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Course code: GEO 303 

Course title: Science of Climate Change 

Course credit load: 2 Units 

Part 1: Subject-matter and Scope of Climatology 

• Subpart 1.1: Definition of climatology and meteorology 
• Subpart 1.2: Scope and branches of climatology 
• Subpart 1.3: Relationship between climatology and meteorology 

Part 2: Historical Developments of Meteorology and Climatology 

• Subpart 2.1: Early observations and philosophical contributions 
• Subpart 2.2: Scientific revolution and invention of instruments 
• Subpart 2.3: Modern developments and institutional roles 

Part 3: Core Concepts in Climatology 

• Subpart 3.1: Solar radiation and its role in climate 
• Subpart 3.2: Atmospheric temperature variations 
• Subpart 3.3: Atmospheric moisture and precipitation processes 

Part 4: Importance of Climatology in Climate Change Studies 

• Subpart 4.1: Climatology as a foundation for understanding climate change 
• Subpart 4.2: Applications of climatology in environmental planning and adaptation 
• Subpart 4.3: Linkages between climatology and global climate strategies 

 

Introduction 

Climate has always shaped human existence, influencing agriculture, settlement, health, 
and even cultural practices. While weather describes the short-term atmospheric 
conditions we experience daily, climate refers to the long-term patterns that determine the 
character of regions across the globe. Understanding the foundations of climatology and 
meteorology is therefore essential, as it provides the scientific basis for studying climate 
change and its far-reaching impacts. This Series sets the stage for the rest of the course by 
equipping you with the fundamental knowledge needed to grasp how climate systems 
operate. 

The aim of this Series is to introduce you to the scope of climatology and meteorology, 
trace their historical development, and explain the core concepts that underpin the 
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science of climate. By the end, you will be able to connect these foundations to broader 
discussions on climate change. 

We shall commence this Series by examining the subject-matter and scope of climatology, 
clarifying its relationship with meteorology. Then, we will move on to the historical 
developments that shaped both fields, from early philosophical observations to modern 
scientific advances. Following that, we will explore core concepts such as solar radiation, 
atmospheric temperature, and atmospheric moisture, which are central to climate 
processes. Finally, we will wrap up by considering the importance of climatology in climate 
change studies, highlighting its applications in planning, adaptation, and global strategies. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 1.1 define climatology and meteorology, and distinguish between their scope 
and focus, 

• SLO 1.2 explain the branches of climatology and their relevance to climate studies, 
• SLO 1.3 analyse the historical developments that shaped meteorology and 

climatology, 
• SLO 1.4 describe the role of instruments such as the thermometer and barometer in 

advancing meteorological science, 
• SLO 1.5 explain the concept of solar radiation and its influence on climate systems, 
• SLO 1.6 describe atmospheric temperature and evaluate the factors that cause its 

variation, 
• SLO 1.7 define atmospheric moisture and explain its role in precipitation and 

humidity, and 
• SLO 1.8 evaluate the importance of climatology as a foundation for studying 

climate change and its applications in planning and adaptation. 

1.1 Subject-Matter and Scope of Climatology 

1.1.1 Definition of climatology and meteorology 

Climatology is the scientific study of climate, which refers to the average weather 
conditions of a place over a long period, usually thirty years or more. It focuses on patterns 
of temperature, rainfall, humidity, wind, and other atmospheric elements. Meteorology is 
the study of weather, defined as the short-term atmospheric conditions at a specific time 
and place. Together, these fields provide the foundation for understanding climate change. 
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Weather describes what we experience daily, such as rainfall or sunshine, while climate 
describes the long-term patterns that shape regions. 

Climate is the average ______ conditions of a place over a long period. 

 
Figure 1.1: Difference between weather and climate 

 
 

 

1.1.2 Scope and branches of climatology 

The scope of climatology is broad, covering physical processes, regional variations, and 
practical applications. 
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• Physical climatology studies the physical processes that drive climate, such as 
solar radiation, atmospheric circulation, and moisture. 

• Regional climatology focuses on the classification of climates and the study of 
climatic regions across the world. 

• Applied climatology examines how climate knowledge is used in agriculture, 
health, urban planning, and disaster management. 

Climatology therefore links scientific understanding with practical decision-making. 

Climatology includes physical, regional, and ______ branches. 

Branch Core Focus Examples & Applications 

Physical 
Climatology 

The exchange of 
energy and matter 
(heat, moisture, 
momentum) in the 
atmosphere. 

Studying the Global Energy Budget, 
the Greenhouse Effect, or how cloud 
formation influences solar radiation 
absorption. 

Regional 
Climatology 

The description and 
analysis of climate 
patterns within a 
specific geographic 
area. 

Classifying a region using the Köppen 
Climate Classification (e.g., Tropical 
Rainforest vs. Semi-Arid) or studying 
the Mediterranean climate. 

Applied 
Climatology 

The relationship 
between climate and 
other natural or social 
phenomena. 

Agrometeorology (crop yield 
planning), Urban Climatology 
(designing cities to mitigate heat), and 
renewable energy site selection 
(wind/solar). 

Box 1.1: Branches of climatology 
 
 

 

1.1.3 Relationship between climatology and meteorology 

Climatology and meteorology are closely related but distinct. Meteorology provides short-
term data and forecasts, while climatology analyses long-term averages and trends. For 
example, meteorologists may predict rainfall tomorrow, while climatologists study rainfall 
patterns over decades to classify a region’s climate. 
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Both disciplines complement each other. Meteorological data feeds into climatological 
studies, and climatology provides context for interpreting weather events. 

Meteorology focuses on ______ atmospheric conditions, while climatology studies long-
term averages. 

 
Plate 1.1: Meteorologist at work 

 
 

Pilot questions 1.1 

1. Climatology is primarily concerned with: 

a. Short-term weather events 
b. Long-term atmospheric patterns 
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c. Geological formations 
d. Ocean currents 

2. Meteorology focuses on: 

a. Climate classification 
b. Short-term weather processes 
c. Global strategies 
d. Adaptation measures 

3. Which branch of climatology studies solar radiation and circulation? 

a. Regional climatology 
b. Physical climatology 
c. Applied climatology 
d. Agricultural climatology 

 

1.2 Historical Developments of Meteorology and Climatology 

1.2.1 Early observations and philosophical contributions 

The study of weather and climate has ancient roots. Early civilisations observed the skies 
to guide agriculture, navigation, and religious practices. For example, farmers relied on 
seasonal rainfall patterns to determine planting and harvesting times. Greek philosophers 
such as Aristotle, in his work Meteorologica, attempted to explain weather phenomena 
using observation and reasoning. Although limited by the scientific knowledge of the time, 
these early efforts laid the foundation for systematic inquiry into atmospheric processes. 

Agricultural societies depended heavily on ______ patterns to guide planting and 
harvesting. 
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Plate 1.2: Early agricultural observation of weather 

 
 

 

1.2.2 Scientific revolution and invention of instruments 

The scientific revolution in the 16th and 17th centuries brought significant advances. 
Instruments such as the thermometer, which measures temperature, and the barometer, 
which measures atmospheric pressure, allowed for more precise observations. These 
tools transformed meteorology from speculative philosophy into a measurable science. 

By the 18th and 19th centuries, systematic weather observations were being recorded 
across Europe and beyond. This accumulation of data enabled scientists to identify 
patterns and begin developing theories about atmospheric behaviour. 

The invention of the ______ and barometer advanced meteorological studies. 
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Figure 1.2: Instruments that advanced meteorology 

 
 

1.2.3 Modern developments and institutional roles 

In the 19th and 20th centuries, meteorology and climatology became established scientific 
disciplines. The development of mathematical models and the use of telegraph systems 
for rapid communication allowed weather forecasts to be shared widely. Later, satellites 
and computer simulations revolutionised the accuracy of weather prediction and climate 
analysis. 

Institutions such as the World Meteorological Organization (WMO) and the 
Intergovernmental Panel on Climate Change (IPCC) now play central roles in 
coordinating global research, data sharing, and policy guidance. These organisations 
ensure that knowledge of weather and climate is applied to address challenges such as 
climate change, disaster preparedness, and sustainable development. 
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Meteorology became more accurate with the use of ______ and computer simulations. 

Institution Primary Focus 

NOAA (National Oceanic and 
Atmospheric Administration) 

Maintains the Global Historical Climatology 
Network and monitors ocean health. 

NASA GISS (Goddard Institute 
for Space Studies) 

Famous for its "GISTEMP" global surface 
temperature analysis and advanced climate 
modeling. 

ECMWF (European Centre for 
Medium-Range Weather 
Forecasts) 

Provides world-leading global reanalysis 
(Copernicus Climate Change Service). 

The Met Office Hadley Centre 
(UK) 

One of the world's foremost centers for 
climate change research and prediction. 

NCAR (National Center for 
Atmospheric Research) 

A US-based hub for atmospheric science and 
the development of the Community Earth 
System Model (CESM). 

Box 1.2: Key institutions in modern climatology 
 
 

Pilot questions 1.2 

1. Which ancient philosopher contributed significantly to early weather studies? 

a. Socrates 
b. Aristotle 
c. Plato 
d. Pythagoras 

2. The thermometer and barometer were crucial in: 

a. Classifying climates 
b. Advancing meteorological studies 

c. Developing global strategies 
d. Communicating climate change 

3. Which development improved the accuracy of weather forecasts in the 20th 
century? 
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a. Telegraph systems 
b. Satellites and computer models 
c. Ancient observations 
d. Agricultural calendars 

 

1.3 Core Concepts in Climatology 

1.3.1 Solar radiation and its role in climate 

Solar radiation is the energy emitted by the sun, which drives atmospheric processes and 
influences climate. It determines the distribution of heat across the earth’s surface, 
affecting temperature, wind circulation, and rainfall. The angle at which sunlight strikes the 
earth varies with latitude and season, creating differences in climate zones. 

Regions near the equator receive more direct solar radiation, resulting in warmer climates, 
while polar regions receive less, leading to colder conditions. 

The equator receives more direct ______ radiation than the poles. 
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Figure 1.3: Solar radiation and climate zones 

 
 

 

1.3.2 Atmospheric temperature variations 

Atmospheric temperature refers to the measure of heat in the atmosphere. It varies with 
altitude, latitude, time of day, and season. For example, temperatures decrease with 
increasing altitude, which explains why mountain tops are colder than valleys. 
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Temperature also influences weather phenomena such as storms and rainfall. 
Understanding these variations helps climatologists classify climates and predict weather 
patterns. 

Temperature decreases with increasing ______, which explains why mountain tops are 
colder. 

 
Plate 1.3: Temperature variation with altitude 

 
 

 

1.3.3 Atmospheric moisture and precipitation processes 
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Atmospheric moisture refers to the water vapour present in the air. It plays a crucial role 
in cloud formation, precipitation, and humidity. High levels of moisture often lead to 
rainfall, while low levels result in dry conditions. 

Moisture levels vary across regions, with tropical climates experiencing high humidity and 
deserts remaining dry. This variation is a key factor in determining climate classifications. 

Water vapour in the atmosphere is referred to as ______ moisture. 

 

Figure 1.4: Atmospheric moisture and precipitation processes 
 
 

Pilot questions 1.3 

1. Solar radiation is the primary source of: 

a. Ocean currents 
b. Atmospheric processes 
c. Geological formations 
d. Human activities 

2. Atmospheric temperature decreases with: 
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a. Latitude 
b. Altitude 
c. Season 
d. Longitude 

3. Atmospheric moisture is important for: 

a. Cloud formation 
b. Soil fertility 
c. Rock weathering 
d. Wind speed 

 

1.4 Importance of Climatology in Climate Change Studies 

1.4.1 Climatology as a foundation for understanding climate change 

Climatology provides the scientific basis for studying climate change. By analysing long-
term data, climatologists can identify trends such as rising global temperatures, shifting 
rainfall patterns, and increasing frequency of extreme weather events. These insights help 
societies prepare for and respond to climate challenges. 

Climate change studies rely on long-term ______ data to identify trends. 

1.4.2 Applications of climatology in environmental planning and 
adaptation 

Knowledge of climatology is applied in agriculture, urban planning, and disaster 
management. Farmers use climate data to plan crop cycles, while city planners design 
infrastructure to withstand floods or heatwaves. Climatology also informs adaptation 
strategies, ensuring communities remain resilient in the face of changing conditions. 

Sector Primary Applications Benefits & Outcomes 

Agriculture 

Crop selection based on growing 
seasons, irrigation scheduling, and 
pest/disease forecasting. 

Optimized yields, reduced 
water waste, and better 
food security. 

Health 

Mapping heatwave risks, tracking 
vector-borne disease migration 
(e.g., Malaria), and monitoring air 
quality. 

Early warning systems for 
outbreaks and reduced 
heat-related mortality. 
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Sector Primary Applications Benefits & Outcomes 

Urban 
Planning 

Designing "cool roofs," managing 
urban heat islands, and planning 
flood-resilient drainage systems. 

Energy-efficient buildings, 
reduced urban flooding, 
and improved citizen 
comfort. 

Box 1.3: Applications of climatology in daily life 
 
 

1.4.3 Linkages between climatology and global climate strategies 

Climatology connects local observations with global strategies. Institutions such as the 
United Nations Framework Convention on Climate Change (UNFCCC) and the 
Intergovernmental Panel on Climate Change (IPCC) rely on climatological data to design 
policies and agreements. These linkages ensure that scientific knowledge informs 
international cooperation on climate change mitigation and adaptation. 

Global climate strategies rely on ______ data to design policies and agreements. 

Pilot questions 1.4 

1. Climatology provides the foundation for: 

a. Short-term weather forecasts 
b. Understanding climate change 
c. Geological studies 
d. Oceanography 

2. Which of the following is an application of climatology? 

a. Designing crop cycles 
b. Studying rock formations 
c. Analysing soil minerals 
d. Mapping tectonic plates 

3. Institutions such as the UNFCCC and IPCC rely on: 

a. Geological data 
b. Climatological data 
c. Agricultural data 
d. Historical records 
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Series summary 

This Series has introduced you to the foundations of climatology and meteorology, 
providing the essential background for understanding climate science and its relevance to 
climate change. We began by clarifying the subject-matter and scope of climatology, 
distinguishing it from meteorology and exploring its branches. Then, we traced the 
historical developments of both fields, from early philosophical observations to the 
invention of instruments during the scientific revolution and the establishment of modern 
institutions. Following that, we examined core concepts such as solar radiation, 
atmospheric temperature, and atmospheric moisture, which are central to climate 
processes. Finally, we considered the importance of climatology in climate change 
studies, highlighting its applications in planning, adaptation, and global strategies. 

By completing this Series, you should now be able to define climatology and meteorology, 
explain their scope and branches, analyse their historical development, describe the role 
of instruments in advancing meteorological science, and explain key concepts such as 
solar radiation, atmospheric temperature, and atmospheric moisture. You should also be 
able to evaluate the importance of climatology as a foundation for climate change studies. 
These abilities directly align with the Series Learning Outcomes (SLOs) and provide you 
with a strong base for progressing into the subsequent Series of the course. 

 

Glossary of terms 

• Atmospheric moisture: Water vapour present in the air, which contributes to 
humidity, cloud formation, and rainfall. 

• Atmospheric temperature: The measure of heat in the atmosphere, which 
changes with altitude, latitude, season, and time of day. 

• Barometer: An instrument used to measure atmospheric pressure, helping to 
predict weather changes. 

• Climate: The average weather conditions of a place over a long period, usually 
thirty years or more. 

• Climatology: The scientific study of climate, focusing on long-term weather 
patterns and their variations. 

• Meteorology: The scientific study of weather, dealing with short-term atmospheric 
conditions at a specific time and place. 

• Solar radiation: Energy emitted by the sun that drives atmospheric processes and 
influences climate zones. 

• Thermometer: An instrument used to measure temperature, essential for weather 
and climate studies. 
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• World Meteorological Organization (WMO): An international body that 
coordinates global efforts in weather and climate research, data sharing, and 
forecasting. 

 

Concept check questions 1 

Objective questions 

1. Climatology is primarily concerned with: 

a. Short-term weather events 
b. Long-term atmospheric patterns 
c. Geological formations 
d. Ocean currents 
(Linked to SLO 1.1) 

2. Which instrument measures atmospheric pressure? 

a. Thermometer 
b. Barometer 
c. Hygrometer 
d. Rain gauge 
(Linked to SLO 1.4) 

3. Solar radiation is most intense at: 

a. The poles 
b. The equator 
c. Mid-latitudes 
d. Mountain tops 
(Linked to SLO 1.5) 

Short-answer questions 
4. Define meteorology and explain how it differs from climatology. (Linked to SLO 1.1) 
5. Describe one way atmospheric temperature varies with altitude. (Linked to SLO 1.6) 
6. Identify one application of climatology in environmental planning. (Linked to SLO 1.8) 

Long-answer questions 
7. Analyse the historical developments that transformed meteorology from philosophical 
speculation into a scientific discipline. (Linked to SLO 1.3) 
8. Evaluate the importance of climatology as a foundation for climate change studies, 
giving examples of its applications in adaptation and global strategies. (Linked to SLO 1.8) 
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Answers to concept check questions 1 

Objective questions 

1. Long-term atmospheric patterns 
2. Barometer 
3. The equator 

Short-answer questions 

4. Meteorology is the study of short-term atmospheric conditions, while climatology 
focuses on long-term averages and patterns. 
5. Atmospheric temperature decreases with increasing altitude, which explains why 
mountain tops are colder than valleys. 
6. Climatology informs urban planning, for example by helping design flood-resistant 
infrastructure. 
8. Long-answer questions 
Basic response: Meteorology began with early observations and philosophical writings, 
such as Aristotle’s Meteorologica. The scientific revolution introduced instruments like the 
thermometer and barometer, which allowed precise measurements. By the 19th and 20th 
centuries, systematic data collection and mathematical models transformed meteorology 
into a modern science. 
Value-added response: In addition to instruments, the development of telegraph systems 
enabled rapid communication of weather data, while satellites and computer simulations 
in the 20th century revolutionised forecasting. Institutions such as the WMO further 
strengthened meteorology by coordinating global research and data sharing. 
9. Basic response: Climatology provides the scientific basis for identifying long-term 
climate trends, such as rising temperatures and shifting rainfall patterns. It helps societies 
understand and respond to climate change. 
Value-added response: Beyond basic analysis, climatology supports adaptation strategies 
in agriculture, urban planning, and disaster management. It also informs global climate 
strategies through institutions like the UNFCCC and IPCC, ensuring scientific knowledge 
guides international cooperation on mitigation and adaptation. 

Answers to Pilot Questions 1 

Part 1: Subject-matter and Scope of Climatology 

1. Long-term atmospheric patterns 
2. Short-term weather processes 
3. Physical climatology 

Part 2: Historical Developments of Meteorology and Climatology 
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1. Aristotle 
2. Advancing meteorological studies 
3. Satellites and computer models 

Part 3: Core Concepts in Climatology 

1. Atmospheric processes 
2. Altitude 
3. Cloud formation 

Part 4: Importance of Climatology in Climate Change Studies 

1. Understanding climate change 
2. Designing crop cycles 
3. Climatological data 
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https://www.colorado.edu/climate-education/applied-climatology
https://www.colorado.edu/climate-education/applied-climatology
https://oercommons.org/
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Introduction 

In the last Series, we explored the foundations of climatology and meteorology, focusing 
on their scope, historical development, and core concepts such as solar radiation, 
atmospheric temperature, and moisture. Building on that knowledge, this Series turns to 
the physical dynamics that drive weather and climate systems. These processes are 
central to understanding how energy, air, and water circulate across the globe, shaping the 
climates of different regions and influencing everyday weather events. 

The aim of this Series is to explain the physical mechanisms that govern atmospheric and 
climatic behaviour, and to equip you with the ability to analyse how circulation, ocean–
atmosphere interactions, precipitation processes, and energy balance contribute to global 
and regional climate systems. 

We shall commence this Series by examining atmospheric circulation and wind systems, 
including global circulation cells and local winds. Next, we will move on to ocean–
atmosphere interactions, considering the role of oceans in heat distribution and 
phenomena such as El Niño and La Niña. Following that, we will explore the hydrological 
cycle and precipitation processes, looking at evaporation, condensation, and rainfall 
patterns. Finally, we will wrap up by studying the earth’s energy balance and climate 
dynamics, focusing on the greenhouse effect and feedback mechanisms. This progression 
will provide you with a clear understanding of the physical forces that underpin weather 
and climate. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 2.1 describe global atmospheric circulation patterns (Hadley, Ferrel, and Polar 
cells) and explain their climatic significance. 

• SLO 2.2 distinguish between major wind systems (trade winds, westerlies, polar 
easterlies) and local winds (sea breezes, land breezes, monsoons). 

• SLO 2.3 analyse the role of oceans in redistributing heat and evaluate the climatic 
impacts of ocean currents. 

• SLO 2.4 explain the El Niño–Southern Oscillation (ENSO) cycle and assess its global 
socio-economic consequences. 

• SLO 2.5 describe the processes of evaporation, condensation, and cloud formation 
within the hydrological cycle. 

• SLO 2.6 differentiate between types of precipitation (rain, snow, hail) and evaluate 
their regional impacts. 
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• SLO 2.7 assess regional rainfall patterns and extremes (monsoons, floods, 
droughts) and their implications for human activities. 

• SLO 2.8 evaluate the earth’s radiation budget, greenhouse effect, and feedback 
mechanisms in maintaining or altering climate stability. 

2.1 Atmospheric Circulation and Wind Systems 

2.1.1 Global circulation patterns 

Atmospheric circulation refers to the large-scale movement of air across the earth, driven 
by solar heating and the rotation of the planet. It redistributes heat from the equator to the 
poles, maintaining balance in the climate system. The three main circulation cells are the 
Hadley cell, which operates between the equator and 30° latitude, the Ferrel cell, found 
between 30° and 60°, and the Polar cell, which extends from 60° to the poles. 

These cells explain why certain regions experience deserts, rainforests, or temperate 
climates. For example, sinking air in the Hadley cell creates dry conditions at 30° latitude, 
forming deserts such as the Sahara. 

The Hadley cell operates between the equator and ______ degrees latitude. 
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Figure 2.1: Global atmospheric circulation cells 

 
 

 

2.1.2 Trade winds, westerlies, and polar easterlies 

Trade winds are steady winds blowing from east to west in tropical regions, driven by the 
Hadley cell. They were historically important for navigation and trade routes. Westerlies 
dominate the mid-latitudes, blowing from west to east, and influence weather systems in 
Europe and North America. Polar easterlies occur near the poles, moving cold air from 
east to west. 
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These wind belts are shaped by the earth’s rotation and the Coriolis effect, which deflects 
moving air to the right in the northern hemisphere and to the left in the southern 
hemisphere. 

In the tropics, steady winds blowing east to west are called ______ winds. 

 
Plate 2.1: Historical use of trade winds 

 
 

 

2.1.3 Local wind systems 

Local winds are smaller-scale air movements influenced by geography and temperature 
differences. Sea breezes occur when cooler air from the sea moves inland during the day, 
while land breezes happen at night as cooler air flows from land to sea. Monsoons are 
seasonal wind systems that bring heavy rainfall, especially in South Asia, due to shifts in 
pressure and temperature between land and ocean. 
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These local winds have significant impacts on daily life, agriculture, and regional climate. 
For instance, monsoons support farming in India but can also cause flooding. 

At night, cooler air flows from land to sea, creating a ______ breeze. 

 
Figure 2.2: Sea and land breeze circulation 

 
 

Pilot questions 2.1 
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1. Which circulation cell operates between the equator and 30° latitude? 

a. Ferrel cell 
b. Polar cell 
c. Hadley cell 
d. Westerly cell 

2. Trade winds blow: 

a. West to east in the tropics 
b. East to west in the tropics 
c. East to west in mid-latitudes 
d. West to east at the poles 

3. What type of breeze occurs at night when cooler air flows from land to sea? 

a. Sea breeze 
b. Land breeze 
c. Monsoon 
d. Polar breeze 

 

2.2 Ocean–Atmosphere Interactions 

2.2.1 Role of oceans in heat distribution 

The oceans act as massive heat reservoirs, absorbing solar radiation and redistributing it 
across the globe. Warm water from the equator is transported towards the poles, while 
cold water moves back towards the equator. This circulation helps regulate global 
temperatures and influences regional climates. For example, the Gulf Stream carries warm 
water to north-western Europe, giving it a milder climate compared to other regions at 
similar latitudes. 

The Gulf Stream carries ______ water to north-western Europe, moderating its climate. 
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Figure 2.3: Heat distribution by ocean currents 

 
 

 

2.2.2 El Niño and La Niña phenomena 

El Niño is a climate phenomenon characterised by the warming of surface waters in the 
central and eastern Pacific Ocean. It disrupts normal weather patterns, often causing 
heavy rainfall in South America and droughts in Australia and Southeast Asia. La Niña, on 
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the other hand, is marked by cooler-than-average Pacific waters, leading to opposite 
effects such as increased rainfall in Asia and drier conditions in South America. 

These phenomena are part of the El Niño–Southern Oscillation (ENSO) cycle, which has 
global impacts on agriculture, fisheries, and disaster preparedness. 

El Niño is associated with ______ surface waters in the central and eastern Pacific Ocean. 

 
Plate 2.2: El Niño and La Niña phenomena 

 
 

 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

2.2.3 Ocean currents and their climatic influence 

Ocean currents strongly influence regional climates. Warm currents, such as the Gulf 
Stream, bring heat to coastal areas, while cold currents, like the California Current, cool 
nearby regions. These currents also affect rainfall patterns, storm formation, and marine 
ecosystems. 

For instance, coastal deserts such as the Atacama in South America are partly explained 
by the presence of cold currents that limit evaporation and rainfall. 

Cold currents reduce ______, leading to dry coastal climates such as deserts. 

Current 
Name 

Type Ocean Climatic Influence 

Gulf Stream Warm 
North 
Atlantic 

Brings warm water to the US East Coast 
and Western Europe; keeps ports in Norway 
and the UK ice-free in winter. 

Kuroshio 
Current 

Warm 
North 
Pacific 

Warms the southern coast of Japan and 
increases humidity and rainfall in the region. 

North 
Atlantic Drift 

Warm 
North 
Atlantic 

An extension of the Gulf Stream; moderates 
the climate of Northwest Europe, making it 
much warmer than other regions at the 
same latitude. 

Brazil 
Current 

Warm 
South 
Atlantic 

Increases temperature and moisture along 
the eastern coast of South America (Brazil). 

California 
Current 

Cold 
North 
Pacific 

Cools the western coast of the US; often 
leads to the formation of coastal fog and 
creates drier conditions. 

Humboldt 
(Peru) 
Current 

Cold 
South 
Pacific 

Cools the western coast of South America; 
responsible for the extreme aridity of the 
Atacama Desert. 

Labrador 
Current 

Cold 
North 
Atlantic 

Brings frigid water south from the Arctic; 
causes the Labrador coast to freeze and 
produces thick fog when it meets the warm 
Gulf Stream. 
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Current 
Name 

Type Ocean Climatic Influence 

Benguela 
Current 

Cold 
South 
Atlantic 

Cools the western coast of Africa and 
contributes to the dry climate of the Namib 
Desert. 

Canary 
Current 

Cold 
North 
Atlantic 

Cools the coast of Northwest Africa and 
influences the dry, stable air of the Sahara 
region. 

 
Box 2.1: Examples of major ocean currents and their climatic effects 

 
 

 

Pilot questions 2.2 

1. The Gulf Stream influences the climate of: 

a. South America 
b. North-western Europe 
c. Southern Africa 
d. Eastern Asia 

2. El Niño is characterised by: 

a. Cooler Pacific waters 
b. Warmer Pacific waters 
c. Stronger trade winds 
d. Increased polar ice 

3. Cold currents near coastal regions often lead to: 

a. Heavy rainfall 
b. Desert conditions 
c. Tropical storms 
d. Monsoons 

 

2.3 Hydrological Cycle and Precipitation Processes 
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2.3.1 Evaporation, condensation, and cloud formation 

The hydrological cycle describes the continuous movement of water between the earth’s 
surface and the atmosphere. Evaporation occurs when water from oceans, rivers, and 
lakes changes into vapour due to solar heating. This vapour rises and cools, leading to 
condensation, where water vapour turns into tiny droplets that form clouds. Clouds are 
therefore visible collections of condensed water suspended in the atmosphere. 

Without evaporation and condensation, the hydrological cycle would not function, and 
rainfall would not occur. 

Clouds are formed when water vapour undergoes ______ and becomes tiny droplets. 
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Figure 2.4: Key processes in the hydrological cycle 

 
 

 

2.3.2 Types of precipitation 

Precipitation refers to water released from clouds in the form of rain, snow, sleet, or hail. 
Rain is the most common type, occurring when droplets combine and fall under gravity. 
Snow forms when temperatures are low enough for vapour to crystallise directly into ice. 
Hail develops when strong updrafts in thunderstorms carry raindrops upward into freezing 
layers, creating ice pellets. 
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These different forms of precipitation are influenced by temperature, altitude, and 
atmospheric conditions. 

Snow forms when water vapour crystallises directly into ______. 

 
Plate 2.3: Types of precipitation 

 
 

 

2.3.3 Regional rainfall patterns and extremes 

Rainfall varies greatly across regions due to atmospheric circulation, ocean currents, and 
geographical features. Tropical regions often experience heavy rainfall, while deserts 
remain dry because of sinking air and cold currents. Extreme rainfall events, such as 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

monsoons or hurricanes, can cause flooding and damage, while prolonged dry periods 
lead to droughts. 

Understanding these patterns is crucial for agriculture, water management, and disaster 
preparedness. 

Regions with sinking air and cold currents often experience ______ conditions. 

Extreme Type Typical Regions Primary Impacts 

Monsoon (Heavy 
Rainfall) 

South Asia (India, 
Bangladesh), 
Southeast Asia 

Vital for agriculture but often leads 
to widespread seasonal flooding, 
landslides, and displacement of 
populations. 

Flash Floods 

Arid/Semi-arid regions, 
Mountainous areas, 
Urban centers 

Sudden, high-velocity water flow 
causing infrastructure destruction, 
erosion, and high mortality rates 
due to lack of warning. 

Riverine 
Flooding 

Large river basins (e.g., 
Mississippi, Amazon, 
Yangtze) 

Long-duration inundation of 
floodplains, leading to crop failure, 
waterborne diseases, and massive 
economic loss. 

Meteorological 
Drought 

Sub-Saharan Africa 
(Sahel), Australia, 
Western US 

Prolonged periods of low 
precipitation resulting in water 
shortages, reduced soil moisture, 
and increased wildfire risk. 

Agricultural 
Drought 

Central Asia, South 
America (pampas) 

Specifically impacts crop yields and 
livestock health, often leading to 
food insecurity and rising 
commodity prices. 

Hydrological 
Drought 

Mediterranean, 
Southwestern US 

Significant depletion of reservoirs, 
lakes, and groundwater levels, 
impacting hydroelectric power and 
municipal water supplies. 

 Box 2.2: Examples of rainfall extremes 

• Heavy monsoon rains in South Asia 
• Droughts in the Sahel region of Africa 
• Flooding from hurricanes in the Caribbean 
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Pilot questions 2.3 

1. Which process involves water changing into vapour due to solar heating? 

a. Condensation 
b. Evaporation 
c. Precipitation 
d. Crystallisation 

2. Snow forms when: 

a. Water vapour crystallises into ice 
b. Raindrops combine and fall 
c. Ice pellets form in thunderstorms 

1. Clouds evaporate 
3. Regions with sinking air and cold currents are likely to experience: 

a. Heavy rainfall 
b. Desert conditions 
c. Tropical storms 
d. Monsoons 

 

2.4 Energy Balance and Climate Dynamics 

2.4.1 Earth’s radiation budget 

The earth’s radiation budget refers to the balance between incoming solar radiation and 
outgoing terrestrial radiation. The sun provides shortwave energy, much of which is 
absorbed by the surface, while the earth emits longwave radiation back into space. This 
balance determines the planet’s overall temperature. If more energy is absorbed than 
emitted, the earth warms; if more is emitted than absorbed, it cools. 

Maintaining this balance is crucial for climate stability, and even small changes can lead to 
significant shifts in global climate. 

The earth emits longwave ______ back into space to maintain its energy balance. 
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Figure 2.5: Earth’s radiation budget 

 
 

 

2.4.2 Greenhouse effect and atmospheric energy transfer 

The greenhouse effect is the process by which certain gases in the atmosphere, such as 
carbon dioxide and methane, trap heat. These gases allow solar radiation to enter but 
absorb and re-radiate terrestrial radiation, keeping the earth warmer than it would 
otherwise be. Without this natural effect, the planet would be too cold to sustain life. 
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However, human activities have increased greenhouse gas concentrations, intensifying 
the effect and contributing to global warming. 

Greenhouse gases trap heat by absorbing and re-radiating ______ radiation. 

 
Plate 2.4: The greenhouse effect 
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2.4.3 Feedback mechanisms in climate systems 

Feedback mechanisms are processes that either amplify or reduce changes in the 
climate system. Positive feedback enhances changes, such as melting ice reducing the 
earth’s reflectivity (albedo), which leads to more warming. Negative feedback 
counteracts changes, such as increased cloud cover reflecting more sunlight, which can 
cool the planet. 

These mechanisms are complex and interconnected, making climate prediction 
challenging. Understanding them is essential for evaluating future climate scenarios. 

Melting ice reduces the earth’s ______, leading to more warming through positive feedback. 

Feedback Type Mechanism Process Description 
Impact on 

Temperature 

Positive (+) Ice-Albedo 

Warming melts 
ice/snow, revealing 
darker surfaces 
(ocean/land) that 
absorb more solar 
radiation. 

Amplifies 
warming by 
increasing heat 
absorption. 

Positive (+) 
Water 
Vapor 

Warmer air holds 
more water vapor (a 
potent greenhouse 
gas), trapping more 
heat. 

Amplifies 
warming; roughly 
doubles the effect 
of $CO_2$ alone. 

Positive (+) 
Permafrost 
Carbon 

Thawing permafrost 
releases stored 
methane ($CH_4$) 
and $CO_2$ from 
decomposing organic 
matter. 

Amplifies 
warming by 
adding more 
greenhouse gases 
to the atmosphere. 

Negative (-) 
Planck 
Response 

As Earth's surface 
warms, it radiates 
more energy back into 
space as infrared 
radiation. 

Dampens 
warming; the 
fundamental 
"safety valve" of 
the planet. 

Negative (-) Lapse Rate 

The upper atmosphere 
warms more than the 
surface in some 

Dampens 
warming by 
increasing 
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Feedback Type Mechanism Process Description 
Impact on 

Temperature 

regions, allowing for 
more efficient cooling 
to space. 

outgoing longwave 
radiation. 

Complex/Variable 
Cloud 
Feedback 

Low clouds reflect 
sunlight (negative), 
while high clouds trap 
heat (positive). 

Uncertain; net 
effect is likely 
slightly positive but 
depends on cloud 
type. 

Box 2.3: Examples of climate feedback mechanisms 

• Positive feedback: Ice-albedo effect 
• Positive feedback: Increased water vapour enhancing greenhouse effect 
• Negative feedback: Cloud cover reflecting solar radiation 

 
 

 

Pilot questions 2.4 

1. The earth’s radiation budget is the balance between: 

a. Solar and terrestrial radiation 
b. Ocean currents and winds 
c. Rainfall and evaporation 
d. Clouds and precipitation 

2. The greenhouse effect occurs because gases trap: 

a. Shortwave radiation 
b. Longwave radiation 
c. Ocean heat 
d. Wind energy 

3. Which of the following is an example of positive feedback in climate systems? 

a. Increased cloud cover reflecting sunlight 
b. Ice-albedo effect 
c. Ocean currents cooling regions 
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d. Trade winds strengthening 

 

Series summary 

This Series has focused on the physical dynamics that drive weather and climate systems, 
building on the foundations established earlier. Its purpose was to help you understand 
how energy, air, and water circulate across the globe, and why these processes are central 
to climate behaviour and everyday weather events. 

We began by examining atmospheric circulation and wind systems, including global 
circulation cells, trade winds, westerlies, and local breezes. Then we explored ocean–
atmosphere interactions, highlighting the role of currents in heat distribution and the 
impacts of El Niño and La Niña. Following that, we studied the hydrological cycle and 
precipitation processes, looking at evaporation, condensation, and regional rainfall 
extremes. Finally, we considered the earth’s energy balance, the greenhouse effect, and 
feedback mechanisms that shape climate dynamics. By completing this Series, you 
should now be able to describe circulation patterns, explain ocean–atmosphere 
phenomena, analyse precipitation processes, and evaluate energy balance and 
feedbacks. These abilities directly align with the Series Learning Outcomes and provide 
you with the skills to interpret the physical forces underpinning weather and climate. 

 

Glossary of terms 

• Albedo: The proportion of solar radiation reflected by a surface, such as ice or 
snow, which influences climate feedback. 

• Atmospheric circulation: The large-scale movement of air across the earth that 
redistributes heat from the equator to the poles. 

• Condensation: The process by which water vapour cools and changes into liquid 
droplets, forming clouds. 

• El Niño: A climate phenomenon involving the warming of surface waters in the 
central and eastern Pacific Ocean, disrupting global weather patterns. 

• Ferrel cell: A mid-latitude circulation cell between 30° and 60° latitude that 
influences westerly winds. 

• Greenhouse effect: The process by which gases such as carbon dioxide and 
methane trap heat in the atmosphere, keeping the earth warm. 

• Hadley cell: A tropical circulation cell between the equator and 30° latitude, 
associated with trade winds and desert formation. 
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• Hydrological cycle: The continuous movement of water between the earth’s 
surface and atmosphere through processes such as evaporation, condensation, 
and precipitation. 

• La Niña: A climate phenomenon characterised by cooler-than-average Pacific 
waters, often producing opposite effects to El Niño. 

• Land breeze: A local wind that flows from land to sea at night due to temperature 
differences. 

• Ocean currents: Large-scale movements of seawater that redistribute heat and 
influence regional climates. 

• Polar cell: A circulation cell between 60° latitude and the poles, associated with 
polar easterlies. 

• Positive feedback: A climate process that amplifies changes, such as melting ice 
reducing albedo and increasing warming. 

• Precipitation: Water released from clouds in the form of rain, snow, sleet, or hail. 
• Radiation budget: The balance between incoming solar radiation and outgoing 

terrestrial radiation that determines the earth’s temperature. 
• Sea breeze: A local wind that flows from sea to land during the day as cooler air 

from the ocean moves inland. 
• Trade winds: Steady winds blowing east to west in tropical regions, driven by the 

Hadley cell. 
• Westerlies: Winds that blow from west to east in the mid-latitudes, influencing 

weather systems in Europe and North America. 

 

Concept Check Questions  

Objective questions 

1. Which circulation cell operates between the equator and 30° latitude? 

a. Ferrel cell 
b. Polar cell 
c. Hadley cell 
d. Westerly cell 
(Linked to SLO 2.1) 

2. El Niño is characterised by: 

a. Cooler Pacific waters 
b. Warmer Pacific waters 
c. Stronger trade winds 
d. Increased polar ice 
(Linked to SLO 2.2) 
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3. Which process involves water changing into vapour due to solar heating? 

a. Condensation 
b. Evaporation 
c. Precipitation 
d. Crystallisation 
(Linked to SLO 2.3) 

4. The greenhouse effect occurs because gases trap: 

a. Shortwave radiation 
b. Longwave radiation 
c. Ocean heat 
d. Wind energy 
(Linked to SLO 2.4) 

1. Short-answer questions 
5. Define atmospheric circulation and explain its role in redistributing heat. 
(Linked to SLO 2.1) 
6.  Describe one climatic impact of La Niña. (Linked to SLO 2.2) 
7. Identify one example of precipitation other than rainfall and explain how it 
forms. (Linked to SLO 2.3) 
8. Explain the difference between positive and negative feedback mechanisms 
in climate systems. (Linked to SLO 2.4) 

2. Long-answer questions 
9.  Analyse the importance of ocean currents in shaping regional climates, 
giving examples of both warm and cold currents. (Linked to SLO 2.2) 
10.  Evaluate the role of the earth’s radiation budget and greenhouse effect in 
maintaining climate stability, and discuss how human activities have altered these 
processes. (Linked to SLO 2.4) 

Answers to Concept Check Questions [Series 2] 

Objective questions 

1. Hadley cell 
2. Warmer Pacific waters 
3. Evaporation 
4. Longwave radiation 
5. Short-answer questions 

5. Atmospheric circulation is the large-scale movement of air across the earth. It 
redistributes heat from the equator to the poles, balancing global temperatures. 
6. La Niña often brings increased rainfall to Asia and drought conditions to South 
America. 
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7. Snow is a form of precipitation that occurs when water vapour crystallises 
directly into ice. 
8. Positive feedback amplifies changes (e.g., ice-albedo effect), while negative 
feedback reduces changes (e.g., cloud cover reflecting sunlight). 

Long-answer questions 
9. Basic response: Ocean currents transport heat and influence climates. Warm currents, 
such as the Gulf Stream, bring mild conditions to north-western Europe, while cold 
currents, like the California Current, cool coastal areas and contribute to desert formation. 
Value-added response: Beyond temperature regulation, currents affect rainfall, storm 
formation, and ecosystems. For example, the Humboldt Current supports rich fisheries in 
South America, while the Gulf Stream influences hurricane paths in the Atlantic. These 
examples show how currents shape both human and natural systems. 

1. Basic response: The earth’s radiation budget balances incoming solar radiation and 
outgoing terrestrial radiation. The greenhouse effect traps heat, keeping the planet 
warm enough for life. Human activities have increased greenhouse gases, 
intensifying warming. 
Value-added response: Human-driven changes, such as fossil fuel combustion and 
deforestation, have disrupted this balance, leading to global warming. This has 
consequences including melting ice, rising sea levels, and shifting weather 
patterns. Understanding these processes is vital for climate policy and adaptation 
strategies. 

 

Answers to Pilot Questions [Series 2] 

Part 2.1: Atmospheric circulation and wind systems 

1. c) Hadley cell 
2. b) East to west in the tropics 
3. b) Land breeze 

Part 2.2: Ocean–atmosphere interactions 

1. b) North-western Europe 
2. b) Warmer Pacific waters 
3. b) Desert conditions 

Part 2.3: Hydrological cycle and precipitation processes 

1. b) Evaporation 
2. a) Water vapour crystallises into ice 
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3. b) Desert conditions 

Part 2.4: Energy balance and climate dynamics 

1. a) Solar and terrestrial radiation 
2. b) Longwave radiation 
3. b) Ice-albedo effect 
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Illustrations 

• Figure 2.1: Global atmospheric circulation cells 
Attribution: AI-generated suggestion. Prompt: “Create a labelled diagram of Hadley, 
Ferrel, and Polar cells showing air movement and latitudes.” 
Suggested OER search string: “global atmospheric circulation cells diagram 
site:oercommons.org” 

• Plate 2.1: Historical use of trade winds 
Attribution: AI-generated suggestion. Prompt: “Generate an image of sailing ships 
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navigating with trade winds in tropical oceans.” 
Suggested OER search string: “trade winds sailing ships image 
site:oercommons.org” 

• Figure 2.2: Sea and land breeze circulation 
Attribution: AI-generated suggestion. Prompt: “Create a diagram showing sea 
breeze during the day and land breeze at night with arrows.” 
Suggested OER search string: “sea breeze land breeze diagram 
site:oercommons.org” 

• Figure 2.3: Heat distribution by ocean currents 
Attribution: AI-generated suggestion. Prompt: “Create a labelled diagram showing 
warm and cold ocean currents and their role in heat distribution.” 
Suggested OER search string: “global ocean currents heat distribution diagram 
site:oercommons.org” 

• Plate 2.2: El Niño and La Niña phenomena 
Attribution: AI-generated suggestion. Prompt: “Generate an image comparing El 
Niño (warm waters) and La Niña (cool waters) in the Pacific Ocean.” 
Suggested OER search string: “El Niño La Niña Pacific Ocean diagram 
site:oercommons.org” 

• Box 2.1: Examples of major ocean currents and their climatic effects 
Attribution: AI-generated suggestion. Prompt: “Create a table listing major ocean 
currents (warm and cold) with their climatic influences.” 
Suggested OER search string: “major ocean currents climate effects table 
site:oercommons.org” 

• Figure 2.4: Key processes in the hydrological cycle 
Attribution: AI-generated suggestion. Prompt: “Create a diagram showing 
evaporation from oceans, condensation in the atmosphere, and cloud formation.” 
Suggested OER search string: “evaporation condensation cloud formation diagram 
site:oercommons.org” 

• Plate 2.3: Types of precipitation 
Attribution: AI-generated suggestion. Prompt: “Generate an image showing rain, 
snow, and hail falling in different regions.” 
Suggested OER search string: “types of precipitation rain snow hail image 
site:oercommons.org” 

• Box 2.2: Examples of rainfall extremes 
Attribution: AI-generated suggestion. Prompt: “Create a table listing examples of 
rainfall extremes with their regions and impacts.” 
Suggested OER search string: “rainfall extremes monsoon drought flood table 
site:oercommons.org” 

• Figure 2.5: Earth’s radiation budget 
Attribution: AI-generated suggestion. Prompt: “Create a diagram showing solar 
radiation entering earth and terrestrial radiation leaving earth.” 
Suggested OER search string: “earth radiation budget diagram 
site:oercommons.org” 
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• Plate 2.4: The greenhouse effect 
Attribution: AI-generated suggestion. Prompt: “Generate an image showing 
greenhouse gases trapping heat around the earth’s atmosphere.” 
Suggested OER search string: “greenhouse effect diagram site:oercommons.org” 

• Box 2.3: Examples of climate feedback mechanisms 
Attribution: AI-generated suggestion. Prompt: “Create a table listing positive and 
negative climate feedback mechanisms with examples.” 
Suggested OER search string: “climate feedback mechanisms table 
site:oercommons.org” 

 

 

Course code: GEO 303 

Course title: Science of Climate Change 

Course credit load: 2 Units 

Part 1: Principles of regional climatology 

• 3.1.1: Definition and scope of regional climatology 
• 3.1.2: Factors influencing regional climates (latitude, altitude, proximity to water, 

etc.) 
• 3.1.3: Case examples of regional climate studies 

Part 2: Major global climate classification systems 

• 3.2.1: Köppen–Geiger classification system 
• 3.2.2: Thornthwaite classification system 
• 3.2.3: Other approaches and comparative perspectives 

Part 3: Regional climate zones of the world 

• 3.3.1: Tropical climates 
• 3.3.2: Dry climates 
• 3.3.3: Temperate and continental climates 
• 3.3.4: Polar climates 

Part 4: Applications of climate classification 

• 3.4.1: Use in agriculture and resource management 
• 3.4.2: Urban planning and infrastructure design 
• 3.4.3: Climate change studies and adaptation strategies 
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Introduction 

In the previous Series, we examined the physical dynamics of weather and climate 
systems, focusing on how energy, air, and water circulate globally. Building on that 
foundation, this Series turns to regional climatology and global climate classifications, 
which provide a structured way of understanding how climates differ across the world. 
These classifications are essential for comparing regions, predicting environmental 
conditions, and planning for human activities such as agriculture, settlement, and 
resource management. 

The aim of this Series is to introduce you to the principles of regional climatology and to 
equip you with the ability to apply global climate classification systems in analysing and 
interpreting regional climate zones. 

We shall commence this Series by exploring the principles of regional climatology, 
including its scope and the factors that influence regional climates. Next, we will examine 
major global climate classification systems, with emphasis on the Köppen–Geiger and 
Thornthwaite approaches. Following that, we will study the regional climate zones of the 
world, ranging from tropical and dry climates to temperate, continental, and polar regions. 
Finally, we will conclude by considering the applications of climate classification in 
agriculture, urban planning, and climate change adaptation. This progression will provide 
you with a clear and practical understanding of how climates are organised and studied at 
both regional and global scales. 

 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 3.1 define the scope and principles of regional climatology, 
• SLO 3.2 explain the key factors that influence regional climates such as latitude, 

altitude, and proximity to water, 
• SLO 3.3 analyse selected case examples to illustrate how local conditions shape 

regional climate patterns, 
• SLO 3.4 describe the major global climate classification systems including Köppen–

Geiger and Thornthwaite, 
• SLO 3.5 compare different climate classification approaches and evaluate their 

strengths and limitations, 
• SLO 3.6 identify the defining features of tropical, dry, temperate/continental, and 

polar climates, 
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• SLO 3.7 apply climate classification principles to interpret regional climate zones, 
• SLO 3.8 demonstrate how climate classification informs agricultural planning and 

resource management, 
• SLO 3.9 evaluate the role of climate classification in urban planning and 

infrastructure design, and 
• SLO 3.10 analyse how climate classification supports climate change studies and 

adaptation strategies. 

 

3.1 Principles of Regional Climatology 

3.1.1 Definition and scope of regional climatology 

Regional climatology is the study of climate patterns within specific geographical areas, 
focusing on how local factors shape weather and long-term climate conditions. Unlike 
global climatology, which examines planetary-scale processes, regional climatology 
narrows its scope to particular regions, such as West Africa, the Mediterranean, or the 
Arctic. This approach allows scientists to identify unique climatic characteristics and their 
implications for human activities, ecosystems, and resource management. 

Regional climatology is essential because it bridges the gap between global climate 
systems and local realities, helping societies adapt to their immediate environments. 

Regional climatology focuses on climate patterns within ______ geographical areas. 
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Figure 3.1: Scope of regional climatology compared to global climatology 

 
 

3.1.2 Factors influencing regional climates 

Regional climates are shaped by several key factors. Latitude determines the amount of 
solar energy received, with equatorial regions being warmer and polar regions colder. 
Altitude influences temperature, as higher elevations are cooler than lowlands. Proximity 
to water bodies moderates climate, with coastal areas experiencing milder conditions 
compared to inland regions. Topography, such as mountains, can block or redirect winds 
and rainfall, creating rain shadows or wetter zones. 

These factors interact to produce diverse climate conditions across the world, explaining 
why regions at similar latitudes may still differ significantly in climate. 



 

 LA-NET | ONLINE LEARNING VIDEO PLATFORM FOR POST-SECONDARY & HIGHER INSTITUTION STUDENTS 

Higher elevations are generally ______ than lowland areas due to altitude effects. 

 
Plate 3.1: Topography shaping regional climate 

 
 

 

3.1.3 Case examples of regional climate studies 

Regional climatology often uses case studies to illustrate how local factors shape climate. 
For instance, the Mediterranean climate is characterised by hot, dry summers and mild, 
wet winters, influenced by latitude and proximity to the sea. The Sahel region of Africa 
experiences semi-arid conditions, shaped by its position between the Sahara Desert and 
tropical rainfall zones. The Arctic climate is dominated by extreme cold and long winters 
due to high latitude and polar conditions. 
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These examples show how regional climatology provides insights into specific 
environments, supporting agriculture, water management, and adaptation strategies. 

The Mediterranean climate is characterised by hot, dry ______ and mild, wet winters. 

Climate 
Region 

Primary 
Characteristics 

Defining Features 
Geographic 
Examples 

Mediterranean 

Mild, wet winters 
and hot, dry 
summers. 

High-pressure 
systems in summer 
block rain; proximity 
to large water bodies 
moderates winter 
cold. 

Mediterranean 
Basin, Coastal 
California, Central 
Chile, SW 
Australia. 

Sahel 
Hot semi-arid 
(Steppe); 
transitional zone. 

Extremely seasonal 
rainfall (monsoon-
driven); long dry 
season followed by a 
short, intense rainy 
season. 

A belt across 
Africa: Senegal, 
Mali, Niger, Chad, 
Sudan. 

Arctic 

Long, cold winters 
and short, cool 
summers. 

Extreme seasonal 
light variation 
(Midnight Sun/Polar 
Night); presence of 
permafrost and low 
precipitation (polar 
desert). 

Northern Alaska, 
Canada (Nunavut), 
Greenland, 
Northern Siberia. 

Box 3.1: Selected examples of regional climates 

• Mediterranean: hot, dry summers and mild, wet winters 
• Sahel: semi-arid with variable rainfall 
• Arctic: extreme cold and long winters 

 
 
 

Pilot questions 3.1 

1. Regional climatology focuses on: 

a. Planetary-scale climate systems 
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b. Specific geographical areas 
c. Ocean currents only 
d. Global atmospheric circulation 

2. Which factor explains why coastal areas often have milder climates than inland 
regions? 

a. Latitude 
b. Altitude 
c. Proximity to water bodies 
d. Topography 

3. The Mediterranean climate is characterised by: 

a. Hot, dry summers and mild, wet winters 
b. Cold, snowy winters and hot summers 
c. Heavy rainfall all year round 
d. Dry conditions with little rainfall 

 

3.3 Regional Climate Zones of the World 

3.3.1 Tropical climates 

Tropical climates are found near the equator, typically between 0° and 23.5° latitude. 
They are characterised by high temperatures throughout the year and significant rainfall. 
Within tropical climates, there are variations such as tropical rainforest climates, which 
experience heavy rainfall all year, and tropical savanna climates, which have distinct wet 
and dry seasons. These climates support dense vegetation and diverse ecosystems, 
including rainforests and grasslands. 

Tropical climates are generally located between 0° and ______ latitude. 
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Figure 3.3: Tropical climate zones 

 
 

 

3.3.2 Dry climates 

Dry climates are characterised by low precipitation, often less than 250 mm annually. 
They include desert climates, such as the Sahara, and semi-arid climates, such as the 
Sahel. These regions experience high evaporation rates and sparse vegetation. 
Temperature extremes are common, with very hot days and cooler nights. Dry climates are 
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shaped by atmospheric circulation patterns and the presence of cold ocean currents that 
limit rainfall. 

Desert climates typically receive less than ______ mm of rainfall annually. 

 
Plate 3.3: Dry climate regions 

 
 

 

3.3.3 Temperate and continental climates 

Temperate climates occur in mid-latitude regions, often influenced by westerly winds and 
ocean currents. They are marked by moderate temperatures and distinct seasons. 
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Continental climates, found further inland, experience greater temperature extremes 
between summer and winter due to reduced ocean influence. These climates support 
diverse agricultural activities and large human populations. 

Temperate climates are strongly influenced by ______ winds and ocean currents. 

Figure 3.4: Temperate and continental climate zones 
 
 

3.3.4 Polar climates 

Polar climates are found near the poles, beyond 66.5° latitude. They are characterised by 
extremely cold temperatures, long winters, and short summers. Precipitation is generally 
low, mostly falling as snow. Vegetation is limited to tundra species such as mosses and 
lichens. The polar regions play a critical role in regulating the earth’s climate through ice-
albedo feedback, which reflects solar radiation. 

Polar climates are located beyond ______° latitude. 
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Box 3.3: Key features of polar climates 

• Extremely cold temperatures 
• Long winters and short summers 
• Low precipitation, mostly snow 
• Limited vegetation (tundra species) 

 

Pilot questions 3.3 

1. Tropical climates are generally located between: 

a. 0° and 23.5° latitude 
b. 30° and 60° latitude 
c. 45° and 90° latitude 
d. 10° and 40° latitude 

2. Desert climates typically receive: 

a. More than 500 mm of rainfall annually 
b. Less than 250 mm of rainfall annually 
c. Heavy rainfall all year round 
d. Rainfall only in winter 

3. Temperate climates are strongly influenced by: 
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a. Polar easterlies 
b. Westerly winds and ocean currents 
c. Trade winds 
d. Monsoons 

4. Polar climates are located beyond: 

a. 23.5° latitude 
b. 45° latitude 
c. 66.5° latitude 
d. 90° latitude 

 

3.4 Applications of Climate Classification 

3.4.1 Use in agriculture and resource management 

Climate classification provides valuable guidance for agriculture, as it helps farmers 
determine which crops are best suited to specific regions. For example, tropical climates 
support crops such as cocoa and rice, while temperate climates favour wheat and maize. 
By understanding rainfall and temperature patterns, resource managers can plan irrigation 
systems, manage soil fertility, and reduce risks of crop failure. 

Climate classification is also used in resource management, particularly in water 
allocation and forestry. Identifying climate zones ensures that resources are used 
sustainably and adapted to local conditions. 

Farmers use climate classification to determine which ______ are best suited to their 
region. 
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Figure 3.5: Agricultural applications of climate classification 

 
 

 

3.4.2 Urban planning and infrastructure design 

Urban planners rely on climate classification to design cities and infrastructure that can 
withstand local climate conditions. In hot climates, buildings may be designed with 
ventilation and shading, while in cold climates, insulation and heating systems are 
prioritised. Road construction, drainage systems, and energy supply are also influenced by 
climate zones. 
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By aligning infrastructure with climate realities, planners reduce risks of flooding, 
overheating, or structural damage, ensuring safer and more resilient communities. 

Urban planners use climate classification to design infrastructure that can withstand local 
______ conditions. 

 
Plate 3.4: Climate-sensitive urban design 

 
 

 

3.4.3 Climate change studies and adaptation strategies 

Climate classification systems are essential for climate change studies, as they provide 
baselines for comparing past, present, and future conditions. By tracking shifts in climate 
zones, scientists can identify regions at risk of desertification, flooding, or biodiversity loss. 
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Adaptation strategies also depend on climate classification. For instance, regions shifting 
from temperate to semi-arid conditions may need new water management policies or 
drought-resistant crops. Policymakers and communities use these insights to prepare for 
changing conditions and build resilience. 

Climate classification helps scientists track shifts in ______ zones to study climate change 
impacts. 

Sector Primary Applications Key Benefits 

Agriculture 

Crop Zoning: Identifying where 
specific crops (e.g., coffee vs. wheat) 
will thrive based on thermal and 
moisture indices. 

Optimizes yields and 
prevents crop failure due 
to climatic mismatch. 

 
Irrigation Planning: Using moisture 
indices to determine the water deficit in 
semi-arid (BS) or arid (BW) zones. 

Reduces water waste 
and prevents soil 
salinization. 

Urban 
Planning 

Bioclimatic Design: Selecting building 
materials and orientations (e.g., high 
thermal mass for deserts, cross-
ventilation for tropics). 

Lowers energy 
consumption for heating 
and cooling. 

 

UHI Mitigation: Mapping Local 
Climate Zones (LCZ) to identify "hot 
spots" and plan green corridors or 
reflective surfaces. 

Improves public health 
and reduces the "Urban 
Heat Island" effect. 

Climate 
Change 

Zone Migration: Tracking how climate 
boundaries (like the "Tundra" line) shift 
toward the poles or higher altitudes. 

Predicts future habitat 
loss and the need for 
human migration. 

 
Vulnerability Assessment: Identifying 
regions that are transitioning from 
"Humid" to "Dry" categories. 

Informs international aid 
and long-term 
infrastructure 
investment. 

Box 3.4: Applications of climate classification 

 

 

• Agriculture: crop suitability and irrigation planning 
• Urban planning: climate-sensitive infrastructure design 
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• Climate change: monitoring shifts in climate zones and adaptation strategies 
 
 

Pilot questions 3.4 

1. Climate classification helps farmers by: 

a. Determining suitable crops for their region 
b. Predicting global wind circulation 
c. Measuring greenhouse gases 
d. Designing irrigation pipes only 

2. Urban planners use climate classification to: 

a. Study ocean currents 
b. Design infrastructure adapted to local climate conditions 
c. Measure atmospheric pressure 
d. Classify vegetation zones only 

3. Climate classification supports climate change studies by: 

a. Tracking shifts in climate zones 
b. Measuring daily weather forecasts 
c. Recording volcanic activity 
d. Studying trade winds exclusively 

 

Series summary 

This Series has focused on regional climatology and global climate classifications, 
building on the physical dynamics studied previously. Its purpose was to show how 
climates differ across the world and how scientists organise these differences into 
structured systems that can be applied in practical contexts. By examining both regional 
factors and global frameworks, you have gained insight into how local realities connect to 
broader climate patterns. 

We began by exploring the principles of regional climatology, including its scope and the 
key factors such as latitude, altitude, proximity to water, and topography. Next, we 
examined major global climate classification systems, with emphasis on the Köppen–
Geiger and Thornthwaite approaches, alongside other comparative models. Following 
that, we studied the regional climate zones of the world, ranging from tropical and dry 
climates to temperate, continental, and polar regions. Finally, we considered the 
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applications of climate classification in agriculture, urban planning, and climate change 
adaptation. By completing this Series, you should now be able to define regional 
climatology, explain classification systems, describe global climate zones, and evaluate 
their practical applications, directly aligning with the Series Learning Outcomes. 

 

Glossary of Terms 

• Altitude: The height of a place above sea level, which influences temperature and 
climate conditions. 

• Biotemperature: A measure of average temperature that excludes periods too cold 
or too hot for plant growth, used in some climate classification systems. 

• Continental climate: A climate found inland, away from oceans, with greater 
extremes between summer and winter temperatures. 

• Desert climate: A type of dry climate with very little rainfall, often less than 250 mm 
annually, and sparse vegetation. 

• Evapotranspiration: The combined process of water loss from soil (evaporation) 
and plants (transpiration), important in water balance studies. 

• Holdridge life zone system: A climate classification method that uses 
biotemperature, rainfall, and potential evapotranspiration to define ecological 
zones. 

• Köppen–Geiger classification: A widely used system that categorises climates 
based on temperature and precipitation patterns, using letter codes such as A 
(tropical) and B (dry). 

• Latitude: The distance north or south of the equator, measured in degrees, which 
strongly affects climate. 

• Mediterranean climate: A regional climate with hot, dry summers and mild, wet 
winters, common around the Mediterranean Sea and similar regions. 

• Polar climate: A climate found near the poles, beyond 66.5° latitude, characterised 
by extreme cold, long winters, and limited vegetation. 

• Rain shadow effect: A dry area on the leeward side of a mountain, caused when 
mountains block rainfall from reaching that side. 

• Regional climatology: The study of climate patterns within specific geographical 
areas, focusing on local factors such as latitude, altitude, and proximity to water. 

• Sahel: A semi-arid region of Africa located south of the Sahara Desert, known for 
variable rainfall and drought risk. 

• Savanna climate: A tropical climate with distinct wet and dry seasons, supporting 
grasslands and scattered trees. 

• Semi-arid climate: A dry climate with slightly more rainfall than deserts, often 
supporting grasslands or sparse vegetation. 

• Temperate climate: A mid-latitude climate with moderate temperatures and 
distinct seasons, often influenced by westerly winds and ocean currents. 
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• Thornthwaite classification: A climate classification system based on water 
balance and potential evapotranspiration, useful for agriculture and ecological 
studies. 

• Tropical climate: A climate found near the equator, with high temperatures year-
round and significant rainfall, supporting rainforests and savannas. 

• Westerly winds: Winds that blow from west to east in mid-latitudes, influencing 
temperate climate regions. 

 

Concept Check Questions  

Objective questions 

1. Regional climatology focuses on: 

a. Planetary-scale climate systems 
b. Specific geographical areas 
c. Ocean currents only 
d. Global atmospheric circulation 
(Linked to SLO 3.1) 

2. The Köppen–Geiger classification system is based on: 

a. Soil moisture and vegetation 
b. Temperature and precipitation 
c. Wind circulation patterns 
d. Ocean currents 
(Linked to SLO 3.2) 

3. Desert climates typically receive: 

a. More than 500 mm of rainfall annually 
b. Less than 250 mm of rainfall annually 
c. Heavy rainfall all year round 
d. Rainfall only in winter 
(Linked to SLO 3.3) 

4. Climate classification helps farmers by: 

a. Determining suitable crops for their region 
b. Predicting global wind circulation 
c. Measuring greenhouse gases 
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d. Designing irrigation pipes only 
(Linked to SLO 3.4) 

Short-answer questions 

5. Define regional climatology and explain why it is important. (Linked to SLO 3.1) 
6. Identify one key difference between the Köppen–Geiger and Thornthwaite classification 
systems. (Linked to SLO 3.2) 
7. Describe one characteristic of temperate climates. (Linked to SLO 3.3) 
8. Explain how climate classification supports urban planning. (Linked to SLO 3.4) 

Long-answer questions 
9. Analyse the factors that influence regional climates, using examples to illustrate how 
latitude, altitude, and proximity to water shape conditions. (Linked to SLO 3.1) 
10. Evaluate the applications of climate classification in climate change studies, 
discussing both its strengths and limitations. (Linked to SLO 3.4) 

Answers to Concept Check Questions  

Objective questions 

1. Specific geographical areas 
2. Temperature and precipitation 
3. Less than 250 mm of rainfall annually 
4. Determining suitable crops for their region 

Short-answer questions 
5. Regional climatology is the study of climate patterns within specific geographical areas. 
It is important because it connects global climate systems to local realities, helping 
societies adapt to their environments. 
6. Köppen–Geiger is based on temperature and precipitation, while Thornthwaite focuses 
on water balance and evapotranspiration. 
7. Temperate climates have moderate temperatures and distinct seasons, often 
influenced by westerly winds and ocean currents. 
8. Climate classification helps urban planners design infrastructure adapted to local 
climate conditions, such as ventilation in hot regions or insulation in cold regions. 

Long-answer questions 
9. Basic response: Latitude influences solar energy received, with equatorial regions being 
warmer and polar regions colder. Altitude affects temperature, as higher elevations are 
cooler. Proximity to water moderates climate, with coastal areas experiencing milder 
conditions than inland regions. 
Value-added response: These factors interact with topography and atmospheric 
circulation to create diverse climates. For example, the Mediterranean climate is shaped 
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by latitude and sea influence, while the Sahel’s semi-arid conditions result from its 
position between desert and tropical rainfall zones. Such examples show how regional 
climatology explains local variations. 

1. Basic response: Climate classification provides baselines for comparing past, 
present, and future conditions, helping scientists track shifts in climate zones and 
identify regions at risk. 
Value-added response: While useful, classification systems can oversimplify 
complex realities and may not capture microclimates or rapid changes. However, 
they remain essential for adaptation strategies, such as planning drought-resistant 
crops or new water policies in regions shifting from temperate to semi-arid 
conditions. 

 

Answers to Pilot Questions  

Part 3.1: Principles of Regional Climatology 

1. Specific geographical areas 
2. Proximity to water bodies 
3. Hot, dry summers and mild, wet winters 

Part 3.2: Major Global Climate Classification Systems 

1. Temperature and precipitation 
2. Analysing water balance and evapotranspiration 
3. Biotemperature, rainfall, and potential evapotranspiration 

Part 3.3: Regional Climate Zones of the World 

1. 0° and 23.5° latitude 
2. Less than 250 mm of rainfall annually 
3. Westerly winds and ocean currents 
4. 66.5° latitude 

Part 3.4: Applications of Climate Classification 

1. Determining suitable crops for their region 
2. Design infrastructure adapted to local climate conditions 
3. Tracking shifts in climate zones 
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Illustrations and attributions 

• Figure 3.1: Scope of regional climatology compared to global climatology 
Attribution: AI-generated suggestion. Prompt: “Create a diagram comparing global 
climatology (planetary scale) and regional climatology (local scale).” 
Suggested OER search string: “regional climatology vs global climatology diagram 
site:oercommons.org” 

• Plate 3.1: Topography shaping regional climate 
Attribution: AI-generated suggestion. Prompt: “Generate an image showing 
mountains creating a rain shadow effect with wet and dry sides.” 
Suggested OER search string: “rain shadow effect mountain climate image 
site:oercommons.org” 

• Box 3.1: Selected examples of regional climates 
Attribution: AI-generated suggestion. Prompt: “Create a table listing examples of 
regional climates with their defining characteristics.” 
Suggested OER search string: “examples of regional climates Mediterranean Sahel 
Arctic table site:oercommons.org” 

• Figure 3.2: Köppen–Geiger climate classification map 
Attribution: AI-generated suggestion. Prompt: “Create a world map showing 
Köppen–Geiger climate zones with colour-coded categories.” 
Suggested OER search string: “Köppen Geiger climate classification world map 
site:oercommons.org” 

• Box 3.2: Key differences between Köppen–Geiger and Thornthwaite systems 
Attribution: AI-generated suggestion. Prompt: “Create a table comparing Köppen–
Geiger and Thornthwaite climate classification systems.” 
Suggested OER search string: “Köppen vs Thornthwaite climate classification 
comparison table site:oercommons.org” 

https://www.ipcc.ch/
https://www.noaa.gov/
https://public.wmo.int/en
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• Plate 3.2: Holdridge life zone system 
Attribution: AI-generated suggestion. Prompt: “Generate an image of Holdridge life 
zone triangular diagram showing rainfall and biotemperature.” 
Suggested OER search string: “Holdridge life zone triangular diagram 
site:oercommons.org” 

• Figure 3.3: Tropical climate zones 
Attribution: AI-generated suggestion. Prompt: “Create a world map highlighting 
tropical rainforest and savanna climate zones near the equator.” 
Suggested OER search string: “tropical climate zones rainforest savanna map 
site:oercommons.org” 

• Plate 3.3: Dry climate regions 
Attribution: AI-generated suggestion. Prompt: “Generate an image of desert 
landscapes with sparse vegetation and sand dunes.” 
Suggested OER search string: “desert climate sparse vegetation image 
site:oercommons.org” 

• Figure 3.4: Temperate and continental climate zones 
Attribution: AI-generated suggestion. Prompt: “Create a world map highlighting 
temperate and continental climate zones in mid-latitudes.” 
Suggested OER search string: “temperate continental climate zones world map 
site:oercommons.org” 

• Box 3.3: Key features of polar climates 
Attribution: AI-generated suggestion. Prompt: “Create a table listing key features of 
polar climates with examples of vegetation.” 
Suggested OER search string: “polar climate tundra features table 
site:oercommons.org” 

• Figure 3.5: Agricultural applications of climate classification 
Attribution: AI-generated suggestion. Prompt: “Create a diagram showing crops 
suited to tropical, temperate, and dry climates.” 
Suggested OER search string: “crop suitability climate zones diagram 
site:oercommons.org” 

• Plate 3.4: Climate-sensitive urban design 
Attribution: AI-generated suggestion. Prompt: “Generate an image showing houses 
adapted to hot climates with shading and cold climates with insulation.” 
Suggested OER search string: “climate adapted housing urban planning image 
site:oercommons.org” 

• Box 3.4: Applications of climate classification 
Attribution: AI-generated suggestion. Prompt: “Create a table listing applications of 
climate classification in agriculture, urban planning, and climate change.” 
Suggested OER search string: “applications of climate classification agriculture 
urban planning climate change table site:oercommons.org” 
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Course code: GEO 303 

Course title: Science of Climate Change 

Course credit load: 2 Units 

 

Series 4: Science, Politics, and Global Responses to Climate Change 

Part 1: The science of climate change 

• Subpart 4.1.1: Evidence of climate change (temperature records, ice cores, sea 
level rise) 

• Subpart 4.1.2: Causes of climate change (natural vs anthropogenic) 
• Subpart 4.1.3: Impacts on ecosystems and human societies 

Part 2: Politics of climate change 

• Subpart 4.2.1: Climate change as a political issue 
• Subpart 4.2.2: National interests and policy debates 
• Subpart 4.2.3: Climate justice and equity concerns 

Part 3: Global responses and agreements 

• Subpart 4.3.1: The United Nations Framework Convention on Climate Change 
(UNFCCC) 

• Subpart 4.3.2: The Kyoto Protocol and Paris Agreement 
• Subpart 4.3.3: Current global initiatives and challenges 

Part 4: Future pathways and adaptation strategies 

• Subpart 4.4.1: Mitigation strategies (renewable energy, carbon pricing, 
reforestation) 

• Subpart 4.4.2: Adaptation strategies (resilient infrastructure, agriculture, disaster 
preparedness) 

• Subpart 4.4.3: The role of science, technology, and civil society in shaping 
responses 

 

Introduction 
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Climate change is no longer a distant concern but a present reality that affects 
communities, economies, and ecosystems across the globe. Rising temperatures, shifting 
rainfall patterns, and increasing extreme weather events remind us that the science of 
climate change is deeply connected to political decisions and collective global responses. 
Understanding this interplay is crucial for anyone seeking to grasp both the challenges and 
opportunities of our time. 

The aim of this Series is to provide you with a clear understanding of the scientific 
foundations of climate change, the political debates surrounding it, and the global 
agreements and strategies designed to address it. By the end, you should be able to 
explain the evidence and causes of climate change, analyse its political dimensions, and 
evaluate international responses and future pathways. 

We shall commence this Series by examining the science of climate change, focusing on 
evidence, causes, and impacts. Next, we will explore the politics of climate change, 
considering national interests, policy debates, and issues of justice and equity. Following 
that, we will study global responses and agreements, including the UNFCCC, Kyoto 
Protocol, and Paris Agreement, as well as current initiatives. Finally, we will conclude by 
discussing future pathways and adaptation strategies, highlighting the role of science, 
technology, and civil society in shaping responses. This progression will equip you with a 
comprehensive view of how science, politics, and global cooperation intersect in tackling 
climate change. 

Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 4.1 analyse the scientific evidence of climate change using temperature 
records, ice cores, and sea level data, 

• SLO 4.2 evaluate the natural and anthropogenic causes of climate change, 
including greenhouse gas emissions and deforestation, 

• SLO 4.3 assess the impacts of climate change on ecosystems, human societies, 
and coastal regions, 

• SLO 4.4 explain how climate change has become a political issue shaped by 
national interests and policy debates, 

• SLO 4.5 discuss the principles of climate justice and equity in global climate 
negotiations, 

• SLO 4.6 describe the role and objectives of the UNFCCC, Kyoto Protocol, and Paris 
Agreement, 

• SLO 4.7 evaluate current global initiatives and challenges in addressing climate 
change, 

• SLO 4.8 apply knowledge of mitigation strategies such as renewable energy, carbon 
pricing, and reforestation, 
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• SLO 4.9 demonstrate understanding of adaptation strategies including resilient 
infrastructure, agriculture, and disaster preparedness, and 

• SLO 4.10 analyse the role of science, technology, and civil society in shaping future 
climate responses. 

4.1 The Science of Climate Change 

4.1.1 Evidence of climate change 

The science of climate change begins with examining the evidence, which refers to 
measurable indicators that demonstrate changes in temperature, precipitation, and other 
climate variables over time. Scientists rely on temperature records, which show a steady 
rise in global average temperatures since the late 19th century. They also study ice cores, 
cylinders of ice drilled from glaciers and ice sheets that contain trapped air bubbles. These 
bubbles preserve past atmospheric conditions, allowing researchers to reconstruct 
climate history over hundreds of thousands of years. Another key source of evidence is sea 
level rise, caused by melting ice sheets and the thermal expansion of seawater as it 
warms. 

Global average temperatures have shown a steady ______ since the late 19th century. 
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Figure 4.1: Evidence of global warming from temperature records 

 
 

 

4.1.2 Causes of climate change 

Climate change has both natural causes and anthropogenic causes. Natural causes 
include volcanic eruptions, which release gases and particles that can temporarily cool 
the earth, and variations in solar radiation. Anthropogenic causes refer to human activities, 
especially the burning of fossil fuels such as coal, oil, and gas. This releases large amounts 
of greenhouse gases, defined as gases that trap heat in the atmosphere, including carbon 
dioxide, methane, and nitrous oxide. Deforestation also contributes by reducing the 
earth’s capacity to absorb carbon dioxide. 

Burning fossil fuels releases large amounts of ______ gases into the atmosphere. 
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Plate 4.1: Human activities contributing to climate change 
 
 

4.1.3 Impacts on ecosystems and human societies 

The impacts of climate change are wide-ranging. Ecosystems are affected as species 
struggle to adapt to shifting temperature and rainfall patterns. Coral reefs, for example, 
experience coral bleaching, a process where corals expel algae due to heat stress, leaving 
them vulnerable. Human societies face challenges such as increased flooding, droughts, 
and heatwaves. Agriculture is disrupted when rainfall becomes unpredictable, while 
coastal communities are threatened by rising sea levels. 

Coral bleaching occurs when corals expel ______ due to heat stress. 
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Impact 
Category 

Ecosystems Human Societies Coastal Regions 

Temperature 
Rise 

Species migration to 
higher latitudes; 
"bleaching" of coral 
reefs. 

Increased heat-
related illness; 
decreased crop 
yields/food 
insecurity. 

Warmer waters 
lead to more 
intense hurricanes 
and typhoons. 

Precipitation 
Changes 

Habitat loss 
(wetlands drying 
out); increased risk 
of wildfires. 

Water scarcity; 
damage to 
infrastructure from 
flash flooding. 

Increased river 
discharge can 
lead to estuarine 
flooding and 
pollution. 

Sea Level 
Rise 

Saltwater intrusion 
into freshwater 
habitats (killing local 
flora). 

Displacement of 
"climate refugees"; 
loss of high-value 
real estate. 

Permanent 
inundation of low-
lying islands; 
accelerated 
shoreline erosion. 

Ocean 
Acidification 

Difficulty for shellfish 
and corals to build 
shells/skeletons. 

Collapse of 
commercial 
fisheries; loss of 
tourism revenue. 

Degradation of 
natural storm 
barriers like 
mangroves and 
reefs. 

Box 4.1: Selected impacts of climate change 

• Ecosystems: coral bleaching, species migration, biodiversity loss 
• Human societies: flooding, droughts, heatwaves, food insecurity 
• Coastal regions: sea level rise, erosion, displacement 

 
 

Pilot questions 4.1 

1. Global average temperatures have shown a steady ______ since the late 19th 
century. 

a. Decline 
b. Rise 
c. Stability 
d. Fluctuation 
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2. Burning fossil fuels releases large amounts of ______ gases into the atmosphere. 

a. Oxygen 
b. Greenhouse 
c. Nitrogen 
d. Hydrogen 

3. Coral bleaching occurs when corals expel ______ due to heat stress. 

a. Sand 
b. Algae 
c. Water 
d. Minerals 

 

4.2 Politics of Climate Change 

4.2.1 Climate change as a political issue 

Climate change is not only a scientific matter but also a deeply political issue, meaning it 
involves debates, decisions, and policies shaped by governments and institutions. 
Political discussions arise because climate change affects economies, energy use, and 
social priorities. Some governments prioritise rapid action to reduce emissions, while 
others emphasise economic growth and energy security. This tension makes climate 
change a subject of negotiation at both national and international levels. 

Climate change is considered a ______ issue because it involves debates, decisions, and 
policies shaped by governments. 
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Figure 4.3: Climate change as a political issue 

 
 

4.2.2 National interests and policy debates 

Countries approach climate change differently depending on their national interests, 
defined as priorities that guide a nation’s policies, such as economic development, energy 
security, or environmental protection. For example, industrialised nations may focus on 
reducing emissions, while developing nations emphasise financial support and technology 
transfer to adapt to climate impacts. Policy debates often centre on who should bear the 
greatest responsibility for reducing emissions and how costs should be shared. 

National interests are the ______ that guide a nation’s policies, such as economic 
development or energy security. 
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Interest 
Category 

Specific National 
Interest 

Policy Implication / Example 

Economic 
Growth 

Industrial 
Competitiveness 

Countries may resist carbon taxes that 
make their exports more expensive 
compared to nations with fewer 
regulations. 

Energy 
Security 

Reducing Import 
Reliance 

Promoting domestic wind, solar, or nuclear 
power to decrease dependence on foreign 
oil and gas (e.g., European energy shifts). 

National 
Security 

Resource Stability 

Policies focused on preventing "climate-
induced instability" such as mass migration 
or conflict over water and food in 
neighboring regions. 

Sovereignty Policy Autonomy 

Resistance to mandatory international 
emissions targets that are seen as 
interfering with a nation's right to manage 
its own resources. 

Strategic 
Advantage 

Green Tech 
Leadership 

Investing heavily in EV batteries or 
hydrogen technology to capture a "lion's 
share" of the future global green economy. 

Public Health 
Reducing 
Healthcare Costs 

Implementing clean air standards to reduce 
local smog and respiratory illnesses, which 
in turn lowers national health expenditures. 

Territorial 
Integrity 

Coastal Protection 

For island or low-lying nations, climate 
policy is an existential interest focused on 
securing funding for sea walls and disaster 
resilience. 

Box 4.2: Examples of national interests in climate policy 

• Industrialised nations: emission reduction targets 
• Developing nations: financial support and technology transfer 
• Oil-producing nations: energy security and economic stability 

 
 

4.2.3 Climate justice and equity concerns 
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The concept of climate justice refers to the fair treatment of all people and nations in 
addressing climate change. Equity concerns arise because those who contribute least to 
greenhouse gas emissions, such as small island states, often suffer the most severe 
impacts. Climate justice debates highlight the need for wealthier nations to support 
vulnerable communities through funding, technology, and capacity building. 

Climate justice refers to the ______ treatment of all people and nations in addressing 
climate change. 

 
Plate 4.2: Climate justice and vulnerable communities 
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Pilot questions 4.2 

1. Climate change is considered a ______ issue because it involves debates, 
decisions, and policies shaped by governments. 

a. Scientific 
b. Political 
c. Cultural 
d. Technological 

2. National interests are the ______ that guide a nation’s policies, such as economic 
development or energy security. 

a. Priorities 
b. Traditions 
c. Laws 
d. Customs 

3. Climate justice refers to the ______ treatment of all people and nations in 
addressing climate change. 

a. Equal 
b. Fair 
c. Strict 
d. Limited 

 

4.3 Global Responses and Agreements 

4.3.1 The United Nations Framework Convention on Climate Change 
(UNFCCC) 

The UNFCCC is an international treaty established in 1992 to address global climate 
change. Its central aim is to stabilise greenhouse gas concentrations at levels that prevent 
dangerous human interference with the climate system. It provides a framework for 
cooperation, where countries meet annually at Conferences of the Parties (COPs) to 
review progress, negotiate new commitments, and strengthen collective action. 

The UNFCCC was established in ______ to address global climate change. 
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Figure 4.4: The UNFCCC framework 

 
 

4.3.2 The Kyoto Protocol and Paris Agreement 

The Kyoto Protocol, adopted in 1997, was the first major agreement under the UNFCCC. It 
set legally binding emission reduction targets for industrialised nations. However, its 
effectiveness was limited because some major emitters did not participate, and others 
failed to meet their targets. 
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The Paris Agreement, adopted in 2015, marked a turning point. Unlike Kyoto, it requires all 
countries to submit Nationally Determined Contributions (NDCs), outlining their plans to 
reduce emissions. The Paris Agreement emphasises flexibility, transparency, and 
collective responsibility, aiming to limit global warming to well below 2°C, ideally 1.5°C. 

The Paris Agreement aims to limit global warming to well below ______°C. 

Feature Kyoto Protocol (1997) Paris Agreement (2015) 

Approach 

Top-Down: Specific targets 
were set for countries by the 
international treaty. 

Bottom-Up: Countries set their 
own targets based on national 
capabilities. 

Applicability 

Developed Nations only: 
Only "Annex I" 
(industrialized) countries had 
binding targets. 

Universal: All countries 
(developed and developing) are 
required to submit climate plans. 

Primary Goal 
Reduce emissions of 6 
greenhouse gases by 5.2% 
below 1990 levels. 

Limit global warming to well 
below 2°C, preferably 1.5°C, 
above pre-industrial levels. 

Legally 
Binding 

Binding Targets: Missing a 
target carried potential 
legal/procedural penalties. 

Binding Process: Countries are 
legally required to submit plans, 
but the targets themselves are 
not legally binding. 

Mechanism 

Nationally assigned amounts; 
carbon trading via CDM and 
Joint Implementation. 

Nationally Determined 
Contributions (NDCs); updated 
every 5 years. 

Box 4.3: Key differences between Kyoto Protocol and Paris Agreement 

• Kyoto Protocol: legally binding targets for industrialised nations only 
• Paris Agreement: voluntary NDCs for all nations, collective responsibility 

 
 

 

4.3.3 Current global initiatives and challenges 

Global initiatives today include expanding renewable energy, introducing carbon pricing 
mechanisms, and promoting reforestation. These efforts aim to reduce emissions and 
build resilience. However, challenges remain, such as insufficient funding, uneven 
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commitments across nations, and political resistance. Vulnerable countries, especially 
small island states, continue to call for urgent action to protect their communities from 
rising seas and extreme weather. 

Global initiatives face challenges such as insufficient ______ and uneven commitments. 

 
Plate 4.3: Current global climate initiatives 

 
 

Pilot questions 4.3 
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1. The UNFCCC was established in: 

a. 1982 
b. 1992 
c. 2002 
d. 2012 

2. The Kyoto Protocol set legally binding targets for: 

a. Developing nations only 
b. Industrialised nations only 
c. All nations equally 
d. Small island states only 

3. The Paris Agreement aims to limit global warming to well below: 

a. 1°C 
b. 1.5°C 
c. 2°C 
d. 3°C 

4. Current global initiatives face challenges such as insufficient ______ and uneven 
commitments. 

a. Funding 
b. Technology 
c. Awareness 
d. Legislation 

 

4.4 Future Pathways and Adaptation Strategies 

4.4.1 Mitigation strategies 

Mitigation refers to actions taken to reduce or prevent the emission of greenhouse gases. 
Key strategies include the transition to renewable energy sources such as solar, wind, 
and hydropower, which provide clean alternatives to fossil fuels. Another approach is 
carbon pricing, a policy tool that assigns a cost to carbon emissions, encouraging 
industries to reduce their output. Reforestation and afforestation are also vital, as trees 
absorb carbon dioxide and help restore ecological balance. 

Mitigation strategies aim to reduce or prevent the emission of ______ gases. 
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Plate 4.4: Renewable energy as a mitigation strategy 

 
 

4.4.2 Adaptation strategies 

Adaptation involves adjusting to the impacts of climate change to reduce harm and exploit 
potential opportunities. Examples include building resilient infrastructure, such as flood 
defences and climate-proof housing, to protect communities from extreme weather. In 
agriculture, adaptation may involve developing drought-resistant crops and improving 
irrigation systems. Disaster preparedness, including early warning systems, is another 
critical measure that helps societies respond quickly to climate-related hazards. 
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Adaptation strategies involve adjusting to the impacts of climate change to reduce ______. 

 
Figure 4.5: Adaptation strategies for climate resilience 

 
 

4.4.3 The role of science, technology, and civil society 

Science and technology play a central role in shaping future responses to climate change. 
Advances in climate modelling improve our ability to predict future scenarios, while 
innovations in clean energy and sustainable practices provide practical solutions. Civil 
society, including NGOs, community groups, and individuals, contributes by raising 
awareness, advocating for policy change, and implementing grassroots initiatives. 
Together, these actors create a multi-level response that combines global frameworks 
with local action. 
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Civil society contributes to climate action by raising ______ and advocating for policy 
change. 

Sector Core Role Key Contributions & Examples 

Science 
Evidence & 
Understanding 

Provides the data foundation (IPCC reports), 
climate modeling, and attribution studies to 
prove the link between human activity and 
warming. 

Technology 
Implementation & 
Innovation 

Develops practical solutions like high-
efficiency solar panels, carbon capture 
systems, and electric vehicle battery 
storage. 

Civil 
Society 

Advocacy & 
Accountability 

Drives public awareness, pressures 
governments for policy change (e.g., NGOs, 
youth movements), and ensures equitable 
climate transitions. 

Box 4.4: Roles in climate action 

• Science: climate modelling, monitoring, and research 
• Technology: renewable energy, sustainable practices, innovation 
• Civil society: awareness campaigns, advocacy, grassroots initiatives 

 
 

Pilot questions 4.4 

1. Mitigation strategies aim to reduce or prevent the emission of ______ gases. 

a. Oxygen 
b. Greenhouse 
c. Nitrogen 
d. Hydrogen 

2. Adaptation strategies involve adjusting to the impacts of climate change to reduce 
______. 

a. Harm 
b. Growth 
c. Energy 
d. Emissions 
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3. Civil society contributes to climate action by raising ______ and advocating for 
policy change. 

a. Awareness 
b. Funding 
c. Technology 
d. Legislation 

4. Which of the following is an example of a mitigation strategy? 

a. Flood defences 
b. Drought-resistant crops 
c. Carbon pricing 
d. Early warning systems 

 

Series Summary 

This Series has explored the science, politics, and global responses to climate change, 
highlighting why it is one of the most pressing challenges of our time. Beginning with the 
scientific foundations, we examined the evidence, causes, and impacts of climate change. 
We then moved into the political dimensions, considering how national interests, policy 
debates, and issues of climate justice shape responses. Following that, we studied global 
agreements such as the UNFCCC, Kyoto Protocol, and Paris Agreement, alongside current 
initiatives and challenges. Finally, we looked ahead to future pathways, focusing on 
mitigation, adaptation, and the roles of science, technology, and civil society. 

By completing this Series, you should now be able to explain the scientific basis of climate 
change, analyse its political implications, evaluate international agreements and 
initiatives, and propose strategies for mitigation and adaptation. These abilities directly 
align with the Series Learning Outcomes, equipping you with both knowledge and practical 
insight into how science, politics, and collective action intersect in addressing climate 
change. 

 

Glossary of Terms 

Adaptation 
Adjusting to the impacts of climate change to reduce harm or take advantage of 
opportunities, such as building flood defences or developing drought-resistant crops. 
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Anthropogenic causes 
Human activities that contribute to climate change, including burning fossil fuels, 
deforestation, and industrial processes. 

Carbon pricing 
A policy tool that assigns a cost to carbon emissions, encouraging industries and 
individuals to reduce their greenhouse gas output. 

Climate justice 
The fair treatment of all people and nations in addressing climate change, recognising that 
those who contribute least to emissions often suffer the greatest impacts. 

Conference of the Parties (COPs) 
Annual meetings under the UNFCCC where countries review progress, negotiate new 
commitments, and strengthen collective action on climate change. 

Coral bleaching 
A process where corals expel algae due to heat stress, leaving them vulnerable and often 
leading to reef degradation. 

Evidence (of climate change) 
Measurable indicators that show climate change is occurring, such as rising global 
temperatures, ice core records, and sea level rise. 

Greenhouse gases 
Gases that trap heat in the atmosphere, including carbon dioxide, methane, and nitrous 
oxide, contributing to global warming. 

Kyoto Protocol 
An international agreement adopted in 1997 under the UNFCCC that set legally binding 
emission reduction targets for industrialised nations. 

Mitigation 
Actions taken to reduce or prevent greenhouse gas emissions, such as switching to 
renewable energy or reforestation. 

National interests 
Priorities that guide a nation’s policies, such as economic development, energy security, 
or environmental protection, which influence climate negotiations. 

Nationally Determined Contributions (NDCs) 
Plans submitted by countries under the Paris Agreement outlining how they intend to 
reduce emissions and adapt to climate impacts. 
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Paris Agreement 
An international treaty adopted in 2015 under the UNFCCC, requiring all countries to 
submit NDCs and aiming to limit global warming to well below 2°C, ideally 1.5°C. 

Renewable energy 
Energy sources that are naturally replenished, such as solar, wind, and hydropower, which 
provide clean alternatives to fossil fuels. 

UNFCCC (United Nations Framework Convention on Climate Change) 
An international treaty established in 1992 to address global climate change, providing a 
framework for cooperation and negotiation among nations. 

Volcanic eruptions (natural cause) 
Natural events that release gases and particles into the atmosphere, which can 
temporarily cool the earth’s climate. 

 

Concept Check Questions 

Objective questions 

1. The UNFCCC was established in: 

a. 1982 
b. 1992 
c. 2002 
d. 2012 
(Linked to SLO 4.3) 

2. The Paris Agreement aims to limit global warming to well below: 

a. 1°C 
b. 1.5°C 
c. 2°C 
d. 3°C 
(Linked to SLO 4.3) 

3. Mitigation strategies aim to reduce or prevent the emission of: 

a. Oxygen 
b. Greenhouse gases 
c. Nitrogen 
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d. Hydrogen 
(Linked to SLO 4.4) 

4. Climate justice refers to the ______ treatment of all people and nations in 
addressing climate change. 

a. Equal 
b. Fair 
c. Strict 
d. Limited 
(Linked to SLO 4.2) 

Short-answer questions 
5. Define greenhouse gases and explain their role in climate change. (Linked to SLO 4.1) 
6. Identify one key difference between the Kyoto Protocol and the Paris Agreement. (Linked 
to SLO 4.3) 
7. Describe one adaptation strategy that helps communities respond to climate change 
impacts. (Linked to SLO 4.4) 
8. Explain why national interests influence climate policy debates. (Linked to SLO 4.2) 

Long-answer questions 
9. Analyse the evidence of climate change, using examples such as temperature records, 
ice cores, and sea level rise. (Linked to SLO 4.1) 
10. Evaluate the effectiveness of global agreements in addressing climate change, 
discussing both achievements and limitations. (Linked to SLO 4.3) 
11. Propose future pathways for climate action, considering mitigation, adaptation, and 
the role of science, technology, and civil society. (Linked to SLO 4.4) 

Answers to Concept Check Questions  

Objective questions 

1. 1992 
2. 2°C (ideally 1.5°C) 
3. Greenhouse gases 
4. Fair 

Short-answer questions 
5. Greenhouse gases are gases that trap heat in the atmosphere, such as carbon dioxide 
and methane. They contribute to global warming by preventing heat from escaping into 
space. 
6. The Kyoto Protocol set legally binding targets for industrialised nations only, while the 
Paris Agreement requires all nations to submit voluntary NDCs. 
7. One adaptation strategy is building flood defences to protect communities from rising 
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sea levels and extreme weather. 
8. National interests influence climate policy because countries prioritise their economic 
growth, energy security, or environmental protection, which shapes their stance in 
negotiations. 

Long-answer questions 
9. Basic response: Evidence of climate change includes rising global temperatures, ice 
core records showing past atmospheric conditions, and sea level rise caused by melting 
ice sheets. 
Value-added response: Beyond these, scientists also use satellite data, biodiversity shifts, 
and extreme weather patterns to confirm climate change. Together, these indicators 
provide a comprehensive picture of how the climate is changing over time. 

1. Basic response: Global agreements like the Kyoto Protocol and Paris Agreement 
have helped coordinate international action and set emission reduction targets. 
Value-added response: However, challenges include uneven commitments, lack of 
enforcement, and insufficient funding. While the Paris Agreement broadened 
participation, its reliance on voluntary NDCs limits accountability. Still, these 
agreements have raised awareness and mobilised global cooperation. 

2. Basic response: Future pathways include mitigation through renewable energy and 
carbon pricing, adaptation through resilient infrastructure and agriculture, and 
contributions from science and civil society. 
Value-added response: Outstanding learners may highlight innovative technologies 
such as carbon capture, the importance of grassroots activism, and the integration 
of climate action into broader sustainable development goals. These pathways 
show how multi-level responses can create lasting impact. 

 

Answers to Pilot Questions [Series 4] 

Part 4.1: The science of climate change 

1. Rise 
2. Greenhouse gases 
3. Algae 

Part 4.2: Politics of climate change 

1. Political 
2. Priorities 
3. Fair 

Part 4.3: Global responses and agreements 
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1. 1992 
2. Industrialised nations only 
3. 2°C (ideally 1.5°C) 
4. Funding 

Part 4.4: Future pathways and adaptation strategies 

1. Greenhouse gases 
2. Harm 
3. Awareness 
4. Carbon pricing 
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on Climate Change. Retrieved from https://unfccc.int/kyoto_protocol (unfccc.int in 
Bing) 

• Paris Agreement. (2015). Paris Agreement. Retrieved from 
https://unfccc.int/paris_agreement (unfccc.int in Bing) 

• OER Commons. (n.d.). Open Educational Resources. Retrieved from 
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Illustrations (Figures, Plates, Boxes, Tables) 

Part 4.1: The Science of Climate Change 

• Figure 4.1: Evidence of global warming from temperature records 
Attribution: Suggested OER Commons search string “global temperature rise 
historical records graph site:oercommons.org”. 
AI-generated prompt: “Create a line graph showing global average temperature rise 
from 1880 to present.” 

https://unfccc.int/
https://www.oercommons.org/
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• Plate 4.1: Human activities contributing to climate change 
Attribution: Suggested OER Commons search string “industrial smokestacks 
greenhouse gases image site:oercommons.org”. 
AI-generated prompt: “Generate an image of industrial smokestacks releasing 
greenhouse gases into the atmosphere.” 

• Box 4.1: Selected impacts of climate change 
Attribution: Suggested OER Commons search string “impacts of climate change 
ecosystems societies table site:oercommons.org”. 
AI-generated prompt: “Create a table listing impacts of climate change on 
ecosystems, human societies, and coastal regions.” 

• Figure 4.2: Climate change impacts on human societies 
Attribution: Suggested OER Commons search string “climate change impacts 
agriculture coastal communities diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing flooding, drought, and sea level 
rise affecting human communities.” 

Part 4.2: Politics of Climate Change 

• Figure 4.3: Climate change as a political issue 
Attribution: Suggested OER Commons search string “climate change political issue 
diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing science, politics, and society 
overlapping in climate change debates.” 

• Box 4.2: Examples of national interests in climate policy 
Attribution: Suggested OER Commons search string “national interests climate 
policy table site:oercommons.org”. 
AI-generated prompt: “Create a table listing examples of national interests in 
climate policy.” 

• Plate 4.2: Climate justice and vulnerable communities 
Attribution: Suggested OER Commons search string “climate justice vulnerable 
communities flooding image site:oercommons.org”. 
AI-generated prompt: “Generate an image showing small island communities 
affected by sea level rise and flooding.” 

Part 4.3: Global Responses and Agreements 

• Figure 4.4: The UNFCCC framework 
Attribution: Suggested OER Commons search string “UNFCCC framework climate 
treaty diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing the UNFCCC framework and 
annual COP meetings.” 

• Box 4.3: Key differences between Kyoto Protocol and Paris Agreement 
Attribution: Suggested OER Commons search string “Kyoto vs Paris Agreement 
climate comparison table site:oercommons.org”. 
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AI-generated prompt: “Create a table comparing Kyoto Protocol and Paris 
Agreement.” 

• Plate 4.3: Current global climate initiatives 
Attribution: Suggested OER Commons search string “renewable energy projects 
climate initiatives image site:oercommons.org”. 
AI-generated prompt: “Generate an image showing renewable energy projects like 
wind turbines and solar panels.” 

Part 4.4: Future Pathways and Adaptation Strategies 

• Plate 4.4: Renewable energy as a mitigation strategy 
Attribution: Suggested OER Commons search string “renewable energy solar wind 
mitigation image site:oercommons.org”. 
AI-generated prompt: “Generate an image showing solar panels and wind turbines 
in a clean energy landscape.” 

• Figure 4.5: Adaptation strategies for climate resilience 
Attribution: Suggested OER Commons search string “adaptation strategies climate 
resilience diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing flood defences, drought-resistant 
crops, and early warning systems.” 

• Box 4.4: Roles in climate action 
Attribution: Suggested OER Commons search string “roles of science technology 
civil society climate action table site:oercommons.org”. 
AI-generated prompt: “Create a table listing roles of science, technology, and civil 
society in climate action.” 

 

Course code: GEO 303 

Course title: Science of Climate Change 

Course credit load: 2 Units 

 

Series 5: Adaptation, Communication, and Nigeria’s Climate Change Strategies 

Part 5.1 Adaptation in Nigeria 

• Definition of adaptation in climate change context. 
• Key adaptation strategies: resilient agriculture, flood defences, drought-resistant 

crops. 
• Case studies: Lagos coastal flooding, northern Nigeria desertification. 

Part 5.2 Communication and Public Awareness 

• Importance of climate communication in shaping behaviour and policy. 
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• Role of government campaigns, NGOs, and media in Nigeria. 
• Community-level awareness: traditional leaders, schools, grassroots 

organisations. 

Part 5.3 Nigeria’s Climate Change Strategies 

• National Climate Change Policy and Response Strategy (NCCPRS). 
• Nigeria’s Nationally Determined Contributions (NDCs) under the Paris Agreement. 
• Renewable energy initiatives and reforestation programmes. 
• Challenges: funding, governance, and public participation. 

Part 5.4 Future Pathways for Nigeria 

• Opportunities for integrating science, technology, and civil society. 
• Balancing economic growth with climate resilience. 
• Nigeria’s role in Africa’s collective climate response. 

 

Introduction 

In the last Series, we explored the science, politics, and global responses to climate 
change, gaining insight into how nations cooperate through international agreements and 
strategies. Building on that foundation, this Series turns our attention to Nigeria, examining 
how the country adapts to climate impacts, communicates climate issues to its citizens, 
and develops strategies to meet both national and international commitments. This focus 
is particularly relevant because Nigeria faces diverse climate challenges, ranging from 
coastal flooding in the south to desertification in the north, making adaptation and 
communication essential for resilience. 

The aim of this Series is to equip you with an understanding of Nigeria’s climate change 
strategies, highlighting how adaptation and communication play a central role in shaping 
effective responses. It seeks to help you analyse Nigeria’s national policies and evaluate 
future pathways that balance development with climate resilience. 

We shall commence this Series by exploring adaptation in Nigeria, looking at practical 
strategies and case studies. Next, we will examine communication and public awareness, 
considering how government, NGOs, and communities spread knowledge and encourage 
action. Following that, we will study Nigeria’s climate change strategies, including national 
policies, NDCs, and renewable energy initiatives. Finally, we will wrap up by discussing 
future pathways for Nigeria, focusing on opportunities to integrate science, technology, 
and civil society in building a sustainable and resilient future. 
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Series Learning Outcomes 

Upon completing this Series, you should be able to: 

• SLO 5.1 define adaptation in the context of climate change and identify key 
strategies relevant to Nigeria, 

• SLO 5.2 analyse case studies of climate impacts in Nigeria, including coastal 
flooding and desertification, 

• SLO 5.3 explain the role of communication and public awareness in promoting 
climate action across government, NGOs, and communities, 

• SLO 5.4 evaluate Nigeria’s national climate change strategies, including the 
NCCPRS and Nationally Determined Contributions (NDCs), 

• SLO 5.5 assess renewable energy and reforestation initiatives as part of Nigeria’s 
climate response, 

• SLO 5.6 identify challenges in implementing Nigeria’s climate strategies, such as 
funding, governance, and public participation, 

• SLO 5.7 propose future pathways for Nigeria that integrate science, technology, and 
civil society to balance development with climate resilience, and 

• SLO 5.8 analyse Nigeria’s role in Africa’s collective climate response through 
regional cooperation and leadership. 

 

5.1 Adaptation in Nigeria 

5.1.1 Defining adaptation in the climate change context 

Adaptation refers to adjustments in natural or human systems in response to actual or 
expected climate impacts. In Nigeria, adaptation means taking deliberate steps to reduce 
harm from climate risks such as flooding, desertification, and drought, while also finding 
ways to benefit from new opportunities. Adaptation is different from mitigation, which 
focuses on reducing greenhouse gas emissions. 

Adaptation involves adjustments in natural or human systems in response to ______ or 
expected climate impacts. 
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Caption: Figure 5.1: Adaptation versus mitigation in climate change 

 
 

 

5.1.2 Key adaptation strategies in Nigeria 

Nigeria has adopted several strategies to cope with climate impacts. One major approach 
is resilient agriculture, which involves using drought-resistant crops, improved irrigation, 
and sustainable farming practices to withstand changing rainfall patterns. Another strategy 
is building flood defences, such as embankments and drainage systems, to protect 
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communities in coastal areas like Lagos. Reforestation and afforestation projects also play 
a role, as trees help stabilise soil, reduce desertification, and absorb carbon dioxide. 

Resilient agriculture is an adaptation strategy that involves using ______ crops and 
sustainable farming practices. 

 
Caption: Plate 5.1: Resilient agriculture in Nigeria 

 
 

5.1.3 Case studies of climate impacts in Nigeria 

Nigeria’s diverse geography means climate impacts vary across regions. In Lagos and 
other coastal cities, coastal flooding caused by sea level rise and heavy rainfall threatens 
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homes, infrastructure, and livelihoods. In northern Nigeria, desertification driven by 
overgrazing, deforestation, and reduced rainfall is shrinking arable land and pushing 
communities to migrate southwards. These examples highlight the urgent need for 
adaptation strategies tailored to local conditions. 

Coastal flooding in Lagos is mainly caused by ______ rise and heavy rainfall. 

Region 
Primary Climate 

Threat 
Key Case Study / 

Impact 
Socio-Economic 

Consequence 

North-West 
(e.g., 
Sokoto, 
Katsina) 

Desertification 
& Drought 

Encroachment of the 
Sahara; loss of 
350,000 hectares of 
land annually to sand 
dunes. 

Loss of arable land, 
forced migration of 
pastoralists, and 
increased food 
insecurity. 

North-East 
(e.g., 
Borno, Lake 
Chad) 

Water Scarcity 
& Flooding 

The shrinking of Lake 
Chad (reduced by 
~90% since the 
1960s) followed by 
extreme flash floods. 

Conflict over water 
resources (farmer-
herder clashes) and 
public health crises 
like cholera. 

North-
Central 
(Middle 
Belt) 

Unpredictable 
Rainfall 

Erratic planting 
seasons and sudden, 
heavy downpours 
leading to riverine 
flooding (Benue/Niger 
rivers). 

Destruction of 
"Nigeria’s Food 
Basket" yields and 
massive internal 
displacement. 

South-East 
(e.g., 
Anambra, 
Abia) 

Gully Erosion 

Over 1,000 active 
gully sites in Anambra 
alone; some reaching 
depths of 120 meters. 

Loss of entire 
ancestral villages, 
homes, and critical 
road infrastructure. 

South-
South 
(Niger 
Delta) 

Coastal Erosion 
& Sea Level 
Rise 

Sea-level rise and 
saltwater intrusion into 
freshwater mangrove 
ecosystems. 

Destruction of 
fisheries, 
displacement of 
coastal communities, 
and contamination of 
drinking water. 

South-
West (e.g., 
Lagos, 
Ondo) 

Ocean Surges & 
Urban Flooding 

Severe shoreline 
retreat in communities 
like Okun-Alpha; flash 
floods in dense urban 
centers. 

High economic loss 
due to damage to 
valuable real estate 
and infrastructure in 
Lagos. 
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Box 5.1: Selected case studies of climate impacts in Nigeria 

• Lagos: coastal flooding and infrastructure damage 
• Northern Nigeria: desertification and loss of farmland 
• Middle Belt: shifting rainfall patterns affecting crop yields 

 
 

5.1.4 Linking adaptation to resilience 

Resilience refers to the capacity of communities and ecosystems to withstand and 
recover from climate shocks. Adaptation strategies strengthen resilience by reducing 
vulnerability and enabling societies to bounce back after disasters. For Nigeria, resilience 
is not only about physical infrastructure but also about social systems, such as education, 
health care, and community organisation. 

Resilience refers to the capacity of communities and ecosystems to ______ and recover 
from climate shocks. 
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Figure 5.2: Adaptation strategies and resilience 
 
 

Pilot questions 5.1 

1. Adaptation involves adjustments in natural or human systems in response to ______ 
or expected climate impacts. 

a. Past 
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b. Actual 
c. Imaginary 
d. Seasonal 

2. Resilient agriculture in Nigeria involves using ______ crops and sustainable farming 
practices. 

a. Cash 
b. Drought-resistant 
c. Exotic 
d. Hybrid 

3. Coastal flooding in Lagos is mainly caused by ______ rise and heavy rainfall. 

a. Population 
b. Sea level 
c. Temperature 
d. Industrial 

4. Resilience refers to the capacity of communities and ecosystems to ______ and 
recover from climate shocks. 

a. Collapse 
b. Withstand 
c. Ignore 
d. Delay 

 

5.2 Communication and Public Awareness 

5.2.1 Importance of climate communication 

Climate communication refers to the process of sharing information about climate 
change in ways that encourage awareness, understanding, and action. In Nigeria, effective 
communication is vital because climate impacts vary across regions and communities. 
Clear communication helps citizens recognise risks such as flooding or desertification and 
motivates them to adopt protective behaviours. 

Climate communication is the process of sharing information about climate change to 
encourage ______, understanding, and action. 
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Figure 5.3: Climate communication pathways in Nigeria 
 
 

5.2.2 Role of government, NGOs, and media 

The Nigerian government plays a central role in climate communication through policies, 
campaigns, and public education programmes. Non-governmental organisations 
(NGOs) complement these efforts by working directly with communities, often translating 
technical information into local languages. The media also plays a crucial role by reporting 
climate-related events and raising public awareness. Together, these actors ensure that 
climate information reaches diverse audiences. 
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NGOs often translate technical information into ______ languages to make climate 
communication more effective. 

Image showing a community awareness campaign in Nigeria. 
 
 

 

5.2.3 Community-level awareness 

At the grassroots level, traditional leaders, schools, and community organisations are vital 
in spreading climate knowledge. For example, schools integrate climate topics into 
environmental education, while traditional leaders mobilise communities to adopt 
sustainable practices. Community-level awareness ensures that adaptation strategies are 
not only understood but also embraced by those most affected. 

Community-level awareness ensures that adaptation strategies are ______ and embraced 
by those most affected. 

Initiative Type 
Example Program / 

Organization 
Description & Impact 

Youth 
Advocacy 

SustyVibes 

Uses pop culture, art, and music to 
make sustainability relatable to young 
Nigerians. They organize "clean-up 
parties" and community dialogues. 
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Initiative Type 
Example Program / 

Organization 
Description & Impact 

Education & 
Literacy 

NaijaCLIMATE 
(OER) 

An open educational module designed 
to democratize climate education for 
Nigerians with little formal environmental 
training. 

Agricultural 
Adaptation 

Climate-Smart 
Agriculture (Ondo 
State) 

Training local farmers in rainwater 
harvesting and the use of drought-
resistant crop varieties to combat erratic 
rainfall. 

Forest 
Conservation 

The Ekuri Initiative 
(Cross River) 

A community-led rainforest protection 
project that creates awareness about 
the value of standing forests over 
logging. 

Schools 
Engagement 

Glow Initiative 
(NCCAP) 

Distributes illustrated climate textbooks 
like "Something is Happening" to 
secondary schools to train "Climate 
Ambassadors." 

Indigenous 
Knowledge 

Local Weather 
Forecasting 

Rural communities in the North use 
traditional indicators (bird migrations, 
fruit flowering) to discuss and prepare 
for shifting seasons. 

Box 5.2: Examples of community-level climate awareness in Nigeria 

• Schools: integrating climate topics into environmental education 
• Traditional leaders: mobilising communities for sustainable practices 
• Grassroots organisations: promoting local adaptation projects 

 
 

Pilot questions 5.2 

1. Climate communication is the process of sharing information about climate change 
to encourage ______, understanding, and action. 

a. Awareness 
b. Silence 
c. Ignorance 
d. Resistance 
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2. NGOs often translate technical information into ______ languages to make climate 
communication more effective. 

a. Foreign 
b. Local 
c. Scientific 
d. Official 

3. Community-level awareness ensures that adaptation strategies are ______ and 
embraced by those most affected. 

a. Ignored 
b. Understood 
c. Hidden 
d. Delayed 

5.3 Nigeria’s Climate Change Strategies 

5.3.1 National Climate Change Policy and Response Strategy (NCCPRS) 

Nigeria’s National Climate Change Policy and Response Strategy (NCCPRS) provides a 
framework for addressing climate challenges. It outlines goals for reducing vulnerability, 
promoting adaptation, and integrating climate considerations into national development 
plans. The NCCPRS emphasises collaboration between government, private sector, and 
civil society. 

The NCCPRS provides a framework for addressing climate challenges by promoting 
adaptation and reducing ______. 
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Figure 5.4: Framework of Nigeria’s NCCPRS 
 
 

5.3.2 Nationally Determined Contributions (NDCs) 

Under the Paris Agreement, Nigeria has submitted Nationally Determined Contributions 
(NDCs), which outline its commitments to reduce greenhouse gas emissions and adapt to 
climate impacts. Nigeria’s NDCs include targets for renewable energy, reforestation, and 
improved waste management. These commitments demonstrate Nigeria’s role in global 
climate action. 
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Nigeria’s NDCs under the Paris Agreement outline commitments to reduce ______ gas 
emissions and adapt to climate impacts. 

[Insert box here] 
Box 5.3: Key elements of Nigeria’s NDCs 

• Renewable energy targets 
• Reforestation programmes 
• Improved waste management 

 
 

5.3.3 Renewable energy and reforestation initiatives 

Nigeria is investing in renewable energy projects such as solar and wind power to reduce 
reliance on fossil fuels. Reforestation and afforestation programmes aim to restore 
degraded land and combat desertification. These initiatives not only reduce emissions but 
also create jobs and improve livelihoods. 

Renewable energy projects such as solar and wind power help Nigeria reduce reliance on 
______ fuels. 

Plate 5.3: Renewable energy initiatives in Nigeria 
 
 

5.3.4 Challenges in implementation 

Despite progress, Nigeria faces challenges in implementing climate strategies. These 
include insufficient funding, weak governance structures, and limited public participation. 
Addressing these challenges requires stronger institutional capacity and greater 
collaboration between stakeholders. 
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Nigeria faces challenges in implementing climate strategies, including insufficient ______ 
and weak governance structures. 

Challenge 
Category 

Specific Implementation 
Barriers 

Primary Impact 

Financial 

Significant funding gap 
(estimated $142 billion 
needed for NDCs); lack of 
domestic carbon pricing. 

Delayed transition to 
renewables; inability to fund 
large-scale adaptation like 
sea walls or irrigation. 

Institutional 

Fragmented coordination 
between Federal, State, and 
Local governments; weak 
enforcement of existing laws. 

Duplication of efforts; 
"paper-only" policies that 
are not enacted at the 
community level. 

Economic 

Heavy reliance on oil and 
gas revenue (the "petro-
state" dilemma); high cost of 
green technology. 

Political resistance to 
decarbonization; renewable 
energy struggles to compete 
with fossil fuel subsidies. 

Technical/Data 

Limited GHG inventory 
systems; shortage of 
technical expertise in carbon 
accounting and green 
engineering. 

Inaccurate tracking of 
progress; difficulty in 
meeting international 
transparency requirements. 

Social/Awareness 

Low climate literacy among 
the general public; low 
priority due to immediate 
poverty and security 
concerns. 

Lack of grassroots "buy-in"; 
continued deforestation and 
unsustainable agricultural 
practices. 

Challenges in Nigeria’s climate strategy implementation 

• Insufficient funding 
• Weak governance structures 
• Limited public participation 

 
 

Pilot questions 5.3 

1. The NCCPRS provides a framework for addressing climate challenges by promoting 
adaptation and reducing ______. 
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a. Vulnerability 
b. Awareness 
c. Technology 
d. Legislation 

2. Nigeria’s NDCs under the Paris Agreement outline commitments to reduce ______ 
gas emissions and adapt to climate impacts. 

a. Oxygen 
b. Greenhouse 
c. Nitrogen 
d. Hydrogen 

3. Renewable energy projects such as solar and wind power help Nigeria reduce 
reliance on ______ fuels. 

a. Fossil 
b. Bio 
c. Nuclear 
d. Hybrid 

4. Nigeria faces challenges in implementing climate strategies, including insufficient 
______ and weak governance structures. 

a. Funding 
b. Awareness 
c. Legislation 
d. Crops 

 

5.4 Future Pathways for Nigeria 

5.4.1 Opportunities for integrating science, technology, and civil society 

Nigeria’s future climate response depends on combining science, technology, and civil 
society. Science provides evidence and projections that guide decision-making, while 
technology offers practical solutions such as renewable energy, smart irrigation, and early 
warning systems. Civil society, including NGOs, community groups, and individuals, 
ensures that these solutions are implemented at the grassroots level. When these three 
elements work together, Nigeria can build a more resilient and sustainable future. 

Science provides evidence and projections that guide ______-making in Nigeria’s climate 
response. 
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Figure 5.5: Integrating science, technology, and civil society 
 
 

5.4.2 Balancing economic growth with climate resilience 

Nigeria faces the challenge of pursuing economic growth while ensuring climate 
resilience. Industrialisation, urbanisation, and oil dependence have boosted the economy 
but also increased emissions and vulnerability. Future pathways must balance 
development goals with sustainable practices, such as investing in renewable energy, 
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promoting green jobs, and enforcing environmental regulations. This balance ensures that 
growth does not come at the expense of long-term resilience. 

Future pathways must balance development goals with sustainable practices such as 
investing in ______ energy. 

Plate 5.4: Balancing economic growth with climate resilience 
 
 

5.4.3 Nigeria’s role in Africa’s collective climate response 
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Nigeria is Africa’s most populous country and one of its largest economies, giving it a 
leading role in regional climate action. By sharing knowledge, resources, and strategies, 
Nigeria can support neighbouring countries in tackling climate challenges. Regional 
cooperation through organisations such as the African Union strengthens collective 
resilience and ensures that Africa speaks with one voice in global negotiations. 

Nigeria’s role in Africa’s collective climate response is strengthened through regional 
cooperation via the ______ Union. 

Initiative / 
Platform 

Nigeria’s Specific Role Collective African Impact 

African Group 
of Negotiators 
(AGN) 

Nigeria is a key member, 
advocating for Climate Justice 
and "common but differentiated 
responsibilities." 

Unifies 54 African nations to 
push for increased climate 
finance from developed 
countries. 

The Great 
Green Wall 
(GGW) 

Leading the Pan-African 
Agency of the GGW; Nigeria 
has established a 1,359 km 
shelter belt. 

Aims to restore 100 million 
hectares of land across 22 
countries to stop Sahara 
expansion. 

NDC 3.0 
Leadership 

First West African nation to 
submit its 3rd Nationally 
Determined Contributions 
(NDC 3.0). 

Sets a high-ambition 
benchmark for other African 
nations to update their 
climate pledges early. 

African Union 
(AU) Strategy 

Championing sustainable 
financing at the AU Executive 
Council. 

Encourages member-states 
to fund their own priorities, 
increasing Africa's 
bargaining power. 

Regional 
Leadership 
(ECOWAS) 

Acting as a technical and policy 
hub for West African climate 
adaptation standards. 

Facilitates cross-border 
cooperation on 
transboundary issues like 
river basin management. 

Box 5.5: Nigeria’s role in Africa’s climate response 

• Sharing knowledge and resources with neighbouring countries 
• Supporting regional adaptation and mitigation projects 
• Representing Africa in global climate negotiations 
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Pilot questions 5.4 

1. Science provides evidence and projections that guide ______-making in Nigeria’s 
climate response. 

a. Policy 
b. Random 
c. Cultural 
d. Seasonal 

2. Future pathways must balance development goals with sustainable practices such 
as investing in ______ energy. 

a. Fossil 
b. Renewable 
c. Nuclear 
d. Hybrid 

3. Nigeria’s role in Africa’s collective climate response is strengthened through 
regional cooperation via the ______ Union. 

a. European 
b. African 
c. Economic 
d. Global 

 

Series Summary 

This Series has focused on Adaptation, Communication, and Nigeria’s Climate Change 
Strategies, building on the global perspectives explored in the previous Series. We 
examined how Nigeria is responding to diverse climate challenges such as flooding in 
coastal regions and desertification in the north, and why adaptation is essential for 
resilience. We then considered the importance of communication and public awareness, 
highlighting the roles of government, NGOs, media, and community leaders in ensuring 
that climate information reaches and influences citizens. Following that, we studied 
Nigeria’s national climate strategies, including the NCCPRS and its Nationally Determined 
Contributions under the Paris Agreement, alongside renewable energy and reforestation 
initiatives. Finally, we explored future pathways, focusing on how science, technology, and 
civil society can be integrated to balance economic growth with climate resilience and 
strengthen Nigeria’s role in Africa’s collective climate response. 
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Upon completing this Series, you should now be able to define adaptation strategies 
relevant to Nigeria, analyse case studies of climate impacts, explain the role of 
communication in promoting climate awareness, evaluate Nigeria’s national climate 
change strategies, and propose future pathways that integrate development with 
resilience. These abilities directly align with the Series Learning Outcomes, equipping you 
with practical insight into how Nigeria can address climate change challenges at both 
national and regional levels. 

 

Glossary of Terms 

Adaptation 
Adjustments made in natural or human systems to cope with actual or expected climate 
impacts, aimed at reducing harm or taking advantage of opportunities. 

Afforestation 
The planting of trees in areas that were not previously forested, used to combat 
desertification and absorb carbon dioxide. 

Civil society 
Groups and organisations outside government and business, such as NGOs and 
community associations, that contribute to climate awareness and action. 

Climate communication 
The process of sharing information about climate change in ways that encourage 
awareness, understanding, and action among different audiences. 

Coastal flooding 
Overflow of seawater onto land in coastal areas, often caused by sea level rise and heavy 
rainfall, which threatens homes and infrastructure. 

Desertification 
The process by which fertile land becomes desert, usually due to drought, deforestation, 
or unsustainable farming practices. 

Flood defences 
Structures such as embankments, drainage systems, and barriers built to protect 
communities from flooding. 

National Climate Change Policy and Response Strategy (NCCPRS) 
Nigeria’s framework for addressing climate challenges, focusing on reducing vulnerability, 
promoting adaptation, and integrating climate considerations into development plans. 
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Nationally Determined Contributions (NDCs) 
Commitments made by countries under the Paris Agreement to reduce greenhouse gas 
emissions and adapt to climate impacts. 

Renewable energy 
Energy derived from naturally replenished sources such as solar, wind, and hydropower, 
used to reduce reliance on fossil fuels. 

Resilience 
The capacity of communities and ecosystems to withstand and recover from climate 
shocks, strengthened through adaptation strategies. 

Vulnerability 
The degree to which a system or community is at risk of harm from climate impacts, 
influenced by factors such as location, resources, and preparedness. 

 

Concept Check Questions [Series 5] 

Objective questions 

1. The UNFCCC was established in: 

a. 1982 
b. 1992 
c. 2002 
d. 2012 
(Linked to SLO 4.3) 

2. The Paris Agreement aims to limit global warming to well below: 

a. 1°C 
b. 1.5°C 
c. 2°C 
d. 3°C 
(Linked to SLO 4.3) 

3. Mitigation strategies aim to reduce or prevent the emission of: 

a. Oxygen 
b. Greenhouse gases 
c. Nitrogen 
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d. Hydrogen 
(Linked to SLO 4.4) 

4. Climate justice refers to the ______ treatment of all people and nations in 
addressing climate change. 

a. Equal 
b. Fair 
c. Strict 
d. Limited 
(Linked to SLO 4.2) 

Short-answer questions 
5. Define greenhouse gases and explain their role in climate change. (Linked to SLO 4.1) 
6. Identify one key difference between the Kyoto Protocol and the Paris Agreement. (Linked 
to SLO 4.3) 
7. Describe one adaptation strategy that helps communities respond to climate change 
impacts. (Linked to SLO 4.4) 
8. Explain why national interests influence climate policy debates. (Linked to SLO 4.2) 

Long-answer questions 
9. Analyse the evidence of climate change, using examples such as temperature records, 
ice cores, and sea level rise. (Linked to SLO 4.1) 
10. Evaluate the effectiveness of global agreements in addressing climate change, 
discussing both achievements and limitations. (Linked to SLO 4.3) 
11. Propose future pathways for climate action, considering mitigation, adaptation, and 
the role of science, technology, and civil society. (Linked to SLO 4.4) 

Answers to Concept Check Questions [Series 5] 

Objective questions 

1. 1992 
2. 2°C (ideally 1.5°C) 
3. Greenhouse gases 
4. Fair 

Short-answer questions 
5. Greenhouse gases are gases that trap heat in the atmosphere, such as carbon dioxide 
and methane. They contribute to global warming by preventing heat from escaping into 
space. 
6. The Kyoto Protocol set legally binding targets for industrialised nations only, while the 
Paris Agreement requires all nations to submit voluntary NDCs. 
7. One adaptation strategy is building flood defences to protect communities from rising 
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sea levels and extreme weather. 
8. National interests influence climate policy because countries prioritise their economic 
growth, energy security, or environmental protection, which shapes their stance in 
negotiations. 

Long-answer questions 
9. Basic response: Evidence of climate change includes rising global temperatures, ice 
core records showing past atmospheric conditions, and sea level rise caused by melting 
ice sheets. 
Value-added response: Beyond these, scientists also use satellite data, biodiversity shifts, 
and extreme weather patterns to confirm climate change. Together, these indicators 
provide a comprehensive picture of how the climate is changing over time. 

10. Basic response: Global agreements like the Kyoto Protocol and Paris Agreement have 
helped coordinate international action and set emission reduction targets. 
Value-added response: However, challenges include uneven commitments, lack of 
enforcement, and insufficient funding. While the Paris Agreement broadened participation, 
its reliance on voluntary NDCs limits accountability. Still, these agreements have raised 
awareness and mobilised global cooperation. 

12. Basic response: Future pathways include mitigation through renewable energy and 
carbon pricing, adaptation through resilient infrastructure and agriculture, and 
contributions from science and civil society. 
Value-added response: Outstanding learners may highlight innovative technologies such 
as carbon capture, the importance of grassroots activism, and the integration of climate 
action into broader sustainable development goals. These pathways show how multi-level 
responses can create lasting impact. 

 

Answers to Pilot Questions [Series 5] 

Part 5.1 Adaptation in Nigeria 

1. Actual 
2. Drought-resistant 
3. Sea level 
4. Withstand 

Part 5.2 Communication and Public Awareness 

1. Awareness 
2. Local 
3. Understood 
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Part 5.3 Nigeria’s Climate Change Strategies 

1. Vulnerability 
2. Greenhouse 
3. Fossil 
4. Funding 

Part 5.4 Future Pathways for Nigeria 

1. Policy 
2. Renewable 
3. African 
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Illustrations (Figures, Plates, Boxes, Tables) 

Part 5.1 Adaptation in Nigeria 

• Figure 5.1: Adaptation versus mitigation in climate change 
Attribution: Suggested OER Commons search string “adaptation vs mitigation 
climate change diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram comparing adaptation (adjusting to 
impacts) and mitigation (reducing emissions).” 

• Plate 5.1: Resilient agriculture in Nigeria 
Attribution: Suggested OER Commons search string “Nigeria resilient agriculture 
drought resistant crops image site:oercommons.org”. 
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AI-generated prompt: “Generate an image of Nigerian farmers planting drought-
resistant crops in semi-arid land.” 

• Box 5.1: Selected case studies of climate impacts in Nigeria 
Attribution: Suggested OER Commons search string “Nigeria climate change case 
studies flooding desertification table site:oercommons.org”. 
AI-generated prompt: “Create a table listing case studies of climate impacts in 
Nigeria by region.” 

• Figure 5.2: Adaptation strategies and resilience 
Attribution: Suggested OER Commons search string “adaptation strategies 
resilience Nigeria diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing adaptation strategies (agriculture, 
flood defences, reforestation) leading to resilience.” 

Part 5.2 Communication and Public Awareness 

• Figure 5.3: Climate communication pathways in Nigeria 
Attribution: Suggested OER Commons search string “Nigeria climate 
communication diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing government, NGOs, and 
communities connected through climate communication channels.” 

• Plate 5.2: Community-level climate awareness campaign 
Attribution: Suggested OER Commons search string “Nigeria climate awareness 
campaign image site:oercommons.org”. 
AI-generated prompt: “Generate an image of Nigerian community leaders 
conducting a climate awareness campaign in a rural village.” 

• Box 5.2: Examples of community-level climate awareness in Nigeria 
Attribution: Suggested OER Commons search string “Nigeria community climate 
awareness table site:oercommons.org”. 
AI-generated prompt: “Create a table listing examples of community-level climate 
awareness in Nigeria.” 

Part 5.3 Nigeria’s Climate Change Strategies 

• Figure 5.4: Framework of Nigeria’s NCCPRS 
Attribution: Suggested OER Commons search string “Nigeria NCCPRS climate 
policy framework diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing Nigeria’s NCCPRS framework 
with government, private sector, and civil society.” 

• Box 5.3: Key elements of Nigeria’s NDCs 
Attribution: Suggested OER Commons search string “Nigeria NDC commitments 
Paris Agreement table site:oercommons.org”. 
AI-generated prompt: “Create a table listing Nigeria’s NDC commitments under the 
Paris Agreement.” 
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• Plate 5.3: Renewable energy initiatives in Nigeria 
Attribution: Suggested OER Commons search string “Nigeria solar panels 
renewable energy image site:oercommons.org”. 
AI-generated prompt: “Generate an image of solar panels installed in northern 
Nigeria as part of renewable energy projects.” 

• Box 5.4: Challenges in Nigeria’s climate strategy implementation 
Attribution: Suggested OER Commons search string “Nigeria climate strategy 
challenges table site:oercommons.org”. 
AI-generated prompt: “Create a table listing challenges in Nigeria’s climate strategy 
implementation.” 

Part 5.4 Future Pathways for Nigeria 

• Figure 5.5: Integrating science, technology, and civil society 
Attribution: Suggested OER Commons search string “Nigeria climate response 
science technology civil society diagram site:oercommons.org”. 
AI-generated prompt: “Create a diagram showing science, technology, and civil 
society working together in Nigeria’s climate response.” 

• Plate 5.4: Balancing economic growth with climate resilience 
Attribution: Suggested OER Commons search string “Nigeria renewable energy 
green jobs image site:oercommons.org”. 
AI-generated prompt: “Generate an image showing Nigerian solar farms and 
workers engaged in green jobs.” 

• Box 5.5: Nigeria’s role in Africa’s climate response 
Attribution: Suggested OER Commons search string “Nigeria Africa climate 
cooperation table site:oercommons.org”. 
AI-generated prompt: “Create a table listing Nigeria’s contributions to Africa’s 
collective climate response.” 
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