
AS91426 (Geography 3.1) requires understanding of the following aspects:

• providing an insightful analysis of the interacting natural processes and how they shape the 
environment

• integrating comprehensive supporting case-study evidence.

An insightful analysis includes an analysis of the interaction between the processes and/or elements and/or 
features of the environment to draw conclusions. Analysis involves choosing the knowledge to explain how 
and why.

Integrating refers to relevant examples being woven throughout the evidence to support explanations.

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding 
of how interacting natural 
processes shape a New Zealand 
geographic environment.

Demonstrate in-depth
understanding of how interacting 
natural processes shape a New 
Zealand geographic environment.

Demonstrate comprehensive
understanding of how interacting 
natural processes shape a New 
Zealand geographic environment.

‘Demonstrate’ means to show by describing and explaining.

‘Interacting natural processes’ refers to processes that operate together to shape the environment, and may 
include how natural processes operate at different rates and different scales to create variations (spatial 
and/or temporal) in the geographic environment.

‘Geographic environment’ refers to the features and characteristics of a specifi c area large enough to allow 
for the study of several interacting natural processes.

Assessment specifi cations
There will be only ONE question in the exam. This question may have multiple parts. You may be required 
to (or, if not, it is recommended that you) integrate map(s) and/or diagrams to support your written 
answer.

Achievement objective
Understand how interacting processes shape natural and cultural environments, occur at different rates and 
on different scales, and create spatial variations.

One environment is to be studied and it must be a New Zealand environment.

AS91426 (Geography 3.1) is about the natural environment at the present time and how it is being shaped 
by natural processes.

The aspects of AS91426 (Geography 3.1) you will need to cover are:

• location, size and extent of your chosen New Zealand geographic natural environment

• signifi cant natural features of the geographic environment

• natural processes which interact in your natural geographic environment

• spatial and temporal variations in the natural geographic environment.

GEOGRAPHY
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Externally assessed 4 credits

Achievement Standard 91426
 Demonstrate understanding of how 
interacting natural processes shape a 
New Zealand geographic environment



Spatial variations
Spatial variations refer to how natural features or natural processes change across the environment at any one 
time. A variation, by defi nition, refers to a comparison between two or more areas. To explain spatial variations 
you need to say what the process is like in one area and how the process differs in another area. You are not 
describing the location, but the differences that occur over an area. Spatial variations may refer to the:
• differences in the operation of the processes – e.g. wave action in different parts of the environment
•  arrangements in the environment of the natural features – e.g. headlands and/or the elements such as 

rock or sand.

A spatial variation is how the process, feature or elements change over a designated area such as the natural 
environment studied – therefore, analysing the spatial variation involves a comparison and you need at least 
two places to make a comparison. You also need to understand the causes of the difference; i.e. why the 
process or feature is different in different places.

When discussing how a natural feature is different in one part of the environment from how it is in another, 
you fi rst have to describe how the characteristics of the feature are different and then say why they are 
different by explaining the interacting natural processes which have caused these differences.

The sketch of Mt Ruapehu (Tongariro Volcanic Centre) shows the interacting processes and spatial 
variations across four zones, i.e. Mountain Peaks, Western Slopes, Western Foothills and Eastern Slopes.

The sketch of the Wellington South Coast shows the interacting processes and spatial variations from 
Quarry Bay to Breaker Bay.
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Title: Interacting natural processes in the Wellington South Coast geographic environment
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Questions: Demonstrate understanding of how interacting 
natural processes shape a New Zealand geographic environment

 2020 exam questions

INSTRUCTIONS

Answer the question below. Your answer must relate to a New Zealand geographic environment that 
you have studied and the key interacting natural processes that shape it.

Use the next page to identify a New Zealand geographic environment you have studied and the 
interacting natural processes that shape it, and to plan your response.

QUESTION

a. Draw an annotated diagram(s) that demonstrates detailed understanding of how a signifi cant feature in 
your named New Zealand geographic environment has been shaped by interacting natural processes.

b. Comprehensively analyse how either spatial OR temporal variations occur in your named New Zealand 
geographic environment as a result of interacting natural processes.

 In your answer:

 •  integrate comprehensive supporting case-study evidence about your New Zealand geographic 
environment and the interacting natural processes that shape it

 •  you may refer to the diagram(s) you draw for part a. and/or integrate other relevant diagram(s) 
and/or map(s) within your written answer as appropriate.

 Year 2020 
Ans. p.  91

 Interacting natural processes shaping a New Zealand geographic environment 7
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3.2
Externally assessed 4 credits

Achievement Standard 91427
 Demonstrate und  erstanding of how 
a cultural process shapes geographic 
environment(s)

‘Demonstrate understanding’ means to show by describing and explaining.

‘Cultural process’ refers to any process caused by people.

‘Geographic environment’ refers to the features and characteristics of one or more areas where the cultural 
process operates. A geographic environment refers to the specifi c features and characteristics that are the 
outcomes of a process.

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of 
how a cultural process shapes 
geographic environment(s).

Demonstrate in-depth 
understanding of how a cultural 
process shapes geographic 
environment(s).

Demonstrate comprehensive
understanding of how a cultural 
process shapes geographic 
environment(s).

‘In-depth understanding’ for Merit requires the greater detail and elaboration of the explanations that are 
supported with a range of named examples and detailed case-study evidence.

‘Comprehensive understanding’ for Excellence requires an insightful analysis, detailed and extensive 
explanations, integrating detailed supporting case-study evidence throughout to support explanations, 
an analysis of how the different elements are linked and interact with each other, personal opinion and 
drawing conclusions, application of geographic concepts and terminology.

‘Integrating case-study evidence’ refers to relevant examples being woven throughout the evidence to 
support explanations.

Analysis involves choosing the knowledge to explain how and why.

An insightful analysis includes an analysis of the interaction between the processes and/or elements and/or 
features of the environment to draw conclusions.

Aspects of the cultural process may include

• how the cultural process creates variations (spatial and/or temporal) in the geographic environment(s)

• how the cultural process has impacted on people and the environment(s).

Spatial variations are differences in the process operating in different parts of the environment as well as the 
subsequent patterns of specifi c features which develop across the geographic environment(s).

Temporal variations are differences in the process over time, which result in different patterns of specifi c 
features or elements of the cultural process and the changes in the geographic environment(s) over time.

Impacts can be positive or negative, and may be short-term or long-term impacts.

Cultural processes
A cultural process is caused by people, e.g. tourism development, migration, viticulture and mining. 
A process is the series of actions that occur, e.g. tourist development.

Two exemplar cultural processes follow:

(1) tourism development as a cultural process (2) migration as a cultural process.



A tourism development process (TDP) operates by the demand from tourists, which is met by the supply
from tourism providers. The TDP is dynamic and changes over time. Temporal variations refer to the 
differences that occur between two or more different named time periods. The differences can be in the 
process itself, or to the changes which occur in the environment.

• Temporal variations should be described using geographic terminology and according to the scale 
of the event – such as seasonal, short-term/long-term, cyclic, sporadic, constant, even, irregular, etc. 
Defi nite dates should be used when comparing two time periods.

• Spatial variations refer to differences or changes that occur across the environment at two or more 
locations – either in the operation of the process or in the changes to the environment. These spatial 
differences are described by recognising the spatial pattern – such as clustered, dispersed, linear, grid, 
peripheral, nucleated, etc.

The TDP goes through stages – for example, from pioneer, to mature, to saturation. Identify the stage the 
cultural process is at in your chosen environment. Changes occurring within the TDP might be because of 
economic, technological, social or cultural conditions; political or environmental factors. These changes 
operate at different rates.

Examples of factors causing change

Economic Changes in exchange rates, cost of labour, taxes and tariffs

Technological Improvement in transport, use of electronic translators 

Social Increased crime, changing attitudes, new trends

Cultural Changes to local culture, commercialism, promotion of local culture

Political Laws and bylaws

Environmental Natural disasters, degradation of natural attractions

Demand

Supply

Tourists
Age

Ethnicity
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Allocentric/psychocentric

•  Attractions
•  Accommodation
•  Services
•  Facilities

Natural
Beaches

Geothermal areas
Lakes
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Conferences

Festivals
Sports events

Economic
Transport costs

Accommodation costs
Exchange rates

Political
Regulators

Government
Regional

Local

The outputs of the TDP have impacts on the geographic environment – both on the physical environment 
(natural and cultural), and also on people.

• Impacts on the natural environment could be on the water, land, air or ecosystems.

• Impacts on the cultural environment can be on housing, transport, shopping centres, agricultural land.

• Impacts on people could be social and cultural – such as increased awareness of local culture or 
increased crime.

 Demonstrate und  erstanding of how a cultural process shapes geographic environment(s) 25
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Hints for the AS91427 exam
• Read the questions carefully.

• Do not rote-learn answers, but you do need to be able to recall information so that you can apply it as 
required.

• Always use the correct geographic terminology for the cultural process studied.

• Have detailed case-study knowledge of one or more contexts from which you can select a variety to 
support the statements you make. Make sure statistics you cite are accurate. Use case-study information 
throughout your answer (integrate), not just in one part of your answer.

• Ensure you explain, not describe.

• Ensure your answers show you understand the topic, having thought carefully and analysed all relevant 
information.

• Do not be simplistic – the questions require analysis.

Questions: Demonstrate understanding of how a cultural 
process shapes geographic enviroment(s)

 2020 exam questions

INSTRUCTIONS

Answer the question below. Your answer must relate to a named geographic environment(s) that you 
have studied and the cultural process that shapes it.

Use the next page to identify a cultural process you have studied and the named geographic 
environment(s) that this cultural process shapes, and to plan your response.

QUESTION

a. Draw an annotated diagram that demonstrates detailed understanding of how different elements of 
your cultural process interact in ONE named geographic environment.

b. Comprehensively analyse how the operation of your cultural process has created either spatial OR 
temporal variations in your named geographic environment(s).

 In your answer:

 •  integrate comprehensive supporting case-study evidence about your cultural process and the 
named geographic environment that it shapes.

 •  you may refer to the diagram you draw for part a. and/or integrate other relevant diagram(s) and/
or map(s) within your written answer as appropriate.

 Year 2020 
Ans. p.  97
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Given environment(s) refers to a specifi c New Zealand and/or overseas setting unifi ed by place, geographic 
characteristics or themes.

Achievement Achievement with Merit Achievement with Excellence

Demonstrate understanding of 
a given environment(s) through 
selection and application of 
geographic concepts and skills.

Demonstrate in-depth 
understanding of a given 
environment(s) through selection 
and application of geographic 
concepts and skills.

Demonstrate comprehensive
understanding of a given 
environment(s) through selection 
and application of geographic 
concepts and skills.

‘Geographic skills’ refer to mapping, interpretation of visual material, graphing, and statistical skills. 
Geographic skills are divided into basic and complex.

‘In-depth understanding’ for ‘Merit’ requires greater detail in the analysis than that required for ‘Achieved’, as 
well as using all geographic skills and conventions with precision – i.e. being more accurate. Concepts need 
to be analysed in greater detail and detailed case-study evidence must be given to back up the answers.

‘Comprehensive understanding’ for ‘Excellence’ requires precision with the use of skills (as for ‘Merit’); 
however, the analysis of the concepts must also show detail, and analysing the environment must be 
through the selection and application of geographic concepts with insight.

The AS91429 exam
In the exam, a question paper with spaces for answering the question and a resource booklet are provided.

Several resources from throughout the resource booklet may be used to apply a skill and the question 
indicates which resources need to be used. You are expected to select the appropriate skills required to 
answer the question and apply these skills. For example, students may be asked to give the location of a 
feature which requires a combination of skills such as grid references, latitude and longitude, or direction 
and distance from another feature. You may be asked to describe the physical geography of a region, which 
would draw on skills such as interpreting contour lines, cross-sections, climate graphs and wind roses. 
Instruction words will also differentiate where longer written explanations are required. Terms such as 
justify and evaluate may be used.

Basic skills
There are certain basic skills applicable at all levels of NCEA Geography and it is advisable to revise these 
thoroughly. The main categories of basic skills required follow.

Mapping
Mapping involves the use of distance, six-fi gure grid references, latitude and longitude, compass direction, 
bearings, scale, area calculation, location of natural and cultural features, determination of height, cross-
sections, the use of a key, précis map construction, recognition of relationships, application of concepts, 
and the interpretation of other geographic maps like weather maps, cartograms, choropleth maps. 
Topographical maps with or without a key, as well as satellite photographs, may be given. Scales may vary, 

GEOGRAPHY

3.4
Externally assessed 4 credits

Achievement Standard 91429
 Demonstrate understanding of a given 
environment(s) through selection
and application of geographic concepts 
and skills



 2020 RESOURCE J : ‘I want to go back home’

In 2004, almost 70 000 people moved from rural 
areas to the capital city of Ulaanbaatar. Under 
pressure, the government decided in 2017 to ban 
migration until 2020.

Many say a migration ban alone is not enough 
to resolve the pollution problem. The real issue, 
experts and locals say, is the stark divide between 
the city and the countryside. Erdeneburen Ravjikh, 
the former state secretary of Mongolia’s Ministry 
of Construction and Urban Development, is on 
a mission to reverse this mass migration and 
repopulate the countryside.

Growing up in southern Mongolia, Erdeneburen 
thought a lot about how to upgrade his rural 
hometown, Gurvansaikhan. There was no central 
heating, just coal-fi red metal stoves. Getting water 
required a mile-long trek, and the bathrooms – 
wooden stalls outside – were brutal during the 
winter when temperatures fell to as low as –40 °C.

Most families lived in gers and made their living 
by raising goats and selling cashmere. Many of 
the people Erdeneburen grew up with have left. 
He has also spent most of his adult life outside his 
hometown.

‘In order to fi ght air pollution, we need to develop 
the rural areas, to make life good so people stay,’ he 
says. ‘The main reason people move to Ulaanbaatar 
is the quality of life – having proper heating, proper 
toilets, good water supply.’

After four years of fundraising, designing and 
construction, today, Gurvansaikhan looks more like a 
suburban neighbourhood dropped in the middle of 
the Gobi Desert. Paved roads cut through the town, 
lined with solar-powered lamps. Residents share 
a wastewater treatment plant, a central heating 
system and a water plant. City planners have even 
kept trees and shrubbery alive in the desert.

Offi cials at the city, provincial and national level are 
now working on a program to encourage citizens 
to migrate from Ulaanbaatar to the provinces. 
‘Creating jobs in the countryside is important. This is 
what citizens want. They say, “I want to go back

1 000 km

Ulaanbaatar

Gurvansaikhan

China

Mongolia

Russia

North
Korea

South
Korea

home, but I need a job”,’ says Batbayasgalan 
Jantsan, Ulaanbaatar’s deputy mayor.

Convincing people to move will take time. More 
than half of the country’s GDP is generated in 
Ulaanbaatar. Last year unemployment in the city 
was 8.7%, while in rural areas it was as high as 
10.7%.

Erdenechimeg Sanlig came to the capital from 
the countryside six years ago with her children, 
following her oldest daughter to university. She 
goes home once a year and always fi nds that not 
much has changed.

‘Having animals is diffi cult,’ she says, sitting on a 
neatly made bed inside the family’s ger, on the 
outskirts of Ulaanbaatar. ‘In the countryside our 
children would not fi nd jobs. It’s better here to fi nd 
jobs,’ she says.
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 2020 exam questions

Instructions

Refer to the Resources about air pollution in Mongolia on pages 46–54. You should demonstrate 
your understanding of a range of geographic skills and concepts when answering the question.

Question One: Air pollution in Mongolia
a. Using Resources A to I on pages 47–51, comprehensively analyse how the environment (natural 

and cultural) contributes to Ulaanbaatar’s air pollution.

 Year 2020 
Ans. p.  106

 Selection and application of geographic concepts and skills 55
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Economy
Greenland’s economy has long been based on fi shing, 
which accounts for 90% of its exports. The fi shing 
industry is susceptible to problems of overfi shing and 
fl uctuating prices, so Greenland attempted to diversify 
its economy, and began developing the tourist industry 
in the 1990s. Tourists come to experience whale-
watching and to see fjords and icebergs.

The government of Greenland receives fi nancial aid 
from the Danish government. This aid makes up more 
than 25% of its GDP and more than 50% of the total 
government revenue. The government spends this 
money on employing 10 000 workers out of the total 
25 000 currently employed. In 2017 this Danish subsidy 
was estimated at US$535 million, or approximately US$10 000 per person. Nearly half the workforce is 
employed in the public sector. Agriculture is only possible on about 1% of Greenland’s total area, in the 
southern ice-free regions.

 2018 RESOURCE F: Employment and unemployment in Greenland 

2008 2009 2010 2011 2012 2013 2014 2015

Fishing, hunting & agriculture 4 171 3 731 3 531 3 415 3 532 3 548 3 640 4 085

Mining & quarrying 142 120 119 137 143 128 110 124

Manufacturing 294 283 251 242 233 235 225 234

Electricity & water supply 406 411 423 410 390 392 382 380

Construction 2 052 2 064 1 958 1 872 1 952 1 872 1 720 1 844

Hotels & restaurants 776 754 769 785 756 806 742 762

Transportation 2 464 2 641 2 623 2 616 2 629 2 583 2 499 2 445

Wholesale & business activities 4 569 4 394 4 314 4 353 4 512 4 545 4 340 4 222

Public administration & service 9 657 9 973 10 044 10 052 9 804 9 895 9 826 10 307

Other industries 1 491 1 495 1 551 1 606 1 549 1 456 1 682 1 215

Total employed 26 022 25 866 25 583 25 488 25 500 25 640 25 166 25 618

Figure 10: Employment statistics for selected industries
in Greenland, 2008–2015

Year Number

2010 2 056

2011 2 518

2012 2 655

2013 2 725

2014 2 754

2015 2 438

Figure 11: Unemployment in Greenland
(permanent residents aged 18–64 years), 2010–2015

Figure 9
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 Achievement Standard 91426 (Geography 
3.1): Demonstrate understanding of how 
interacting natural processes shape a 
New Zealand geographic environment

 3.1. 2020 Questions
Note: This question has two parts: a. draw an annotated diagram 
that demonstrates detailed understanding of how a signifi cant 
feature in your named New Zealand geographic environment 
has been shaped by interacting natural processes, and b.
comprehensively analyse how either spatial OR temporal variations 
occur in your named New Zealand geographic environment as a 
result of interacting natural processes. The diagram or map must 
show aspects of the question or topic covered in b. The diagram 
should be annotated to show the analysis of the interacting 
processes which have caused these spatial or temporal variations. 
Annotated means to add notes and is more than just labels. You 
should have a statement or two to explain what is presented 
in your diagram or map. Use colour and/or a key to defi ne the 
differences. A title should have reference to the question. Analyse
is to break into component parts and show how the parts fi t 
together. Analysing involves choosing the knowledge to explain 
how and why. To analyse requires a detailed understanding of the 
working of the interacting processes and is not the ‘describe’ used 
at Level 1 Geography or ‘explain’ expected at Level 2 Geography. 
You must make sure you do not just describe what is happening 
but say why or how something happens and how the elements 
are linked. A process is a series of actions and elements interacting 
with each other. Natural processes are processes (actions and 
sequence of events) that occur in the natural world, e.g. tectonic, 
volcanic, aeolian, erosion, climatic, etc. Spatial variation refers 
to differences in environment, features and/or the way processes 
operate in different places or locations, i.e. how natural features or 
natural processes are different in different parts of the environment. 
Temporal variation refers to changes in the environment or 
changes to features in the environment over time, i.e. you need 
to refer to time periods or stages of development. The temporal 
variations could refer to geological time periods, specifi c natural 
events (volcanic eruption in 2007) and/or seasonal variations. 
Integrate comprehensive supporting case-study evidence about your 
New Zealand geographic environment and the interacting natural 
processes that shape it in your answer. It is recommended that you 
refer to aspects in your diagram (a.) and include any other relevant 
diagrams.

Exemplar 1: Spatial variation of Tongariro River Drainage 
Basin

New Zealand geographic environment: Tongariro River Drainage 
Basin Environment

Interacting natural processes: fl uvial process – erosion, weathering, 
transporting and deposition processes.

p. 7

Answers and explanations

a.  Annotated diagram(s)
 Diagram 1: Cross-section of the Waipakihi River to show the 
spatial variations in the Tongariro River Drainage basin

Lower course
• Flat gradient
• Riverbed is made of 

sand and silt – there 
may be some rocks 
and pebbles that were 
carried down by 
floods 

• River Valley is wider 
(13 to 15 m) with 
some river braiding

• Deltas and meanders
• River has a more 

gentle, slower flow
• Riverbanks are 

covered with tussock 
grasslands and dense 
beech forest

Scale: Not drawn to scale

Kaim
anaw

a 
Ranges

W
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Waipakihi River

Middle course
• Gentler slope 

gradient
• Riverbed is made 

up of small rocks, 
pebbles and 
cobbles – there 
may be some 
bigger rocks 
deposited during 
floods

• River Valley width 
= 3 to 4 m with 
wider channels

• Potholes and 
undercut banks

Upper
course

• Very steep 
mountain gradient

• Fast-flowing water
• Riverbed is made 

up of rocks and 
boulders

• River Valley width 
= 1 to 2 m with 
deep channels

• A few waterfalls 
and gorges

  Diagram 2: To show the action of fl uvial erosion and 
deposition in the middle section of the river, i.e. between the 
headwaters and the fl oodplain. 

Scale: Not drawn to scale

Fluvial erosion 
of riverbanks 
on the outside 
of the meander

Fluvial deposition of 
eroded sand, pebbles and 
small rocks on the inside 
of the meandering river

Meandering
Waipakihi River

Upper course: 
river channels 
are narrower, 
deeper and river 
flowing faster – 
riverbed has 
rocks and 
boulders

Middle and lower course: 
river channels wider with 
braids, deltas and meanders; 
river flow is slower and the 
riverbed is covered with 
sand, silt, pebbles and 
scattered small rocks

b. Spatial variation: Tongariro River Drainage Basin

  In the Tongariro River Drainage Basin Environment, there is a 
range of spatial variations of natural phenomena, such as the 
gradient, the bed load type, the river valley width and natural 
features. These are all the result of natural processes such as 
fl uvial processes of erosion, transportation and deposition, 
all working at different rates and scales to create these 
spatial variations. Diagram 1 shows the cross-section of the 
Waipakihi River to show the spatial variations in the Tongariro 
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River Drainage basin. The diagram shows three courses of the 
Waipakihi River. The Waipakihi River drains in a south-westerly 
direction from the Kaimanawa Ranges on the eastern side 
of the desert road, fl ows to Rangipo Dam and just before 
Tūrangi, Waipakihi River becomes the Tongariro River.

  In the upper course of the river, known as the Waipakihi 
River, the volume of the river is small, and the river fl ows 
in narrow channels of one to two metres depth, all with 
a steep gradient. Although the volume is small, the river 
fl ows fast because of the steep gradient. The river water 
will cut into (erode) the underlying riverbed, and with the 
help of the steep gradient (mountain slope) bigger rocks 
will be deposited (transported) downstream. The riverbed 
is littered with large boulders, which means there is more 
friction between the river and the riverbed. Fluvial erosion is 
dominant in the upper Tongariro catchment because of the 
soft, unconsolidated nature of the volcanic deposits, steep 
slopes and high rainfall. The mean annual rainfall in the 
headwaters – the area likely to produce the greatest runoff – 
reaches 4 300 mm on Mt Ruapehu (2 800 masl) and about 
2 800 mm in the Kaimanawa Ranges (1 600 masl). Rainfall 
then decreases rapidly with decreasing altitude, to be only 
approximately 1 300 mm at Lake Taupō. The thin permeable 
soil and hard rock surface in the upper catchment means 
that any water runs off rapidly, and is quickly concentrated in 
the Tongariro River. The steep gradient of the river channels 
in the upper catchment also means that the water fl ows 
much more quickly than it does across the lower fl oodplain. 
The increased fl uvial erosion provides a large volume of 
material that is available to be transported downslope and 
into the lower river system. The steep terrain of the upper 
catchment allows the river to transport most of this sediment 
downstream. The Tongariro River consequently carries a high 
sediment load. On average, approximately 11 700 tonnes of 
gravel and larger-sized sediment is carried past Tūrangi each 
year. Ten times this amount of fi ner-sized material, including 
sand, is transported downstream. 

  On the other hand, in the lower catchment the channel 
slope decreases, reducing river-fl ow velocity and speed. For 
a given volume of water, the energy of that volume of river 
water decreases, reducing the ability of the river, overall, 
to transport sediment, i.e. both quantity and size of the 
sediment. Consequently, a considerable volume of material 
is deposited in the channel and on the fl oodplain adjacent 
to the lower reaches of the Tongariro River. As sediment is 
deposited in the lower reaches of the river (Tūrangi area), the 
riverbed builds up (aggrades). This reduces the capacity of 
the channel to contain fl ood fl ows. During large fl ood events, 
the river can break out of its channel, with fl oodwaters taking 
the lowest path to Lake Taupō. The wide fl oodplain, and 
extensive Tongariro Delta where the river discharges into Lake 
Taupō, have formed from the river periodically changing its 
course in this manner. Diagram 2 shows the action of fl uvial 
erosion and deposition in the middle section of the river (i.e. 
between the headwaters and the fl oodplain). Fluvial erosion 
occurs on the outside of a meander and fl uvial deposition 
on the inside of a meander. The increase in sediment and 
gentler/fl atter gradients on the middle and lower course of 
the river increase the quality and depth of the soil on the 
riverbanks, which encourages the growth of vegetation. 
Dense beech forest and tussock grasslands are concentrated 
on the riverbanks of the middle and lower course of the 
Waipakihi River.

  In conclusion, there are distinctive variations in the type 
of river channels, intensity of erosion, type of deposition 
material and vegetation across the Waipakihi and Tongariro 

River Drainage Basin from the upper course to the middle 
course to the lower course.

Exemplar 2: Temporal variation of Muriwai Beach

New Zealand geographic environment: Muriwai Beach

Interacting natural processes: tectonic, volcanic, wave action, 
erosion, aeolian transportation and deposition

a.  Annotated diagram(s)

Diagram 1:  To show temporal variation of the Muriwai Beach 
profi le across seasons (summer and winter)
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b. Temporal variation (Muriwai Beach) 

  The Muriwai Coastal Environment has seen many changes 
over the 22 million years since the super Waitākere Volcano 
dominated the region to today, when the rugged West 
Coast is dominated by headlands such as Ōtakamiro Point 
at 130 m high and the offshore stack called Motutara Island. 
The interacting natural processes which have caused these 
temporal changes are plate tectonics, volcanic and wave 
processes, which have operated at different rates and scales 
over the 22 million years. 

  About 22 to 17 million years ago an underwater super 
andesitic volcano, the Waitākere Volcano (believed to have 
been 3 000 to 4 000 m high, 60 km wide from east to west 
and 40 km from north to south), erupted in the Waitematā 
Basin, leading to igneous rock being deposited. Over time, 
the rock was eroded by wave processes and deposited in the 
Waitematā Basin as a conglomerate of pebbles and boulders 
known as breccia. 

  Seventeen to 14 million years ago, due to movement 
between the Australian and Pacifi c tectonic plates, uplift 
occurred, resulting in the Waitākere Ranges and these 
fracturing into blocks and further volcanic eruptions. Thus, 
the tectonic processes caused the uplift of the south Muriwai 
coastline and exposed the coast to further erosion because 
of the exposure of different rock types such as breccia and 
conglomerates. 

  The changes in climate (climatic processes) caused an Ice 
Age 20 000 years ago, resulting in a drop in sea level. From 
20 000 years ago till today, the sea level rose to its present 
position and exposed the Manukau breccia of Ōtakamiro 
Headland (400 m long and 136 m high) to wave erosion. 
The wave action processes acting on the headland are wave 
attack, hydraulic action and abrasion. The waves approaching 
the headland are predominantly high-energy waves – an 
average of 1.5 m high approaching the coast from the west, 
due to the large fetch of 2 000 km of open water of the 
Tasman Sea that the predominantly south-westerly winds 
travel across. The waves approaching the headland, extended 
into the ocean 400 m, are slowed as they approach the 
headland due to the frictional drag caused by the shallowing 
coastline. This causes the waves to refract or bend and 

A
n

sw
ers

92 Answers and explanations


