidemiology because it allows an informed user to choose between options when geographic distributions are part of the problem. Even when used minimally, this system allows a spatial perspective on disease. Used to their optimum level, as tools for analysis and decision making, they are indeed a new information management vehicle with a rich potential for animal epidemiological research.

Epidemiologists have traditionally used maps when analyzing associations between location, environment, and the disease [START_REF] Busgeeth | The use of a spatial information system in the management of HIV/AIDS in South Africa[END_REF]. GIS is particularly well suited for studying these associations because of its spatial analysis and display capabilities. Recently GIS has been used in the surveillance and monitoring of vectorborne diseases [START_REF] Glass | Environmental risk factors for Lyme disease identified with geographic information systems[END_REF][START_REF] Beck | Remote sensing as a landscape epidemiologic tool to identify villages at high risk for malaria transmission[END_REF][START_REF] Richards | Use of geographic information systems in control programs for onchocerciasis in Guatemala[END_REF][START_REF] Clarke | The use of remote sensing and geographic information systems in UNICEF's dracunculiasis (Guinea worm) eradication effort[END_REF], water borne diseases [START_REF] Braddock | Using a geographic information system to understand child pedestrian injury[END_REF], in environmental health [START_REF] Barnes | Mapping the future of health care: GIS applications in Health care analysis[END_REF][START_REF] Wartenberg | Identification and characterization of populations living near high-voltage transmission lines: a pilot study[END_REF][START_REF] Wartenberg | Screening for lead exposure using a geographic information system[END_REF], and the analysis of disease policy and planning (Marilyn et al.,2004).Spatial analysis function of GIS can be widened and strengthened by using spatial statistical analysis, allowing for the deeper exploration, analysis, manipulation and interpretation of spatial pattern and spatial correlation of the animal disease.

Cow endemic fluorosis is a disease of Signs of dental discoloration, difficulty in mastication, bony exostosis and debility. It can cause lameness, dental lesions and illthrift in an extensive cow. The herd was lame and the disease forced the culling of large numbers of cows in northern Australia. Cow endemic fluorosis is biogeochemical disease. Its geographical distribution is related closely to the environmental factors of habitats and has some spatial characteristics, and therefore the correct analysis of the spatial distribution of cow endemic fluorosis for monitoring and the prevention and control of endemic fluorosis has a very important role. However, the application of classic statistical methods in some areas is very difficult because of the pastoral nomadic context. The high mobility of livestock and the lack of enough suitable sampling for the some of the difficulties in monitoring currently make it nearly impossible to apply rigorous random sampling methods. It is thus necessary to develop an alternative sampling method, which could overcome the lack of sampling and meet the requirements for randomness.

Materials and methods

In this paper, we analyzed the cow endemic fluorosis spatial distribution characteristics in the target district A (due to the secret of epidemic data we call it district A) based on the established GIS of the cow endemic fluorosis in this district in combination of spatial statistical analysis and GIS. We established a prediction model to estimate the endemic fluorosis distribution based on the spatial characteristic of the density of cow endemic fluorosis. A two-stage random sampling was used. It consisted in generating sampling sites at random and then drawing the required number of cow from the nearest herd to each point, and this, for practical reasons, within a specified radius. In this sampling method, the primary unit was defined as a settlement, watering point or grazing area where animals were expected to be found. Due to a lack of an exhaustive list of these locations in some areas and because of the high mobility of pastoral herds, the unpredictability of their movement, the classical random selection of sites was not feasible. Therefore, there was the need to develop an alternative method that allows random selection of the first sampling units. GIS computer application software (ArcGIS) was used.

Cow endemic fluorosis data sampling based on GIS

GIS computer application software (ArcGIS) was used. ArcGIS Spatial analyst is an extension to ArcGIS Desktop that provides powerful tools for comprehensive, rasterbased spatial modeling and analysis. With its extension to generate random coordinates, ArcGIS is able to generate at random the required number of sites within the area where sampling needs to take place, be it at zone, country, region or even district level, simultaneously allowing the application of weight factors to different sub-units of the surveyed area. Each site is identified by its longitude and latitude coordinates. In reality, a generated site is materialized only as a point on the map and therefore a fixed radius is defined around each point in order to determine a geographical area within which the sampling of cow endemic fluorosis is carried out. The determination of length of the radius takes into consideration the cow endemic fluorosis density. A radius below 5 km in a dry area may result in too many sampling sites with no animals, whereas in a densely populated area around permanent watering points and grazing areas, a relatively shorter radius suffices. A surplus of the total number of sites is generated at random to replace target sites that could not be accessed due to natural obstacles or sites with no animals within the defined circle.

Spatial cluster analysis of cow endemic fluorosis density

Spatial cluster analysis plays an important role in quantifying geographic variation patterns. It is commonly used in disease surveillance, spatial epidemiology, population genetics, landscape ecology, crime analysis and many other fields, but the underlying principles are the same. Spatial clustering analysis is the main research field of spatial data mining. We analysis cow endemic fluorosis data spatial cluster using High/Low Clustering tool in ArcGIS which can measures the degree of clustering for either high values or low values. The tool calculates the value of Z score for a given input feature class. A z-score is a measure of the divergence of an individual experimental result from the most probable result, the mean. Z is expressed in terms of the number of standard deviations from the mean value.

where: x is ExperimentalValue, μ is Mean, and σ is StandardDeviation. This z-value or z score expresses the divergence of the experimental result x from the most probable result μ as a number of standard deviations σ The larger the value of z, the less probable the experimental result is due to chance. For this tool, the null hypothesis states that the values associated with features are randomly distributed. 

Spatial Autocorrelation analysis of cow endemic fluorosis density

Spatial Autocorrelation is correlation of a variable with itself through space. If there is any systematic pattern in the spatial distribution of a variable, it is said to be spatially autocorrelation. If nearby or neighboring areas are more alike, this is positive spatial autocorrelation, Negative autocorrelation describes patterns in which neighboring areas are unlike. Random patterns exhibit no spatial autocorrelation. Spatial autocorrelation is important, because most statistics are based on the assumption that the values of observations in each sample are independent of one another. Positive spatial autocorrelation may violate this, if the samples were taken from nearby areas .Goals of spatial autocorrelation Measure is the strength of spatial autocorrelation in a map and test the assumption of independence or randomness. Spatial autocorrelation is, conceptually as well as empirically, the two-dimensional equivalent of redundancy. It measures the extent to which the occurrence of an event in an area unit constrains, or makes more probable, the occurrence of an event in a neighboring area unit. We analysis cow endemic fluorosis data Spatial Autocorrelation using Global Moran's I tool in GEODA. Moran's I is a measure of spatial autocorrelation developed by Patrick A.P. Moran. Moran's I is defined as:
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where: N is the number of spatial units indexed by i and j, x is the variable of interest, is the mean of x, and w ji is a matrix of spatial weights.

Negative (positive) values indicate negative (positive) spatial autocorrelation. Values range from -1 (indicating perfect dispersion) to +1 (perfect correlation). A zero values indicate a random spatial pattern. For statistical hypothesis testing, Moran's I values can be transformed to Z-scores in which values greater than 1.96 or smaller than -1.96 indicate spatial autocorrelation that is significant at the 5% level.

Results

The results of cow endemic fluorosis density spatial cluster analysis showed that the density of dairy cattle endemic fluorosis distribution in space with a high concentration of the Z Score = 5.5, P < 0.01, which means that there is a spatial clustering model. 

Conclusion

Applied Spatial Statistics used in conjunction with geographic information systems (GIS) provide an efficient tool for the surveillance of diseases. In the veterinary epidemiology, the advantage of mapping the locations of farms and other facilities with animals is obvious. In an outbreak of a disease it could make the management of the situation easier, and it could also provide a tool to evaluate different strategies to prevent the spread of infectious diseases. GIS have tremendously enhanced ecological epizootiology, the study of diseases in relation to their ecosystems. They have found increasing application for surveillance and monitoring studies, identification and location of environmental risk factors as well as disease prediction, disease policy planning, prevention and control. In this article we discuss the application of GIS to veterinary and medical research and the monitoring method of cow endemic fluorosis based on GIS and spatial statistical analysis. The method using a GIS tool facilitates is implemented significantly in the cow endemic fluorosis monitoring and investigation, and the space statistics -related prediction model provides a fundamental use for other study on space-related animal diseases.

  The higher (or lower) the Z score, the stronger the intensity of the clustering. A Z score near zero indicates no apparent clustering within the study area. A positive Z score indicates clustering of high values. A negative Z score indicates clustering of low values.

  The results of Cow endemic fluorosis density spatial Autocorrelation analysis showed Moran's I = 0.4216, which means there is an intensely spatial autocorrelation. Based on the spatial characteristic of the density of cow endemic fluorosis we established a prediction model to estimate the endemic fluorosis distribution by Ordinary Kriging tool in ArcGIS. Superimposing map of predict map and Distribution of cow endemic fluorosis epidemic focus in district A (Fig1). Comparing with the true distribution, the prediction model has a well coincidence and is feasible to the application.

Fig. 1 .

 1 Fig. 1. Superimposing map of predict and the true distribution of cow endemic fluorosis

Acknowledgement

Funding for this research was in part provided by china postdoctoral science foundation (NO.20090461189), the postdoctoral fund of Shenyang Agricultural University, Research fund for young teachers of Shenyang Agricultural University, Dr. Start Fund of Liaoning Province, P. R. China. The authors are grateful to the Shenyang Agricultural University for providing conditions with finishing this research.