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Abstract. In the paper we perform the World Digital Glaciological Atlas “Snow and Ice on the Earth as a main part of the system of glaciological data management, developed in the Institute of Geography Russian Academy of Sciences in Moscow.  This Atlas is based on the World Atlas of Snow and Ice Resources published in Russia. The maps in the Atlas are underpinned by a vast data bank on snow cover and ice that has been collected from all over the world over the second part of the XX century. Most sections carry materials from hydro meteorological observations reduced to long-term averages by the standard techniques. Many types of glaciological maps are original and have been specially compiled for the Atlas. The digital Atlas based on GIS techniques and can serve as the basis of glaciological monitoring and broad regional studies arrangements. The system of glaciological data management provides data access, generates an environment for data integration, gives opportunity to use GIS techniques for glaciological data analysis. Data integration technologies are designed to form a single information space of the subject areas of spatial data. The object of integration are information resources on glaciology, stored in distributed system of data on web servers and geoportals of Institute of Geography RAS in a form of databases and metadata, structured data files, object data files electronic atlases. The result of integration of glaciological data technology application is a series of software and technology solutions. The digital atlas "Snow and ice of the Earth," is an example of open source spatial data on glaciology in the multiprogramming environment.
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1. Introduction

Substantial and rapid environmental changes require developing methods which could be able to manage huge information flows, to optimize processes of the data acquisition, storage, analysis, and exchange. Such facilities can be provided by the newly developed GIS technologies. Digital data bases are used as the key component of the GIS methods. The system of glaciological data management has been developed in the Institute of Geography of Russian Academy of Sciences (IGRAS) (Khromova T 2013). Digital Atlas «Snow and Ice on the Earth», glacier inventories (1965– 1982) and digital glaciological library are the basic structures making possible objective presentation of the glaciological knowledge and data. The system provides the data integration, access to the data base, and makes possible using the GIS techniques for analysis. Data integration technologies are designed to form the united information space of subject areas of the spatial data. The objects of integration in our study are the information resources of glaciology, accumulated in a distributed system of data on the IGRAS web servers and geoportals in forms of data and metadata bases, structured (in a particular format) data files, object data files (plain text, documents, images, etc.), and electronic atlases. The best option for formation of a large-scale distributed environment, integration of many information resources of glaciology is to provide the so-called interoperability of data (Koshkarev et al. 2009). This refers to compliance with certain rules or usage of additional software tools that allows interaction between various spatial data. These are standards to which the integrated information resources of glaciology should satisfy. The result of integration of the glaciological data technology application is the series of software and technology solutions. The main result of this work is creation of geoportals «Electronic Earth» (www.webgeo.ru) (2009), «The Nature and Resources of the Russian North» (www.north.webgeo.ru), «IPY-IGRAS» (www.mpg. igras.ru), all based on the spatial glaciological data. Another result is the digital and web-atlas «Snow and Ice of the Earth», presenting the example of open source of the spatial data on glaciology in the multiprogram environment. Regional data bases created for regions of the Caucasus and the Antarctic Continent make it possible to develop various GIS models and to analyze interrelations, status and dynamics of glaciological parameters. The system of links provides easy access to distributed resources.
2. Background of Digital Glaciological Atlas. 
Snow and ice form the glaciosphere of the Earth, which greatly affects the latitudinal zonation of natural processes and the global circulation of the atmosphere. In the modern era snow and ice cover large areas of the Earth. Glaciers occupy about 11%, and ground ice -14% of inland areas, while the annual mean coverage of sea ice is 7% of the ocean surface, and icebergs are observed on 19% of the World Ocean. Snow pack covers, on average 14% of the Earth's surface, and its area varies more than twice through the year. The total resources of ice exceed 30.106 km3, and make up nearly 2/3 of the total volume of fresh water. About 0.01% of this amount is updated annually: 3.5 thousand km3 of annual accumulation-ablation, including icebergs calving, 20 thousand km3 are seasonal snow cover, less than 0.5 thousand km3 - aufeises. Approximately 0.5 million km3 consist of underground ice. The biggest ice storage is in Antarctica - 22 608 700 km3, in Greenland - 2 365 000 km3 . In Russia, on the mainland and Arctic Islands, ice storage makes up more than 15 000 km3, on the mainland is about 183 km3.

Natural ice is of great importance for climate, fluctuations of the sea level, and the river run-off; it is vital for the power production, irrigation of arid areas, transportation of great amounts of water, construction and recreation in Polar and Alpine regions.

The digital Atlas is based on information from The World Atlas of Snow and Ice Resources (1997), created with the purpose of the global assessment of natural ice as a potential source of fresh water, regional estimation of the regime, variability and prospects of utilization of snow and ice resources, processes and phenomena.

Published in the late '90s, World Atlas of Snow and Ice Resources(1997), accumulating the information generated by the scientific community during the second half of the twentieth century, is a unique source of data on the long-term average condition of glaciosphere of the Earth. World Atlas of Snow and Ice Resources was the "last of the Mohicans" of the traditional atlas mapping, published in 24 colours without using of computer technologies. Modern methods of obtaining and analyzing of the scientific information require new formats  of the scientific data. The basis of the proposed project was the idea of digitization of the unique information of World Atlas of Snow and Ice Resources to engage the array of this data into the modern technological process of scientific research. 
World Atlas of Snow and Ice Resources, which is the base of the Digital atlas “Snow and Ice on the Earth”, contains maps covering all kinds of natural ice: solid precipitation, snow cover, avalanches, mountain glaciers and ice sheets, sea and river ice, ground ice and aufeises, as well as climatic conditions of snow and ice areas, melt snow and ice runoff and ice resources. Topographic maps, glacier inventories and results of field studies, standard hydro meteorological information, as well as space images were used for compiling the maps of the Atlas. For insufficiently studied areas, special methods and techniques were developed on the basis of comprehensive research, specially conducted for this purpose. With the help of these methods, it became possible to compile, for the first time, the maps, covering solid precipitation, temperature conditions, snow cover and run-off in Alpine areas. The maps were compiled with due regards to the indicative role of glacio-nival phenomena. The main part of the atlas is a collection of the isoline maps of various scales, created on the basis of the concept of the field in modern cartography. This approach has ensured the consistency in reporting and the possibilities of wide use of geo-information data analysis techniques. Just these maps are that unique information that was necessary to save and digitize. 
3. Methods and Technologies. 

The digital maps for the atlas "Snow and ice on Earth" have been created on the  ARC / GIS platform and exist in the form of vector layers. To visualize the information the original software application on the Adobe Flash Platform organizing digital maps into the electronic atlas has been created (Fig.1). The digital atlas has implemented a number of functions - storing of large amounts of various information, "free" navigation on the information and access to the main menu, easy to perform  process of the data adding, updating of the already available information, reflection of the data by  layers, interactive dialogue, getting help, or other explanatory information, increase on the screen, connection to the Internet and using it as a telecommunication platform. Thus, the Atlas is a combination of functionality of the geographic information systems and the interface adapted for the unprepared user. The Atlas interface is organized in such a way that access to the maps is available with the use of the interactive map of the world, through the main geographic regions, and from the list of geographical areas. 
The home page has links to the data access pages, general information about the Atlas, information about the structure, content, authors and contacts, it allows to switch to the English version of the Atlas.
The data access pages and the regional pages have the following  controls: jump to the home page, print, switch to the English language, access to the information section, access to the photos, jump to IGRAN Geoportal, access to the contact information, exit from the application.  The regional pages have the following controls of the spatial data: switch on a thematic layer, a legend to the thematic layer, download original shp. files, resizing and moving a map on a screen.
Besides the possibility to view all the digital maps, the user is also provided with the original vector layers in the format of shp. files stored in decimal degrees. This makes possible you to project the data into any projection, to collect  own projects, to transform the data into other GIS formats, to analyze the information together with own or other geographic data. There is the list of symbols for the names of  shp. files  and the columns in the tables of the attributes to the vector coverage. 
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Figure 1. The Digital  Atlas interface.
4. Structure of the Atlas. 

World Atlas of Snow and Ice Resources, which was the basis for this e-atlas, has  17 thematic sections, a complex multistage regional structure and a scale line, the same for all regions, which is a system of multiple scales. The choice of scales has been determined by the level of glaciological studies. At the global level the maps of the hemispheres constituting the introductory part of the Atlas and the maps of continents, opening regional sections have been given. The regional part represents the maps of geographical regions, and finally the local level reflects the large glacial areas and separate glaciers. Besides the maps of natural features  the Atlas has the apply part with the maps showing the parameters of snow and ice, which are important for engineering calculations, and also considering counter snow and ice measures, and the instructions how to use them. 

The electronic atlas has also a regional structure. The material is represented at three scale levels: the globe – the continent - the geographical region. The maps themes of the electronic atlas correspond to the levels of the research and the scale line of the World Atlas of snow and ice resources. 

The maps of Hemispheres demonstrate the general features of the Earth's ice and snow. They show the contemporary spread of snow cover and various kinds of ice. There are survey maps, which consist of a set of interrelated glaciological maps of the world. To cover the glaciological phenomena occurring over the entire surface of the Earth, use is made of the maps of the Western and Eastern Hemispheres in an oblique azimuthal projection including the Polar regions. Glacio-nival phenomena, which occur only in the polar and temperate belts, are shown in the maps of the Northern and Southern hemispheres, which are given in a Postel Azimuthal Equidistant projection covering the territory from the Poles to the tropics.

The maps of Hemispheres generalize the materials in the regional section and have been compiled through the generalization of small-scale maps of individual territories. This primarily refers to the areas of various kinds of natural ice in the peak periods based on long-term averages and towards the end of the winter season in the Northern Hemisphere (February) and Southern Hemisphere (August). The altitude of the lower frost layer of the atmosphere, where elements of precipitation are mostly solid, i.e., exist as atmospheric ice, is also given. These maps give a more detailed picture of the spread of precipitation in general and solid precipitation in particular, as well as the areas of snow cover and sea ice of various durations.

The map of the Earth's glaciological zonation shows the limits of belts, zones, provinces and regions. This section ends with a map of the Earth without glaciers, the outline of land after the melting of all ice being shown taking into account the isostatic rise of the ancient glaciation regions and the eustatic rise of the sea level.

A series of the continent maps consists mainly of the maps characterizing the climatic conditions of the existence of snow and ice (temperature and precipitation), the maximum snow storage, avalanches, debris, freezing rivers, the underground ice. Besides the continents, where you can see snow and ice phenomena the territory of Russia and the neighboring countries is represented separately. In the same rank Arctic is considered as a large intercontinental territory. 

For the territory of Russia and the neighboring countries, Europe, Asia, North and South America there is a standard set of maps, which is complemented for different continents with its supplemental list of the maps either of the glaciological-climatic series or applied subjects. Due to better knowledge the section «The territory of Russia and the adjacent countries," is represented the most completely.  Antarctica is characterized by its own specific set of maps This section provides the radiation balance map, the map of the ice and  snow thickness, ice topography, ice velocity, the snowstorm transfer the glacier snow temperature and so on. 

In the original Atlas series of the maps for Europe, Arctic, and Russia and the adjacent countries are given in a scale of 1: 20 000 000, North America and Asia - 1: 40 000 000. The maps of South America shows not the entire continent, but only its mountain part, the scale of these maps is 1: 30 000 000. The thematic series of maps of Antarctica is presented in two scales: 1: 20 000 000 and 1: 40 000 000. For the maps of the continents except Antarctica, the Lambert Oblique Equal Area projection has been used. The maps of Russia and the adjacent countries are given in an Equidistant Conic projection with the standard parallels (470 and 620 N), the maps of Antarctica – a Postel Azimuthal Equidistant projection. 
The maps of geographical regions represent the largest section of the Atlas. It includes the maps of the Arctic Islands, the Antarctic regions and the maps of the mountain glaciation in Europe, Asia, North and South America. All topics of the Atlas are represented here the most completely. As the basis for the maps of the regions of Russia and the adjacent countries the "Reference map of the USSR", scale 1: 2 500 000 has been used. The basis of the electronic Atlas is the same. The maps of the mountain regions on the territory of Russia and the adjacent countries are presented in Krasovsky Equidistant Conic projection. For the maps of foreign territories Conical Conformal projection of the World atlas 1967 edition has been used. The maps of the apply part are distributed across the regions.

5. Conclusion
The digital glaciological Atlas serves as a backbone of a spatial data system on the glaciological resources that has been developed in the Institute of Geography of the Russian Academy of Sciences (IGRAS)(Kotlyakov et al. 1977). The infrastructure is based on the geoportal solutions and integration technologies. It includes informational resources of glaciology accumulated in distributed systems in the forms of data and metadata bases, structured and objective data files as well as the digital atlases. We will continue to create and to extend this glaciological information environment. One of the main directions is a development of regional data bases, which make it possible to develop various GIS models and to analyze interrelations, status and dynamics of glaciological parameters. 
Digital Glaciological Atlas has been created in the Department of glaciology, Institute of geography, Russian Academy of Sciences. In our work we  used the results of the studies supported through Russian Foundation for Fundamental Research ( №  96-07-89146-в, 98-05-64303-а, 01-07-90217-в, 01-05-65474-а, 13-05-12047 офи_м, 13-05-41195РГО_а), Fundamental Research Programs of Presidium of Russian Academy of Sciences “Electronic Earth” ,  “Assessment and ways to reduce the negative effects of extreme natural events and disasters” and Department of Earth Sciences  of  Russian Academy of Sciences “Physical and chemical processes in the atmosphere and cryosphere, defining climate and the environment change”
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