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1. Introduction

Before an atlas project is undertaken, a compelling need which justifies the proposed time, effort and monetary investment must be confirmed. The primary reason for an atlas project should be to depict state geography with the map as the dominant mode of expression (Loy 1980). And even after the acceptance of the compelling reason, an atlas project will be fail unless adequate resources are made available. These include: funding, dedicated cartographic editors, a creative staff, materials, space and equipment. All of these are lined to map language and must be in place for each atlas product before projects are undertaken.
2. Map language – map key – map legend 

Maps are complex tools for visualizing and communicating scaled-down geospatial data, and graphic symbology is their language of communication. Once the purpose of a map has been established, it is necessary to select which geographical features are to be depicted on the map, and in what manner. 
Map language is a formalized symbol system driven by syntactic and semantic rules for process of cartographic information conveying. It is a specific kind of graphic system used for noticing individual objects and processes into map. The crucial mean of map language is cartographic symbol which can be any graphic mean or set of means that are able to hold information and to express it in map. There is necessary to distinguish map language from labelling language which is linguistic language used in labelling, title, legend etc. 
Map key is a collection of cartographic symbols provided for particular map with explanation of their meaning. Any map key has to accomplish following requirements:
· detailed and faithful representation of all typical features of the territory 
· good map lucidity and readability
· cartographic reproduction.
Map key of topographic maps and other state maps are normalised by regulation. Map key is limited by two kinds of factors. Technical factors come from capabilities of reproduction techniques. For example, the minimal line thickness in engraving technique (0.06-0.08 mm) is not visible. The recommended the minimal line thickness is 0.1 mm for less important objects. Physiological factors are impacted by eye abilities. For example, isolated black line is visible in 0.02-0.03 thickness but is not suitable for common map reading. 

Map legend is an element of map composition (map design) placed on map sheet. Map legend consists of only map symbols used in a map (map sheet). There are five basic rules for map legend completing:
· Completeness – All symbols in map field (map drawing) are in map legend. Only in case of thematic maps, the symbols of topographic background can be either eliminated from map legend or placed at the end of legend.
· Independence – One real object (or its attribute) can have only one map symbol.
· Arrangement – map symbols are arranged (grouped) according to logical structure with respect to structure of the mapped phenomena. The order (from top to bottom) of map symbols corresponds to importance of phenomena.
· In agreement with using in map – All map symbols in both map field and map legend has to be identical in all graphic elements (size, colour, fill, outline etc.).

· Clarity – Symbol explanations have to be correct conceptually (scientific, terminological etc.) and linguistically (stylistic, grammatically etc.).
There is frequent confusion between two terms – map legend and explanation. Despite map legend (defined above) explanation is a list of abbreviations used in labelling.

Map language impacts time for map information receiving, processing and dispatching which depends on:

· amount of information in map

· map media

· way of information coding

· user profile (user’s thinking, memory, reliability)

3. Map language relationships

Relationships in map languages express relationship in real world. Relationship in map means relationship between symbols within map language of the particular map. There are many relationships originate from nature of cartographic information conveying – real phenomena attributes are represented by symbol variables. Basic understanding is that similar phenomena (objects or processes) have similar symbols (in colour, size, pattern etc.). The level of similarity can be difficult to define because most pairs of the object have both similar and different features. The relationships concern map, map series, atlas structure and design, text, graphs, tables, figures, registers etc. Each map language relationship represents links between real world and map because it expresses relationships in real system (identical attribute phenomena) with relationships in map language (identical values in symbol variables). The relationships can be in shape, size, colour, pattern, thickness and other symbol variables. Relationships in particular map correspond with groups in map legend.
Relationships related to map languages are in:

· map series

· atlas structure and design
· between maps – graphs, tables and figures
Relationships in map series
Requirements on map language are general and do not differ from one map to another. When producing single map the scope of cartographic creativity in map key completing is wide and is limited only by rules of map language. In atlas project, there are map series showing either times changes of investigated processes (average air temperature) or comparison set of phenomena at several territories (geology in national parks). There are additional requirements on key map which has to be the same for all maps in series. Unique key of map series cannot differ from single map keys. The only deviations in map keys are the invisible differences in symbol variables (size, colour etc.) which can make better readability in single maps in series. In many cases, a lot of requirements make narrower way for map key completing. In some cases, strong requirements can cause changes in structure of mapped phenomena, i.e. wider intervals, higher hierarchical levels, more complex groups etc.
Relationships in atlas structure and design 
Relationships occur in atlas structure and design. They have both graphic and semantic form. Graphic relationships are represented by using of unique symbols or some their elements (shape, colour, fragment etc.). Chapters, titles, subtitles, figure outlines, registers and other atlas components are coloured according to colour scheme. Semantic relationship means standardized terminological, stylistic and typographic framework of text. 
Relationship maps – graphs, tables and figures
Relationships occur between map language and graphs. They follow both graphic and semantic regulations from map key. Map symbols and their graphic variables are used in graphs elements (coloured lines, symbols in headings etc.). These relationships have influence on other graph elements which do not link with map key. Background of graphs is coloured according to atlas colour scheme. 
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Figure 1 Climate Atlas of Czechia – relationships in map series, graphs and atlas design.
4. Atlas visualisation system
In an atlas visualization system, the sender and the receiver of information remains constant, as does the communicated information and ultimate effects. The goal of the cartographer, the sender of information, is to acquire geographic information from the environment by as easy way as possible. It means by as simple map language as possible. The cartography develops visualization engines by which maps in atlas can transmit information. A visualization engine first interprets geographic information by way of map language and then generates related symbols. 

Before the recent technological revolution, the cartographer’s product was a paper map with simple symbology that presented spatial information. A user, especially a non-professional user, could not necessarily know the entire map-making process simply by looking at the paper map, the final product. Whereas, the map language presents the map as both a product of digital spatial information and as visualization system than can be utilized to interpret the map-making process (Voženílek et al. 2001).

The atlas visualization system requires a more equal exchange between the users and cartographer. On the one hand, the cartographer must know the purpose, need and method of the user. On the other, the users must understand the cartographer in order learn the related knowledge needed for professional map usage. Equal exchange between the two will encourage agreement on key tensions such as map languages (Voženílek et al. 2001).
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Figure 2 A visualization-based communication model

5. Conclusion

Thematic map and atlas data visualization based on map language is the most effective way by which the quantitative and qualitative aspects of spatially distributed phenomena as well as their thematic and geographical relations are represented. New technologies increasingly impact how the user perceives things and obtains information however need of map language relationships remain and play crucial role in spatial information conveying. 

The long-term authors´ experience supports the conclusion that to keep map language relationship is easier that to realize, to find and to define the relationship.
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srazky z mapy na str. 194. Nej¢astéjsi vyskyt nebezpelnych kapalnych
srazek pfipada na mésice Cerven az srpen (graf 7.7). Z grafu 7.8 je
dobfe vidét zna¢né meziro€ni kolisani poctu pfivalovych srazek s ¢as-
téjSim vyskytem ke konci obdobi. Existuje mnoho trvalych srazek, které
v sobé obsahuiji jadra s pfivalovymi desti. Pfiklady extrémnich srazek
demonstruji grafy 7.9 a 7.10.

Graf 7.9 Privalovy dést dne 26. cervna 1998, Kocelovice (jizni Cechy). Na horizon-
talni ose je pofadové cislo minuty zaznamu, hodnoté Min = 1, odpovida ¢as 15:01
hod. SMSC. Graf zobrazuje 4 desté v jednom dni, prvni z nich je pfivalovy dést s
Uuhrnem. V jadru deste spadlo za 60 minut 85,7 mm srazek (od 17:20 hod.] .
Graph 7.9 Torrential rain on June 26, 1998, Kocelovice (Southern Bohemia). The ho-
rizontal axis specifies the time of recording in minutes; the value Min = 1 corresponds
to 3.01 PM Local Mean Solar Time. The graph shows four rains during a single day
with the total fall rate 139 mm), the first is a torrential rain with its total fall rate 92 mm.
In the core of the rain, 85.7 mm of precipitation fell in 60 minutes (starting at 5.20
PM).
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uses modified results of ombrographic observations (25 to 42 stations
in 1961-1990 and 158 to 204 stations in 1991-2000). Map on page195
also includes all precipitation from Map on page 194. The highest
incidence rate of hazardous liquid precipitation occurs in June to August
(graph 7.7). In Graph graph 7.8, we can clearly see the considerable year-
on-year fluctuation in the incidence rate of torrential precipitation, which
occurs more frequently towards the end of the season. There are many
types of permanent precipitation that contain cores of torrential rains.
Examples of extreme precipitation are presented in Graphs graph 7.9
and graph 7.10.

Graf 7.10 Trvaly dést ve dnech 8. az 9. srpna 1978, stanice Desna Sous v Jizerskych
horach. Trvanisrazek od 8. srpna 07:02 hod., konec 9. srpna 13:04 hod. SMSC. Nej-
wyssi Ghrn za 24 hodin je 200, 4 mm (od 11:31 hod. 8. srpna do 11:30 hod. dne 9.
srpna). Uhrn od 7 do 7 hod. vsak cinijen 191,1 mm. Horizontalni osa je pofadove
Cislo minuty zaznamu pocinaje 07:01 hod., vertikalni osa je Uhrn srazek v mm.
Graph /.10 Permanent rain in the period August 8to 9, 1978, at the Desna Sous stati-
on in the Jizerskeé Mountains. Precipitation duration: from 7.02 AM [LMST) on August
8 until 1.04 PM on August 9. The highest 24-hour total is 200.4 mm (from 1131 AM
on August 8 until 11.30 AM on August 9). Still, the total fall rate from 7 AM to 7 AM
only comes to 191.1 mm. The horizontal axis gives the time of recording in minutes
beginning with 7.01 AM; the vertical axis is the total precipitation in mm.
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PRUMERNY SEZONNI (V.- IX.) POCET SRAZEK 30 MM A VICE ZA 24 HODIN / AVERAGE SEASONAL (V-1X] AMOUNT OF PRECIPITATION
OVER 30 MM IN 24 HOURS
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7.4 NEBEZPECNE SRAZKY / HAZARDOUS PRECIPITATION

Definice nebezpelnych srazek neni jednotnda, proto byla pro atlas
zvolena kritéria systému integrované vystrazné sluzby Ceské republiky
z roku 2004 pro vystrahy na kapalné srazky. Jde o srazky dosahujici
uhrn nejméné 30mm za hodinu (pfivalové srazky) a srazky s Uhrnem
nejméné 30 mm za 24 hodin (trvalé srazky). Mapoveé byly zpracovany
primérné ro¢ni polty dni za obdobi 1961 az 2000. Zakladem obou map
jsou denni uhrny srazkoméru s alespon 30 lety pozorovani (570 stanic),
u mapy pfivalovych srazek modifikované vysledky ombrografickych po-
zorovani (25 az 42 stanic v letech 1961 az 1990, 158 az 204 stanic

Graf 7.7 Prdmérny mési¢ni polet dni s trvalymi a pfivalovymi srazkami (ploiné
prémeéry pro Cechy a Moravu).

Graph 7.7 Average monthly number of days with permanent and torrential precipi-
tation (global averages for Bohemia and Moravia).
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The definition of hazardous precipitation is not standardized and in
the Atlas we thus chose the 2004 criteria used by the integrated early-
warning system of the Czech Republic as regards warnings of liquid
precipitation. This includes precipitation with a total hourly rate of fall
of at least 30 mm (torrential precipitation) and precipitation with a total
24-hour rate of fall of at least 30 mm (permanent precipitation). The maps
show the average annual number of days for the period 1961—2000. Both
maps are based on the daily totals measured by rain gauges with at least
30 years of observations (570 stations); the map of torrential precipitation

Graf 7.8 Kolisani ro¢niho poctu dni s trvalymi a pfivalovymi srazkami [plosné pra-
méry pro Cechy a Moravu).

Graph 7.8 Fluctuation of the annual number of days with permanent and torrential
precipitation (global averages for Bohemia and Moravia).
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