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Introduction 
 
The Köppen Climate Classification system stands as the most widely used and recognized 
framework for categorizing the Earth's diverse climates.1 Developed at the turn of the 20th 
century, it provides an empirical method for organizing global climates into distinct groups 
based on observable, measurable data, primarily long-term average monthly temperature and 
precipitation.4 This report aims to provide a definitive, multi-faceted analysis of the system, 
examining its historical and intellectual origins, its intricate methodological framework, its 
application in mapping global climate patterns, its scientific standing in relation to its 
strengths and weaknesses, and its remarkable relevance in the contemporary era of climatic 
change. 
The foundational premise of the Köppen system is both its most defining characteristic and 
the key to its enduring utility. Unlike genetic classifications that focus on the causes of 
climate, such as atmospheric circulation patterns, the Köppen system is fundamentally 
empirical, rooted in the idea that climate is best defined by its most visible and integrated 
manifestation: the native vegetation a region can support.6 Wladimir Köppen, a botanist by 
training, designed the system's boundaries to correspond with the geographic limits of major 
vegetation zones, or biomes.2 This ecological linkage gives the system an intuitive, real-world 
applicability that has contributed to its longevity and broad appeal across numerous scientific 
disciplines. 
This report will navigate the full spectrum of the Köppen system. It begins by tracing the 
genesis of the classification, grounding it in the life and work of its creator, Wladimir Köppen, 
and the scientific context of his time. It then provides a detailed technical deconstruction of 
the system's architectural framework, clarifying the rules and criteria that govern its 
application. Following this, the report maps these technical codes onto the physical world, 
exploring the global distribution of the major climate types with specific regional examples. A 



critical appraisal then evaluates the system's strengths and limitations, placing it in dialogue 
with alternative classification schemes that arose in response to its perceived weaknesses. 
Finally, the analysis concludes by examining the system's modern applications, demonstrating 
its transformation from a static mapping tool into a dynamic instrument for understanding and 
visualizing the impacts of global climate change. Through this comprehensive examination, 
the report will illuminate why a system conceived over a century ago remains a cornerstone of 
modern climatology. 
 

Section 1: The Genesis of a System: Historical and 
Intellectual Foundations 
 
The Köppen Climate Classification is not merely a technical schema; it is the intellectual 
product of a specific man and a specific era. Its development is inextricably linked to the life 
experiences and unique academic background of its creator, Wladimir Köppen, and the 
burgeoning scientific environment of the late 19th and early 20th centuries, which saw the 
first systematic efforts to map the world's natural phenomena. Understanding this history is 
essential to grasping the system's core philosophy and its subsequent evolution into the 
Köppen-Geiger classification used today. 
 
1.1 The Man Behind the Map: Wladimir Köppen (1846–1940) 

 
Wladimir Peter Köppen was a German meteorologist and climatologist of Russian birth, a 
figure whose career profoundly influenced the atmospheric sciences for over seven 
decades.10 Born in St. Petersburg, Russia, he was the scion of a German academic family 
invited to the Russian Empire by Empress Catherine the Great to improve provincial sanitation; 
his grandfather served as a personal physician to the tsar.11 This Russian-German heritage 
afforded him a broad perspective, and he spoke German and Russian with equal fluency.11 His 
father, Peter von Köppen, was a distinguished geographer, statistician, and historian, whose 
academic versatility undoubtedly inspired his son.11 Köppen's long and remarkably productive 
life saw him author over 500 publications, cementing his role as a principal founder of modern 
climatology.11 

Köppen's formative years were spent on the Crimean Peninsula, a region of striking 
environmental contrasts. His family's seaside estate on the subtropical Black Sea coast stood 
in stark opposition to the dark northern forests and expansive inland plains he traversed while 
attending school.11 These frequent journeys through diverse floral and geographical zones 
awakened in him a deep and lasting interest in the relationship between climate and the 
natural world, particularly the distribution of plant life.11 This early, firsthand observation of 
how vegetation changes in response to climate became the central theme of his life's work. 
His formal academic pursuits solidified this foundation. After initial studies in St. Petersburg, 



Köppen transferred to the University of Heidelberg and ultimately received his doctorate in 
1870 from the University of Leipzig for a dissertation on the effects of temperature on plant 
growth.11 This specialized training in botany, rather than pure physics or meteorology, is the 
critical element that distinguishes his approach to climate classification. It led him to design a 
system not from the perspective of atmospheric causes, but from the perspective of 
ecological effects. The boundaries he would later define were not arbitrary statistical lines but 
were intended to correspond to tangible, observable limits in the plant world, such as the 
poleward limit of trees.7 

Köppen was a true polymath, characteristic of an era before deep scientific specialization 
became the norm.11 Beyond his classification system, he made significant contributions to 
maritime meteorology, improving oceanic wind charts to such an extent that he is sometimes 
called the father of that field.15 He experimented with balloons to gather data from the upper 
atmosphere and co-authored the first cloud atlas in 1890.12 His intellectual curiosity extended 
to paleoclimatology; in collaboration with his son-in-law, the famous geophysicist Alfred 
Wegener, he co-authored 
Die Klimate der Geologischen Vorzeit (The Climates of the Geological Past), a seminal work 
that provided crucial support for the Milanković theory of ice ages.12 His broad intellectual life 
even encompassed social causes; he was a strong advocate for the international language 
Esperanto, which he spoke fluently, and was deeply involved in humanitarian work.11 

 

1.2 The Evolution of the Classification: From Thermal Zones to a Global 
System 

 
Köppen's work did not emerge in a vacuum. It was built upon earlier concepts and evolved 
over half a century of meticulous refinement. The scientific community of the late 19th century 
was engaged in the first great wave of global data collection and mapping.18 The ancient 
Greek idea of simple latitudinal climate zones (tropical, temperate, polar) was being 
challenged by more sophisticated approaches. In 1879, for instance, the geographer 
Alexander Supan proposed using isotherms (lines of equal temperature) rather than parallels 
of latitude to define climate zones, a significant conceptual leap.18 

Köppen's first major contribution came in 1884 with his paper, Die Wärmezonen der Erde, 
nach der Dauer der heissen, gemässigten und kalten Zeit und nach der Wirkung der Wärme 
auf die organische Welt betrachtet ("The Thermal Zones of the Earth, According to the 
Duration of Hot, Moderate, and Cold Periods and of the Impact of Heat on the Organic 
World").18 In this foundational work, he adopted temperature thresholds like 10°C and 20°C 
but innovated by focusing on the 
duration of these thermal conditions—that is, the number of months a location spent in a 
warm, moderate, or cold state. This temporal dimension was a crucial step toward capturing 
the seasonal rhythms that govern plant life.18 

The next critical evolution occurred in 1900, when Köppen integrated precipitation into his 



temperature-based scheme.11 This was made possible by the recent publication of the first 
global precipitation maps and was heavily influenced by new maps of plant geography, such 
as those by de Candolle.18 By combining temperature and precipitation data, Köppen created 
the first version of his system that resembles its modern form, an empirical classification 
directly linking climate variables to vegetation.11 

The subsequent decades were a period of continuous improvement. A significantly revised 
version was published in 1918, in which Köppen further perfected his criteria, with a particular 
focus on the precise relationship between temperature and the location of the tree line.18 His 
ideas were consolidated in major works, including 
Die Klimate der Erde (The Climates of the Earth) in 1923 and the final, most complete version 
of the system published during his lifetime in the multi-volume Handbuch der Klimatologie 
(Handbook of Climatology) in 1936, a project he co-edited with Rudolf Geiger.15 He continued 
to refine his work until his death in Graz, Austria, in 1940 at the age of 93.11 

 

1.3 The Köppen-Geiger Legacy: The Role of Rudolf Geiger 

 
The classification system in its most widely used form today is properly known as the 
Köppen-Geiger classification.7 This name acknowledges the vital role of Rudolf Geiger 
(1894–1981), a German climatologist who collaborated with Köppen in his final years.7 After 
Köppen's death, it was Geiger who saw the 
Handbuch der Klimatologie to completion and who published the definitive wall maps and 
updated versions of the classification in 1954 and 1961.14 Geiger's work ensured the system's 
continuity and cemented its place in mid-20th century science. 
This legacy of refinement continues into the digital age. While for decades, textbooks 
reproduced Geiger's hand-drawn maps, the late 20th and early 21st centuries have seen a 
"digital renaissance" of the system. Researchers like Kottek et al. (2006) and Beck et al. (2018, 
2023) have applied the Köppen-Geiger rules to vast, high-resolution global datasets of 
temperature and precipitation, creating updated and dynamically evolving maps.18 These 
modern iterations, often at a 1-km resolution and incorporating future climate model 
projections, demonstrate the remarkable adaptability and enduring power of Köppen's 
century-old framework.25 

 

Section 2: The Architectural Framework: 
Deconstructing the Köppen Code 
 
The enduring power of the Köppen system lies in its logical and hierarchical structure. While 
conceptually straightforward, its application is governed by a precise set of quantitative rules, 
nested priorities, and mathematical formulas. The system translates complex climatic 



data—typically monthly averages of temperature and precipitation over a 30-year 
period—into a simple two- or three-letter code that provides a rich summary of a region's 
climate.4 This section provides a definitive technical guide to this architectural framework, 
synthesizing the criteria from numerous sources into a single, coherent reference. 
 
2.1 The Hierarchical Structure 

 
The Köppen classification employs a hierarchical coding system, typically consisting of two or 
three letters, to describe a climate.1 The logic flows from the general to the specific: 

1.​ First Letter (Capital): Represents the main climate group. This is the broadest 
classification, dividing the world into five fundamental types (A, B, C, D, E) based on 
general thermal or moisture characteristics.28 

2.​ Second Letter (Lowercase): Modifies the main group by describing the seasonal 
precipitation pattern. This letter indicates whether a climate is fully humid or has a 
distinct dry season in the summer or winter.2 There are important exceptions for groups 
B and E. In Group B (Dry), the second letter (S or W) indicates the​
degree of aridity. In Group E (Polar), the second letter (T or F) indicates the level of 
summer warmth.1 

3.​ Third Letter (Lowercase): Provides further detail on the temperature, typically 
describing the heat of the summer or the cold of the winter. This letter is used for 
groups B, C, and D, but generally not for A or E.1 

The application of these rules follows a strict order of precedence. To classify a location, one 
must check the criteria in the sequence E, then B, then A, C, and finally D.30 This ensures that 
a location is assigned to the most specific, overriding category. For example, a very cold 
region is classified as E regardless of its precipitation, and a very dry region is classified as B, 
even if its temperatures might otherwise fit into A or C. Within a group, subtypes are also 
prioritized; for instance, a location meeting the criteria for both Af and Am is classified as Af 
because it has higher priority.4 

 

2.2 The Five Pillars: Main Climate Groups 

 
The system is built upon five principal climate groups, designated by capital letters. Four of 
these are defined by temperature criteria, while one, Group B, is defined by moisture 
deficiency.7 Some modified maps also add a sixth category, H, for highland climates, to 
account for the complex variations induced by high elevation, though this was not part of 
Köppen's original scheme.2 

●​ A - Tropical Climates: These are defined as climates where the average temperature 
of the coldest month is 18°C (64.4°F) or higher. These regions lack a true winter.2 

●​ B - Dry (Arid) Climates: These climates are defined not by a specific temperature but 



by a moisture deficit, where potential evaporation and transpiration exceed annual 
precipitation. The boundary is determined by a formula relating temperature and 
precipitation, not a fixed rainfall amount.9 

●​ C - Temperate (or Warm Temperate) Climates: These are mid-latitude climates 
defined by having an average temperature of the coldest month that is below 18°C 
(64.4°F) but above -3°C (26.6°F). They have distinct summer and winter seasons.4 

●​ D - Continental (or Snow) Climates: These climates are characterized by more 
extreme seasons, with the average temperature of the coldest month being -3°C 
(26.6°F) or below, and the average temperature of the warmest month being above 10°C 
(50°F).4 

●​ E - Polar Climates: These are the coldest climates on Earth, defined by an average 
temperature of the warmest month that is below 10°C (50°F). This 10°C isotherm for the 
warmest month corresponds roughly to the poleward limit of tree growth.5 

 

2.3 The Sub-Classifications: Precipitation and Temperature Modifiers 

 
The second and third letters of the Köppen code provide the crucial detail that distinguishes 
climates within the five main groups. 
 
Precipitation Modifiers (Second Letter) 

 
For A, C, and D climates, the second letter describes the seasonality of rainfall 1: 

●​ f (feucht): Signifies a "fully humid" climate with no dry season. Precipitation is 
significant year-round. The specific threshold varies; for example, in an Af climate, the 
driest month must have at least 60 mm of rain.2 

●​ w (wintertrocken): Indicates a "winter-dry" climate. There is a distinct dry season in 
the low-sun period (winter). The formal criterion is that the wettest month in summer 
must have at least ten times the precipitation of the driest month in winter.4 

●​ s (sommertrocken): Indicates a "summer-dry" climate, characteristic of Mediterranean 
regions. The dry season occurs during the high-sun period (summer). The criterion is 
that the wettest month in winter must have at least three times the precipitation of the 
driest month in summer, and the driest summer month must have less than 40 mm of 
rain.4 

●​ m (monsoonal): This letter applies only to Group A climates and denotes a tropical 
monsoon climate. It is an intermediate form between the constantly wet Af and the 
seasonally dry Aw. These climates have a short dry season, but the immense rainfall 
during the rest of the year is sufficient to support a rainforest.1 

For B climates, the second letter denotes the degree of aridity 1: 
●​ S (Steppe): Semi-arid climate. Annual precipitation is greater than 50% but less than 



100% of the aridity threshold.2 

●​ W (Wüste): Arid or desert climate. This is a true desert where annual precipitation is 
less than 50% of the aridity threshold.2 

 

Temperature Modifiers (Third Letter, or Second for E) 

 
The third letter (for B, C, and D climates) or the second letter (for E climates) refines the 
classification based on thermal characteristics 1: 

●​ a: Hot summer. Found in C and D climates. The average temperature of the warmest 
month is above 22°C (71.6°F). 

●​ b: Warm summer. Found in C and D climates. The warmest month is below 22°C, but 
there are at least four months with an average temperature above 10°C (50°F). 

●​ c: Cool summer. Found in C and D climates. There are fewer than four months with 
average temperatures above 10°C, and the coldest month is not as severe as in 'd' 
climates. 

●​ d: Extremely continental / very cold winter. Found only in D climates. The average 
temperature of the coldest month is below -38°C (-36.4°F). 

●​ h (heiss): Hot arid. Found in B climates. The mean annual temperature is above 18°C 
(64.4°F). 

●​ k (kalt): Cold arid. Found in B climates. The mean annual temperature is below 18°C 
(64.4°F). 

●​ T (Tundra): The second letter in E climates. The average temperature of the warmest 
month is above 0°C (32°F) but below 10°C (50°F). 

●​ F (Frost): The second letter in E climates. A permanent ice cap climate where the 
average temperature of all months is below 0°C (32°F). 

 
2.4 The Aridity Threshold: A Deeper Look at Group B 

 
A common misconception is that the Köppen system is based only on simple temperature and 
precipitation values. The classification of Group B (Dry) climates demonstrates its underlying 
mathematical rigor. A region is classified as dry not based on a fixed amount of rainfall, but on 
whether its moisture supply (precipitation) is sufficient to meet the atmospheric moisture 
demand (which is closely related to temperature). Köppen developed a set of formulas to 
define this "aridity threshold" as a proxy for potential evaporation.9 

The calculation of the aridity threshold (Pth​) in millimeters is as follows 2: 
Pth​=20×T+X 
 
where T is the mean annual temperature in degrees Celsius, and X is a variable based on the 
seasonal concentration of precipitation: 

●​ X=280 if 70% or more of the annual precipitation falls in the high-sun season (spring 



and summer). 
●​ X=140 if 30% to 70% of the annual precipitation falls in the high-sun season (evenly 

distributed). 
●​ X=0 if less than 30% of the annual precipitation falls in the high-sun season 

(winter-dominant rain). 
Once the threshold is calculated for a location, its climate type is determined by comparing it 
to the actual mean annual precipitation (Pann​) 2: 

●​ If Pann​<0.5×Pth​, the climate is BW (Arid/Desert). 
●​ If 0.5×Pth​≤Pann​<Pth​, the climate is BS (Steppe/Semi-arid). 

This formulaic approach reveals that the system is more than a simple checklist. It is a 
quantitative model that acknowledges a crucial climatological principle: a given amount of 
rainfall is more effective at supporting vegetation in a cool climate than in a hot one. This 
nuanced calculation is a key reason for the system's scientific robustness and its strong 
correlation with real-world biomes. 
 
Table 1: Comprehensive Köppen-Geiger Classification Matrix 

 
The following table synthesizes the rules for the most common Köppen-Geiger climate types, 
providing a consolidated reference for understanding and applying the classification. 
Code Climate Name Defining Criteria 
A Tropical Coldest month mean 

temperature ≥18∘C 
Af Tropical Rainforest Not Am or Aw/As. Driest month 

precipitation ≥60 mm. 
Am Tropical Monsoon Not Af. Driest month 

precipitation <60 mm AND 
driest month precipitation 
≥(100−25Annual Precip (mm)​). 

Aw/As Tropical Savanna (Wet-Dry) Driest month precipitation <60 
mm AND driest month 
precipitation <(100−25Annual 
Precip (mm)​). 'w' for winter dry, 
's' for summer dry. 

B Dry Annual precipitation <Pth​ 
(Aridity Threshold) 

BWh Hot Desert Annual precipitation <0.5×Pth​. 
Mean annual temperature 
>18∘C. 

BWk Cold Desert Annual precipitation <0.5×Pth​. 
Mean annual temperature 
<18∘C. 



BSh Hot Steppe 0.5×Pth​≤ Annual precipitation 
<Pth​. Mean annual 
temperature >18∘C. 

BSk Cold Steppe 0.5×Pth​≤ Annual precipitation 
<Pth​. Mean annual 
temperature <18∘C. 

C Temperate Coldest month mean 
temperature <18∘C and 
>−3∘C. 

Cfa Humid Subtropical Not Cs or Cw. Warmest month 
mean temperature ≥22∘C. 

Cfb Temperate Oceanic Not Cs or Cw. Warmest month 
mean temperature <22∘C AND 
≥4 months with mean 
temperature ≥10∘C. 

Cfc Subpolar Oceanic Not Cs or Cw. 1−3 months with 
mean temperature ≥10∘C. 

Csa Hot-Summer Mediterranean Dry summer ('s' criteria met). 
Warmest month mean 
temperature ≥22∘C. 

Csb Warm-Summer Mediterranean Dry summer ('s' criteria met). 
Warmest month mean 
temperature <22∘C AND ≥4 
months with mean 
temperature ≥10∘C. 

Cwa Monsoon-Influenced Humid 
Subtropical 

Dry winter ('w' criteria met). 
Warmest month mean 
temperature ≥22∘C. 

Cwb Subtropical Highland Dry winter ('w' criteria met). 
Warmest month mean 
temperature <22∘C AND ≥4 
months with mean 
temperature ≥10∘C. 

D Continental Coldest month mean 
temperature ≤−3∘C AND 
warmest month mean 
temperature >10∘C. 

Dfa Hot-Summer Humid 
Continental 

Not Ds or Dw. Warmest month 
mean temperature ≥22∘C. 

Dfb Warm-Summer Humid 
Continental 

Not Ds or Dw. Warmest month 
mean temperature <22∘C AND 
≥4 months with mean 



temperature ≥10∘C. 
Dfc Subarctic Not Ds or Dw. 1−3 months with 

mean temperature ≥10∘C. 
Dfd Extremely Cold Subarctic Not Ds or Dw. 1−3 months with 

mean temperature ≥10∘C AND 
coldest month mean 
temperature <−38∘C. 

Dwa/Dwb Monsoon-Influenced 
Continental 

Dry winter ('w' criteria met). 
Temperature subtype 'a' or 'b'. 

Dsa/Dsb Mediterranean-Influenced 
Continental 

Dry summer ('s' criteria met). 
Temperature subtype 'a' or 'b'. 

E Polar Warmest month mean 
temperature <10∘C. 

ET Tundra Warmest month mean 
temperature >0∘C and <10∘C. 

EF Ice Cap All months have a mean 
temperature ≤0∘C. 
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Section 3: A World of Climates: Global Distribution and 
Regional Manifestations 
 
The Köppen-Geiger classification system transforms abstract codes into a tangible map of 
Earth's climate geography. The distribution of these climate zones is not random; it follows 
predictable global patterns governed by factors such as latitude (which controls solar energy 
input), continentality (the influence of land versus water), and large-scale atmospheric and 
oceanic circulation patterns. This section explores these global patterns and provides 
concrete regional examples to ground the classification codes in real-world places. 
 
3.1 Global Patterns: Latitude, Continentality, and Circulation 

 
The five major climate groups are arranged across the globe in a broadly systematic way, 
primarily driven by latitude but modified by land-sea distribution and topography. 

●​ A (Tropical) Climates: These climates dominate the equatorial regions, typically 
extending from the equator to approximately 15-25 degrees north and south latitude.5 
Their location is strongly influenced by the consistent high solar angle and the presence 
of the Intertropical Convergence Zone (ITCZ), a belt of low pressure and high convection 



that delivers abundant rainfall. Major regions with A climates include the Amazon Basin 
in South America, the Congo Basin in Africa, and the vast archipelagos of Southeast 
Asia like Indonesia and Malaysia.5 

●​ B (Dry) Climates: Dry climates are found in two principal types of locations. The first is 
in the subtropics, between roughly 20-35 degrees latitude, where large, persistent 
high-pressure systems (subtropical highs or Hadley cells) create sinking, dry air.5 This 
gives rise to the world's great hot deserts, such as the Sahara in North Africa, the 
Arabian Desert, and the Australian Outback. The second location is in the interior of 
large continents or in the rain shadow of major mountain ranges, far from oceanic 
moisture sources. These areas can be hot (BWh) or cold (BWk), like the Gobi Desert in 
Central Asia.5 Globally, dry climates cover more of the Earth's land surface than any 
other group, approximately 30%.38 

●​ C (Temperate) Climates: These mild, mid-latitude climates are generally found 
between 30 and 60 degrees latitude, often on the eastern and western margins of 
continents where oceanic influence moderates temperatures.5 Their weather is often 
governed by the seasonal migration of subtropical high-pressure zones in the summer 
and the polar front with its associated mid-latitude cyclones in the winter.34 This group 
includes the Mediterranean Basin, most of Western Europe, the southeastern United 
States, coastal China, and the southern coasts of Australia and South America.5 

●​ D (Continental) Climates: With their characteristic severe winters, continental climates 
are almost exclusively a Northern Hemisphere phenomenon, located poleward of the C 
climates between roughly 40 and 70 degrees north latitude.5 Their existence is tied to 
the presence of vast landmasses, which heat up and cool down much more rapidly than 
oceans, leading to extreme seasonal temperature variations. The Southern Hemisphere, 
with its narrower landmasses at these latitudes, lacks the conditions to produce a true 
continental climate.38 Major D climate regions include the interior of Canada and the 
northern United States, most of European Russia, and Siberia.5 

●​ E (Polar) Climates: As their name suggests, polar climates are found at the highest 
latitudes, generally above 60-70 degrees, and at very high altitudes in mountain ranges 
worldwide (often designated with an H climate modifier).5 These regions are defined by 
a lack of summer warmth. They include the vast ice sheets of Antarctica and Greenland 
(EF), and the treeless tundra regions along the Arctic coasts of North America and 
Eurasia (ET).5 

 

3.2 Regional Case Studies: Grounding the Codes 

 
Linking the abstract Köppen codes to specific locations and their characteristic weather 
patterns provides a more intuitive understanding of the system's utility. 

●​ Af (Tropical Rainforest): Exemplified by cities like Singapore and Kuala Lumpur, 
Malaysia, this climate experiences consistently high temperatures (average >18°C every 



month) and abundant rainfall (driest month >60 mm) throughout the year.40 There are 
no distinct seasons, and the environment supports lush, dense rainforests. 

●​ BWh (Hot Desert): Cities like Cairo, Egypt, and Riyadh, Saudi Arabia, fall into this 
category. They are defined by extreme summer heat, large daily temperature ranges, 
and exceptionally low annual precipitation.42 Vegetation is sparse to non-existent. 

●​ Csa/Csb (Mediterranean): This climate is famous for its warm to hot, dry summers and 
mild, wet winters. Rome, Italy (Csa), has hot summers (warmest month >22°C), while 
coastal cities like San Francisco, USA (Csb), have cooler summers due to the influence 
of cold ocean currents.45 This climate is ideal for growing olives and wine grapes.48 

●​ Cfb (Marine West Coast / Temperate Oceanic): Found in locations like London, 
United Kingdom, and Vancouver, Canada, this climate has mild temperatures 
year-round with no significant dry season.45 Summers are warm but not hot, and winters 
are cool but rarely severely cold. Precipitation is frequent, often in the form of drizzle or 
light rain.34 

●​ Dfa/Dfb (Humid Continental): These climates feature four distinct seasons with 
significant temperature swings. Chicago, USA (Dfa), experiences hot, humid summers 
and cold, snowy winters. Moscow, Russia (Dfb), has a similar pattern but with warm, 
rather than hot, summers.13 These climates are characteristic of large interior 
landmasses.34 

●​ Dfc (Subarctic): This climate, also known as boreal or taiga, is characterized by long, 
severely cold winters and short, cool summers. Anchorage, USA, and Murmansk, 
Russia, are representative examples.50 Only 1-3 months have an average temperature 
above 10°C, just enough to support the vast coniferous forests of the taiga.45 

●​ ET (Tundra): Found in high-latitude locations like Nuuk, Greenland, and along the 
arctic coast of Canada and Siberia, the tundra climate has no true summer.51 The 
warmest month averages between 0°C and 10°C, which is too cold for trees to grow.52 
The landscape is dominated by low-lying shrubs, mosses, and lichens, and the subsoil is 
permanently frozen (permafrost).54 

 

Table 2: Representative Locations for Major Köppen Climate Types 

 
This table provides a quick-reference guide linking key climate codes to familiar locations and 
their typical weather characteristics. 
Code Representative City/Region Brief Description of Typical 

Weather 
Af Singapore Hot and rainy all year; no 

distinct seasons. 
Am Miami, USA / Mumbai, India Hot with a very wet monsoon 

season and a short dry 
season. 



Aw Darwin, Australia Hot with a distinct wet summer 
and a dry winter. 

BWh Cairo, Egypt Extremely hot and dry 
year-round; negligible rainfall. 

BWk Gobi Desert, Mongolia Very dry with hot summers and 
very cold winters. 

BSh New Delhi, India Hot and semi-arid; short rainy 
season with long dry periods. 

BSk Denver, USA / Madrid, Spain Semi-arid with warm/hot 
summers and cool/cold 
winters. 

Cfa Shanghai, China / Atlanta, USA Hot, humid summers and mild, 
cool winters; humid 
year-round. 

Cfb London, UK / Paris, France Mild temperatures year-round 
with no dry season; warm 
summers. 

Csa Rome, Italy / Los Angeles, USA Hot, dry summers and mild, 
wet winters. 

Csb San Francisco, USA / Cape 
Town, SA 

Warm, dry summers and mild, 
wet winters. 

Dfa Chicago, USA Four distinct seasons with hot, 
humid summers and cold, 
snowy winters. 

Dfb Moscow, Russia / Toronto, 
Canada 

Four distinct seasons with 
warm summers and cold, 
snowy winters. 

Dfc Anchorage, USA / Irkutsk, 
Russia 

Long, very cold winters and 
short, cool summers. 

ET Nuuk, Greenland No true summer; very long, 
cold winters and short, cool, 
thawing season. Dominated by 
permafrost. 

EF Vostok Station, Antarctica Permanently frozen; all months 
average below 0°C. The 
coldest climate on Earth. 
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Section 4: Critical Appraisal and Comparative Analysis 



 
Despite its century-long tenure as the preeminent climate classification system, the Köppen 
framework is not without its critics. Its enduring utility stems from a unique combination of 
simplicity, objectivity, and ecological relevance. However, these same characteristics give rise 
to significant limitations that have been rigorously debated in scientific literature. A thorough 
appraisal requires examining both its strengths and weaknesses, as well as comparing it to 
alternative systems that were developed, in large part, to address its shortcomings. 
 
4.1 Strengths and Enduring Utility 

 
The Köppen system's longevity can be attributed to several key strengths that make it 
valuable to both experts and non-experts. 

●​ Quantitative and Objective: The system is fundamentally based on objective, 
measurable statistical parameters: mean monthly and annual temperature and 
precipitation.56 This quantitative foundation allows for precise, replicable classifications, 
lending it scientific credibility and distinguishing it from purely qualitative or subjective 
schemes.57 

●​ Ecologically Relevant: Its most profound strength is the direct, empirical link between 
its climate boundaries and the distribution of natural vegetation.4 Köppen designed the 
system so that its zones would correspond to real-world biomes.2 This makes the 
classification more than an abstract exercise; it is a powerful tool for ecological 
analysis, agricultural planning, and predicting how ecosystems might respond to 
climatic shifts.2 

●​ Conceptual Simplicity and Comprehensiveness: At its highest level, the five-group 
structure (Tropical, Dry, Temperate, Continental, Polar) is intuitive and easy to grasp, 
making it an exceptionally effective educational tool.38 Yet, it is comprehensive enough 
to cover all terrestrial climate variations on Earth, from equatorial rainforests to polar ice 
caps.56 

●​ Global Applicability and Standardized Language: The system provides a universal 
shorthand for describing climates. The letter codes (e.g., Cfb, Dwa) function as a 
standardized international language, facilitating clear communication and comparison 
of climatic conditions across different regions of the world.57 

 

4.2 Limitations and Scientific Criticisms 

 
The very design choices that make the Köppen system effective also create its most 
significant limitations, which have been widely discussed in scientific literature. 

●​ Empirical, Not Genetic: A primary scientific criticism is that the system is descriptive 
(empirical) rather than explanatory (genetic).9 It effectively classifies the​
outcomes of climate (as reflected in vegetation) but deliberately ignores the underlying 



physical causes, such as the dynamics of air masses, prevailing winds, ocean currents, 
and large-scale pressure systems. Modern climatology is built upon understanding 
these causal factors, which find no place in Köppen's scheme.56 

●​ Reliance on Mean Values: The system's use of monthly and annual averages masks a 
great deal of climatic reality.9 It does not account for crucial variables that can be 
decisive for agriculture and ecosystems, such as precipitation intensity (e.g., a month's 
rain falling in one violent storm versus gentle showers over many days), the number of 
rainy days, daily temperature extremes (e.g., frost days), or the frequency and severity 
of extreme events like droughts, floods, or unseasonal cold snaps.9 

●​ Omission of Other Key Variables: The classification's focus on only temperature and 
precipitation means it neglects other important climatic elements. Factors like sunshine 
duration, cloud cover, humidity, and wind speed, which have significant effects on plant 
life, human comfort, and energy balance, are not considered.9 

●​ Creation of Sharp, Artificial Boundaries: The system's quantitative thresholds create 
sharp lines on a map, separating one climate zone from another. In nature, however, 
climatic zones transition gradually into one another through broad ecotones. The fixed 
boundaries of the Köppen map can be an oversimplification of this complex reality.56 

●​ The Problem of Vegetation Lag: Because the system uses vegetation as its 
benchmark, it assumes that current vegetation is in equilibrium with the current climate. 
However, ecosystems, especially forests, respond very slowly to environmental change. 
The vegetation observable today may, in part, be a relic of past climates, leading to a 
potential mismatch between the calculated Köppen zone and the plant life on the 
ground.9 

 

4.3 Alternative Frameworks: A Comparative Perspective 

 
The identified weaknesses of the Köppen system did not go unnoticed by the scientific 
community. In fact, they served as a direct catalyst for the development of other major 
classification schemes, most notably those of Trewartha and Thornthwaite. Analyzing these 
alternatives illuminates the specific limitations they sought to correct. 
 
The Trewartha Climate Classification 

 
The Trewartha Climate Classification (TCC), first published by American geographer Glenn 
Thomas Trewartha in 1966, is best understood as a targeted modification of the Köppen 
system, designed to fix one of its most significant flaws.61 

●​ Motivation: Trewartha and others were critical of Köppen's Group C (Temperate), which 
they argued was overly broad and lumped together climates that were ecologically 
distinct.2 For example, in the Köppen system, the temperate marine climate of coastal 
Oregon (Csb) falls into the same major group as the humid subtropical climate of 



Florida (Cfa), despite vast differences in weather and vegetation. This was particularly 
problematic for accurately representing the mid-latitudes of large continents like North 
America and Asia.29 

●​ Key Difference: To resolve this, Trewartha redrew the boundaries of the mid-latitude 
climates. He established a more refined definition for Subtropical (C) and Temperate (D) 
climates based on the number of months with a mean temperature of 10°C or higher.61 
This created a more realistic depiction of the major biomes in these regions. He also 
introduced a different formula for determining the aridity threshold for dry climates.61 

●​ Verdict: While many geographers consider the Trewartha system to be a more accurate 
and useful representation of mid-latitude climates, it has never achieved the 
widespread adoption of the Köppen-Geiger system.29 The original Köppen framework, 
due to its longer history and simplicity, remains the global standard. 

 
The Thornthwaite Climate Classification 

 
The system developed by American climatologist C. W. Thornthwaite in 1948 represents a 
more fundamental departure from Köppen's methodology.65 Rather than being a modification, 
it is a rival system built on a different core concept. 

●​ Methodological Contrast: Where Köppen used temperature and precipitation as 
indirect proxies for vegetation, Thornthwaite focused directly on the concept of the 
water balance—the relationship between incoming moisture (precipitation) and 
outgoing moisture loss from plants and soil.66 

●​ Key Variable: The central variable in Thornthwaite's system is Potential 
Evapotranspiration (PET). PET is a measure of the maximum amount of water that 
could be evaporated from the ground and transpired by plants if water were unlimited.62 
By comparing PET to actual precipitation, Thornthwaite created a moisture index that 
provides a more physically sophisticated measure of water availability for plant growth 
than Köppen's simple aridity formula.65 

●​ Application Differences: Because of its explicit focus on the water balance, the 
Thornthwaite system is often considered superior for specialized applications in 
hydrology, water resource management, and agriculture, where precise knowledge of 
moisture surplus or deficit is critical.68 However, the complexity of calculating PET and 
its less intuitive classification scheme have limited its use as a general-purpose, global 
classification system compared to Köppen.65 

In essence, the very existence of the Trewartha and Thornthwaite systems validates the 
criticisms leveled against the Köppen framework. They are direct scientific responses to its 
perceived flaws. Trewartha sought to refine its boundaries, while Thornthwaite sought to 
replace its core methodology. That neither has managed to supplant Köppen speaks to the 
latter's powerful combination of rigor, simplicity, and historical inertia. 
 



Section 5: The Köppen System in the 21st Century: 
Modern Applications and Future Directions 
 
Far from being an archaic relic, the Köppen-Geiger classification system has demonstrated 
remarkable adaptability, finding new and powerful applications in the 21st century. The advent 
of global, high-resolution datasets and powerful computational tools has transformed it from 
a static cartographic tool into a dynamic instrument for analyzing and communicating the 
complexities of our planet's changing climate. Its continued relevance is evident across a wide 
range of scientific disciplines. 
 
5.1 A Tool for a Changing World: Modeling Climate Change 

 
The most significant modern application of the Köppen system is in the study of 
anthropogenic climate change. Historically, the system was used to create a single, static map 
representing a long-term climate average (e.g., 1961-1990).4 Today, scientists have shifted to a 
dynamic approach, applying the classification's quantitative rules to the output of 
sophisticated General Circulation Models (GCMs) and observational data over time.4 

This has made the Köppen system an exceptionally effective tool for visualizing and 
communicating the potential impacts of global warming. By applying the classification rules to 
climate projections for future periods (e.g., 2071-2100) under various Shared Socioeconomic 
Pathways (SSPs), researchers can create compelling maps that show how climate zones are 
expected to shift and transform.25 These maps translate abstract data on temperature and 
precipitation changes into tangible geographical shifts—such as the expansion of deserts or 
the poleward migration of temperate zones—that are easily understood by policymakers and 
the public.3 For example, studies project a significant global shift from warm summer climates 
(like Cfb) to hot summer climates (like Cfa) in many temperate and dry regions, posing serious 
challenges for established ecosystems and agricultural practices.72 

Furthermore, applying the classification to historical data has provided a powerful diagnostic 
for tracking observed changes. Analyses of global data from 1901 to 2010 have revealed a 
distinct and statistically significant increase in the total land area covered by dry climates 
(Group B) and a concurrent decrease in the area of polar climates (Group E), particularly 
since the 1980s.4 This provides an integrated, single-metric confirmation of the planet's 
warming and drying trends. 
 
5.2 Interdisciplinary Applications 

 
The system's inherent link to ecological conditions has ensured its continued use across 
numerous fields beyond pure climatology. 



●​ Agriculture and Viticulture: The classification remains a fundamental tool for 
agricultural planning. It helps farmers and agronomists select crop varieties that are 
best suited to local temperature and precipitation regimes and guides decisions on 
irrigation and land management.3 The study of shifting Köppen zones is particularly 
critical for high-value, climate-sensitive crops like wine grapes. Projections of change in 
climate types are used to identify future challenges and inform adaptation strategies, 
such as adopting new grape varieties or shifting cultivation to different microclimates.72 

●​ Ecology, Hydrology, and Resource Management: The system is foundational for 
mapping biomes and analyzing ecosystem conditions.2 It is widely used in hydrology to 
understand regional water balances and in forestry and conservation to manage natural 
resources.73 Its ability to delineate broad climatic regions makes it a valuable input for a 
wide range of environmental models. 

●​ Urban Planning and Public Health: As the world becomes more urbanized, the 
Köppen classification is being used to inform the design of cities that are more resilient 
to climate-related risks. Planners can use the climate type to anticipate challenges like 
extreme heatwaves in Cfa or BWh zones, or intense rainfall and flooding in Am or Cfa 
zones, and design infrastructure accordingly.3 In a novel application, researchers have 
even used the system to investigate the spatial patterns of disease transmission. One 
study on the COVID-19 pandemic found that the basic reproduction number of the virus 
varied significantly across different Köppen-Geiger climate classifications in China, 
suggesting that climate type can be an important factor in public health risk 
assessment and that control strategies could be tailored to regional climate 
conditions.74 Other studies have shown that hospital performance metrics can also 
exhibit significant dependence on the local Köppen climate type, even after adjusting 
for socioeconomic factors.73 

 

Conclusion: The Future of an Enduring Legacy 
 
The Köppen Climate Classification system has journeyed from a revolutionary idea in the mind 
of a 19th-century botanist-climatologist to an indispensable tool in the arsenal of 21st-century 
data science. Its history is one of continuous refinement and adaptation, from Wladimir 
Köppen's initial sketches based on plant geography, through the definitive maps of Rudolf 
Geiger, to the high-resolution, dynamic visualizations of today's researchers. Its longevity and 
dominance in a field with numerous competing frameworks are a testament to its unique and 
powerful design. 
The system's endurance can be attributed to a masterful balance of competing virtues. It is 
conceptually simple enough for a student to grasp, yet its application is governed by a 
quantitative rigor that satisfies the demands of scientific research. It is an empirical system, 
grounded in the tangible reality of the natural world, which gives it an intuitive power that 
purely genetic or statistical systems often lack. This inherent link to vegetation—the integrated 
expression of a region's long-term weather—is the source of its profound ecological relevance 



and its utility across disciplines from agriculture to public health. 
While the criticisms of the system—its reliance on averages, its neglect of causal factors, its 
creation of sharp boundaries—are valid and scientifically important, they have ultimately 
failed to diminish its central role. In fact, these limitations have spurred further scientific 
inquiry, leading to the development of complementary systems like those of Trewartha and 
Thornthwaite. Yet, the Köppen system remains the universal benchmark, the common 
language of global climate. 
In an era of unprecedented climatic change, the Köppen-Geiger classification is not fading 
into irrelevance but is instead experiencing a resurgence. Fueled by vast observational 
datasets and the predictive power of global climate models, it has been repurposed from a 
tool for describing the past to a vital lens for visualizing the future. By mapping the projected 
shifts of its iconic climate zones, it translates the complex outputs of climate science into a 
clear, compelling, and geographically explicit narrative of the challenges that lie ahead. The 
work of Wladimir Köppen, born from his observations of the Crimean landscape over a 
century ago, is now more critical than ever to understanding and navigating the future of our 
planet's climate. 
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