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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary





• Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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Questions & Answers
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About this book



The purpose of this guide is to help you understand what is required to do well in Unit G1: Changing Physical Environments. The specification is available on the WJEC website: www.wjec.co.uk. This paper may be taken in Welsh. The comments all apply no matter what your language medium.


This guide is divided into two sections. The Content Guidance section gives you an introduction to the two themes that you have to study. It contains several useful diagrams and maps, which you may be able to use in the examination. The Questions & Answers section provides guidance on how to approach the unit test and includes examples of the types of question that you will see in the examination.





Content guidance


Theme 1: Investigating climate change


1.1 What are the world’s major climates and how do they relate to biomes?


The relationship between weather and climate


Weather is the atmospheric conditions that we experience from day to day — the sunshine, rain, hail, snow, temperature, wind and fog — whereas climate is the average weather conditions in an area over several decades. Table 1 shows climate data for Cardiff.


Table 1 Climate data for Cardiff, 1971–2000
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An overview of the global patterns of climate


Climate data are collated from many weather stations around the world to build up a map of global climate zones. The nature of a region’s climate is determined by the temperature and precipitation it receives.




•  Temperature depends on the amount of solar energy received, which varies spatially and seasonally. It also depends on altitude: temperature decreases with height by roughly 1°C for every 100m above sea level.



•  Mean precipitation is governed by global atmospheric circulation patterns that create broad bands of high rainfall at the equator and in the temperate regions, and low rainfall at the tropics and the poles.





These broad patterns (Figure 1) are modified by the Earth’s rotation, which skews the patterns westwards, and by the location of the continents relative to the oceans. Coastal locations receive more rainfall as moisture-laden winds blow onshore. However, the proximity of the sea keeps temperatures warmer in winter and cooler in summer. Conversely, continental interiors experience much hotter summers and colder winters. This is because the specific heat capacity of the oceans is much higher than that of the land — land warms up and cools down faster. This phenomenon is called continentality.
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Figure 1 The world distribution of climate types
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Examiner tip


Don’t confuse the terms ‘weather’ and climate’. They have different meanings, so make sure you use the correct term.
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An overview of biomes and their relationship with climate


The climate of a region will determine the vegetation that is able to grow there. The plant communities that survive naturally in a region form large-scale ecosystems called biomes. A biome is a zonal ecosystem (Figure 2). Its location is determined by climate, notably average temperature and annual precipitation. For example, if it is hot (around 27ºC all year round) and wet (at least 2,000mm of rain per year), tropical rainforest is the most likely outcome. This is described as the climatic climax community because it is determined by the climate. If people have interfered with this relationship a plagioclimax community will result. Grasslands in Europe are mainly plagioclimax communities.
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Examiner tip


Know the pattern of temperature and rainfall for a selection of climate types. Also be familiar with the climate of your own home area.
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Figure 2 The world distribution of biome types


Every plant species is affected by physical limiting factors and cannot survive beyond its tolerance limits. Water, light and temperature are the most critical factors, although the availability of nutrients is also important. So there is a close resemblance between maps showing the distribution of climate types and the distribution of biomes, as shown in Figure 3.
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Figure 3 World biome types related to temperature and precipitation
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Examiner tip


Be able to name major countries and regions of the world accurately and to describe distributions effectively. For example, distinguish between different countries and parts of Africa.
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Knowledge check 1


What is a biome?
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1.2 What are the temporal patterns of climate change?


Climate changes naturally through a series of cycles. Longer-term cycles cause ice ages and interglacial periods when the climate is warmer. Shorter-term cycles may bring periods of warmer climate such as that experienced by people in the Bronze Age around 4,000 years ago or colder climate such as the Little Ice Age around 500 years ago.


Short-term climate change


The Little Ice Age occurred between the fifteenth and nineteenth centuries (Figure 4). Between 1607 and 1804, the River Thames regularly froze and people were able to hold fairs on the ice. Evidence for this colder period is found around the world. There were colder winters in Europe and North America, and settlements in the Alps were destroyed by advancing glaciers during the mid-seventeenth century. Average surface temperatures in many regions were at least 1ºC lower than those of today.
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Examiner tip


Look up historical records of the Little Ice Age.
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Figure 4 Short-term climate change


The causes of such climate fluctuations are not fully understood, but several climate-change mechanisms have been identified. Individually, these mechanisms cannot explain the Little Ice Age, but a combination of these and other factors will have caused the cooling.




•  Volcanic eruptions can affect global climate for a year or two by injecting large quantities of sulphur dioxide and dust into the stratosphere. This causes the aerosol effect in which incoming solar radiation is reflected, reducing global temperatures by 5–10%. During the Little Ice Age there were numerous volcanic eruptions.


•  Variations in solar energy, such as the 11-year cycle of sunspots, affect the amount of solar radiation reaching the Earth’s atmosphere. During the Little Ice Age, a decrease in observable sunspots was noted. The intensity of solar activity is believed to have fallen by 0.25% — enough for cooling to occur.



•  An increase in the albedo or reflectivity of the Earth’s surface would have caused positive feedback. Lower temperatures produced more snow and ice during the Little Ice Age and the lighter surfaces will have reflected more solar energy than darker vegetated surfaces, which absorb energy. This increases the cooling effect, creating the feedback loop.





El Niño and La Niña are short-term climatic disruptions that some people think are becoming more frequent and intense because of global warming. El Niño refers to the appearance of warm surface water in the eastern equatorial Pacific, whereas its opposite, La Niña, refers to the appearance of colder-than-average sea-surface temperatures in the central and eastern equatorial Pacific. These events affect climate around the world as they distort jet stream flows. Jet streams are high-speed winds that circle the world at high altitudes. Atmospheric connections between widely separated regions are called teleconnections and often cause hazardous weather events such as drought or flooding (see Figure 5).
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Examiner tip


Up-to-date information can be found on the NOAA web site. In 2011 the site was monitoring a strengthening of El Niño/La Niña for 2011–12. Make sure you know how the effects of El Niño and La Niña differ and where their impacts occur.
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Figure 5 Major impacts of El Niño, June to December 1997


In a normal year (Figure 6), the trade winds (1) blow towards the equator and the warmer water of the western Pacific (4). Here the water heats the air above causing convectional uplift (2), creating low pressure weather conditions and rainfall (6) over southeast Asia (2/3). In the east Pacific off the coast of Peru, the conditions are dry as the air returns and sinks here, creating the Walker cell (7). The pressure of the trade winds results in sea levels in Australasia being 50cm higher than in Peru and sea temperatures being 8°C higher. This air movement also enables the winds to draw up water along the east coast of South America. Here there is a shallow warm upper layer overlying the deep cold layer of the ocean; the boundary between these layers is called the thermocline. This causes an up-welling of cold water, bringing nutrients from the ocean bottom and producing optimum fishing conditions off the coast of Peru (5).
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Knowledge check 2


What is the Walker cell?
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Figure 6 A normal year


In an El Niño year (Figure 7), the trade winds (1) in the western Pacific weaken, die or even blow in the opposite direction. The water that is normally piled up in the west moves back towards the east (3) so that the sea level on the Peruvian coast rises by 30cm and conditions are calmer across the whole Pacific Ocean. The air circulation loop is reversed (2) so that air sinks in the western Pacific, bringing drought to countries in that region, and air rises in the eastern Pacific causing convectional rainfall (4), sometimes leading to floods in coastal areas in South America. The change in the location of rising air distorts the path of the jet streams, causing teleconnections around the world and consequent disruption to normal weather patterns.
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Examiner tip


Practise drawing quick sketches of these diagrams. It is a useful way of conveying a lot of information quickly in the examination.
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Figure 7 An El Niño year


As the eastern Pacific Ocean becomes 6–8°C warmer, the cold Humboldt Current, which normally flows northward from the Antarctic, is disrupted (5). This changes the environmental conditions upon which the ocean ecosystem depends: phytoplankton cease to grow, which reduces fish numbers, and there is a reduction in food for birds in the Galapagos Islands.


A La Niña year (Figure 8) may be described as an exaggerated normal year, with a very strong Walker loop. There are extremely strong trade winds (1) pushing warm water westwards (2) and raising sea level by up to a metre higher in Indonesia and the Philippines. Deep low pressure develops over southeast Asia, causing heavy rain on account of the strong convectional uplift (3) from warmer-than-usual seas. On the eastern side of the Pacific there is a strong up-welling of cold water off the coast of Peru (4). The higher-than-average pressure that occurs here causes extreme drought in the semi-arid areas of northern Chile and Peru.
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Figure 8 A La Niña year


This see-sawing of atmospheric pressure between the eastern Pacific and the Indo-Australian area is called the Southern Oscillation and the full sequence of events is the El Niño Southern Oscillation (ENSO).


Long-term climate change


Long-term climate change occurs over a geological timescale of tens of thousands to millions of years (Figure 9). Several mechanisms are believed to influence the Earth’s climate on this scale:
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Examiner tip


Research online for diagrams illustrating the mechanisms that influence the Earth’s climate. This will help you to understand concepts.
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•  Shifts in the Earth’s orbit around the sun have been linked to longer-term changes. Variations in the Earth’s tilt, orbit and eccentricity are known as the Milankovitch cycles. A greater tilt produces a more varied seasonal climate. The position of the Earth on its elliptical path around the sun — the precession of the equinox — also varies. There are also changes in the degree of roundness of the Earth’s spherical shape, known as eccentricity.


•  The changing shape and position of the continents on the Earth’s surface affects the atmosphere because this affects the geometry of the oceans and ocean circulation patterns. The oceans control the transfer of heat and moisture around the Earth and so influence climate. The location of the climate zones alters over millions of years. When the land bridge of Panama was formed 5 million years ago, the flow between the Atlantic and Pacific Oceans was cut off and this may have triggered the ice ages.



•  Ocean circulation has changed in response to the changing shape of the continents. Deep ocean currents drive the thermohaline circulation that flows between the oceans. This operates like a conveyor belt, transferring heat energy from the tropics to the poles. Changes in ocean circulation have a significant influence on climate as there is a complex relationship between the oceans and the atmosphere. It is possible that a change in weather patterns affected the ocean–atmosphere conveyor system, weakening the Gulf Stream or North Atlantic Drift that normally brings a warm tropical ocean current to northwest Europe.


•  Major volcanic activity, such as the eruption of flood basalts that created the Deccan region of India, has been shown to cause global cooling. This may also be linked to the impact of larger asteroids such as at Chicxulub on the Yucatan peninsula in Mexico around the same time. Both have been suggested as causing the mass extinction of 65 million years ago.
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Figure 9 Long-term climate change
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Examiner tip


When studying graphs: read the scales on the axes carefully; read the caption so you understand what the graph is showing; look for trends and patterns; and identify and explain any anomalies. Use data to support your observations.
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Knowledge check 3


What is a thermocline?
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The Earth’s climate is currently in an interglacial period and some experts believe that another ice age is due. Global warming may be preventing this ice age from occurring. In the latter half of the twentieth century it became clear that the planet was warming. The global mean temperature increased by about 1ºC during the twentieth century (Figure 10). The graph shows variability from decade to decade, but the trend is clearly rising. Six of the first ten years of the twenty-first century were the warmest on record. Although the graph shows a levelling off in the last decade, it remains the warmest since reliable records began. Variations from year to year are accounted for by the ENSO; for example, 2008 was a strong La Niña year.
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Figure 10 Average variation in Earth-surface temperature from the mean, 1860–2010



1.3 What are the causes of climate change?


The evidence for climate change


Ice cores drilled from ice sheets in Greenland and the Antarctic contain bubbles that have preserved air over hundreds of thousands of years. From these cores climate scientists have been able to analyse past atmospheric composition and build up detailed records of past levels of carbon dioxide (CO2). This analysis indicates a positive correlation between temperature change and carbon dioxide concentration in the atmosphere.
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Examiner tip


Good examination answers include a range of ideas. Draw a spider diagram to help you learn the range of evidence for climate change.
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Since 1957 records of carbon dioxide have been collected at the Mauna Loa Observatory in Hawaii. Here the air is not affected by urban-industrial pollution, so it is a good place to analyse the atmosphere. The record shows a seasonal pattern of increase and decrease in the concentration of carbon dioxide — attributable to the greater use of fossil fuels in winter in the northern hemisphere — but the overall trend is upwards and at an increasing rate.


Glacial deposits are a natural record of ice advance and retreat as temperatures have risen or fallen. Moraine and glacial till material can be dated to show the extent of glaciers to reconstruct the chronology of changing temperatures.


Pollen analysis of lake sediments are used to determine past climate. As plants are sensitive to their environment, only certain plant communities will survive in particular climates. By identifying key types of pollen, it is possible to work out what the climate was like in a given area in the past.


Insect species are sensitive to small changes in climate conditions. The remains of beetles (Coleoptera) found in lake or land sediments indicate the prevailing climate at the time they were buried. Key species are identified and can be matched to those living today to determine their optimum environmental conditions.


Dendrochronology is the study of tree rings. The bristlecone pine in the high mountains of the Sierra Nevada in western USA is the longest-living tree in the world; some have been recorded as up to 4,600 years old. By matching the rings of fossil trees with living trees, a continuous record of climate over the last 8,000 years has been made.


Radiometric (radiocarbon) dating measures the age of certain isotopes based on their rate of decay. The half-life of carbon-14 is about 5,700 years. Radiometric dating can be used to determine the age of fossils, and the type of fossils — mostly plant matter and crustaceans — indicates the prevailing climate.


Core samples from sea-floor deposits show how the marine animal and plant communities have varied in response to climate change. Oxygen isotopes from the sediments also show variation. Lighter oxygen-16 is more easily evaporated and precipitated than heavier oxygen-18 and so will be more heavily concentrated in ice sheets and glaciers during colder periods. This will have left a greater concentration of oxygen-18 in the ocean sediments.


Historical records record the weather conditions. Actual readings are unreliable but accounts of snowfall and frozen water courses or heatwaves and droughts enable a detailed chronology to be assembled. Records of crop yields or prices show how good the weather has been in any given year. Detailed daily weather reports have been kept since 1873 although data have been collected since the seventeenth century.


The atmospheric processes that result in climate change


There is an important distinction between the greenhouse effect and global warming. In the greenhouse effect, the lower atmosphere is heated as the long-wave radiation emitted from the Earth’s surface is absorbed by greenhouse gases. This keeps the average global surface temperatures higher than they would otherwise be. The average temperature on the moon, where there is no atmosphere, is −18°C but on Earth it is +15°C.
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Figure 11 Global warming


Global warming (Figure 11) is the ‘enhanced greenhouse effect’, i.e. the effect of an increase in the concentration of greenhouse gases in the Earth’s atmosphere. These greenhouse gases are water vapour, carbon dioxide, methane, nitrogen oxides, low-level tropospheric ozone and CFCs. The greater the concentration of these gases, the more the atmosphere will be warmed. Some gases have a more powerful greenhouse effect than others. The enhanced greenhouse effect occurs as the concentration of greenhouse gases increases (Figure 12).
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Examiner tip


The distinction between the greenhouse effect and global warming is fundamental to any answer on the current debate about climate change. Always try to show that you know the difference.
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Figure 12 Global temperature and carbon dioxide


The sources of greenhouse gases


Water vapour is a greenhouse gas. Evaporation has increased from manmade water bodies such as reservoirs and irrigation channels, and emissions of steam have increased from power station cooling towers and air conditioning systems.


Carbon dioxide (CO2) is thought to be responsible for 55–60% of global warming and the acidification of the oceans. Atmospheric carbon dioxide concentration was 270ppm (parts per million) before the Industrial Revolution. In January 2012 it reached 392ppm and is continuing to rise at an accelerating rate. Current levels of concentration of carbon dioxide and methane are now the highest in 800,000 years. The increase in carbon dioxide is attributed to the combustion of fossil fuels, deforestation and marine pollution, which kills phytoplankton (plant plankton capable of photosynthesis). Figure 13 shows how carbon dioxide emissions vary globally.
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Examiner tip


http://co2now.org/ will provide you with up-to-date information on this greenhouse gas and its effects. Make sure you are up to date with climate change news.
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Figure 13 Carbon dioxide emissions per person in 2000


Methane (CH4) plays a significant role in global warming as it is 25 times more potent than carbon dioxide. In 1750 the atmospheric concentration of methane was about 700ppb (parts per billion). In 2010 it was measured at 1,850ppb. In the past, methane concentrations have ranged between 300 and 400ppb during glacial periods and between 600 and 700ppb during interglacial periods. Methane emissions have increased as livestock farming and rice production have expanded to meet the needs of a growing world population. In addition, there are leakages of the gas from natural gas fields and pipelines, coalmines and landfill sites (caused by anaerobic bacteria).
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