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Part 1

Chapter 14 - Climatic Types and
Biomes

1 World Climates and Biomes

1.1 Major Climate Groups

World climates are broadly divided into three major groups:

1. Tropical Climates
2. Middle Latitude Climates

3. Polar and Highland Climates

These groups are further subdivided into second and third-order climate types by
scientists based on different criteria.

1.2 Climate Type Description

Each climate type is described in detail, focusing on:

e Location

o Temperature

e Air Pressure and Winds

» Precipitation (including cloudiness, distribution, rainfall regime, and variability)

o Effects on Natural Vegetation

1.3 Biomes

A biome is a large natural ecosystem comprising plant and animal communities. According
to I.G. Simmons (1982), a biome is the most extensive ecosystem unit convenient for
study. Biomes align with specific soil and climate distribution patterns.



1.4 Major Biome Groups

The world is divided into three major biome groups:

1. Tropical Biomes
2. Temperate Biomes

3. Tundra Biomes

These are further divided into 10 second-order biomes and 21 third-order biomes
(refer to Table 14.1).

1.5 Biome Characteristics
Biome descriptions typically include:

e Location

o Climatic Characteristics

e Vegetation

e Animals

e Anthropogenic Modifications

However, in this chapter, location and climatic characteristics are omitted as they are
already covered in the climate type descriptions.

1.6 Purpose of Biome Discussion

The discussion of biomes associated with specific climates aims to:

e Demonstrate the influence of climate on plants and animals.

o Highlight the interactions between abiotic (non-living) and biotic (living)
components of ecosystems.

1.7 Key Points

e The description of climatic types does not require a detailed discussion of biome
characteristics.

o Biome descriptions are included to show the ecological impacts of climate and the
interdependence of ecosystems.



2 Types of Biomes

Biomes are classified into different categories based on climatic conditions and vegetation
types. The following classification presents a hierarchical structure of biomes into three
orders:

1. First-Order Biomes (Based on Climatic Zones)

e Tundra Biome
o Temperate Biome

o Tropical Biome
2. Second-Order Biomes (Based on Vegetation Types)
3. Third-Order Biomes

2.1 Tundra Biome

The tundra biome is a cold and treeless environment with minimal vegetation, found in polar
and alpine regions.

e Second-Order Biomes:
— Arctic Tundra Biome — Found in high-latitude polar regions, characterized by
permafrost and low-growing vegetation.

— Alpine Tundra Biome — Found in high-altitude mountainous areas, where cold
temperatures limit tree growth.

2.2 Temperate Biome

The temperate biome is found in mid-latitude regions with moderate temperatures and
seasonal variations.

¢ Second-Order Biomes:

— Boreal Forest Biome (Taiga Forest Biome) — Dominated by coniferous trees,
found in North America, Europe, and Asia.
x North American Biome
* Asiatic Biome
x Mountain Forest Biome
— Temperate Deciduous Forest Biome — Contains trees that shed leaves sea-
sonally, found in North America, Europe, and Asia.
* North American Biome

x European Biome



— Temperate Grassland Biome — Characterized by open grasslands.
* Russian Steppe Biome
* North American Prairie Biome
*x Pampa Biome

Australian Grassland Biome

*

— The Mediterranean Biome — Found in regions with hot, dry summers and
mild, wet winters.

* Northern Hemispheric Biome
* Southern Hemispheric Biome

— Warm Temperate Biome — Characterized by mild winters and warm summers.

2.3 Tropical Biome

The tropical biome is found near the equator and is characterized by warm temperatures
and high biodiversity.

¢ Second-Order Biomes:

— Tropical Forest Biome — Dense forests with high rainfall and biodiversity.
* Evergreen Rainforest Biome
% Semi-evergreen Forest Biome
* Deciduous Forest Biome
* Semi-deciduous Forest Biome
* Montane Forest Biome
*x Swamp Forest Biome
— Savanna Biome - Characterized by grasslands with scattered trees.
* Savanna Forest Biome
« Savanna Grassland Biome
— Desert Biome — Dry regions with sparse vegetation.
x Dry or Arid Desert Biome
* Semi-arid Biome

2.4 Summary

e First-Order Biomes classify broad climatic regions: Tundra, Temperate, and Trop-
ical Biomes.

« Second-Order Biomes further categorize based on vegetation types (e.g., Boreal
Forest, Deciduous Forest, Grassland, etc.).

e Third-Order Biomes represent specific geographic regions where these ecosystems
exist,.

This classification system helps in understanding the distribution of biomes based on both
climatic factors and dominant vegetation, making it useful for ecological studies and envi-
ronmental conservation.



3 Equatorial Climate (Tropical Rainforest Climate -
Af)

3.1 Characteristics of Equatorial Climate

The equatorial climate, also known as the tropical rainforest climate (Af), is character-
ized by:
1. Uniformly high temperature throughout the year.

2. Consistently high rainfall with no dry season, mainly received through convectional
mechanisms.

3.2 Geographical Distribution

- Found between 5° to 10° latitude on both sides of the equator, but in some areas, it
extends up to 15°-25° latitude along the eastern margins of continents. - The major
locations with equatorial climate include:

¢ South America: Amazon Basin

o Africa: Congo Basin, Guinea Coast

o Southeast Asia: Indonesia (Java, Sumatra, Borneo, Malaysia, Singapore, New
Guinea)

« Pacific Islands: Philippine Islands
o Central America: Panama, Costa Rica, Nicaragua, Honduras, Guatemala
o Caribbean Islands

e Other Regions: Western Colombia, Eastern Madagascar

3.3 Temperature

- Due to the near-vertical sun throughout the year, the region receives maximum solar ra-
diation. - Monthly temperatures remain above 18°C, with mean monthly temperatures
between 24°C and 27°C. - Annual mean temperature is around 20°C, but maximum
temperatures can reach 30°C. - Annual range of temperature:

¢ (Coastal and island areas: 0.5°C to 1°C.
e Inland areas: 2°C to 3°C.

o Example: Iquitos (Peru) and Akassa (Nigeria) both record 2°C annual range.
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Fig. 14.1 : Location of equatorial rainforest (Af) Climate.
Figure 1: Location of equatorial rainforest (Af) Climate.

- Daily range of temperature varies between 5°C and 10°C. - Diurnal temperature
variations:

o Daytime: 29°C-34°C
o Nighttime: 21°C-24°C

- Nights in the equatorial region are often called ”Winter of the Tropics” due to the
relative cooling.

3.4 Air Pressure and Winds

- The low-pressure belt near the equator is formed due to high temperatures. - The region
experiences light and variable winds due to weak pressure gradients. - The Intertropical
Convergence Zone (ITCZ):

o Formed by the convergence of trade winds from both hemispheres.
e Leads to thunderstorms and cyclonic disturbances.

o Trade winds are interrupted by localized convective air movements.

- Harmattan winds bring temporary cooling in the Guinea Coast region. - Sea breezes
penetrate 48-96 km inland, moderating coastal temperatures.

3.5 Precipitation

- Rainfall is received throughout the year with an annual total of 200-250 cm. -
The driest month still receives at least 6 cm of rainfall. - Rainfall is mostly convec-
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tional, caused by intense surface heating. - Some areas receive orographic rainfall, such as
Cameroon Mountain, which records over 1000 cm of rainfall annually. - Daily rainfall
pattern:

o Mornings: Clear skies.

o Afternoons: Strong convection currents cause cumulus clouds to form.

Late afternoons: Heavy thunderstorms and downpours.

Evenings: Rainfall subsides, sky clears again.

3.6 Cloudiness

- Equatorial regions experience significant cloud cover throughout the year. - On average,
60% of the sky is covered by clouds daily. - Cloud cover is highest between 3-4 PM,
when convective activity peaks. - The sky remains clear in the early morning and night.

3.7 Effects of Equatorial Climate on Natural Vegetation

- The tropical rainforest biome thrives due to high temperatures and abundant
rainfall. - Dense evergreen forests with a wide variety of plant species:

e Common trees: Mahogany, Rosewood, Coconut, Palm, Ebony, Cinchona,
Bamboo, Rubber, Sandalwood.

« A single hectare may contain 40-100 tree species.
- Lianas and Epiphytes:

e Creepers and climbers form dense interwoven canopies, making forests difficult to
navigate.

3.8 Summary

« High and constant temperatures due to intense solar heating.
 High annual rainfall with no dry season, received via convectional rain.
e Light and variable winds with the influence of the ITCZ and sea breezes.

e Dense vegetation with diverse plant species, including towering trees, creepers,
and shrubs.

e Humid and uncomfortable conditions, leading to unique human adaptations.

« Rainforest deforestation is accelerating environmental changes, affecting cli-
mate stability.
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This detailed classification helps in understanding the climatic patterns, vegetation, and
human adaptation in equatorial regions.

4 Tropical Rainforest Biome (14.1.1)

4.1 Introduction

The tropical rainforest biome is the most biodiverse and productive ecosystem on Earth.
Its location and climatic conditions have been discussed in Section 14.1 (Equatorial
Climate). This section focuses on vegetation characteristics, ecosystem productiv-
ity, and human interactions.

4.2 Plant Community and Structure

e The tropical rainforest biome contains the largest number of plant species.

o While life forms and plant structures show uniformity, species composition varies
across regions:

— Congo Basin (Western Africa): 6,000-7,000 species of flowering plants.
— Malaysia: 20,000 species, differing from African flora.
— Brazil (Amazon Rainforest): 40,000 species.

— Panama Canal Zone: 2,000 species.

4.2.1 Tree and Plant Diversity

e Trees dominate the rainforest biome:

— A single hectare can host 40-100 species of trees.

— Trees account for 70% of all plant species in tropical rainforests.
o Climbers (Lianas and Vines) are the second most significant plants:

— They bind trees together, making movement through the forest difficult.
— They help plants reach sunlight in upper canopy layers.

4.2.2 Types of Climbers

e Herbaceous Climbers — Found in the lower strata of the forest.
« Lianas (Woody Climbers) — Found throughout all forest strata, up to the canopy.

— Have woody stems up to 20 cm thick.
— Can reach 240 meters in length.

— Their large crowns resemble tree crowns.
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« Epiphytes (Air Plants):

4.3

The

— Do not root in soil but grow on tree trunks, branches, and leaves.

— Provide habitat for micro-organisms such as insects, snails, worms, and frogs.

Vertical Stratification of Rainforest Vegetation

rainforest is structured into five vertical layers, each representing different habi-

tats.

4.4

4.5

. Emergent Layer (30-60 m)

o Tallest trees, forming the topmost canopy.
e Irregular and discontinuous canopy, resembling an umbrella.

* Receives maximum sunlight, intercepting rain before it reaches lower layers.
Upper Canopy (25-30 m)

o Also known as the co-dominant layer.

+ Dense mop-shaped crowns absorb filtered sunlight.

. Understory (15-20 m)

o Smaller trees with large leaves to trap the low sunlight.
Shrub Layer (Up to 5 m)

o Includes small trees, shrubs, and saplings.

o Discontinuous and fragmented.
Ground Layer (Up to 2 m)

o Herbaceous plants and ferns dominate.

Animal Life in the Rainforest

Year-round plant growth provides constant food supply, reducing the need for
migration.

Animals are active 24 hours a day, with different species being active at dif-
ferent times.

Ecosystem Productivity

The tropical rainforest has the highest productivity of all biomes.

Although it covers only 13% of the Earth’s surface, it contributes 40% of the
total net primary productivity.

Net primary production: 5000 g/m?/year (dry mass).
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4.6 Human Interactions with the Rainforest

e Deforestation in the Amazon is increasing due to:

— Mining, industrial expansion, and agriculture.
— Construction of dams and reservoirs.

— Logging and timber extraction.
« Environmental Consequences:

— Loss of biodiversity due to habitat destruction.
— Displacement of indigenous communities.

— Soil erosion and climate disruptions.

4.7 Summary

The tropical rainforest biome is the most diverse and productive ecosystem.

Rich vertical stratification supports a wide variety of plants and animals.

Animals have adapted to different layers of the rainforest.
e High ecosystem productivity is driven by constant sunlight and humidity.

« Human exploitation of rainforests is causing serious ecological damage.

This comprehensive overview highlights the complexity and importance of tropical
rainforests, emphasizing the need for conservation efforts to protect biodiversity
and ecosystems.

5 Tropical Monsoon Climate (Am) (14.2)

5.1 Location and Distribution

The monsoon climate is characterized by seasonal reversal of winds and is typically
associated with tropical deciduous forests. It is found between 5° and 30° latitudes on
both sides of the equator. This zone lies in the trade wind belt, which shifts northward
and southward due to the migration of the sun.

Winds:

+ Onshore winds (summer monsoon): Blow for six months from warm tropical
oceans to land.

« Offshore winds (winter monsoon): Blow for six months from land to sea.
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Fig. 14.2 : Distribution of monsoon climate areas.
Figure 2: Distribution of monsoon climate areas.

Regions with Monsoon Climate

True Monsoon Areas:

o South and Southeast Asia: India, Myanmar, Pakistan, Bangladesh, Thai-
land, Cambodia, Laos, Vietnam, southern China, and the Philippines.

« Northern coastal Australia.
Monsoonal Tendencies (Pseudo-Monsoon Areas):

o Southwest coast of Africa: Guinea, Sierra Leone, Liberia, Ivory Coast.

o Eastern Africa and western Madagascar.
Areas with Monsoon Effects:

e Northeastern Latin America: Venezuela, Guyana, Suriname, French Guiana,
northeast Brazil.

o Caribbean Islands: Puerto Rico, Dominican Republic.
Modified Monsoon Regions:

e Central America and the southeastern USA.

Temperature Characteristics

Mean annual temperature is high, but summers and winters are distinct due
to solar migration.

Three seasons:

1. Dry Warm Summer (March — June): 27°C to 32°C (maximum: 38°C to
48°C in May-June).

2. Humid Warm Summer (July — October): 20°C to 30°C.
3. Dry Winter (November — February): 10°C to 27°C.

Annual temperature range:
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5.4

— Varies from 2°C to 11°C, depending on proximity to the sea.
— Increases inland (e.g., Mumbai: 11°C, Allahabad: 18.4°C, Agra: 20.2°C).

Diurnal range of temperature is greater in dry summer months.

— Hot winds (“loo”) in May-June raise daytime temperatures exceptionally.

Air Pressure and Winds

Monsoon areas experience seasonal pressure variations due to:

Migration of the sun affecting land and ocean temperatures.

Formation of high and low-pressure centers.

5.4.1 Winter Monsoon (Dry Season)

High pressure forms over Asia.
Low pressure forms over southern Indian and Pacific Oceans.
Winds blow from land to sea (northeast trade winds).

Generally dry, except where they pick up moisture (e.g., Bay of Bengal — Rain-
fall in Tamil Nadu).

5.4.2 Summer Monsoon (Rainy Season)

5.9

Low pressure forms over Asia due to high temperatures.
High pressure over Indian and Pacific Oceans.
Southwest monsoon winds bring moisture from the sea.

Winds cross the equator, shifting direction due to the Coriolis effect (Ferrel’s Law).

Precipitation and Rainfall

Annual Rainfall: 1500 mm (varies from 500 mm to 3000+ mm).
Seasonal variation:

— 80% of annual rainfall occurs in three months (July-September).

— High evaporation in dry summer causes soil moisture loss.
Rainfall Distribution:

— Western Coastal Plains (India): 25004+ mm (due to Western Ghats).

— Leeward Side (Rain Shadow Region): Low rainfall (e.g., Bangalore: 500
mm).
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— Eastern Tamil Nadu: Winter rainfall from northeast monsoon.

— Ganga Plains: Winter rainfall from western disturbances (Mediterranean
cyclones).

5.6 Summary

e Monsoon climate is marked by seasonal wind reversal.

Distinct wet and dry seasons with variable rainfall.
e Monsoon deciduous forests have adapted to water scarcity.

« Human activities have led to rapid deforestation and habitat loss.

Understanding monsoon climate and its associated biomes is crucial for sustainable de-
velopment and conservation efforts.

6 Tropical Wet-Dry Climate (Aw) — Savanna Climate
(14.3)

6.1 Location

The term “Savanna” is used differently by climatologists and botanists. Climatologists refer
to the tropical wet-dry climate (Aw) of the Képpen classification as Savanna Climate, while
botanists describe it as a vegetation type dominated by grasses in tropical regions. This
climate is also known as the Sudan-type climate.

Savanna climate is located between 5°-20° latitudes on both sides of the equator. It lies be-
tween the equatorial wet climate (Af) and semi-arid/subtropical humid climates, positioned
between the Intertropical Convergence Zone (ITCZ) and the subtropical high-pressure belt.

Some of the most well-known Savanna regions include the Llanos in Colombia and Venezuela,
the Campos of Brazil and Paraguay, and parts of Central America. In Africa, it is found in
Zaire, Angola, Zambia, Mozambique, Tanzania, Uganda, Nigeria, Kenya, Chad, Ghana, and
Ivory Coast. Northern Australia also has Savanna regions. In India, the Savanna is not a
natural biome but a result of deforestation and human activities that have led to the spread
of man-made grasslands.

6.2 Temperature Characteristics

Savanna climate is characterized by distinct wet and dry seasons, high temperatures through-
out the year, and abundant insolation. The average annual temperature ranges between 24°C'
and 27°C, and at no point in the year does the temperature drop below 20°C. Although
it has high temperatures similar to the equatorial climate, the annual temperature range
(3°C-8°C) is higher than in the equatorial regions.

17
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Fig. 14.3 : Location of Savanna climate.

Figure 3: Location of Savanna climate.

There are three main seasons based on temperature and humidity:

1. The cold dry season has high daytime temperatures ranging between 26°C' and 32°C,
but nights are relatively cooler at around 21°C'.

2. The warm dry season experiences high temperatures between 32°C" and 38°C' due
to nearly vertical sun rays and strong insolation.

3. The warm wet season receives 80-90% of total annual rainfall, leading to slightly
lower temperatures than in the warm dry season.

6.3 Air Pressure and Winds

The Savanna regions experience seasonal shifts in pressure systems due to the northward
and southward movement of the sun. During the June solstice (21 June), the ITCZ
moves northward, bringing rain and atmospheric disturbances such as cyclones. Conversely,
during the December solstice (22 December), the ITCZ shifts southward, bringing high-
pressure anticyclonic conditions and dry weather.

During the dry season, descending stable winds under high-pressure conditions lead to arid
conditions. Coastal areas are influenced by local winds and sea breezes, while eastern coasts
experience trade winds. Strong, high-velocity tropical cyclones are common during the warm
season.

Since the Savanna climate is positioned between humid equatorial and dry tropical climates,
there is a gradual increase in aridity moving poleward.

6.4 Rainfall and Seasonal Variation

The average annual rainfall ranges between 100 cm and 150 cm, but significant variations
occur due to latitude and topography. The amount of rainfall decreases as one moves away

18



from the equator.

« In Brazil (Cerrado region), which is located at an elevation of 1300 meters, the
mean annual temperature is 20°C-26°C', and rainfall varies between 75 ¢cm and 200
cm.

e The Llanos of Colombia, near the Andes Mountains, receives 200 cm to 400 cm
of rainfall annually, with an average temperature of 22°C' and a maximum of 32°C.

o In the Indian Savanna, temperatures are extremely high (45°C—-48°C' in May-June)
and drop as low as 5°C' in January. Rainfall is below 150 cm, and 80-90

Rainfall follows a seasonal pattern dictated by the movement of the ITCZ. Rain begins in
March, peaks in August, and decreases from November onwards. The period of wet weather
shortens while the duration of dry weather increases as one moves away from the equatorial
boundary. Rainfall is often associated with thunderstorms and tropical cyclones.

Rainfall variability is high. Some years experience excessive rainfall and flooding, while
others suffer from severe drought.

6.5 Man and the Savanna Biome

The impact of humans on the Savanna biome has been significant since the evolution of
human societies in these regions. The present-day characteristics of Savanna grasslands are
largely influenced by continuous human interventions in the natural environment, especially
the vegetation and microclimate.

Regular burning of vegetation has contributed to the regeneration of lush green grasses
during the wet season, supporting a large population of grazing animals. However, frequent
fires have negatively impacted the growth of trees, reducing the number of large animals
that depend on tree leaves for sustenance.

Over the last fifty years, rapid population growth has exerted immense pressure on the
natural Savanna grasslands. Large areas have been converted into agricultural fields to meet
food demands, significantly reducing the extent of natural grasslands. The expansion of
agricultural lands due to modern farming techniques, including the Green Revolution, has
further diminished the area of natural Savanna ecosystems.

Additionally, the increasing number of domesticated animals has contributed to the degra-
dation of grasslands. The combined effects of human activities have led to the shrinkage
of natural grasslands and the depletion of vegetation, causing food shortages for wild ani-
mals. As a result, the number of animal species and their overall population are gradually
declining, posing serious ecological challenges for the Savanna biome.
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7 Tropical-Subtropical Hot Desert Climate (BWh)

7.1 Location

The hot desert or Sahara type of climate is found between the latitudes of 15°-30° (up to
35°) in both hemispheres, primarily on the western parts of continents. The major regions
with this climate include:

o Africa: Namib and Kalahari Deserts (Angola, Southwest Africa), Botswana, South
Africa, and the Sahara Desert.

« Asia: Thar Desert (India and Pakistan), Arabian Desert, and Iranian Desert.

« South America: Atacama Desert (Peru and Chile).

« North America: Mojave and Arizona Deserts (Southwestern USA).

o Australia: Great Sandy Desert, Great Victoria Desert, and Tanami Desert.
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Fig. 14.4 : Location of tropical-subtropical hot dry desert climate-Sahara type of climate.

Figure 4: Location of tropical-subtropical hot dry desert climate-Sahara type of climate.

7.2 Climatic Characteristics

This climate is characterized by annual aridity and subsiding warm air masses due to sub-
tropical anticyclones. The primary reasons for perpetual aridity include:
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1. Lack of temperate cyclones in these regions.

2. No influence from the Intertropical Convergence Zone (ITC) due to distance from the
equator.

3. Trade winds lose moisture on eastern continental margins, leaving the western parts
dry.

4. Anticyclonic conditions cause descending dry winds, reducing relative humidity.
5. Subtropical high-pressure systems result in surface wind divergence, preventing rainfall.

6. Extremely high ground temperatures cause raindrops to evaporate before reaching the
surface.

7.3 Temperature
Two distinct seasons are recognized: summer and winter.

e Summer: Average temperature ranges between 30°C and 35°C, with midday temper-
atures exceeding 40°C. Some regions record temperatures up to 48°C.

e« Winter: Daytime temperatures range from 15.5°C to 21°C, occasionally reaching
27°C. Nighttime temperatures drop significantly, sometimes below 10°C.

The annual temperature range is typically 17°C to 22°C, while the daily range can vary
between 22°C and 28°C, sometimes exceeding 40°C due to clear skies, dry air, and rapid
radiative cooling at night.

7.4 Pressure and Winds

The poleward areas of hot deserts experience anticyclonic conditions due to their location
within the subtropical high-pressure belt. The winds are dry and stable, descending from
above. The northeast trade winds (in the Northern Hemisphere) become dry when they
reach the western continental margins. During summer, weak low-pressure centers can form,
leading to localized storms. Heat waves are common, making human habitation extremely
challenging.

7.5 Rainfall

Rainfall is scarce and highly variable. Most areas receive an annual average of less than 12
cm. Some regions, like parts of Chile, may not receive rain for years. Occasional storms can
bring heavy downpours, leading to flash floods. Examples include:

e Cairo, Egypt: 3 cm annual rainfall.

e Lima, Peru: 5 cm annual rainfall.
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e Yuma, Arizona: 8 cm annual rainfall.

Despite frequent clear skies, convective rainfall and thunderstorms occasionally occur, though
most raindrops evaporate before reaching the ground.

7.6 Natural Vegetation

The harsh climate limits vegetation growth. Most deserts are either barren (e.g., Libyan
and Arabian Deserts) or have sparse vegetation. The vegetation is xerophytic, adapted to
extreme aridity and high temperatures. Adaptations include:

e Long roots to access deep groundwater.

o Thick barks and waxy leaves to reduce transpiration.

o Thorns instead of leaves to minimize water loss.

Common plant species include cacti, acacia, date palms, and small flowering plants.

This section provides an overview of the extreme conditions of the hot desert climate and
its impact on temperature, precipitation, winds, and vegetation.

8 Subtropical Dry Summer Climate (Mediterranean
Climate - Cs Climate)

8.1 Location

The Mediterranean climate, also known as the subtropical dry summer climate, is
named after the Mediterranean region where it is most prominent. It is also referred to as
the sclerophyll ecosystem due to the adaptation of trees and shrubs to dry summers
and wet winters.

Although the Mediterranean climate covers only 1.7% of the Earth’s surface, it is a
well-defined climatic region with three distinct characteristics:

1. Wet winters and dry summers.
2. Warm to hot summers and mild winters.

3. Abundant sunshine throughout the year (90% in summer, 50-60% in winter).

This climate is found between 30° and 40° latitude (up to 45°) in the western parts of
continents. Major regions include:
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Europe, Asia, and Africa: Rhone-Sa6ne valleys (France), Southern Italy,
Greece, Western Turkey, Syria, Lebanon, Western Israel, Morocco, North-
ern Algeria, Tunisia, and Northern Libya (Benghazi region).

North America: Central and Southern California (USA).
South America: Central Chile.
Africa: Cape Town region (South Africa).

Australia: Coastal southern and southwestern regions.
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Fig. 14.5 : Spatial Distribution of Mediterranean Clinate
Figure 5: Spatial Distribution of Mediterranean Climate.
8.2 Temperature

Winter: Temperatures range between 5°C and 10°C. The mean temperature of the
coldest month is 4.4°C to 10°C, with occasional frost in valleys.

Summer: Warm to hot, with temperatures between 20°C and 27°C. Inland regions
can record highs up to 45°C.

Diurnal Temperature Variation: Night temperatures drop to 15.5°C, leading to a
high diurnal range of up to 30°C.

Regional Variations: Coastal areas experience milder summers (Csb climate), while
inland areas have hotter summers (Csa climate).

Ocean Currents Influence: Cool currents regulate temperatures:

— California - Cool California Current.
— Chile - Cool Peru Current.
— South Africa - Cool Benguela Current.
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8.3

8.4

8.5

Air Pressure and Winds

Summer: Dominated by subtropical high-pressure belts, leading to clear skies
and dry conditions.

Anticyclonic conditions: Cause descending dry air and horizontal wind di-
vergence, preventing precipitation.

Sirocco winds: Hot, dry winds from the Sahara, carrying red sand into Italy,
Spain, France, and Greece.

Winter: Influenced by westerlies and temperate cyclones, bringing rainfall to
coastal areas.

Local Winds:

— Bora (cold wind in Europe).

— Mistral (cold wind in France).

Precipitation

Mean annual rainfall: Ranges between 37 cm and 65 cm, with over 75% occurring
in winter.

Winter: Cyclonic storms bring moderate rainfall from moist westerlies.
Summer: Dry season, clear skies, and abundant sunshine.
Regional Rainfall Variation:

— Southern California: 24 cm at San Diego, 29 cm at Los Angeles.

— Northern California: 58 cm at San Francisco.

Natural Vegetation

Vegetation is adapted to summer drought conditions.
Xerophytic Adaptations:

— Sclerophyllous leaves: Stiff, hard, waxy to reduce water loss.

— Thick bark and deep roots: Help conserve moisture.
Types of Mediterranean Vegetation:

— Mixed Evergreen Forests (Coastal regions).
— Woodlands, Dwarf Forests, and Scrubs.

Regional Variations:

— Europe: Maquis and Garigue (Dense shrublands).

— California: Chaparral (Fire-resistant shrubs).

— South Africa: Fynbos (Diverse flowering plants).

— Australia: Mallee Scrub (Dominated by eucalyptus trees).
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8.6 Impact of Fire and Human Activity

o Fire is an annual occurrence, both natural and man-made.
e Human Impacts:

— Deforestation for agriculture and urbanization.
— Overgrazing by livestock.

— Mass clearance of native vegetation.
« Consequences:

— Increased soil erosion.
— Higher silt load in rivers.

— Degradation of original vegetation.

9 China Type of Climate (Ca)

(Subtropical Humid Climate)

9.1 Location

e Found between 20°- 40° latitudes in both hemispheres, primarily along the eastern

coastal regions of continents.

« Key Regions:

— Asia: South-east and south China (south of Yellow River).
— Europe: Po Basin (Italy) and Danube Basin (Eastern Europe).
— North America: South-eastern USA (e.g., Gulf Coast).

— South America: South-eastern Brazil, Paraguay, Uruguay, and north-eastern

Argentina.
— Africa: South-eastern regions.

— Australia: East coast (e.g., Brisbane).

e Surrounding Climates:

— West: Dry inland regions (except Po and Danube basins).

— South: Monsoon-dominated areas.

— North: Humid continental climate.

— East: Oceans, influencing the climate with warm currents.
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9.2 Comparison with Mediterranean Climate

1. Location:

o Mediterranean: Western parts of continents (e.g., California, Mediterranean
Basin).

o China type: Eastern coastal areas (e.g., South China, South-eastern USA).
2. Rainfall Pattern:

o Mediterranean: Wet winters and dry summers.

o China type: Summer is the wettest season, but rainfall occurs year-round.
3. Rainfall Amount:

o China type has higher mean annual rainfall compared to Mediterranean.

9.3 Temperature

Summer:

o Mean temperatures range between 24°C and 26.6°C.

» Coastal areas are warmed by oceanic currents like the Gulf Stream (USA), Kuro
Shio (China), and Brazil Current (South America).

o High daytime temperatures, e.g., Montgomery, USA: 41°C in July.

o High humidity makes summers hot and uncomfortable.

o Nights remain warm due to cloud cover, resulting in a low diurnal temperature
range (e.g., Montgomery: 11.6°C range).

Winter:

o Mild, with mean temperatures between 6.6°C and 10°C.
« Cold polar winds can cause temperatures to drop below freezing in some areas (e.g.,
Gulf Coast USA: -12°C).

Annual Temperature Range:

» Varies by location:

— Buenos Aires and Sydney: 12.8°C.
— Montgomery: 10.5°C.

— Shanghai: 24°C (due to strong winter monsoons).
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9.4 Air Pressure and Winds
Summer:

o Low pressure over continents and high pressure over oceans.
o Tropical maritime airmass (mT) brings moist, warm winds.

« Tropical cyclones (typhoons in China, hurricanes in the USA, southern busters in
Australia) cause heavy rainfall.

Winter:

o High pressure over continents and low pressure over oceans.

o Winds become offshore, reducing the warming effect of ocean currents.
9.5 Precipitation

Annual Rainfall:

« Ranges from 75 cm to 150 cm, with some areas receiving up to 250 cm.

« Rainfall decreases from coastal to inland regions.
Subtypes:

o Caf: Rainfall distributed throughout the year.

e Cw: Dry winters with most rain in summer.
Summer Rainfall:

o Heavy and exceeds evapotranspiration.

Caused by convective currents (local heating) and tropical cyclones.

Rainfall Regimes in China and Japan:

1. Early summer maximum (June).
2. Late summer maximum (August-September).

3. Middle summer minimum (July).

» Hurricanes and typhoons can cause catastrophic floods (e.g., Gulf Coast USA, South
China).

Winter Rainfall:
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o Less intense but longer-lasting.

Brought by winter cyclones associated with westerlies.
e More cloudy days and rainy days than summer.

e QOccasional frost and snowfall in some areas.

9.6 Natural Vegetation

Characteristics:

 High rainfall, warm temperatures, and a long growing season (7-12 months) sup-
port lush vegetation.

Vegetation Types:

e« Humid areas: Dense evergreen forests with broad-leaved trees.
o Moderate rainfall areas: Deciduous forests and grasslands.
» Mixed forests of coniferous (e.g., pine) and broad-leaved trees (e.g., oak, maple).

o Vegetation varies based on rainfall distribution and temperature.
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Fig. 14.6 : Distribution of China type of climaie.

Figure 6: Distribution of China type of climate.

10 Middle Latitude Steppe Climate (BSk)

10.1 Location

o Found in the interiors of continents within the westerly wind belt.
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e Northern Hemisphere:

— Eurasian Steppes: Extend over 3200 km from the Black Sea to the Altai Moun-
tains, with isolated patches in Hungary (Pustaz) and Manchuria.

— North American Prairies: Stretch from the Rockies’ foothills to temperate
deciduous forests in the east.

e Southern Hemisphere:

— Located along the south-eastern margins of continents, closer to marine envi-
ronments, resulting in a more moderate climate.

— Includes:

* South America: Pampas of Argentina and Uruguay.
« Africa: Bushveld and Highveld of South Africa.

« Australia: Downs of Murray-Darling Basins and Canterbury grasslands of
New Zealand.

10.2 Temperature

Northern Hemisphere:

o Summers: Warm, with temperatures above 20°C (e.g., Winnipeg, Canada: 20°C in
July).
« Winters: Very cold due to distance from the sea (e.g., Winnipeg: -20°C in January).

o Annual Range: High (e.g., Winnipeg: 40°C; Laramie, USA: 23.4°C).
Southern Hemisphere:

o Summers: Warm (e.g., Pretoria, South Africa: 22°C in January).
o Winters: Moderate, with temperatures between 1°C and 12°C.

e Annual Range: Lower (10°C to 12°C) due to marine influence.

Diurnal Range: High in both hemispheres.

10.3 Precipitation

e Annual Rainfall: Ranges from 25 cm to 75 cm.
e« Northern Hemisphere:

— Winter: Precipitation mostly as snow, covering Eurasian steppes for months.

— Summer: Most rainfall occurs during this season.
e Southern Hemisphere:

— Rainfall distribution is more even due to marine influence.
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10.4 Regional Characteristics

1. Eurasian Steppes:

o Largest steppe region, extending from Eastern Europe to Western Siberia.
o Divided into:

— Forest Steppe: Receives 50-60 cm annual rainfall; vegetation includes oak,
elm, and birch.

— Grass Steppe: Receives 40-50 cm annual rainfall; dominated by grasses like
Stipa and Fescue.

o Vegetation zones from north to south:
— Forest steppe — Meadow steppe — Grass steppe — Semi-arid xeromorphic
steppe.

2. North American Prairies:

o Divided into three subregions based on rainfall:

— Tall Grass Prairie: Eastern part, 105 cm rainfall; dominated by Bluestem and
Switch Grass.

— Mixed Prairie: Central Great Plains; mixture of medium and short grasses.

— Short Grass Prairie: Western Great Plains; dominated by short grasses like
Buffalo Grass.

3. South American Pampas:

o Cover 12% of Argentina.
e Divided into:
— Humid Pampa: Eastern part, 90 cm rainfall; tall grasses.

— Subhumid Pampa: Western part, 45 cm rainfall; short grasses.

4. African Veld:

« Located on high plateaus (1500-2000 m) in South Africa.
o Characterized by uncertain rainfall, frost, and high diurnal temperature ranges.

e True climax grasslands with limited plant growth.
5. Australian Downs:

e Found in southeastern Australia and northern Tasmania.
e Warmer winters compared to northern hemisphere steppes.

o Vegetation transitions from tall grasslands (south) to xerophytic grasslands
(north) as rainfall decreases.
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10.5 Key Points

o Climate: Continental with extreme temperatures in the north; moderate in the south.

» Vegetation: Dominated by grasses, with variations based on rainfall and tempera-
ture.

o Rainfall: Low (25-75 cm annually), mostly in summer in the north; more evenly
distributed in the south.

» Regional Variations:

— Eurasia: Largest steppe region with forest and grass steppes.

— North America: Prairies divided into tall, mixed, and short grass regions.
— South America: Humid and subhumid Pampas.

— Africa: Highveld and Bushveld with true climax grasslands.

— Australia: Downs with a mix of grasses and eucalyptus trees.
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Fig. 14.7 : Spatial distribution of temperate steppe or grassland climate.

Figure 7: Spatial distribution of temperate steppe or grassland climate.

11 Notes on 14.7.1 Temperate (Steppe) Grassland
Biome

11.1 Vegetation Community

o Dominant vegetation consists of perennial grasses from the Gramineae family.

o Herbaceous plants exist, but trees and shrubs are mostly absent due to climatic
constraints.
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e Two major theories for the formation of temperate grasslands:

1. Climatic and soil conditions: Extreme continental climate and low rainfall
prevent tree growth.

2. Human impact: Grasslands resulted from burning of vegetation over time.

o The biome shows close relationships between vegetation, soil types, climate, and animal
communities.

o The single-layered vegetation structure has an upper canopy formed by leaves and
seasonal flowering stalks.

o Wind-pollinated flowers are common, lacking petals, with wind-dispersed seeds.

o Most original grasslands have been converted into farmlands for cereal production,
making them the ”granaries of the world” and a center for dairy farming.

11.2 Regional Variations in Vegetation

1. Eurasian Steppes

o The largest temperate grassland biome, mainly found in Russia, Ukraine, and
Kazakhstan.

« Extends from Eastern Europe to Western Siberia, between temperate forests (north)
and arid regions (south-west).

o Divided into two major types:

1. Forest Steppe:

— Alternating bands of woodlands (oak, elm, lime, maple, birch, aspen, willow)
and meadows.

— 500-600 mm annual rainfall.
— Found in the northern region of the steppes.

2. Grass Steppe:

— Dominated by fescue (Festuca) and feather grasses (Stipa).
— 400-500 mm annual rainfall.
— Found south of forest steppes, transitioning into semi-arid steppe.

e Soil transitions from degraded chernozem in forest steppe to deep chernozem in grass
steppe, then chestnut soil in semi-arid steppe.

2. North American Prairies

» Located between the Rockies (west) and deciduous forests (east) in USA and Canada.

o Classified into three subregions based on rainfall gradient (1050 mm in east to 400 mm
in west):

1. Tall Grass Prairie (Eastern Region):
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— Dominated by Bluestem and Switch grasses (1.5-2.5m tall).
— Occasional oak and hickory trees.

2. Mixed Grass Prairie (Central Great Plains):

— Mixture of medium (0.6-1.2m) and short grasses.
— Examples: Needle grass, June grass, Buffalo grass, Blue gramma.

3. Short Grass Prairie (Western Region):
— Dominated by Buffalo grass and other short species (<60 cm tall).

. South American Pampas

o More humid than the Eurasian and North American grasslands.
o Found mainly in Argentina (covering 15% of its land area).
 Rainfall decreases from east (900 mm) to west (450 mm).

o Two sub-types:

1. Humid Pampas (eastern Argentina): Tall grasses.

2. Subhumid Pampas (western Argentina): Short grasses due to increasing
aridity.

o Grass species: Briza, Bromus, Panicum, Paspalum, Lolium.
o Lucerne plants introduced for livestock forage.

o Large-scale conversion into wheat farms.

. African Veld

« Found in South Africa, on high plateaus (1500-2000m).
o Climate is dry, with uncertain rainfall and temperature extremes.
e Three sub-types:

1. Themeda Veld (1500-1700m, 650-750 mm rainfall): Dominated by Red
Grass (Themeda triandra), growing on black turf soils.

2. Sour Veld: Less fertile, dominated by Aristida, Eragrostis, and Hyparrhenia
grasses.

3. Alpine Veld (2000-2500m, Drakensberg Mountains): Themeda grasses
mixed with Festuca and Bromus.
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5. Australian Downs

o Found in southeastern Australia and Tasmania.
o Warmer winters than northern hemisphere grasslands.

o Three distinct grasslands based on rainfall gradient (1524 mm in south to 635 mm in
north):

1. Temperate Tall Grasslands: Poa tussock, Themeda australis (kangaroo grass).
2. Temperate Short Grasslands: Danthonia, Stipa species.

3. Xerophytic Grasslands: Aristida, Mulga shrubs (adapted to arid conditions).

6. Canterbury Grasslands (New Zealand)

e Original tussock grasslands have been largely modified by human activities.
e Two main types:

1. Short tussock grasses (Festuca, Poa, 50 cm tall, yellow-brown color).

2. Tall tussock grasses (Chionochloa, found at higher altitudes).

11.3 Man and the Temperate Grassland Biome

o Human activities have drastically altered grasslands through farming, grazing, and
species introduction.

o Most virgin grasslands have disappeared, replaced by agricultural land, livestock pas-
tures, and exotic species.

Major Human Impacts

« Conversion into farmlands:

— Grasslands are now the ”granaries of the world”, producing wheat, corn, and
dairy.
— Major agricultural zones:

« North American Prairies — Wheat & corn farming.
*x Eurasian Steppes — Wheat fields in Kazakhstan and northern China.
* South American Pampas — Wheat farming & cattle ranching.

o Loss of animal habitats:

— Large-scale plowing and deforestation led to extinction of native species (e.g.,
bison in North America, game animals in Africa).

e Mass hunting:

— European settlers hunted zebras, lions, leopards, and hyenas, leading to disap-
pearance from African Velds.
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e Introduction of exotic species:

— Sheep in Australia — Changed native vegetation, replacing marsupial ecosystems.
— European rabbits in Australia — Overpopulation, damaging local flora.

— Predator foxes introduced to control rabbits, but ineffective.
e Soil degradation and dust storms:

— Over-plowing in U.S. prairies — Dust Bowl (Kansas, Texas, Oklahoma).

— Deforestation — Loose soil eroded by wind and water.
e Loss of native vegetation:

— Exotic plants (clover, ryegrass) displaced native grasses.

11.4 Key Takeaways

o Grasslands are mostly treeless due to low rainfall and extreme temperatures.
 Rich soil supports agriculture, making grasslands global centers for grain production.

« Human activities have altered ecosystems, leading to species extinction, soil erosion,
and ecological imbalances.
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