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Using graphs and diagrams

Numeracy extends beyond simply using mathematical techniques, and includes the
interpretation of quantitative data in a real world context, problem solving, and the
communication of results in a form useful for decision making.

It is now easy taollecthugequantitiesof data, rticularly with the widespread use of
computers in all areas of society. For example, many different readings may be made at
frequent time intervals at hundreds of weather stations, or sales dagbe collected for
thousands of different products in differeshops. Graphs and diagramare often

necessary when interpretinigrge quantities of dataso that patterns or trends can be
identified.

Graphs and diagrams in critical thinking

Critical thirking is the ability to analyse arguments, perhaps presented by people with
widely differing views Quantitativedata can provide an important resource when
developing a convincing logical argumefividence maglready existn the form of graphs
or diagams, or data in a numerical formatayfirst need to be plotted as graphs
diagramdo help in itsinterpretation.

When researching an issuejsimportantto obtain datawhich is reliable Various guiding
principles can help in this procesdé/e mght be more confident imsingdatawhichis:

1 corroboratedby more than one sourcdor example whemostscientists or
economists believe that a particulegsultis correct

1 obtained froma source with @ood reputation for accuracy, such asuaiversity or
the BBC

1 collectedby personswho havehad firsthandaccesgo events or original
documents, rather than simply reportingformation provided byother people

1 obtained froma person or organisation with naested interest We might be
cautious, forexample, of healtldataprovided by a fast food company or sdftinks
manufacturer.

1 obtained fromanexpertin the field. For example, we might give greater credibility
to dataabout the cause canair crashprovidedby an aviation specialist.

1 obtainedfrom a person or organisation expected to beutral with regard to the
issue. We might be cautious about acceptiaga on religiousmatters from a
devout member of a particulaeligiousfaith, or politicaldatafrom a politician in a
particular politi@l party.
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To examine how these principles might be applied, and how data can be presented as
informative graphs and diagrams, we will consider some impoiqaestionsrelating tothe
topic ofclimate change For example, we might investigate the quess: Is climate
change occurring? so, is this the result of human activitie¥Vhat consequencesight
climate change have for people living in different parts of the world?

A garting point for the investigation might be to examine changes in agerglobal
temperatures over a long period, up to the present day. Fig@®id a gaphof
temperaturesproduced bythe NASAGoddard Institute for Space Studies. We might expect
that thisinstitute has a good reputation for accurate wodndthat it employs scientists

with a high level oéxpertise The déa displayed is therefore likely to be very reliable.
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Figurel81: Global average landceantemperatures for the period 18802010

A rise in temperaturseems to haveefinitely occurredover the past 100 years, but the
absolutetemerature riseof less than ¥1Cseems small This may noget be significantput
there may be cause for concern if temperature continues to rise at the same rate or at an
increased rate.

We might now investigatehanging patterns of rainfallThere is evidence of some extreme
rainfall occurring in Britain irecentyears. Figure B2, for example, shows a comparison
between actual rainfall during the month of December 2015 and the average December
rainfall overthe previous 30 years. This map is produced by the Meteorological O$iicg

data collected at weather stations across Britain. We would expect this map to be accurate,
as the organisation has a good reputation and employs expert staff.

TheDecember2015 map shows that many areas of Britain experienced more than twice the
expectedrainfallfor that month, leading to extensive and serious flooding. We will need to
investigate whether this exceptional rainfall was jasthance eventorthe resultof a long

term trend of increasing rainfall ovevestern and northerrBritain.
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Rainfall map of Britain for December 2015
comparing actual rainfall with the average
expected for the moth of December
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Monthly rainfall cata was obtained for Trawsfynydd in North Walesvering the period
from 1950 to 2010 This very complete data set was collected by staff lojdro-electric
power station who provided access to the originatitten recordsof the weather station
observations. This data is expected to be accurate

The data was entered into a spreadsheet and the graph in fig8®@evas plotted. We see a
wide variation in rainfall from month to month, and frogear to year Extreme rainfall
monthsoccur randomly. However, there does seem to be a simgitease in mean rainfall
since a drier period around the end of the 1960Again, there may be cause foorcern if
rainfall continues to risat a similar or increasing rate in future years

700 -

600

Monthly rainfall (mm]

Figure183 Monthly rainfall for Trawsfynydd, North Wales, for the period 1§5D10.
A trend line has been added, showing a slight increase in mean rainfall in recent ye
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We might now look more widely at variations in world rainfall patterfibis becomes more
problematic, as no complete data sets are easily availadle.have to fall back on a
computer model of predicted rainfall changes mduescientistsof the Intergovernmental
Panel on Climate Changélthough produced by experts, the data is not based on actual
observationbut is a mathematical best estimate after magivarious assumptions about
global warming It might be argued that thintergovernmental Panel on Climate Chamge
a political group set up to warn people of the dangers of climate change, so may not be
neutral. As a consequence, the data should leated with caution.

The model shown in Figur@4 predictsincreased rainfall in temperate and equatorial
areas, withslightlyreduced rainfall in the tropicsThe change is stated in terms of standard
deviation Theabsolute increase or decrease innill is not easy to determiniom this
map, but is likely to be in the order of a 20%0% increase in rainfall in the northern
hemisphere over the coming 50 yearBhe predictions are consistent with other evidence,
S0 seem to be qualitatively plausgh
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Figure184: Computer model for likely changes in rainfall

Evidence seems to suggest that climate change is occurring, although the effect so far is not
very large. Let us now consider the question of whetherdhmate changes a natual
phenomenon otthe result of human activity

Scientists have developed a convincihgdry that gases such as carbon dioxade able to

trap heat in the Earth's atmosphere, leadinggiobalwarming.This is termed the
greenhouse effect We might invstigate whethercarbon dioxide levels in the atmosphere
have increased over the past couple of centuries as a result of increased industrialisation.
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Figure B5compiled by the Intergovernmental Panel on Climate Change shows large
increases in the pastO® years in the amounts of three main greenhouse gases: carbon
dioxide, methane and nitrous oxide. This data has been collected mainly by analysis of gas
trapped in glacier ice samples of known ages. The data has been obtained by expert
scientists who wald be expected to have reported their findings accurately, so can be
treated as reliable.
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If we accept the link between greenhouse gases and climate change, it then becomes
necessary to identify the causes of increased concentrations of the lgoeise gases so
that correctiveactioncanbe taken.

It is known that carbon dioxide is produced by burning fossil fuels such as coal, oil or gas.
However, theCQ concentrationis alscaffected by vegetation, particularly forest, which can
extract carbordioxide from the air during photosynthesasd retain this as biomass
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Figurel86: Changes in the area of forest in each continent over the period 12000
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Figue 186is a map showing changes in the area of forest. This was producée Bpod

and Agriculture Organisation of the United Nations, which is an organisation with a good
reputation for reliability. Data is likely to have been compiled by experts, so we may
conclude that the map is accurate. Extensive loss of forest is camgiimu Africa and South
America, though this is offset to some extent by an increase in the area of forest in Asia and
Europe.

We might now consider the effects of climate chamgepeople around the worldThe
most urgentproblemfor a number ofcoastalcommunities is sea level ris&igurel87 has
been compiled by scientists of the Commonwealth Scientific and Industrial Research
Organisation and the University of Colorado, U8A0 are in agreement about recent
trends in sea leveWe might expect thidata to be accurate.
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Figurel87: Changes in sea level from 1870 to 2010

Change in sea level over the period is about 9 in¢B2<m) This is not large, but could
become an increasing cause for concern if the trend continues.

We shoudl, at this point, look for evidence linking sea level rise to global warming. Scientists
considerthat sea level is risindue tothe melting ofice from the pahr ice capsand to a

lesser extent from mountain glacierdaps in figure 88 compare the etent of the

Septembeiice cap over the northern polar region for the years 1980 and 2007. These maps
were compiled from satellite images by the N&ional Snow and Ice Data Centso are

likely to be accurate.
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Figurel88: Extent of Septembeice cap in the northern polar region

Data is only shown for two particular years. It seems likely that a long term loss of ice is
occurring, but we might wish to examine data for other years to confirm this.

Another danger which might be associated wstimate change is amcrease in the number

of damaging tropical stormdgrigure B9is produced from data collected by the N&tional
Hurricane Center With satellite observation, there have been improvements in the
detection of very short duration huanes and cyclones. These short lived events have
been omitted so that data from earlietecadeds properly comparable. There is a slight
upwards trendn the number of hurricane and cyclone everttsit with considerable

variation from year to yearAs with extreme rainfall eventshe effects of climate change

are not yetgreat, but could become a cause for concern if the upward trend continues and
escalates.
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Figure189: Number ofhurricanes and cyclones recorded for the yes880 to 20D
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We might now investigate the occurrence of drougii?sought iscaused by difference
betweenthe water demand and the wateavailabé. Whilst the likelihood of a drought is
clearly affected byeduced rainfalljt can be made worse by an increasing@alemand
from homes, agricultur@andindustry. Water demand per pers@enerallyincrease as
countries lecome moretechnologicallydeveloped.
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Figure BOis a map compiled by the Environment Agency to identify areas of England where
water supply isnsufficient to meet demand during years with low rainfall. The exact
meaning of the terms 'moderate’ and 'serious’ is not defined, but we might assume that
urgent actionis needed in these areas, either to reduce water demarallect additional

water from rainfall,or bring in extra water supplies from other regions.

To summarise the data on climate change, might concludehat:

1 Temperatures are rising, but not very fast

1 Mean rainfall isslightlyincreasingn tropical and temperate areas, and slightalling
in tropical areas

1 Catastrophic weather events such as floods and hurricanes are very variable from
year to year, and there is no strong evidence that current weather eventsare
extreme than those which have occurred in the padbwever continued global
temperature rise is likely to increase the risk from extreme weather.
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1 There is lear evidence that atmospheraoncentrations of carbon dioxide, methane
and nitrous oxide arencreasing.Modelling carshow a link between concentrations
of these gases an@mperature rise througlhe greenhouse effedheory.

1 Increases in carbon dioxide in the atmosphere may be due to burning of fossil fuels,
and alsao extensiveloss of forest.Reduction in C&production from fossil fuel
burning sems sensible, particularly since alternative enesgyrcesare available
Forestryregenerationcan havea beneficial effecin regulatingCQ concentrations

1 There is kear evidence o& small but significant rise sea level This cate
convincinglylinked to evidence of ice cap reduction.

1 Water deficitsoccurin various regions These cabe ascribed not just to climate
change but also to increased water demand fragriculture industry and the
population.

None of these issues are simple, bugjaiting reliable data and interpreting it effectively
can allowstronger evidencéased decisiofitobe made.

In thefollowingsections, we move on to examine some specialist types of graph which are
appropriate for displaying particular data sets obtaidm#uring vocational course activities.

Cyclic graphs

Some data sets contampattern which repeats at intervals. This might, for example, be a
daily or yearly cycleA longer term trendnay be superimposed ahe repeatingpattern.

As an exampldet usconsider howwe might makesales predictioawhen preparing a
business plaffor a new restaurant in a small town in Snowdania

Mostbusinessegre to some extent seasonal. A restauramuld expect to haveegular
customerswho live or work locally, bt also manyvisitorswho areon holidayin the area
Peak periods of the year might be Christmas, Eastettlmmdummer holiday period.

Wewill begin by predicting the relativealesin each of the twelve monthas acomparison
to the busiest month ofuly. Experiencdrom similar restauranbusinessesnight suggest:

January 0.5 July 1.0
February 0.3 August 0.9
March 0.6 September 0.8
April 0.8 October 0.5
May 0.7 November 0.3
June 0.8 December 0.6

Amodel can be produced with an Excel spreadsh@ge will set up themonthly sales
values as #okup table so that thevaluescan be accessadhen requiredfor the sales
calculations.
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We will begin by assuming that sales willg#9, 000 in July of the first yeai his base value
allows sales for ¢ter months to be calculated.

A B C D E F G H |
1T |Month number Month  Sales Manth base fraction sales
2 1 lan 0.5 1 Jan 20000 0.5 10000
3 2 Feb 0.3 2 Feb 20000 0.3 6000
4 3 Mar 0.6 3 Mar 20000 0.6 12000
5 4 Apr 0.8 4 Apr 20000 0.8 16000
6 5 May 0.7 5 May 20000 0.7 14000
7 6 lun 0.8 6 Jun 20000 0.8 16000
8 7 Jul 1.0 7 Jul 20000 1 20000
9 8 Aug 0.9 8 Aug 20000 0.9 18000
10 9 Sep 0.8 9 Sep 20000 0.8 16000
11 10 Oct 0.5 10 Oct 20000 0.5 10000
12 11 Nov 0.3 11 Nov 20000 0.3 6000
13 12 Dec 0.6 12 Dec 20000 0.6 12000
14 13/ lan 20000 0.5 10000
15 14 Feb 20000 0.3 6000
16 15 Mar 20000 0.6 12000

Figurel91l: Predicted sales for the restaurant, based on relative monthly sales values

Using the predicted income for July of the first yaara base valyave canproduce a graph
of annual sales, allowing for variatioliem month to month.
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Figure D2 Predicted sales based on a constant annual sales total

We might now make an assumption tHaisiness will increase for the first few years at a
rate of 24% yearon-year growth as the restaurant becomes welbkvn. This will increase
the takings by2% per month. This effect can be superimposed on the seasonal trend.

Extending the model for five years gives apdyr of sales
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Restaurant sales
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Figure B3. Predicted sales based on encreasingannual sales total

By use of a spreadsheet, it is easy for business studies students to expdrirttaatwaywith
financial forecastsvhen developing business plans

Tides

Another cyclic process which well examine is the prediction ofdal heights.Tidesare
primarily influenced by the moonThe moon exerts a gravitational attraction on ocean
waters causing tidal bulge on the sidef the Earth nearest to the moon. However, the
rotation of theearth-moon systenalsoleads to aconcentraton of ocean waters on the
oppositeside of theearth. This region ikrthest from the moon where the gravitational
effect is lowestand centrifugal forceanincreasethe tidal height

@ moon

high tide caused by high tide caised
centrifugal force due by gravitational

to rotation of the attraction by

earth- moon system the moon

Figure B4: Tidal influence of the moon

Another smaller influence on tides isesun. This has a huge mass, although it is vastly
further away from theearth then the moon. The effect of thesun on tides is not constant.
The moon orbits around the Earth approximately every four weeks. Hoeryight, the sun
and moon lie in apmximately the samdine, so that tidal effects are increased. This
produces particularly highpring tides
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Figure B5; Spring tides produced by a sumoon alignment

A week after the springdes, the moon and suwill be positioned at right anigs when

observed from the Earth. The cumulative tidal effect is reduced, and loeagy tidesare
produced.

Figure B6. Neap tides produced by the sun and moon aligned at right angles relative to the earth

Afurther effect is produced by thangle ofthe Earth's axiselative to the orbit of the moon.
This angle is known as thénar declination and changes over a period of weekr a
lunardeclinationin the same hemisphereaidal height would be highest when the moon is
on the adjacenside of the Earth.

Figure B7: Lunar declination producing a higher tidal peak in the region facing the moon
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The high tide event2 hours latewill have a reduced height.h&locationis now on the
opposite side of thearth and further from thepeak of the tidal bulge

Figure B8: Lunar declination producing a lower tidal peak in the redawmingaway from the moon

The complex interaction of these factors can be seen in the example tidal graph for
Barmouth, North Wales (figure9®). High and low tide heights vary systematically over the
springheap tidal cycle. There is also a variation between the two high tides each day.

Barmouth tidal data - April 2003

h“ﬂ]ﬂﬂn ﬁ

TR w
i it

T r

Height [m)
«r

- r"rr"""—T"7" 7717
1 2 3 4 5 6 7 & 9 10 11 12 12 14 165 16 17 18 19 20 21 22 23 24 26 26 27 28 29 30
Date

=1

Figure D9: Typical variation in tidal height during a month

Tidal prediction involves a complealculation, but is based on adding together a series of
cosine functions of the form:
0 6AT100 n

where:

H is the contribution to the total tidal height,

A is the maximum amplitude of this function,

A &nglld&v8locitywhich determines tke frequency of the cosine curve
tis the time
p is a phase angle which is used to coordinate the functions relative to one another.
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Three functions have been set up in a spreadsheet to demonstrate the principle of the
method, though many more would bacluded for an accurate tidal prediction.

A B C D E
T [Amplitude 300 120 40
2 |Freguency 1 0.95 0.6
3 |Phaze 0 60 30
4 tidal height
5 0 300.00 60.00 34.64 394.64
6 20 281.91 22.90 29.73 334.53
7 40 229.81 -16.70 23.51 236.62
g] 60 150.00 -54.48 16.27 111.78
9 80 52.09 -86.32 8.32 -25.91
A B C D E
Amplitude 300 120 a0
Frequency 1 0.95 0.6
Phase 0 60 30

0

20
40
60

o~ o ko

=8BS1*COS((AS*$BS2+5B53)*PI()/180)
=$BS1*COS((A6*SBS2+35BS3)*PI()/180)
=$BS$1*COS({A7*$BS2+$BS3)*PI()/180)
=8BS1*COS((AB*$BS2+5BS3)*PI()/180)

=$CS1*COS((A5*SCS2+6CS3)*PI()/180)
=$CS1*COS((AB*SCE2+5CS3)* PI{)/180)
=$CS1*COS((A7*SCS2+8CS3)*PI{)/180)
=$CS1*COS((AB*SCS2+5CS3)*PI()/180)

=$D$1*COS((A5*$DS2+5DS3)*PI()/180)
=$DS1*COS({A6*SD52+5DS3)*PI{)/180)
=$D$1*COS({AT*$DS2+SDS3)*PI()/180)
=$D$1*COS((AB*$DS2+$DS3)*PI()/180)

Figure200. Spreadsheet to demonstrate tidal calculation

=B5+C5+D5
=B6+C6+D6
=B7+C7+D7
=B8+C&+D8

The lower display in figur20O0illustrates formulae for calculating three cosine functions,
which are then added in column E to produce thdat graph output.

If values ardirst assigned only to cells H3, leaving cells €D3 blank, then a basic cosine
curve is produced. Thigould representthe tidal effect of only the moaon
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If values are now added for cells-B1the effect d the sun in producing spring and neap
tides is added.
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Values in cells B3 then add the effects of a lunar declinatiqeroducing a variation
between successive tides
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Figure203 Tidal graph produced from the sum of three cosine function

Tidal prediction depends on determining the correct values for amplitude, angular velocity
and phase to specify the cosine functions for a particular location. Methods for obtaining
these parameters using astronomical observations were determimaiae 1920'sby Arthur
Doodson, a Fellow of the Roy&dciety

A further complicating factor in tidal calculationghat the Earth is not exactly at the centre
of circular orbis of the sun and moon. t &ertain times themoon andsun are ¢oser or
further from the Earth.

closest furthest
approach: separation:
perigee apogee

Figure204: Ellipticalorbit of the moon around the earth

This change in separati@aussa change in the amplitude for the tidal effect. Tidal
amplitudeparameter A does itself vary as a cosine function:

6 0 p ! AD 0 1
For a full model, th functions which aradded during the calculatioshould have thdéorm:
6 06 p ! Ai1G0 n B&AT100 1
The geomety of neighbouring land masses calsoaffect tidal heights For examplehe
English Channel has a complex patterdatfible high tidesdue toconstriction of tidal flows

in the narrow and shallovgea area between England and France. Tidal predictions for any
location may therefore depend on bo#stronomicaland geographicalfactors.
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Circular diagrams

Graphs normally use a system of horizontal and vertical Cartesian coordiatesy to
represent data points. However, it is sometimes convenient to use polar coordinates,
where data points areepresentedby an angle and radial distancefrom the origin:

<
i
|
|
|
|
|

Figure205 (left) Cartesiamoordinatesand (right) polaccoordinates

A simple use of polatoordinatesis to represent a number of related factors, so that they
can beeasily visualised and compareds an example, we will look at research into Welsh
English bilingualism of college students. The objective of the project is to identify the
different ways in which students make use of the Welsh language in their everyday lives,
and to identify opportuniies for further language development within particular student
groups.

Students are asked to complete a questionnaire, in which they are presented with a series
of statements such as:
| speak Welsh withrfends socially

and are then asked to give a score between 0 and 10 on a Likert scale

. o [ 1 J2] 38 |4 5 [6] 7 [8]9] 10 |
disagree disagree neutral agree agree
completely slightly slightly completely

Figure206 Likert opinion scale

Results for individual students can be displayed inlampaiagram, and results can be
grouped forthe students studyin@articular courses.
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I speak Welsh with my lecturers
10

I think being able to speak Welsh 9
is important for work 8

\
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——

I think it is important to speak
Welsh

| speak Welsh in the college

I listen to Welsh music/watch

Welsh TV programmes | speak Welsh with friends socially

| use Facebook/Twitter through

the medium of Welsh | speak Welsh when not in college

I am comfortable/happy working
in Welsh

I am confident in speaking Welsh

Figure207: Circular diagram of Welsh language use by students

In this way ppportunities can be identified for building on existing use of Welsh, e.g.
| speak Welk with my lecturers
and for introducing students to new activitigdich use theNelsh language, e.g.
| listen to Welsh music/watch Welsh TV programmes

In the next example, a circular diagram is suitable bec#usdatadisplayeds directional
Anglesin the polar diagram can represeabmpass bearirgy

¢Afft FLONRO Fylfeara

Upland areas of Britain were subject to extensive glaciation during the Ice Age, and a study
of glacial landforms and glacial deposits is an important aspect of geomorphology.

Moving ice sheets carry rock debris ranging in size from boulders to clay particles. This
material can be deposited as moraine below and at the edges of a moving ice sheet, or at
the limit of a glacier where melting occurs. A study of an area moraine earugeful
information about the flow direction of the ice which deposited the material. Fragments of
rock become oriented within the moving ice, so that their longest axes lie in the direction of
ice flow. This alignment can be preserved when the raafnfrents are deposited as

moraine.

In this example, we will look at the results of a till fabric analysis study by geology students
of the Cwm Cau glacial cirque basmthe mountain of Cader Idris North Wales.
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Glacial deposits preserved in Cwm Caiohg to the Devensian period which occurred at
the end of the Ice AgeDuring the main Devensian glaciatidhis valleywas the source of a
largeglacier which floweaut to join the larger Tal y Llyn glacier in the valley below.

possible extent of the late
cirque glacier
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A warminterglacialperiod followed the main glaciation, with ice melting from the
mountains. Glacial conditions returned in the late Devensadawing a cirquelacierto
develop at the head of Cwm Cau. Ice accumuldigrgeath the cliffs at the head of the
cirque moved downwards in a rotational motion, depositing moraine against the rock step
at the mouth of the cirque, and releasing rock material from the snout of the glacier as
melting occurred.

CAIWaNBD Y28SYSyid Ay | OANJdzS It OASNI
Data was collected at two locations in Cwm Cau: in the moraine ridge at the mouth of the

cirque basin, anébwer downthe valley in moraine exposed in the bank of the Nant Cader
stream.
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Nant Cader stream bank
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At each of the sites, a number of rock fragments embedded within the clay matrix of the
moraine were examined, and a compass was used to measure the downwards dip directions
of their long axesResults are plotted as circular diagrams in figzté, with the data
pointsrecording thetotal numbers of sampledalling within eacH.5 degreesector.

The circular plot for the Nant Cader stream bank exposure illustrates the downwards flow of
the glacer from the upland valley, and represents ground moraine deposited at the base of
the moving ice.

The circular plot for LIyn Cau is interesting in showing a predominance of dips of rock
fragments back towards the cirque basin. This is consistent witmtterial being

deposited at the base of the ice flow as it was rising over the rock lip of the cirque basin in a
rotational motion.

Alternating current

Polar graphs are an interesting way to display the characteristics of alternating currents
when carryng out experiments in electronics or electrical physiégC supplies may have
the same fequency, such as 50Haut havedifferent peak voltages and phase angles. If
these alternating currents are combined, it is found that the resultant is also amatieg
current, but with a different peak voltage and phase angle to the two constituent wave
forms.
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A preadsheettan beset up toinput the phase angles and peak voltagestioo sine waves

then add the wave forms to producerasultant

A B C D E F
1 phase 1 0 phase 2 120
2 voltage 1 340 wvoltage 2 155
3
4 |angle V1degrees |(V1volts (V2 degrees V2 wvolts |resultant
5 0 0 0 -120| -134.234| -134.233938
6 10 10| 55.04038 -110| -145.652| -86.6119758
7 20 20| 116.2868 -100| -152.645| -36.358353
8 30 30 170 -90 -155 15
9 40 40| 218.5478 -80| -152.645| 65.9025856
10 50 50| 260.4551 -70| -145.652| 114.802754

A B C D E F
1 phase 1|0 phase 2120
2 voltage 1/340 voltage 2155
3
4 |angle V1 degrees V1 volts V2 degrees |V2 volts resultant
5|0 =-$CS81 =SCS2*SIN{B5*PI()/180) =-$ES1 =SES2*SIN({D5*PI{)/180) =C5+E5
6 |=A5+10 =B5+10 =$CS$2*SIN(B6*PI(}/180) =D5+10 =SES2*SIN(D6*PI(}/180) =C6+E6
7 |=A6+10 =B6+10 =$CS2*SIN(B7*PI()/180) =D6+10 =$ES2*SIN(D7*PI(}/180)  |=C7+E7
8 |=A7+10 =B7+10 =$CS$2*SIN(B8*PI()/180) =D7+10 =SES2*SIN(D8*PI(}/180)  |=CB+E8
9 |=A8+10 =B8+10 =$CS$2*SIN(B9*PI()/180) =D8+10 =SES2*SIN(D9*PI()/180)  |=CS+E9
10 |=A9+10 =B9+10 =$CS$2*SIN(B10*PI()/180) =D9+10 =$ES2*SIN(D10*PI()/180) |=C10+E10

CAJwWaW@ LINB I RaKSSG G2

The sine wavean be displayedsing the familiar form of cartesiagraph, as in figur@14,

RSUSNXAYS

GKS NBadzA G yd

where the haizontal xaxis represents an angle and the verticalxys represents the
corresponding voltage. However, the same sine curve can also be displayed in polar form.
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Figure214: Cartesian and polar representations of a sine curve
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If values of he sine function are plotted for each rotation angle from 0O to A&0 a polar
graph, the points are found to lie on a perfect circle. The diameter of the circle represents
the amplitude of the wave, and a point with this value occurs at the angle wherevave
reaches its maximum peafoltage In figure214, this occurs at an angle of @0

Figure215shows the effect of addingvo sine wavesvith the same frequenciut different
phaseangles, andamplitudesrepresenting different voltages. The resuitas also a sine

wave with the same frequency, but haglifferent phaseand amplitude. In a polar plot, the

two sine waves appear as circles with diameters proportional to the two initial voltages, and
the resultant appears as a circle with diameter poational to theresultant
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Figure215 Catesian and polar graphs showing the addition of two sine functions
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It is possible to find theamplitude and phase angle of the resultant by constructing a
parallelogram on the polar plot, as shown in fig@db. Sides of the parallelogram

represent theamplitudes and phse angle®f the original sine wavesyith the diagonabf

the parallelogranthen giving the phase angle and amplitude for the resultant. Indeed, it is
possible to use this geometric method directly to determine the resultant of two sine waves,
without plotting the actual sine curves.

L
~
.

resultant sine wave
phase and amplitude

Figure216 Geometric method for finding the resultant of two sine waves

In the final sections of this chapter, we will examswane specialist types of diagram used
in particular vocational areas. We begintwién application from ecology.

Vegetation transects

When investigating plant habitats, it is often useful to produce trandegramso

illustrate changes ofegetationin response to changing environmental factors. For
example, we might wish to invagtte the changes imegetationbetween the floor of a

valley and a hill summit in response to changing soil type, or between the margin of a lake
and the drier ground away from the water's edge in response to changes in soil moisture.

In this example, & will look at a vegetation transect across the area of sand dunes at Morfa
Harlech, North WalesMorfa Harlech developed as a spit of shingle and sand carried by
longshore drift. An area of salt marsh accumulated behind the spit. At low tide, a large
expanse of sand is exposed on a gently sloping beach. This sand can be dried out and blown
onto the coast by strong westerly winds, creating the dune system.
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A series of parallel ridges of dunes have been produced by seawards migration of the dune
systam, with progressively older dunes lying inland of the current active dune line.

The vegetation succession along a transect line across the dune system has been
investigated by geography students.

— -

- - —

Lot line of transect s

M

Figure217: Morfa Harlech sand dunes, siiing the transect location

A profile of the ground surface along the transect line can first be surveyed using levelling
techniques as described in chapter 7.

At intervals along the transect line, the percentage cover for different plant species is
estimated. A convenient way to do this is to use a quadrat frame, divided by strings into a
5-by-5 grid. Each small square then represents 4% of the quadrat area. Plants are identified
by means of reference books.

Figure218 Plant quadrat with string grid
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Plant distributionalong the trarsect linecan be representeds a series of kite diagram#\
series of key species which illustrate the vegetation succession across the dune system can

be selected. Kite diagrams can be conveniently created using a spreadsheet.

16
12

S

beach yellow dunes dune slack  grey dunes

Marram grass Ammophila
50%1

%

0 50 100 150 200 250 300 350 400
Fescue grass Festuca
50%1
0 50 100 150 200 250 300 350 400
Saltwort Salsola
40%3
o 50 100 150 200 250 300 350 400
Speedwell Veronica
40% 3 : : :
o 50 100 150 200 250 300 350 400
metres

Figure219: Morfa Harlech sand dune profile and kite diagrams of plant distribution
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Actively accumulating
yellow dunes, produced
by sand blown on shore
from the exposed beach
at low tide.

Young dunes are
stabilised by Marram
grass.

Ridges of older grey dunes
lie behind the active yellow
dunes.

Ridges are separated by th
damper valleys of the dune

Speedwell Yeronica and other
flowering plants colonise the
stable older dunes and dune
slacks.

Figure220: Features of theand dunes at Morfa Harlech
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Sandis supplied to the Morfa Harlech dune system from glacial dépos the sea bed
offshore, and from the Dwyryd estuary to the north.

The loose sand of the first line of dunes is stabiliseddly colonising species such as
saltwort, sandwort and sea rockethich can tolerate high salinity. Strong root systems of
marram grasdurther stabilise the yellow dunesAs nutrients are added to the sand, the
rangeof plantspeciescan increase High sand dunes still present a hostile environment for
all but the hardestof plants due to the dry, unstabkandy protesoil whichis poor in
nutrients. Between the ridges dhe dune systemhowever,dune slackeccur where

growth conditions for plants are more favourable. A greater diversity of flowering pknts
seen in thesealleys

beach yellowriks dune slack  grey dunes

R4 EA

fresh water flow through
- brackish water very porous sandy substrate

ey,
Sb R
i Sttt
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e R SR
S e R
e
B

S al ‘t W. a‘te r p en etr Ao e,
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Figure221: Hydrology of the dune system

Environmental fators along the transect line can be measured. Of particular interest are
soil moisture content, soil acidity, relative humidity of the, amdthe wind speed whiclis
important incontrollingthe movement of wind born sandA scientific model can thelme
developed to explain the evolution of the dune succession.

In some ecological systems, more complex vegetation relationships need to be displayed.
We will examine a method for recordimggetationtransects through woodland.

At any particular poinwithin a woodland, a number of layers of vegetation may be present.
This will be particularly true of older woodlands in areas of high rainfall where biological
productivity is high. We might identify:

1 A tree layer, made up from the tallest, most maturees such as oak or beech.
These form the canopgf the woodland.

1 A shrub layer. This layer consists of younger individuals of the dominant trees,
together with smaller trees and shrubs such as rhododendron and holly which are
adapted to grow under loer light conditions.

1 A herb layer, such as ferns, grasses and flowering herbsdsigsieveloped where
substantial amounts of light reach the woodland floor, for example in clearings.
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1 Aground layeyr composed of plants which grow in close contact whih soil, such as
mosses and fungi.

1 BEpiphytes which grow above the ground on tree trunks and branches, such as
mosses, lichens and some ferns.

:

Figure222: Oak woodland supporting multiple layerswafgetation

A woodland transeatan be developed on a spreadsheet using graphics shape symbols to
represent trees and shrubs, as in the examples in fig@fe 2

Trees, shrubs, herbs and ground vegetation occurring along a transect line are recorded. In
the case of trees, the heights the base and top of the canopy are estimated, if necessary

by use of the trigopnometrical method described in chapter 6. The canopy diameters of trees
and shrubs are also estimated.

The example transects given here use a normal vertical scale,lbgaathmic scale can be
usedif greater detail of lower vegetation layers is required.

Measured data can give more precise insight ihi@processesvhich affect woodland
structure, such as:

1 Land use changduringfarming or forestry operations.
1 Positionof woodland near the baseraop of a hill slope, and effects of slope angle

1 Local microclimate, such as the high rainfall over sdfe@ionnyddoak woodlands
which creates temperate rain forest.
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Figure223: Transects through yowger (above) and older (below) oak woodland

Of particular interest is the sequenceagetation changes which occur as a clear felled
area or grassland is left to revert naturally to woodland

Grasses and tall herbs become established, and provide sliettseedlings of fast
growing tree species such as birch.

As the forest develops, the early colonising trees in turn provide shelter for the

slower growing and longer lived climax species such as oak and beech. The extent of
the canopy cover will detenine how much light can penetrate to the forest floor,

andthe amount of plant growth in the lower layers. Oak produces a more open
canopy than beech, so oak woodlands are particularly rich in herb and ground
vegetation.

Mature trees may be blown down dng storms or simply die naturally, creating
gaps in the canopy which allow light to penetrate and support growth of the lower
layers of vegetatiomn small clearings
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As mature trees develop, a rich collection of mosses, lichens and ferns can grow on
their trunks and branches, particularly where sufficient light and a high humidity are
present. Fungi have a role in breaking down fallen trees and returning nutrients to
the soil.

Asthe woodlandsuccessioprogressesthere is a increase in biodiversitgf both the
plants andthe animal species which are depesrd on woodland habitats Soil organic
matter and nutrient levels increasiuring thesequence, which in turn leads tpeater
biological productivity The nultiple layering of thevegetationallows overallbiomassto
increaseas thewoodland evelops

For our next examples of specialist diagrams, we will examine the use of diagrams to record
sequences of rock strata.

Graphic log sectiarin geology

A graphic log providesraethod of representig thickness of bedsf rock their grain size
and sedimentary featuresThis caprovidevaluableevidenceof the geological
environmentin which a sequence of rocks were formed.

Figure224: Recordinga measured log section through a semee of Cambrian grits, Barmouth
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To produce a graphic log section, an outcrop of rock is chosen where there is easy and safe
access to examine the sequence of strata. A measuring tape is positioned so that the
thickness of each rock layer between the bedgplanes can be recorded. In addition to
recording thickness, the maximum grain size of the material is measured at the top and
bottom of each bed. Grain size is also recorded at intervals within a thick bed of rock, or
where obvious changes in graiizes occur.

Grain size is measured using the phi scale, as discussed earlier in chaptantple phi
values are:

phi scale values

4 3 21 0-1 -2 -3 4 -6 -8
MUD SAND GRAVEL
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7 = &£ 2 8 8 8 &8 8§ 2 3

= n = &= £ 8 = @ o 8 =]

Data can then be trasferred manually to graph paper to produce the log section, or a
computer graphics application can be used, as in fig@fe Each layer of rock is plotted

with the appropriate thickness on the vertical scale, anabrizontal width representing the
grainsize. This method of illustration reflects the actual appearance of the rock sequence in
a weathered outcrop. Coarser sand and pebble beds are generally more resistant to erosion
than finer sand, silt and mud bands, so extend further out from the rack.f Shading can

be added to represent pebbles or layering present in the beds

The sequence shown in figur@@&is a sequence of deep water grits and sandstones of
Lower Cambrian age, belonging to the Barmouth Grit formation. It is thought that these
sediments were laid down from clouds of turbulent sediment which discharged down a
continental slope onto the deep ocean flooSimilar deposits, known asrbidites, are

known to form at the present day on the ocean floor off shore from the mouths of majo
rivers. Examples of turbidite deposits are found in the north Atlantic off the mouth of the St
LawrenceRver, and in the Gulf of Mexico off the mouth of the Mississippi.

Studies have shown tha@ach cloud of turbidite sediment which is discharged daht® sea
bed can lay down a particular sequence of beds. These are designated with reference
letters from A to E:

E mud
;% D mud and silt layers
|( ] C sand with inclined bedding
+
] B sand with horizontal bedding
\

A grit with coarser sediment
at the base

0:::0

0::0:0:0:0
00 00 0 00

([@1®)]

Figure225 Sequence of sediments which can be laid down by a turbidite flon
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Figure226 Graphic log section in Lower Cambrian grits, Barmouth
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Not all of the layers of the full turbidite sequence may be present in any particular instance.

This maybe due to another cloud of sediment rapidly following the initial sediment
discharge onto the sea floor, so that there is no time for the finer sands and muds
from the first flow to settle. This may result in a repeated A unit in the sequence.

A cloud ofcoarse sedimendlischarged ontahe sea floor may have an erosional
effect, removing any finer silts and muds which wkxid down after the previous
flow. In this case, the D and E units may be missing from the final sequence.

Evidence of both of thesmechanismsan be identified in the graphic log section above.

The use of graphic log sections is not restrictedetmrding sediments laid down by river or
sea processes, but can also be used to inrpolcanic deposits. Figure22hows a

measured setion through ashes erupted from the ancient Cader Idris volcanic centre during
the Ordovician period. Individual beds vary in texture from fine dust to very coarse deposits
containing large blocks of rock which explodezhi the volcanic vent (figure Z2.

Figure227:

Volanic ashes of Ordovician age
Cader Idris

Geological evidence suggests that during the Ordovician period, Wales was an area of
shallow sea with volcanic islands intermittently erupting.

In the dormant periods between volcanic events, rivers would damgy volcanic
sedimentinto the sea where itould be deposited as layers of sand and mud.

At the start of each volcanic episode, explosive eruptions wihultalv rock debris
and lava bombs high into the air, along wilouds offiner ash The finer material
might settle out fromthe atmosphere over a period of days or weeks following the
eruption.

Evidence of these processes can be identified in the graphic log section of rocks from the
Llyn Cregennen area of Cader Idris shawfigure 228.



