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Climate classification schools

• In our days, the German and the USA climate

classification schools are most frequently used, 

though German school is more popular. 

• Development of the German school can be 

seen via works of Köppen, Geiger and Rubel.

• Development of the USA school can be seen

via works of Thornthwaite, Mather, Willmott and 

Feddema.    



Climate classification schools --

Hungary

• The climate structure on mesoscale in

Hungary can be better characterized by the

USA than by the German climate classification

school! 

• So, in Hungary the USA school is MORE 

POPULAR than the German school, that is  

there is more student and scientific work

related to USA than to German school.  



Some chosen student works

• Breuer H, 2007: Climatological modelling of evapotranspiration, 

soil water content and soil respiration in Hungary (original: A 

parolgas, a talajviztartalom és a talajlégzés klimatologiai

modellezése Magyarorszagon. MSc thesis, ELTE, 93 pp.

• Skarbit N, 2012: Sensitivity of Feddema’s climate classification

method to the parameterization of potential evapotranspiration

(original: Feddema éghajlat-osztályozási módszerének 

érzékenysége a potenciális evapotranszspiráció

parametrizálására), Scientific student paper, Eötvös Loránd 

University, 24 pp.

• Skarbit N, 2012: Climate of Hungary in the twentieth century 

according to Feddema (original: Magyarország éghajlata a XX. 

században Feddema módszere alapján). BSc thesis, Eötvös

Loránd University, 34 pp.



Some chosen student works

• Skarbit N, 2014: The climate of the European region during 

the twentieth and twenty-first centuries according to 

Feddema (original: Európa éghajlatának alakulása a XX. és

a XXI. században Feddema módszere alapján). MSc thesis, 

Eötvös Loránd University, 61 pp.

• Takács D, 2014: Comparison of Hungarian and Swiss

climate using Feddema method (original: Magyarország és 

Svájc éghajlatának összehasonlítása Feddema alapján), 

Scientific student paper, Eötvös Loránd University, 21 pp. 

• Takács D, 2016: Regional alpine climate classification 

according to Feddema: Central European applications 

(original: A hegyi éghajlat regionális osztályozása Feddema

alapján: közép-európai alkalmazások), MSc thesis, Eötvös

Loránd University, 74 pp.



Some chosen student works

• Szabó AI, 2017: Investigation of the Carpathian Basin’s climate 

by using different climate classification methods and 

CarpatClim dataset. MSc thesis, Eötvös Loránd University, 42 

pp.



Some chosen papers

• Drucza M, Ács F, 2006: Relationship between soil texture and 

near surface climate in Hungary, Időjárás, 110, 135—153.

• Szász G, Ács F, Breuer H, 2007: Estimation of surface energy

and carbon balance components in the vicinity of Debrecen 

using Thornthwaite’s bucket model. Időjárás, 111, 239—250. 

• Ács F., Breuer H., Skarbit N., 2015: Climate of Hungary in the 

twentieth century according to Feddema. Theor. Appl. 

Climatol., Vo. 119, 161--169, DOI 10.1007/s00704-014-1103-5.

• Breuer H., Ács F., Skarbit N., 2017: Climate change in Hungary 

during the twentieth century according to Feddema. Theor. 

Appl. Clim., Vo. 127, 853--863. DOI 10.1007/s00704-015-

1670-0.



Some chosen papers

• Ács F, Takács D, Breuer H, Skarbit N, 2017: Climate and 

climate change in the Austrian-Swiss region of the European 

Alps during the twentieth century according to Feddema. Theor. 

Appl. Climatol., DOI 10.1007/s00704-017-2230-6.

• Skarbit N, Ács F, Breuer H, 2017: The climate of the European 

region during the 20th and 21st centuries according to Feddema. 

Int. J. Climatol., DOI: 10.1002/joc.5346. 

• Breuer H, Ács F, Skarbit N, 2018: Observed and projected 

climate change in the European region during the twentieth and 

twenty-first centuries according to Feddema. Climatic Change

doi.org/10.1007/s10584-018-2271-6



Books

• Ács F, Breuer H, 2013: Biophysical climate classification

methods. (In Hungarian),

http://elte.prompt.hu/sites/default/files/tananyagok/

09_AcsFerenc-Biofiz_eghoszt_modszerek/index.html

• Ács F, 2017: On twenty-first century climate classification. 

European multiregional analyses.Lambert Academic

Publishing, 92 pp. 



Johannes (Johan) Feddema

• JJ Feddema is contemporary USA climate

classification school scientist.

He is methodologically present with us since 

2012, but now he is is also present in person! 
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Outline
1. Climate classification history

o Von Humboldt

o Köppen

o Thornthwaite

o Others

o Issues with current use for climate change detection

2. A revised Thornthwaite system
o Revised moisture index

o Use of PET

o Seasonality

o Causes of seasonality

o Updates

3. Uses in climate change detection and causes
o GHG climate projections

o Urban climate simulation in the CESM

o Case studies of climate change detection for combined GHG and Urban 
climates on select cities



Key historical climate classification 
systems



Alexander von Humboldt (1769-
1859), just after his return from
the Americas (1799-1804).



Humboldt’s famous portrayal of ecological zonation by altitude 
using the Ecuadorian volcano Chimborazo as a model(1805).



Isothermal lines by latitude and altitude (1817): a spatial abstraction of climate 



Wladimir Köppen (1846-
1940), Wladimir Köppen as an 
elderly man

Source: Thiede J. Wladimir Köppen, Alfred Wegener, and Milutin Milankovitch: their impact on modern paleoclimate research and the 
revival of the Milankovitch hypothesis. Vestnik of Saint Petersburg University. Earth Sciences, 2018, vol. 63, issue 2, pp. 230–250. 
https://doi.org/10.21638/11701/ spbu07.2018.207



Wladimir Köppen (1846-1940) used Humboldtian tools to classify the world’s climate zones.



Köppen-
Geiger 
criteria



Köppen-
Geiger 
criteria





Current CRU 
Climatology

IPCC SRES B1 
2026-2050 

Climatology

Source: Rubel, F., 
and M. Kottek, 
2010: Observed and 
projected climate 
shifts 1901-2100 
depicted by world 
maps of the 
Köppen-Geiger 
climate 
classification. 
Meteorol. Z., 19, 
135-141. 



Source: Rubel, F., and M. Kottek, 2010: Observed and projected climate shifts 1901-2100 depicted by world maps of the 
Köppen-Geiger climate classification. Meteorol. Z., 19, 135-141. 



C. Warren Thornthwaite
(1899- 1963), with staff 
outside the “Laboratory of 
Climatology”.

J. “Russ” Mather (1923-
2003), and Cort Willmott 
(1946-) at the University of 
Delaware



More rational divisions!
Thornthwaite

1931: 

Useful stuff



tsabarwal@gmail.com

C. Warren Thornthwaite, 1943



ΔS = P – RO – ET - ΔG

Where:
ΔS  = Change in soil moisture
P    =  Precipitation (input)
RO =  Runoff            
ET =  Evapotranspiration (transpiration + evaporation)
ΔG = Change in ground water storage

Water balance
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Thornthwaite
1948



Thornthwaite’s initial formulationThornthwaite
1948



Developing the index further (percentage basis)

Thornthwaite
1948



Thornthwaite’s
folly?

Thornthwaite
1948











Follow up: Holdridge Life Zones



Holdridge Life Zones

Source: Wang, Siyuan & Yang, Bojuan & Yang, Qichun & Lu, Linlin & Wang, Xiaoyue & Peng, Yaoyao. (2016). 
Temporal Trends and Spatial Variability of Vegetation Phenology over the Northern Hemisphere during 1982-
2012. PLOS ONE. 11. e0157134. 10.1371/journal.pone.0157134. 



Current day Status
Search for “Climate Classification”



A revised Thornthwaite type 

climate classification



 

New Classification: Climatic Moisture Types

 1.00

Climate Type

Saturated Wet Moist Dry Semiarid Arid

Moisture Type

0.000.66 0.33 -0.33 -1.00-0.66

Moisture Index Value

Replace with Mean Annual Temperature?



𝐼𝑚

=

𝑃𝐸𝑇

𝑃
− 1, 𝑃 < 𝑃𝐸𝑇

0, 𝑃 = 𝑃𝐸𝑇 = 0

1 −
𝑃𝐸𝑇

𝑃
, 𝑃 ≥ 𝑃𝐸𝑇

Source: Willmott and Feddema, 1992

Where 
Im = Moisture Index
Ep = Potential Evapotranspiration
Pr = Precipitation

Moisture Index (Im) formulation



New Classification: Climatic Thermal Types
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𝑆 = 𝐼𝑚𝑀𝐴𝑋
− 𝐼𝑚𝑀𝐼𝑁

Source: Feddema, 2005

Where 
ImMAX

= Annual maximum monthly Moisture Index
ImMIN

= Annual minimum monthly Moisture Index

Seasonality (S) formulation



New Classification: Climate Variability
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New seasonality (SCause) formulation

Where 
SCause = Indication of proportion of seasonality caused by P, PET
PETRange = Annual Monthly Potential Evapotranspiration Range
Prange = Annual Monthly Precipitation Range

SCause =
𝑃𝑅𝑎𝑛𝑔𝑒

𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒

< 0.5 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

−0.5 < 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 < 2

> 2.0 = 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛
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Nakuru, Kenya

PETRange

PRange



New Classification: Cause of Seasonality

Precipitation

Combination

Temperature

Climate Variability

C
au

se



New seasonality (SCause) formulation

SCause =

𝑃𝑅𝑎𝑛𝑔𝑒

𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒
− 1, 𝑃𝑅𝑎𝑛𝑔𝑒 < 𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒

0, 𝑃𝑅𝑎𝑛𝑔𝑒= 𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒 = 0

1 −
𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒

𝑃𝑅𝑎𝑛𝑔𝑒
, 𝑃𝑅𝑎𝑛𝑔𝑒 ≥ 𝑃𝐸𝑇𝑅𝑎𝑛𝑔𝑒

Where 
SCause = Indication of proportion of seasonality caused by P, PET
PETRange = Annual Monthly Potential Evapotranspiration Range
Prange = Annual Monthly Precipitation Range

SCause =

≻ −0.5 = 𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒

−0.5 < 𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 < 0.5

< 0.5 = 𝑃𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛









Search for “Climate Change”



Using the revised classification to detect 
climate change

Simulate 2 climate change forcings:

1. GHG forcing based on RCP 8.5 average 
simulations in AR 5 (T and P)

2. Urban climate forcings at the local 
scale as simulated CESM (T only)



Urban climate simulations in the 
Community Earth System Model



Atmospheric Forcing
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Source: Oleson et al. 2008a,b



Roof Albedo: annual energy change

58

AC related 
energy use

Heating 
related 

energy use

Tropics:
currently not much change because 
most places do not have AC

High mid-lat:
AC gains are offset by heat losses in 
winter (Chine especially)



Roof Albedo: annual temperature change

59

T-max

change

T-min change

Lower latitudes:
Major impacts on UHI

High lat:
Minor change because most roofs 
are dark asphalt (Europe = tile)



Outcomes for select cities



A potential 
modification

PET

Vs

Mean annual 
Temperature







Will need to 
draw new 
thermal 

efficiency 
boundaries

--

if boundaries 
are essential



Next steps: Calculating Integrated 
Climate Change and Map

Proposed methodology:

1.  For each variable calculate:

– Long-term or base period mean

– Mean absolute deviation (MAD)

– Create a z-score equivalent from these

2. Map z scores for period of interest show relative 
magnitude of change in each location

3. Calculate a Euclidian distance for all 4 variables to 
represent integrated climate impact











VOTE: PET or MAT?

Questions


