Meteorologische Zeitschrift, VolL5, No. 3, 259-263 (June 2006) .
© by Gebriider Borntraeger 2006 Article

World Map of the KOppen-Geiger climate classification
updated

MARKUS KOTTEKl, JURGENGRIESERz, CHRISTOPHBECKZ, BRUNO RuDOLF? and FRANZ RUBEL*!

!Biometeorology Group, University of Veterinary Medicine Vienna, Vignhastria
2Global Precipitation Climatology Centre, Deutscher Wetterdienst, Offeni@atmany

(Manuscript received December 19, 2005; in revised form Fep2&, 2006; accepted April 10, 2006)

Abstract

The most frequently used climate classification map is thétladimir Koppen, presented in its latest version
1961 by Rudolf Geiger. A huge number of climate studies arizbesguent publications adopted this or a
former release of the Kdppen-Geiger map. While the climktssification concept has been widely applied
to a broad range of topics in climate and climate change relses well as in physical geography, hydrology,
agriculture, biology and educational aspects, a well-dwnted update of the world climate classification
map is still missing. Based on recent data sets from the @tnResearch Unit (CRU) of the University of
East Anglia and the Global Precipitation Climatology Cent6PCC) at the German Weather Service, we
present here a new digital Képpen-Geiger world map on cbnadssification, valid for the second half of
the 20" century.

Zusammenfassung

Die am haufigsten verwendete Klimaklassifikationskartgeise von Wladimir Képpen, die in der letzten
Auflage von Rudolf Geiger aus dem Jahr 1961 vorliegt. Seltiideten viele Klimabicher und Fachartikel
diese oder eine frilhere Ausgabe der Kdppen-Geiger Kart®lalwohl das Schema der Klimaklassifikation
in vielen Forschungsgebieten wie Klima und Klima&nderumerauch physikalische Geographie, Hydrolo-
gie, Landwirtschaftsforschung, Biologie und AusbildungrzEinsatz kommt, fehlt bis heute eine gut doku-
mentierte Aktualisierung der Képpen-Geiger Klimakartas®rend auf neuesten Datensatzen des Climatic
Research Unit (CRU) der Universitéat von East Anglia und dedtx®ntrums fur Niederschlagsklimatologie
(WZzN) am Deutschen Wetterdienst prasentieren wir hier eavee digitale Koppen-Geiger Weltkarte fir die
zweite Halfte des 20. Jahrhunderts.

1 Introduction ers the precipitation (e.g. Df for snow and fully humid),
a third letter the air temperature (e.g. Dfc for snow, fully
The first quantitative classification of world climategumid with cool summer).
was presented by the German scientist Wladimir Kép- Although various authors published enhanced Kép-
pen (1846-1940) in 1900; it has been available pen classifications or developed new classifications, the
world map updated 1954 and 1961 by Rudolf Geigefimate classification originally developed by Képpen
(1894-1981). Many of the early German publicationgere referred to as Kdppen-Geiger classification) is still
(KOPPEN 1900; GEIGER 1954, 1957) from this area arethe most frequently used climate classification. Many
not easily accessible today; here we refer to the comptextbooks on climatology reproduce a world map of
hensive summaries on this topic given by, e sNFIEL  Koppen-Geiger climate classes, due to the lack of recent
(1989) or ESSENWANGER(2001). maps mostly a copy of one of the historical hand-drawn
Koppen was trained as a plant physiologist and revaps (e.g., IRAUS, 2004). In order to close this gap
alised that plants are indicators for many climatic elve present a digital world map of the Képpen-Geiger
ements. His effective classification was constructed @fimate classification calculated from up-to-date global
the basis of five vegetation groups determined by theémperature and precipitation data sets.
French botanist De Candolle referring to the climate The importance of an updated digital map may be
zones of the ancient GreeksASDERSON 1999) The recognized by looking at global and regional studies that
five vegetation groups of Képpen distinguish betweerse the Képpen-Geiger climate classification. Represen-
plants of the equatorial zone (A), the arid zone (B), thative for hydrological studies#EL et al. (2001) iden-
warm temperate zone (C), the snow zone (D) and the pified and explained the continental-scale variability in
lar zone (E). A second letter in the classification consignnual runoff by applying Képpen’s climate classifica-
tion. Applications to climate modelling have been pre-

*Corresponding author: Franz Rubel, Biometeorology Group, Dé
partment of Natural Sciences, University of Veterinary Medicine Vﬁented' for example, bydHMANN et al. (1993) to val-

enna, 1210 Vienna, Austria, e-mail: franz.rubel@vu-wien.ac.at idate general circulation model control runs of present

0941-2948/2006/0130 $ 2.25
DOI: 10.1127/0941-2948/2006/0130 (© Gebruder Borntraeger, Berlin, Stuttgart 2006



260 M. Kottek et al.: World Map of the Képpen-Geiger climate ddisation updated Meteorol. Z.,15, 2006

Table 1: Key to calculate the climate formula of Képpen and Geiger for the main clinaaigsubsequent precipitation conditions, the first
two letters of the classification. Note that for the polar climates (E) no pretgritdifferentiations are given, only temperature conditions
are defined. This key implies that the polar climates (E) have to be detetrfiiat followed by the arid climates (B) and subsequent
differentiations into the equatorial climates (A) and the warm temperate rzow slimates (C) and (D), respectively. The criteria are
explained in the text.

Type Description Criterion

A Equatorial climates Tmin > +18°C

Af Equatorial rainforest, fully humid Bn > 60 mm

Am Equatorial monsoon dRn > 25(100-Pnin)

As Equatorial savannah with dry summer mifP< 60 mm in summer

Aw Equatorial savannah with dry winter mia < 60 mm in winter

B Arid climates Pann< 10 Ry,

BS Steppe climate dAn> 5P

BW Desert climate Bin<5Pn

C Warm temperate climates —3°C < Tmin< +18°C

Cs Warm temperate climate with dry summer smR < Powmin, Pvmax > 3 Psmin @nd Rmin < 40 mm
Cw Warm temperate climate with dry winter  Rin < Psminand Rmax> 10 Rymin

Cf Warm temperate climate, fully humid neither Cs nor Cw

D Snow climates Tmin < —3°C

Ds Snow climate with dry summer sRin < Pwmin: Pwmax > 3 Psmin @and Rmin < 40 mm
Dw Snow climate with dry winter Fmin < Psmin and Rmax> 10 Rymin

Df Snow climate, fully humid neither Ds nor Dw

E Polar climates Tmax < +10°C

ET Tundra climate 0C < Tmax< +10°C

EF Frost climate hax< 0°C

climate as well as greenhouse gas warming simulatiomsich are checked for inhomogeneities in the station-
KLEIDON et al. (2000) investigated the maximum possiecords by an automated method. This data set covers
ble influence of vegetation on the global climate by comhe global land areas excluding Antarctica. It is publicly
ducting climate model simulations. BothpHMANN et available (www.cru.uea.ac.uk) and will be referred to as
al. (1993) and KEIDON et al. (2000) applied the Kop-CRU TS 2.1.
pen classification to model simulations to illustrate the The second data set €BK et al.,, 2005) is pro-
differences in simulation results. The updated Képpevided by the Global Precipitation Climatology Centre
Geiger climates presented here will support future stu@sPCC) located at the German Weather Service. This
ies similar to those discussed above. new gridded monthly precipitation data set covers the
global land areas excluding Greenland and Antarctica.
It was developed on the basis of the most comprehen-
2 Data and method sive data-base of monthly observed precipitation data
world-wide built by the GPCC. All observations in this

Two global data sets of climate observations have be@Ation data base are subject to a multi-stage quality
selected to update the historical world map of tHeontrol to minimise the risk of generating temporal in-
Koppen-Geiger climate classes. Both are available of@mogeneities in the gridded data due to varying sta-
regular 0.5 degree latitude/longitude grid with monthi{jon densities. This dataset is referred to as VASCIimO
resolution. The first data set is provided by the CIk1.1' and is also freely available for scientific purposes
matic Research Unit (CRU) of the University of Eadttp://gpcc.dwd.de). Both, CRU TS 2.1 and VASCIImO
Anglia (MITCHELL and bNES, 2005) and delivers grids V1.1 data, cover the 50-year period 1951 to 2000 se-
of monthly climate observations from meteorologicagcted in this study for updating the Koppen-Geiger
stations comprising nine climate variables from whicfap.

only temperature is used in this study. The temperature

fields have been analysed from time-series observatiwnsiability Analysis of Surface Climate Observations













