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Summary 

The development of the main systems of vegetation classification based mainly on 
climatic factors is described and physiognomic, floristic and ecosystemic approaches 
are highlighted. 
 
The excursus ranges from the former idea of classification defined by a historical 
perspective to the recent synthetic expressions that represent and predict real and 
potential vegetation. 
 
Next, the classification of vegetation is described by means of climograms, which are 
synthetic expressions of the effect of climate on forests. 
 
New techniques of classification based on remote sensing are briefly discussed. 
Detection of vegetation with optical and radar sensors and the subsequent supervised or 
unsupervised human classification is analyzed. 
 
Main forest ecosystems classification is reported finally and forests’ distribution on the 
Earth regions (Africa, Asia, Europe, North and South America, Oceania) is illustrated. 
 
1. Introduction 
 
The growing demand from the public and the scientific community concerning the 
environment and particularly forests needs a response on the quantity and quality of 
forest ecosystems. 
 
According to the FAO, in the year 2001 (FAO 2001a) the world's forests cover 3 870 
million hectares with an observed negative trend in the last two centuries. The balance 
between the annual rate of deforestation (14.6 million hectares) and forest increase (5.2 
million hectare) is mainly attributable to tropical a non-tropical forest erasing. 
 
The growth of forested areas depends on the restoration of forests, because of 
afforestation, reforestation and on natural regeneration and abandoned agricultural land. 
While the negative variation depends on conversion of forest to agricultural land, forest 
degradation due to overharvesting, overgrazing, fires, insect pests and diseases, storms, 
wind damages and air pollution. 
 
Improvement of forest management and enlargement of forests (see Plantations (section 
5-03-01-05)) will potentially reduce the negative trend of the forest surface and provide 
many goods and services to human life. Forest services such as soil and water 
conservation, conservation of biological diversity, improvement of human living 
conditions through recreation and employment opportunities, and protection of natural 
and cultural heritage are accepted and sustained worldwide.  
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Moreover the concentration of Greenhouse Gases that are responsible for rapid climate 
changes can be stabilized by reducing the deforestation rate, increasing afforestation and 
reforestation, increasing productivity and agroforestry practices. 
 
Given the acute information deficit on the quality of forest ecosystems a better 
knowledge is needed and the achievement of forest monitoring, assessing and mapping 
is required to observe evolution in quantity and quality. 
 
Furthermore, detailed indications on climate-vegetation links will help forest 
administrators to manage and orientate simple and complex forest systems. 
 
In the 19th century, the increase of knowledge supported by experimental observation 
and a series of explorations and voyages of discovery began the field of causal 
phytogeography, establishing the relation between plants and their distribution.  
 
Differences in environmental conditions under which each plant community lives 
became useful in defining the boundaries of the vegetation distribution. Moreover 
different plants with similar characteristics living in different environments were 
observed to have a similar physiognomy. Understanding the causes and geographic 
pattern of climate allows us to predict patterns of ecosystem distribution. 
 
The development of climate-vegetation static models was then founded on the 
assumption that climate and vegetation were in equilibrium with each other (broadly 
speaking each climate reflect a vegetation type); although the axiom is valid for long 
time-scales and on a regional spatial scale, it is unsuitable for large-scale biomes where 
other factors affect the relationship (for example, soil, geomorphology, etc.).  
 
The perception that vegetation represents a description of the climate has led to a 
systematic definition of the climate-vegetation relationship developed in 
phytoclimatology thus the following chapters analyze the main classic methods of 
vegetation classification that depend on climate parameters, physiognomy of forest, 
floristic composition and on the ecosystem structure.  
 
The usefulness of this overview consists of the examination of the evolutionary stage 
through which forest ecology has passed and forest classification has developed. 
Furthermore this synthetic review helps scientists and those individuals interested in 
forest classification research or other applied studies to find adequate systems for their 
own work. Although the collection is not complete and additional indices could be 
described and added to each category, the selected and described indices are useful to 
cover the development of forest classification and document the derivation of actual 
classification systems.  
 
The history of forest or vegetation classification is made of attempts to condense in a 
few classes the description of the multiform evidence of the forests. On the basis of their 
common attributes (climate, vegetation, soil) a set of simple units are merged to obtain 
groups, assuming that plant communities have discrete boundaries and discontinuous 
composition.  
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In forest classification, the unit is typically the homogeneous stand with respect to 
species composition, structure and function and on the basis of the final objective 
(management, research, pleasure, protection) the classification process requires a 
collection of data ranging from climatic factors to soils and plants. 
 
2. Classic Methods of Classification 
 
Nowadays it is wide accepted that the establishment, evolution, differentiation and 
distribution of vegetation depends on the interaction of climatic, biotic, edaphic and 
historical factors. 
 
Commonly, climate and soil are considered as the main driving forces of vegetation 
distribution at regional level. Thus broadly speaking, by superimposing climate 
classifications (see Environmental Structure and Function: Climate System) upon plant 
communities a macro subdivision of vegetation can be obtained. 
 
This idea was not clear until the 19th century when differences in plant communities 
were defined only by a historical perspective; but the difficulty in establishing a 
correspondence between climate and vegetation urged scientists to define a 
correspondence of these terms. 
 
Since the beginning of the 1900s some indices were used to explore and classify both 
climate and vegetation and their relations. 
 
The climate of a region was modeled and represented by synthetic expressions and each 
expression attempts to represent the complex variability of regional weather. Integration 
of climatic classification with vegetation classification leads to phytoclimatic 
classification. Differences between climatic classification and phytoclimatic 
classification depend on the logical process. 
 
The deductive process might be used to classify a region from a climatic point of view 
(a distribution of physical limits can be established after their definition) while the 
inductive process might be used to define a region by a vegetative point of view (the 
classification of a region can be formulated by observing the climate and the vegetation 
distribution). 
 
Within the classic methods of classification based on direct or indirect observation, four 
approaches can be defined for a simpler understanding, and information supplied 
provides a detailed summary of the index's relevance, importance and derivation. 
 
Subdivision of classification systems in phytoclimatic, physiognomic, floristic and 
ecosystemic approaches can be used while some of the differences depend on the scale. 
Each classification and method represents a framework of the ecosystem and can be 
used to determine actual vegetation or predict the habitat value for most species that 
could potentially occur in a region. 
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Lillesand T.M., Kiefer R.W. (1987). Remote Sensing and Image Interpretation, 721 pp. New York, USA: 
John Wiley & Sons. [A wide description of airborne sensors and images interpretation are included in the 
book. Recently it has been released a new edition]. 

Livingston B.E., Shevre F. (1921). The distribution of vegetation in the United States, as related to 
climatic conditions. Publ. 284: 1-590. Washington, USA: Carnegie Institute [Use of the frost free period 
led to definition of the vegetation distribution]. 

Martius C.P.F. (1824). Tabula geographica Brasilie et terrarum adjacentium. Tabula geographica quinque 
provicias florae Brasiliensis illustrans. In Flora Brasiliensis (ed. C.P.F. Martius) vol. 1, part 1, fasc. 21. 
Monacchi et Lipsiae. [In Latin.The curious floristic domains which take names from Ninfae is proposed 
in this ancient book]. 

Mayr H. (1906). Fremdländische Wald und Parkbäume für Europa. Berlin, Germany. [Book on park 
trees and introduced species with afforestation which try a simple classification centred on typical species 
of each climatic belt]. 

Mayr H. (1909). Waldbau auf naturgesetzlicher Grundlage. Berlin, Germany: Parey. [The zonal 
classification was constructed by taking into account the temperature boundaries. A nature-legal basis 
support principia of afforestation and reforestation]. 

Merriam C.H. (1898). Life zones and crop zones of the United States. Bull. 10, USDA Biol. Surv. [This 
was the first classification in United States and was based on summation of temperature over a certain 
value]. 
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Meyer A. (1925). Ueber einige Zusammenhänge zwischen Klima und Boden in Europa. Chemie der Erde 
II, 209-347. [About some connections between climate and terrain morphology in Europe are here 
reported; furthermore the pluviometric factor is described]. 

Ministry of Forests (2002). Tree book. Learning to recognize trees of British Columbia. 
http://www.for.gov.bc.ca/pab/publctns/treebook/index.htm [The book contain the biogeoclimatic 
ecosystem classification of BC that is a hierarchical classification scheme]. 

Mitrakos K. (1980). A theory for Mediterranean plant life. Acta Oecologica/Oecologia Plantarum 1, 245-
252. [The stress index is reported at Mediterranean level and is used to detect the natural distribution of a 
species]. 

Moss C.E. (1913). Vegetation of the Peak District. Cambridge, Great Britain: University Press. [The 
polyclimax theory was here developed and suppose that there may be a number of different climax 
communities within a climatic region. Each climax unit can be in dynamic equilibrium with the local 
habitats and their controlling environmental factors]. 

Mueller-Dombois D., Ellenberg H. (1974). Aims and Methods of Vegetation Ecology, 547 pp. New York, 
USA: John Wiley and Sons. [The book develop the concept a climax landscape consists of a mosaic of 
edaphic, topographic, or ecoclimatically different communities with one usually geographically 
dominant: the climatic climax]. 

Nichols G.E. (1929). Plant association and their classification. Proc. Int. Cong. Plant Science, 629-641. 
Ithaca, NY, USA. [A hierachial ecological classification which follow the climax pattern theory of 
polyclimaxes is defined and large-scale units as the climatic-climax association-type or association-
complex that appeared to coincide with the formation-type (biome-type) are used]. 

Olson J.S. (1994). Global Ecosystem Framework: Definitions. Internal Report, 37 pp. Sioux Falls, SD: 
USGS EROS Data Center. [The Author represents the world's Major Ecosystem Complexes ranked by the 
amounts of carbon in live vegetation. A subsequent data set was compiled Olson, Watts and Allison at the 
Oak Ridge National Laboratory. The data set has a one-half degree latitude/longitude spatial resolution 
and a total of 44 land ecosystem classes]. 

Pavari A. (1916). Studio preliminare sulla coltura di specie forestali esotiche in Italia. Annali Reale 
Istituto Superiore Forestale Nazionale I. [In Italian. The work of Mayr (1906) was integrated with this 
study on introduction of new species and lead to a classification system based on the typical tree of a 
climatic belt]. 

Pignatti S. (1998). Boschi d'Italia, 677 pp. Torino, Italy: UTET. [In Italian. The book provides a 
comprehensive annotation of Italian forests, highlighting biodiversity and sinecology]. 

Quervain (1903). Die Hebung der atmosphäriscen Isothermen in der Schweizer Alpen und ihre Beziehung 
zu den Höhengrenzen. Beiträge zur Geophysik IV, 481. [The study of the atmospheric isotherms along a 
mountain profile (Swiss Alps) was used to define the relationship between vegetation and temperature]. 

Quezel P. (1976). Forêts et maquis méditerranéens: écologie, conservation et aménagements. Technical 
Notes Man And Biosphere 2: 9-33. Paris, France: UNESCO [The natural range of distribution of a species 
was used to construct a diagram which is functionally connected with the climate]. 

Raunkiaer C.C. (1905). Types biologiques pour la geographie botanique. Bulletin. Copenhague, Denmak: 
Academy Royal Science. [The description of vascular plants and their adaptation to climate led to a 
stratification of  vegetation]. 

Raunkiaer C.C. (1934). The life-forms of plants and statistical plant geography. London, Great Britain: 
Oxford Univ., Clarendon Press. [The ecological system of classifying plants was based on the position of 
the wintering buds. Both the geographic and phenologic aspect were comprised]. 

Richards P.W. (1952). The Tropical Rainforest: an ecological study. 399 pp. Cambridge, Great Britain: 
University Press. [A fundamental work on vegetation and classification of Rain forests]. 

Rivas Martinez (1995). Bioclimatic Classification System of the World. Folia Botanica Matritensis 16, 1-
29. [A very complex but useful system of classification that use climatic data both observed and 
calculated]. 
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Rosenkranz F. (1936). Klimacharakter und Pflanzendecke. Oesterreichische Botanische Zeitschrift 85, 
183-212. [The paper define a complex index that is constructed by two climatic parameters: temperature 
and precipitation]. 

Rübel E. (1912). Oekologische Pflanzengeographie. Jena. [This book on ecology and geography of plants 
include a classification system based on physiognomy of plants populations]. 

Rubner K. (1935). Das natürlische Waldbild Europas. Zeitschrift für Weltforstwirtschaft II, 68-155. [On 
this paper the Author use the numbers of days with a certain value of mean temperature as boundary 
between oceanic or continental climate]. 

Running S.W., Loveland T.R., Pierce L.L. (1994). A Vegetation Classification Logic Based on Remote 
Sensing for Use in Global Biogeochemical Models. Ambio 23(11), 77-81 [New methods of classification 
increase day by day our knowledge on ecosystems. A wide variety of sensors and software are commonly 
available at our purpose]. 

Salisbury E.J. (1942). The Reproduction Capacity of Plants. Studies in Quantitative Biology. London, 
Great Britain: G. Bell and Sons. [Distribution of species is related to climatic variables and, particularly to 
isotherm lines]. 

Samuelsson G. (1915). Studier öfver vegetationen i Dalarne. 1. Några lafvar från Dalarne. Svensk Bot. 
Tidskr. 9: 362-366. [Vegetation belts were studied and defined by a thermic point of view which was 
simple but inadequate to describe the real relationship climate-vegetation]. 

Schimper A.F.W. (1898). Pflanzengeographie auf physiologischer Grundlage. Jena, Germany. [A 
rigorous relation between climate and plant distribution is defined by taking into account physiological 
processes. Temperature (through frost frequencies and heat sum) in particular was recognized for having 
a strong influence on plant distribution]. 

Schröter C. (1926). Das Pflanzenleben der Alpen, 1288 pp. Zürich, Swiss: Albert Ramstein. [This study 
on Alps vegetation was used by Braun-Blanquet to systematize the phytosociology concept]. 

Short N.M. (2000). The remote sensing tutorial. http://rst.gsfc.nasa.gov/front/tofc.html [These webpages 
provide an overview on Remote Sensing]. 

Solomon A.M., Shugart H.H. (1993). Vegetation dynamics and global change, 338 pp. London, Great 
Britain: Chapman and Hall. [Monitoring changes in vegetation with new technologies (such as RS, and 
GIS) is well described in the third chapter]. 

Soulavie (Giraud) J.L. (1780). Histoire naturelle de la France Méridionale. Nîmes, France. [This ancient 
reference was reported by De Philippis (1937)]. 

Sukachev V. (1945). Biogeocoenology and phytocoenology. C.R. (Dokl.) Akad. Sciencies USSR 47, 429-
431. [An important ecosystem approach to classification that lead to the biogeocoenosis concept]. 

Sukachev V. (1958). Über einige Grundbegriffe in der Phytosoziologie. Berliner Deutsch. Botanik 
Gesellschaft 47. [Some fundamental ideas in phytosociology are reported and the biogeocoenosis concept 
further developed]. 

Szymkiewicz D. (1923). Sur l’importance du deficit hygrometrique pur la phytogéographie écologique. 
Acta Societatis Botanicorum Poloniae 1. [The equilibrium between precipitations and evaporation is here 
expressed as limiting term to  vegetation distribution, but the evaporation is unclear in its definition]. 

Tansley A.G. (1939). The British Islands and their vegetation. Cambridge, Great Britain: Cambridge 
University Press. [Description of vegetation is proposed considering the unique complex: soil-vegetation-
atmosphere]. 

The Nature Conservancy (1994). The Conservation of Biological Diversity in the Great Lakes Ecosystem: 
Issues and Opportunities. http://www.epa.gov/glnpo/ecopage/issues.html [In this paper, significant 
biodiversity elements of the Great Lakes are identified, threats to those resources are described and 
evaluated]. 

Thornthwaite C.W. (1931). The climates of North America according to a new classification. 
Geographical Review 21, 633-655. [The Author devised a four-factor procedure: a precipitation-
evaporation (P-E) index; a temperature-efficiency (T-E) index, and seasonal distribution of the P-E index, 
and summer concentration of the T-E index to map climatic regions of United States]. 
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Thornthwaite C.W. (1948). An approach toward a rational classification of climate. Geographical Review 
38, 55-94. [The connection to soil moisture was made more explicit in this paper]. 

Transeau E.N. (1905). Forest centres of E. America. American Naturalist 39. 875-89 [In these studies 
climate centres and vegetation centres were correlated to point out major forest systems]. 

Troll C., Paffen K. (1964). Die Jahreszeitenklimate der Erde. Erkunde 18, 5-28. [The seasonal climates 
and relative vegetation of the Earth are described]. 

UNEP - FAO (1994). Expert Meeting on Harmonizing Land Cover and Land Use Classifications. Report 
Series No. 25. Geneva, Swiss: UNEP-FAO. [Is reported the co-ordinated action towards harmonization of 
data collection and management; the report take a first step towards an internationally agreed reference 
base for land cover and land use]. 

UNEP-WCMC (2000). Forests and Drylands Programme. http://www.unep-wcmc.org/ [These web pages 
provide information and datasets on forest distributions at national levels]. 

UNESCO (1973). International classification and mapping of vegetation. Series 6, Ecology and 
Conservation. Paris, France: UNESCO. [This hierarchy structured system classify natural terrestrial 
elements an map vegetation systems]. 

USDA-GLA (2002). Land Cover Types of the Superior National Forest. http://www.ncrs.fs.fed.us/gla/. 
[Map show the current land cover in the Superior National Forest to according to Classified Thematic 
Mapper Satellite Data and on AVHRR satellite]. 

USGS - NPS (2002) Vegetation Mapping Program. http://biology.usgs.gov/npsveg/classification/toc.html 
[A project that  provides a means to map National Park System units in United States using a single 
vegetation classification and mapping standard]. 

Wahlenberg G. (1811). De Vegetatione et Climate in Helvetia Septentrionali inter flumina Rhenum et 
Arolam observatis et cum summi septentrionis comparatis tentamen, 200 pp. Turici Helvetorum. [It gives 
an account of the plant, their designations, the tree limits, and the lower and upper limits of the various 
plants]. 

Walter H. (1976). Die ökologische Systeme der Kontinente. Prinzipien ihrer Gliederung mit Beispielen, 
132 pp. Stuttgart, Germany [This book on ecological system of continents report theory and example to 
construct climatic diagrams]. 

Walter H., Lieth P. (1960-1967). Klimadiagramm Weltatlas. Stuttgart, Germany: Gustav Fischer Verlag. 
[Climate diagrams are brief summaries of climatic variables and their seasonal variation. They were 
originally developed for vegetation studies but nowadays they have usefulness for a wide range of 
sciences]. 

Warming E. (1895). Plantesamfund. Kjöbenhavn, Denmark. [The English version was published as 
Oecology of plants, Oxford (1909). In this pioneering text on plant ecology this term is defined as the 
study of "the manifold and complex relations subsisting between the plants and animals that form one 
community]. 

Watt A.S. (1934). The vegetation of the Chiltern Hills with special reference to the beech woods and their 
serial relationships. Journal of Ecology 22, 230-270. [Description of vegetation in a Great Britain region 
that emphasize physiognomic units]. 

Woeikoff A. (1887). Die Klimate des Erdballes. Jena, Germany. [These are extensive studies on 
meteorology with climate classifications]. 

World Resources Institute (2000). Ecosystems. http://www.wri.org/wr2000/forests.html [These web pages 
provide information on the worlds ecosystems, and data tables]. 

Wrigley N. (1985) Categorical Data Analysis for geographers and Environmental Scientists. London, 
Great Britain: Longman, 1985. [New integrated approaches to the analysis of categorical data; the book 
was recently integrated and re-published Wrigley (2002)]. 
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