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Climatic and continentality indices In 4C a variety of climatic and continentality indices are implemented. Short descriptions are given in the following tables (Table 1, Table 9) together with classification tables.  Table 1 Climatic indices  Indices  4C variable 1. 1211210112CmC CmmnI tI I
=

=
+

= ∑
with  t < 0  IC=12n   ICm– monthly value, IC - annual value Limit of aridity I=20 (Coutagne, 1935) monthly, annual I_cout 2. 12 7W nI t= +

 with  t < 0  IW=12n Limit of aridity I=20 (Wissmann, 1939), monthly, annual I_wiss 3. 10PI T= +
  with T < -9.9  = 100 (De Martonne, 1941) annual, see Table 2 I_mart 4. PAI PET=  (UNEP, 1992) monthly, annual, see Table 3 I_arid 5 CWB=P – PET Cwb_an 
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 Indices  4C variable (DWD) 6 2 2100 100( )2 ( )2P PQ M mM m M m⋅ ⋅
= =

− +  ⋅ ⋅ −    

 Emberger – ‚quotient pluviothermique’  (Wangerin, 1933) annual, for region with winter precipitation, see Table 4 I_emb 7 (Lang, 1915), see  Table 5 I_lang 8.  Bailey I                  threshold  subhumid/semiarid = 12  (Schreiber, 1973) approximated with: Bailey II                 threshold subhumid/semiarid = 26 (Bailey, 1958)  9.  Schreiber I             >1 perhumid; <1 subhumid  
TPI =

( )328.1025.1 +
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 Indices  4C variable  Schreiber II            >1 humid; <1 subhumid  Schreiber III           >1 subhumid; <1 semiarid Schreiber IV           <1 arid (Schreiber, 1973) 10. annual (Reichel, 1928), ((Mitscherlich, 1949; Mitscherlich, 1950a; Mitscherlich, 1950b), see Table 6 I_reich 11 ( 60)( 10) 92 100mjP pn ZI T ⋅ ⋅ −
=

+ ⋅ ⋅
 (Weck, 1954), annual I_weck 12 nRD P 1000=

λ ⋅
 annual, Dryness, Budyko radiation index, 

λ= 2.51 MJ kg-1 enthalpy of evaporation (Nikol'skii et al., 2006), classification see  I_Budyko 
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 Indices  4C variable Table 7 13 27491=

=

∑
hA dd NI P  Index according to (Bruschek, 1994), Climatic fire risk Fire_indb 14 275 max tau maxi 60IN (T (i) T (i)) *T (i)

=

= −∑  Index according to Nesterov Summation for days i with daily P(i) < 3 mm and Tmax(i) > 0. (Fosberg et al., 1996), see Table 8 I_Nesterov 15 1 1 ( 10 ) 10( 10 )dn i ii dn i iiPd T CSHC T T C=

=
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∑
 Index according to Seljaninov (hydrothermal coefficient) (Ray et al., 2016), calculated from daily precipitation and temperature, see Table 9 Ind_SHC Variables: n – monthly precipitation sum [mm] t – monthly mean temperature [°C] P – annual precipitation sum [mm] Pd – daily precipitation pn – number of days with precipitation >=0.1mm May - July PET – potential evapotranspiration 
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M- mean temperature of the warmest month m – mean temperature of the coldest month T – mean annual temperature [°C] Tmj - mean temperature May – July Ttau – dew point temperature, calculated (DVWK, 1996) Rn – annual net radiation sum [kJ m-2] Nh – number of hot days between day 91 and day 274, a hot day is defined as a day with a maximum temperature equal or greater 25°C. Table 2 I (Martonne) classification > 60 perhumid 60 - 30 humid 30 -20  subhumid 20 - 15 Semiarid 15 - 5 Arid(Steppe) 5 - 0 Extrem arid (desert)  Table 3 AI (UNEP) classification < 0.05 hyperarid 0.05 < AI < 0.2 arid 0.2 < AI < 0.5 semi-arid 0.5 < AI < 0.65 dry subhumid  
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Table 4 Emberger classification >90 humid 90-50 subhumid 50-30 semiarid <30 arid  Table 5 Linsser/Lang classification >160 humid 160-100 wet temperate 100-60 warm temperate 60-40 semiarid <40 arid  Table 6 Reichel (Mitscherlich) classification pine 26 -  44 oak 30 (northeast Germany) – 55 (Nordspessart) Beech (growing area) 30 ( northeast Germany) - >60 (Südschwarzwald)  Table 7 According to (Giese, 1969)  Budyko-Index Geobot. characteristics 
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 Budyko-Index Geobot. characteristics Excessive wet < 0.45 Arctic desert, Tundra, forest tundra, Alpine grassland Wet 0.45 -1.0 forest Insuffcient wet 1.0 – 3.0 Forest steppe, steppe, Xerophyt. Subtropic vegetation Dry > 3.0 desert  Table 8 Nesterov-Index Forest fire danger Nesterov-value  Nesterov-Index minimal IN < 300 1 moderate 300 < IN< 1000 2 high 1000 < IN < 4000 3 Extremly high 4000 < IN 4  Table 9 Index SHC SHC Characteristics <0.5 Extremely dry 0.5 – 0.7 Very dry 0.7 – 0.9 dry 1.0 – 1.3 Insufficiently wet 1.3 – 1.5 Moderately wet 
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1.5 – 2.0 wet 2.0 – 3.0 Very wet 
� 3.0 Extremely wet 1. – 1.5 Optimum climatic conditions for outbreaks of Dendrolimus pini 1.2 Area with most serious  outbreaks >1.5 Too humid for outbreaks <1.0 Too dry for outbreaks    
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Table 10 Continentality indices   Continentality indices 4C 1. 1.7 20.4sin( ( ))jAK f ϕ= −  (Gorczynski, 1920) CI_gor 2. 11 3M mIC
ϕ

−
=
 + 
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 (Currey, 1974) annual, see  Table 11 CI_cur 3.  1.7 14sin( ( 10))M mIC f ϕ−= ⋅ −
+

 (Conrad, 1946), annual, see  Table 11 CI_con  AJ – amplitude of the annual temperature [K] (=M-m) AT – amplitude of the mean daily temperature [K] φ…latitude f   - recalculation of degree in Radian: 0.5( ) 90f φ π
φ

⋅ ⋅
=    
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Table 11 IC (Currey) Classification 0-0.6 hyperoceanic 0.6 – 1.1 oceanic 1.1 – 1.7 subcontinental 1.7 -2.3 continental 2.3 – 5.0 hypercontinental IC (Conrad) Classifikation -20 -  20 hyperoceanic 20 - 40 oceanic 40 - 60 subcontinental 60 - 80 continental 80 - 120 hypercontinental  References Bailey, H.P., 1958. A simple moisture index based upon a primary law of evaporation. Geografiska Annaler, 40(3/4): 196-215. Bruschek, G.J., 1994. Waldgebiete und Waldbrandgeschehen in Brandenburg im Trockensommer 1992. In: H.-J. Schellnhuber, Enke,  W., Flechsig, M (Editor), Extremer Nordsommer 1992. PIK-Report. PIK, Potsdam, pp. 265-298. Conrad, V., 1946. Methods in Climatology. Harvard University Press: 296-300. Coutagne, A., 1935. Comment définir et caractériser le degré d'aridité d'une region et sa variation saisonniére. Météorologie: 141-151. Currey, D.R., 1974. Continentality of extratropical climates. Annals of the Association of American Geographers, 64(2): 268-280. De Martonne, E., 1941. Nouvelle carte mondiale de l'indice s'aridté. Météorologie: 3-26. 
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DVWK, 1996. Ermittlung der Verdunstung von Land- und Wasserflächen. DVWK - Merkblätter zur Wasserwirtschaft, 238/1996. Wirtschafts- und Verlagsgesellschaft Gas und Wasser mbH Bonn, Bonn, 134 pp. Fosberg, M., Stocks, B. and Lynham, T., 1996. Risk analysis in strategic planning: Fire and climate change in the Boreal forest. In: J. Goldammer and V. Furyaev (Editors), Fire in Ecosystems of Boreal Eurasia. Forestry Sciences. Kluwer Academic publishers, Dordrecht, pp. 495-504. Giese, E., 1969. Die Klimaklassifikation von Budyko und Grigor'ev. Erdkunde, XXIII(4): 317-325. Gorczynski, W., 1920. Sur le calcul du degré de continentalisme et son application dans la climatologie. Geografiska Annaler, 2: 324-331. Lang, R., 1915. Versuch einer exakten Klassifikation der Böden in klimatischer und geologischer Hinsicht. Intern. Mitt. f. Bodenkunde, 5: 312-346. Mitscherlich, G., 1949. Über den Einfluß der Wuchsgebiete auf das Wachstum von Kiefernbeständen. Forstw. Cbl., 68(4): 194 - 216. Mitscherlich, G., 1950a. Die Bedeutung der Wuchsgebiete für das Bestandeswachstum von Buche, Eiche, Erle und Birke. Forstw. Cbl., 69(4): 184-211. Mitscherlich, G., 1950b. Die Bedeutung der Wuchsgebiete für das Bestandeswachstum von Fichte und Douglasie. Forstw. Cbl., 69(1): 27 - 51. Nikol'skii, Y.N., Castillo-Alvarez, M., Bakhlaeva, O.S., Roma-Calleros, X.A. and Maslov, B.S., 2006. The influence of the possible global climate change on the properties of Mexican soils. Eurasian Soil Sci., 39(11): 1164-1169. Ray, D. et al., 2016. Improved prediction of the climate-driven outbreaks of Dendrolimus pini in Pinus sylvestris forests. Forestry, 89(2): 230-244. Reichel, E., 1928. Der Trockenheitsindex, insbesondere für Deutschland. Ber. Tätigk. Preuß. Meteor. Inst.: 84-105. Schreiber, D., 1973. Entwurf einer Klimaeinteilung für landwirtschaftliche Belange. Schöningh, Paderborn, 103 pp. UNEP, 1992. World Atlas of Desertification. Wangerin, W., 1933. Zur Geographie und Ökologie der Mittelmeerflora. Naturwissenschaften, 21(35): 642-648. Weck, J., 1954. Untersuchungen über das Etragspotenzial der deutschen Waldlandschaften. AFJZ, 125: 153-159. Wissmann, H.v., 1939. Die Klima- und Vegetationsgebiete Eurasien. Z. Ges. Erdk.: 1-14.  


