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1. INTRODUCTION 
Nature and its exploration is one of the most frequent objects of scientific research. Study of natural events, 
or of biological events, in relation to climate deals with phenology. In addition to the research and its 
outputs there is equally important the presentation of the results for the general public and experts. Very 
valuable and lasting way of presenting results is the form of publications, possibly in the form of an atlas. 
Thanks to the collaboration of experts from various fields and institutions it is possible to present 
phenological data by the form of atlas. Main collaboration took place between three institutions - The 
Czech Hydrometeorological Institute, The National Institute of Public Health and Palacky University 
Olomouc. The Czech Hydrometeorological Institute operates phenological network with 45 wild plants’ 
observing programme including allergology important species. The National Institute of Public Health 
operates aerobiological network, one station is situated directly in Prague. Palacky University in Olomouc 
is the leading research institution in geovisualization, map and atlas production and geographic 
information research. 
Phenological maps are rare cartographic products. Because there is no phenological atlas over last hundred 
years the Phenological Atlas of Czechia seems to be unique in its branch. 
2. PHENOLOGY AND PHENOLOGICAL STAGES 
Phenology can described either as the study of natural events, or of biological events, in relation to climate. 
Phenology is the scientific discipline, which explores the time course of periodically recurring life 
manifestations of plants and animals (phenology stages) and their link with weather and climate, including 
soil conditions. Leaf unfolding and flowering of plants in spring, fruit ripening, colour changing and leaf 
fall in autumn, as well as the appearance and departure of migrating birds and the timing of animal 
breeding are all examples. During the past decade phenology has rapidly became an important tool for 
climate change impact studies. Phenology observations have high importance as an irreplaceable indicator 
of changes in the environment. In the 4th assessment report of the Intergovernmental Panel on Climate 
Change the results of phenological research play a major role in assessing the observed changes in natural 
and manager systems. 
Phenology has made substantial progress during recent years in various aspects like phenological 
modelling, satellite observation of the vegetation cycle, relation with climate variability and others, so that 
the pollen problem now can benefit from that progress in phenological research. Moreover one can 
observe an increased research interest in the following topics related with phenology : 
- remote sensing of the seasonal vegetation cycle for climate change impact and biogeochemical studies, 
- indirect phenological observations from historical documents extend climate information beyond the 
instrumental period. Grape harvest dates for instance can serve as proxies for summer temperatures a far 
back as the middle agens. 
- some research groups and national weather services digitise old observational sheets to increase the 
spatial density and the temporal extent of the phenological information, 
- implementation of phenological models in numerical weather forecast and climate models in order to 
model more precisely the impact of the seasonally changing vegetation cover on boundary layer processes. 
Phenophases (phenological stages) present according to USA National Phenology Network (USA-NPN, 
2010) an observable stage or phase in the annual life cycle of a plant or animal that can be defined by a 
start and end point. Phenophases generally have duration of a few days or weeks. Phenological stages can 
describe leaf unfolding and flowering of plants in spring, fruit ripening, colour changing and leaf fall in 
autumn, as well as the appearance and departure of migrating birds and the timing of animal breeding are 
all examples. For this research there were used data from the Czech Hydrometeorological Institute – it 
means data from the phenological network with 45 wild plants’ observing programme including 
allergology important species. 



Phenological observations in the Czech Republic have a long history – the first phenological observations 
were done in the 18th century. Czech Weather Service took over the phenological observations in 1940. 
Archive data are available since year 1923. From then until the present phenology is very important part of 
meteorological and climatologic services, integrated from 1954 to the Czech Hydrometeorological 
Institute. 
Current phenological network in the Czech Republic consists of three types of stations - field crops, fruit 
trees and wild plants. Volunteer observers watch duration of phenological stages according to guidelines 
from Czech Hydrometeorological Institute. These phenological data are recorded in the list and sent by 
mail or in electronic form on the branches of Czech Hydrometeorological Institute, where the data are 
reviewed and imported into Oracle Pheno-data application. Continuous reporting of field crops are sent 
once a week from tenth to forty-ninth week of the year, reports of fruit trees ten times a year and reports of 
wild plants are sent fourteen times per year. 
The results of phenological observations were presented as a part of the publication Climate Atlas of the 
Czechoslovak Republic (1958), Agro-climatic conditions of the Czechoslovakia (1975) and Climate Atlas 
of the Czech Republic (2007). The results of phenological observations are presented at many conferences, 
particularly at bio-climatologic conferences. 
   

 
                                        Fig. 1 Example of existing phenological maps. 
3. GEOVISUALIZATION OF PHENOLOGICAL CHARACTERISTICS  
Data of phenological stages are usually presented in a form of graphs and charts. In fact, one map can 
compensate many of those charts and graphs (Vozenílek, 2005). Therefore there was created a series of 
maps presenting various phenophases according to data from the network of Czech Hydrometeorological 
Institute. These maps are created in the scope of the whole territory of the Czech Republic. 
Maps are created by interpolating the data from the phenological stations. These raster layers are created 
with a spatial resolution of 200 to 500 meters (according to the map scale). List of stations and methods 
used in geovisualisations, are described in the text. Calculations for the final compilation of phenological 
data were performed by using CLIDATA-DEM. All geovisualisations are made in the ESRI ArcGIS 
desktop. Layouts, including the preparation of maps, are prepared for printing in Adobe® InDesign® CS4. 
In each map it is very important to determine the proper distribution of values in the frequency graph and 
then to determine the proper intervals for visualization entries of selected phenophases for different 
regions of the Czech Republic (Fig. 2). 
In addition to the resulting grid, for which an appropriate colour scale is chosen (Fig. 3), the map includes 
additional layers such as the Czech Republic major cities, major rivers and water areas, etc. (Fig. 4). Area 
around the Czech Republic is shown as a terrain relief with major cities and rivers. For each phenological 
stages of a plant is created one map. 



Most maps in the atlas are in the scale 1:2,000,000, which is the most suitable size for the expression of 
phenological data. The selected scale corresponds to the contents of maps and complies with industry 
standards, readability and practical use. There are also maps at the scale of 1:1,000,000, which represent 
more detailed information. All map views are created in the Transverse Mercator coordinate system WGS 
1984, UTM Zone 33N. 

 
                                   Fig. 2 Final grid of birch – first leaves. 

 
              Fig. 3 Example of colour scales for different types of phenological stages. 

 



                         Fig. 4 Example of final map with all compositional elements. 
4. FORMS 
Publication Atlas of Czech phenological conditions is intended for professional phenology specialists as 
well as for the general public. The publication provides basic information about phenology in the Czech 
Republic, these information are mostly resented in the form of text, graphs, tables and diagrams. Large 
parts of this book are also maps, mainly maps of phenological stages. 
For the wide use, all these information will be available in three forms – book, digital publication and web 
site. All text and labels are prepared in two languages (Czech and English). Moreover, the basic plant 
names are mentioned in other languages and Latin. The book is thematically focused on the results of 
phenological observations to measurements from 1991 to 2010. 
4.1 Book 
Using a unique presentation of phenological data as map outputs there was created a series of maps, which 
became the basis for making Phenological Atlas of Czechia. Its main feature is the modern approach to the 
analysis of individual elements characterizing the phenological conditions of the Czech Republic. The 
atlas concept and processing methods are based on theoretical principles as well as the contemporary level 
of knowledge in the field of phenology, climatology, geoinformatics and cartography. The work has come 
into being thanks to the collaboration and understanding of authors from various fields, whose objective 
was to meet the goals and criteria required from a scientific publication. 
Detailed analysis of the needs and knowledge level of its future users gave rise to the division of the Atlas 
contents into 8 sections: Phenology observation in Czechia, Field crops, Fruit trees, Wild plants – trees, 
Wild plant, Phenology regionalization, Temporal and spatial variability phenophases onset and Summary. 
The general content of chapters are maps, graphs and tables with text and botanical specification of each 
plant. The essential emphasis is placed on allergology important phenophases at allergology important 
plants. Also there is included text about the history of Czech phenological observations and comparison 
with European phenology network. Part of agroclimatological characteristics relevant to phenophases are 
presented in concrete specifications of plants. Phenological Atlas of Czechia will be allocated for general 
public. 

 
                                 Fig. 5 Sample pages of Phenological Atlas of Czechia. 
4.2 Digital publication 
Phenological Atlas of Czechia will be also available as a digital publication. There will be possible to find 
all the information available in book form of the atlas and also there will be placed in a special set of files 
containing the processed data. 
Digital publication will be distributed as a part of book form of Phenological Atlas of Czechia. 
4.3 Web presentation 
There will be also a web presentation of phenological characteristics of the Czech Republic. The web site 
will include animated maps, links to individual phenological stations and actual phenological data, links to 
the Czech Hydrometeorological Institute and other cooperative institutions. 
The main advantage of the internet presentation of phenological data and Phenological Atlas of Czechia is 
the ability to view the current state, publishing news and interactive environment. 
5. POLLEN MAPS 
Phenology observations however are important not only in relation to climate changes. The results are 
applied in agriculture, forestry and also in health service. Information about certain life manifestations of 
organism may help to predict their occurrence, e. g. pests, to establish the most suitable forms of stand 
protection and to offer advance information to people suffering from pollen allergies etc. The natural 
relationship between phenology and pollen may be expressed in the assumption that the beginning of 



flowering equals the beginning of pollen shedding into the atmosphere. Pollen emission modelling can 
benefit much from the knowledge, observations and modelling of flowering phenology. The effort to 
maintain a phenological network is less than to maintain a pollen observing network. Therefore in many 
regions the spatial density of phenological network is higher than that of the pollen traps and phenological 
time series are longer than pollen concentration time series. Thus it is possible to infer something about the 
pollen problem from phenology with a higher spatial density and/or further back in time than it would be 
possible based on pollen data alone. 
Many of these recent developments in the field of phenology might not appear to be of immediate interest 
to the pollen research community, but there is more in common between phenology and pollen, as it 
appears from the rather restricted view of the pollen allergy discussion. In the Phenological Atlas of 
Czechia there will be presented pollen maps, made according to phenological stages of specific plants. 
                                Table 1 – Allergens in the Phenological Atlas of Czechia. 

Field plants 

Winter Wheat 
Spring Barely 
Common Oat 
Rye 
Rape 

Maize 

Fruit trees Common Walnut 

Wild plants 

Norway Spruce 
Scotch Pine 
Common Hazel 
Common Alder 
Silver Birch 
Pendunculate Oak 
European beech 
Goat Willow 
Black Elder 
Lime Tree 

6. CONCLUSION 
Modern approaches to the analysis of individual elements characterizing the phenological conditions of the 
Czechia were used when compiling the Phenological Atlas of Czechia. The atlas concept and processing 
methods are based on theoretical principles as well as the contemporary level of knowledge in the field of 
phenology, climatology, geoinformatics and cartography. The published work has come into being thanks 
to the collaboration and understanding of authors from various fields, whose objective was to meet the 
goals and criteria required from a scientific publication. 
The best way how to present phenological information for general public, could be a series of maps. In the 
Phenological Atlas of Czechia there will be presented spatial variability of phenological data of plants in a 
series of maps presenting various phenophases according to data from the network with 45 wild plants' 
observing programs. All maps were created in the scope of the whole territory of the Czech Republic but 
used method of presentation and processing of phenological data can become an inspiration for other states 
and institutions. 
This contribution was made possible thanks to project OC09029 - "Phenology Atlas of Czechia". 
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