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This activity focuses on how to visualise global patterns of
earthquakes, exploring magnitude and depth of individual
events and accessing live earthquake data

30 - 45 mins
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Introduction

This activity will guide students through visualising global patterns of earthquakes,
demonstrating that adding a location or spatial element to data can highlight patterns or
relationships that were previously undiscovered.

The theory of plate tectonics was originally proposed as a hypothesis by Alfred Wegener in
1912 to offer a suggestion as to how landmasses could ‘drift” across the planet in what he
called ‘continental drift".

Wegner used several different pieces of evidence to support his theory, however not many
people accepted his theory because one of the elements missing from the theory was the
mechanism for how it works - why did the continents drift and what patterns did they follow?

Since then, observations show that the theory of plate tectonics can be used to provide a
simplified explanation of the global distribution of earthquakes (source: British Geological
Survey).

The Earth’s crust is split into 7 major and 8 minor plates and the plate boundaries can be
identified by looking at the spatial location of earthquakes. 90% of earthquakes occur at plate
boundaries, while only 10% of earthquakes are classed as ‘intra-plate’ (source: The
Geological Society). The most powerful earthquakes are associated with convergent or
conservative boundaries (source: Edexcel A-Level Geography Revision).
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Plate tectonic map of the world showing direction of movement (source: BGS]

Earth is an active place and earthquakes are always happening somewhere. In fact, there are
around 12,000-14,000 earthquakes each year, although most of these are low magnitude
events and aren't felt by people. On average there are about fifteen earthquakes every year
with a magnitude of 7 or greater, with the potential to cause major damage (source:
Incorporated Research Institutions for Seismology).
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In this practical, students will learn how to:

e Use free online maps

e Select different base maps

e (Change the symbology to reflect different attributes

e (reate a Heat Map to show the highest density of earthquakes

e Import live data into their maps to produce a constantly updating layer

This activity is aimed at KS4 - KSb students, however students of all ages are welcome to
complete the activity.
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Section 1: Visualising Datasets

This section will introduce using an interactive map and how we can identify earthquake
locations and plate boundaries.

1.1. Accessing ArcGIS Online

a. Go to https://bit.ly/38RWTCqg

This should open an ArcGIS Online map which looks something like this:

ArcGIS v Geohazards: Farthquakes and Volcanoes 2019 Modify Map & Sign In

[EDetails | BEBzsemep | ®8 Share & Print ~ | & Measure
hd R T T ———
HORWAY

[ Major Cities surrounding Caribbean
[ Caribbean Earthquakes - 7th to 14th Jan 2010
[] Historical earthquakes in the Caribbean

[ Example Voleanoes

[ Global Volcanoes.

[] Plate areas with names

[ Plate boundaries

[ Plate boundary types

[ Countries

» @ Topographic

b. Spend a few minutes exploring the map and getting familiar with the controls.

c. Trychanging the base map from Topographic’ to ‘Imagery’ or ‘Oceans’.

[E Details | B8 Basemap |
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1.2. Locating Plate Boundaries Using Earthquakes

a. Now we must inspect what is shown on the map. Select the ‘Contents’ pane to the
left-hand side. This shows you the ‘layers” which are displayed on the map.

+ Add%ﬁﬁ Basemap | [ Analysis
@ About Content = Legend 4

b. Turn ‘on’ the ‘Global Earthquakes 2019 layer by ensuring the box is ticked.

‘ontents

global earthquakes 2019

c. Why do you think the earthquakes are located here? Is there something that could be
causing this geospatial pattern?

d. Now turn ‘on’ the ‘Plate Boundary Types' layer.

Plate boundary types
EBAR| -

e. Explore the relationship between the location of the earthquakes and the plate
boundaries.

Is there a relationship between the type of boundary and the location of the
earthquakes?
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Section 2: Changing Symbology

Most datasets have more than one piece of information attached to them, known as an
‘attribute’. You can change what information or attribute you want to display which can tell a

different story.

2.1. Displaying Earthquake Magnitude

a.
different information.

You can find out more about the earthquakes by changing the symbology to display

Click the symbology button on the ‘Global Earthquakes 2019 layer. This will appear as

‘Change Style” when you hover the mouse over it.

O About

wntents

Content

Legend

rThquakes 2019
EERR | -

() Major Cities surrounding Caribbean

b. Change the attribute to ‘Magnitude’ from the drop-down menu. Ensure that 'Counts
and Amounts (Size) is clicked. Then click ‘Done’ to save the changes.

o Choose an attribute to show

magnitude

Show location only
depth
9 . detail
* magnitude
¢ place
time
url

[ —
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The map of magnitude will look like this:

ArcGIS v Geohazards: Earthquakes and Volcanoes 2019 Modify Map & Sign In

[ Details| | BEBasemap | 8 Share & Print v | @ Measure O Bookmarks | Find address or place Q

2
Ab Content = Legend 1
0 o [HEEE F Lo
con
Conterts ] ‘$: @ @

global earthquakes 2019

(O Major Cities surrounding Caribbean @]

[} Caribbean Earthquakes - 7th to 14th Jan
2010

[ Historical earthquakes in the Caribbean
[0 Example Volcanoes
O Global Volcanoes
[ Plate areas with names
‘ ..

EEX
[ Plate boundaries

AFRICA

[ Plate boundary types

O Countries
South
» @ Topographic Pacific
TrustCenter  Legsl ~ Commctfan . RepomAbute 4 4 £ USGS [ Exr FAO.NOAA &ﬁi

c. Click on the 'Legend’ button to see what the sizes of circles indicate.

[Z] Details | B8 Basemap |

O About Content = Legend '
Legend

global earthquakes 2019

magnitude

0
0

® 35

[ <2

d. Where do the biggest earthquakes occur? Where do the smallest earthquakes occur?

e. Does this change the apparent relationship? Is there anything else which we can now
see which we couldn’t before?
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2.2. Displaying Earthquake Depth

a. Youcan find out the depth that earthquakes occurred at using the same method as
Section 2.1.

Click the symbology button on the ‘Global Earthquakes 2019 layer.

O About Content i= lLegend 1

Contents
SO

arthquakes 2019
o Ty

(] Major Cities surrounding Caribbean

b. Change the attribute to ‘Depth’ from the drop-down menu. Ensure that ‘Counts and
Amounts (Size] is clicked. Then click ‘Done’ to save the changes.

o Choose an attribute to show

depth v
Show location only -~
depth
9 ) detail
* magnitude
¢ place

time
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The map of depth will look like this:

Tectonic Hazards

ArcGIS v Geohazards: Earthquakes and Volcanoes 2019

Modify Map & Sign In
[E Details | BEBasemap |

® Share & Print v | & Measure 8 Bookmarks  Find address or pl.
© About Content  §= Legend 4

L
Legend

depth

& o s N
global_earthquakes 2019 =

>59

3

=3

15

°-
©
[ ]
.

<0

SOUTH
ERICA

TstCenter  Legsl  Conscter  RepomAbuse

c. Click on the 'Legend’ button to see what the sizes of circles indicate.

[E] Details | B Basemap |

Legenci 1

0 About Content
Legend

global_earthquakes_2019
depth

.)59
@®-
@ -
® 5

] <0

Where do the deepest earthquakes occur? Where do the shallowest earthquakes
occur?

Does this change the apparent relationship? Is there anything else which we can now
see which we couldn’t before?
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2.3. Plotting a Heat Map

a. Togetabetterview of where earthquakes are most likely to occur, we can also plot a
heat map of earthquakes based on their density over an area.

Explore this by changing the symbology, ensuring that the attribute is changed to
‘Show Location Only'.

b. Then click on the 'Heat Map’ option instead of ‘Counts and Amounts (Size). Click
‘Done’ to save your changes.

Change Style
global earthquakes 2019

Counts and Amounts (Color)

SELECT

Heat Map

The map will look like this:

ArcGIS v Geohazards: Earthquakes and Volcanoes 2019 Modify Map & Sign In

[E)Details | B Basemap | 8 Share & Print v | @ Measure O Bookmarks | Find addres: Q

74
© About [] Content = Legend 4 .,
retic
Ocean

Arctic
Contents e

global earthquakes 2019

O] [ +]

(0 Major Cities surrounding Caribbean
EBEARY|-~

(] Caribbean Earthquakes - 7th to 14th Jan
2010

[ Historical earthquakes in the Caribbean

EUROPE

[ Example Volcanoes

North
Attantic
Gcean

O Global Volcanoes orth
seific
seean

[ Plate areas with names

[ Plate boundaries I AFRICA

[ Plate boundary types

4

O Countries
AUSTRALIA
South

Pocific
ocean

» @ Topographic

c. The symbology of data can affect how we interpret it. On the Heat Map, click on
‘Options’.

Heat Map °

.

OPTIONS
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Then change the settings, such as ‘Area of Influence’.

Heat Map
-
High I
Symbols
Low
Area of Influence
- iy, -
Smaller Larger
Transparency
[ ; ; -
0% 50% 100%

“ CANCEL

d. This will affect how the occurrence and concentrations of earthquake events appear
on the map compared to the default settings.
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So far, we have only used data from 2019 however as this is not very recent, we can use data
feeds from websites to import data to our map to give us up-to-date information about
current or recent earthquake events.

3.1. Adding Live Data to Maps

a. Turn off all layers apart from 'Plate Boundaries'.

Go to the United States Geological Survey (USGS] website: https://goo.gl/nHE|jgP

The USGS website will look like this:

b

<]

science for a changing world

Earthquake Hazards Program

«  Feeds and Notifications

Real-time Notifications

Farthquake Notification Service

weet Earthquake Dispatch

Real-time Feeds
ATOM

KML

Spreadsheet
QuakeML
GeoJSON Summary

GeoJSON Detail

For Developers

API Documentation - EQ Catalog

TR

Spreadsheet Format

Description

CSVis a “comma separated values” ASCI| text file. See the wikipedia for more information on this

format.

This teed adheres to the USGS Earthquakes Feed Lifecycle Policy.

Usage

Asimple text format suitable for loading data into spreadsheet applications like Microsoft Excel™,

This is a good option for manual scientific analysis.

Output

Below are the fields included in the spreadsheet output:

Feeds

Past Hour
Updated every minute.
Significant Earthquakes

M4.5+ Earthquakes

M2.5+ Earthquakes

M1.0+ Earthquakes
All Earthquakes

Past Day

Updated every minute.

Significant Earthquakes

M4.5+ Earthquakes

M2.5+ Earthquakes

« s s s s

All Earthquakes

Past 7 Days -

b. Scroll down the page to the ‘Past 7 Days’ section on the right-hand side and right
click on the ‘M2.5+ Earthquakes’ text. This will give you all the information for the
earthquakes which occurred within the last 7 days.

Past 7 Days

Updated every minute.

* Significant Earthquakes
s M4.5+ Earthquakes

*" M2.5+ Farthquakes

* M1.0+ Farthquakes

e All Farthquakes
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C.

d.

e.

f.

Select ‘Copy Link Address'.

Past 7 Days

Updated every minute.

Significant Farthquakes

M4.5+ Earthquakes

* M2.5+ Earthq~t~-

M1.0+ Earthq Open link in new tab
All Earthquak

Open link in new window

Open link in incognito window

Past 30 Da

Save link as...

Updated every minute opy link address

Inspect Ctrl+Shift+I

* Significant Ee

On your map in ArcMaps Online, click the ‘Modify Map" button in the top right-hand

corner of the screen.

& Signin

\ Modify Map
ﬂ!l Bookmarks [Fmd address or place
M A Phen
= d
ﬁ?‘.\»“ Bﬁ vl

Then click ‘Add” and select ‘Add Layer from Web'.

Q)

Details

+ Add ~ ‘ 88 Basemap |

Search for Layers
O About {
Browse Living Atlas Layers
Le
Add Layer from Web
global_earth
Add Layer from File
°

Add Map Notes

In the window that appears, change the first drop down box to ‘A CSV File

/

Add Layer from Web

What type of data are yor rencing?
ACSVFile ~

An ArcGIS Server Web Service
AWMS OGC Web Service
AWMTS OGC Web Service
AWFS OGC Web Service

F ATile Layer

¢ AKMLFile
A GeoRSS File
A CSVFile

|e? Help us improve this site by sending us the URL via the

CANCEL
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g. Then right-click in the 'URL" box and paste the copied link. Click the ‘Add Layer’

button.

Add Layer from Web

What type of data are you referencing?

D

ACSVFile ~

URL: |https://earthquakeusgs,gov/earthquakes/feed/ﬂ,0/summavy/245,week,csv

Contact Esri link.

Having trouble displaying your CSV file? Help us improve this site by sending us the URL via the

ADD LAYER CANCEL

h. When loaded, change the attribute to ‘'mag’. Ensure that ‘Counts and Amounts (Size]
is ticked. Then click ‘Done’ to save your changes.

o Choose an attribute to show /

-

mag

Add attribute

9 Select a drawing style

Counts and Amounts (Size) o

A

J.

This will give you all the information from recent earthquakes in the last 7 days.

You can rename the layer to a more suitable name, for example, ‘Last 7 Days’ by

clicking on the 3 dots to the right, then ‘Rename".
/
2 =
FEAa| -
mag @, Zoomto

[F} Transparency
&% SetVisibility Ra

i@ Rename
Move up

J Move down

5% Hidein Legend

% Remove

° < 2.4

[ global earthquaked

E% Remove Pop-up
(& Configure Pop-up
> Create Labels

[ Major Cities surrou

~
= Refresh Interval

[0 Caribbean Earthqu
2010

Description

k. You can now see how the range of earthquakes which have occurred in the past seven
days, and this will be automatically updated as the file we have linked to is updated.
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Section 4: Summary

This activity demonstrates how adding a location or spatial element to data can highlight
patterns or relationships that were previously undiscovered. For example, we can map the
plate boundaries by look at the location of the earthquakes. By changing the symbology of a
particular dataset, we can also uncover more information such as the magnitude or depth of
an earthquake. This activity also emphasises the vast amount of free data available on the
internet, which can be used to create current or live maps, which can be used for
independent research.

If you want to investigate further, repeat Section 2 with the last 7 days dataset from USGS.

This concludes the exercise.
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This activity was created by
Newcastle University on behalf of

Geospatial UK.

For more resources or activities, visit

www.geospatialuk.org
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