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Syllabus
EART22001: Environmental Modelling

Semester 1 Lecture: Mondays 17:00-18:00
Semester 1 Practical: Tuesdays 13:00-15:00
Core module for:

• Environmental Science (PEP);
• Environmental Science (Atmospheric and Climate Science);
• Environmental Science (Ecology, Evolution and Conservation)

Optional for:

• Earth & Planetary Science (Geochemistry);
• Earth & Planetary Science (Planetary)

10 credits

Instructor

Prof. Paul Connolly
Centre for Atmospheric Science
Dept. of Earth, and Environmental Sciences
Simon Building, Room 3.08 (dial 63921 to be admitted)
paul.connolly@manchester.ac.uk
http://www.manchester.ac.uk/research/paul.connolly/

Phone: +44 (0)161 306 3921

Useful texts
See references at the back.

Assessment and Feedback

Assessment Weighting
Online test 1 (available from 30st October) 0%
Online test 2 (4th December – 8th December) 50%
Modelling Portfolio (essay, due 15th December) 50%

See Appendix B for more detail. Feedback is available each week by speaking to
the instructors in class. For the online assessments; however, if you feel you would
like further clarification, please ask. That’s why we’re here!

http://www.manchester.ac.uk/research/paul.connolly/
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Requirements
For 2023-2024 academic year this course will be delivered face-to-face. We would
like to give you a first class experience of using advanced environmental models
and this will involve hands on experience within the practical sessions.

At the time of writing the VPN is blocked for students to access the server from
o↵-campus networks due to the recent cyber security issue at the UoM. However,
you can still practise at home by installing Docker Desktop on your computer. This
can work on Windows, Mac, or Chromebooks.

If you are accessing the server from on Campus you do not need to use Docker
Desktop and you can log into the server using either CMD (on windows); terminal
(on Mac); or the linux developer tools (on Chromebook).

Assessments on Blackboard
There is a webpage accompanying this module: http://personalpages.manchester.
ac.uk/staff/paul.connolly/teaching/eart22001/eart22001_course.php?

ver=2.0, where you can see the material for each week. The assessment links in
week 6 and week 10 direct you straight to the Blackboard page for assessments, so
you will need to input your University username and password (see Appendix B).

Portfolio presentation
This is an essay worth 50%. It will be submitted to Blackboard / TurnItIn. You will
talk about particular modelling approaches that we will be learning about, and the
advantages and disadvantages of a particular approach (see Appendix B).

Attendance
Attendance should be considered to be compulsory.

Feedback
You will get feedback on your work in several ways:

• By talking to us in class about your work.
• By completing the practical sessions and discussing your results during the

practicals.
• I will also spend time in class covering general aspects of the assessments.

http://personalpages.manchester.ac.uk/staff/paul.connolly/teaching/eart22001/eart22001_course.php?ver=2.0
http://personalpages.manchester.ac.uk/staff/paul.connolly/teaching/eart22001/eart22001_course.php?ver=2.0
http://personalpages.manchester.ac.uk/staff/paul.connolly/teaching/eart22001/eart22001_course.php?ver=2.0
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Appendix A

Units and conversions

A.1 Prefixes
Here are some prefixes that are often used when writing scientific numbers.

10 deka (da) 10�1 deci (d)
102 hecta (h) 10�2 centi (c)
103 kilo (k) 10�3 milli (m)
106 mega (M) 10�6 micro (µ)
109 giga (G) 10�9 nano (n)
1012 tera (T) 10�12 pico (p)
1015 peta (P) 10�15 femto (f)
1018 exa (E) 10�18 atto (a)

Also not the unit Å(or Angstrom), often used to describe sizes of atoms, which is
equal to 1 ⇥ 10�10 m.
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Appendix B

Assessment for this course

Assessments are as follows:

• Week 6 practice Blackboard assessment: testing knowledge of the models
used. This is a so-called formative, which does not count towards any grades,
but will help you understand whether you are understanding the material.

– Questions will probe your understanding of the models assumptions and
the pros and cons of a particular modelling approach.

– Questions will also probe your understanding of the questions that are
asked within the practicals, which you will be answering as you go
along.

– The availability dates for this assessment on Blackboard are between:
Monday 30th October and Friday 15th December.

• Week 10 summative Blackboard assessment: testing knowledge of the
models used. This online test is the same format as the week 6 formative
test; however, it will count for 50% of your grade for the course.

– Questions asked will cover the material from all prior weeks.
– The availability dates for this assessment on Blackboard are between:

Monday 4th December and Friday 8th December.

• Week 11 modelling essay assessment: this is a 4-page written assignment,
which is worth 50% of your grade.
The brief is for you to: ’discuss the use of an environmental modelling ap-
proach and its assumptions.’. You may set the scene by imagining you are
either: (1) acting as environmental consultant and providing a lay-summary
of a modelling approach for line-manager, or for a decision-maker; or (2) you
are a scientist describing the use of modelling approach in a research paper.

– You have already had practice at writing essays in your tutorials and
other modules. The same principles apply to this essay.

– It is not required, but you may use additional sources of literature (per-
haps up to two) to help you with the discussion. Although this is not
required it may help your essay be more distinct.

– You may choose a particular modelling approach (used and described in
a practical / lecture) and discuss the pros and cons of that approach.

– You may also choose several models that can be used in a complemen-
tary way and describe how they link together and what they can be used
to predict.
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– You may use a maximum of 2 figures in your essay. You may use up
to 5 pages, if required, and it should be at least 4 pages. The guide for
word count is 1500-2000 words. Format the line-spacing so that it fits
the page count.

– Note that the figures for the parcel model include 4 plots. These 4 plots
can be counted as 1 figure.

– The emphasis is on describing the theory behind the model and explain-
ing the assumptions in the model. You may include equations if you
like, but this should not be the emphasis.

– Furthermore, the emphasis should not be on the technical details of run-
ning the model. If you read the methodology of any scientific paper
describing a model you will see that they do not discuss these technical
details.

– The assessment must be submitted via Blackboard by the deadline:
Friday 15th December.

So there are two real deadlines in weeks 10 and 11.
It is strongly advised that you start planning the write-up of your essay well

in advance. I would say to make a start on it from at least week 9, but this is an
individual thing and others may need more time.
More information on the individual essay is provided on the next page.



APPENDIX B. ASSESSMENT FOR THIS COURSE 4

G
ra

de
D

es
cr

ip
tio

n
81

%
or

m
or

e
O

ut
st

an
di

ng
w

or
k.

C
ar

ef
ul

ly
th

ou
gh

t
ou

t
tit

le
.

Ex
ce

lle
nt

la
ng

ua
ge

us
ed

;
ex

ce
lle

nt
fo

rm
at

tin
g;

la
be

lle
d

fig
ur

es
an

d
ap

pr
op

ria
te

ca
pt

io
ns

;c
ro

ss
re

fe
re

nc
es

,c
ita

tio
ns

.F
ig

ur
es

an
d

ca
pt

io
ns

th
at

st
an

d
al

on
e

w
ith

ou
t

th
e

ne
ed

fo
rt

ex
t.

C
rit

ic
al

ju
dg

em
en

tu
se

d.
70

%
—

80
%

Fi
rs

tc
la

ss
C

le
ar

co
m

m
an

d
of

m
at

er
ia

l,
ar

gu
m

en
ts

an
d

so
ur

ce
s
/

ci
ta

tio
ns

.C
le

ar
un

de
rs

ta
nd

in
g

of
un

de
rly

-
in

g
pr

in
ci

pl
es

an
d

a
us

e
of

th
es

e
pr

in
ci

pl
es

in
th

e
di

sc
us

si
on

.
In

de
pe

nd
en

tj
ud

ge
m

en
to

n
te

ch
ni

qu
es

us
ed

.
C

ar
ef

ul
ly

th
ou

gh
to

ut
tit

le
.M

os
to

ft
he

ab
ov

e
fo

rm
at

tin
g.

Fi
gu

re
sa

nd
ca

pt
io

ns
th

at
st

an
d

al
on

e
w

ith
ou

tt
he

ne
ed

fo
rt

ex
t.

60
%

—
69

%
U

pp
er

se
co

nd
cl

as
sG

oo
d

kn
ow

le
dg

e
of

m
at

er
ia

l,
ar

gu
m

en
ts

an
d

or
ig

in
al

so
ur

ce
s.

So
m

e
re

la
tio

n
be

tw
ee

n
m

at
er

ia
la

nd
th

eo
ry

or
gr

as
p

of
pr

in
ci

pl
es

.
So

m
e

cr
iti

qu
e

of
te

ch
ni

qu
es

an
d

ap
pr

oa
ch

es
.

O
w

n
tit

le
us

ed
.

M
os

to
ft

he
ab

ov
e

fo
rm

at
tin

g,
w

ith
so

m
e

po
te

nt
ia

li
ss

ue
s

(e
.g

.a
fe

w
ty

po
gr

ap
hi

c
er

ro
rs

)
50

%
—

59
%

Lo
w

er
se

co
nd

cl
as

sG
en

er
al

ly
co

rr
ec

tk
no

w
le

dg
e

of
m

at
er

ia
l.

C
or

re
ct

su
m

m
ar

y
an

d
re

as
on

ab
ly

ap
pr

op
ria

te
co

nc
lu

si
on

s.
M

os
to

f
th

e
ab

ov
e

fo
rm

at
tin

g,
w

ith
so

m
e

po
te

nt
ia

li
ss

ue
s

(e
.g

.a
fe

w
ty

po
gr

ap
hi

c
er

ro
rs

or
m

is
si

ng
cr

os
s-

re
fe

re
nc

e)
40

%
—

49
%

Th
ir

d
cl

as
sS

om
e

kn
ow

le
dg

e
of

ba
si

c
m

at
er

ia
l.

N
o

cl
ea

rc
on

cl
us

io
ns

dr
aw

n
fr

om
th

e
m

at
er

ia
l,

or
co

nc
lu

-
si

on
s

ar
e

fla
w

ed
or

irr
el

ev
an

t.
So

m
e

ty
po

s,
m

is
si

ng
cr

os
s

re
fe

re
nc

es
,n

o
cl

ea
rl

eg
en

ds
to

fig
ur

es
.W

rit
te

n
in

no
te

fo
rm

,r
at

he
rt

ha
n

fu
ll

se
nt

en
ce

s.
N

o
ci

ta
tio

ns
to

ot
he

rs
ou

rc
es

.
1%

—
39

%
Fa

il
B

as
ic

m
at

er
ia

la
bs

en
t.

D
is

cu
ss

io
n

fla
w

ed
or

fu
nd

am
en

ta
lly

m
is

ta
ke

n,
or

th
e

us
e

of
la

ng
ua

ge
is

so
po

or
th

at
th

e
es

sa
y

is
in

co
m

pr
eh

en
si

bl
e.

0%
Th

is
m

ar
k

is
re

se
rv

ed
fo

rn
on

-s
ub

m
is

si
on

of
du

e
w

or
k.

O
rm

ay
be

aw
ar

de
d

in
th

e
ca

se
of

pl
ag

ia
ris

m
.E

ns
ur

e
yo

u
kn

ow
w

ha
tp

la
gi

ar
is

m
is

.


	Contents
	I Environmental Modelling
	Modelling using Ordinary Differential Equations
	Lecture: Tools of the trade
	Types of 'Environmental Models'
	Terminal and CMD
	Linux commands
	Computer code and computer languages
	GitHub and Git
	Docker
	Homework and reading
	Our first synchronous exercise
	Log-in to the server using SSH
	Create a text file using a text editor
	Transfer a file to your computer
	Download some code from GitHub


	Lecture: Motion of the Planets and their Interactions
	Homework and reading

	Box / Parcel Modelling
	Homework and reading


	Models with spatial coordinates
	Transport and Mixing of Pollutants
	Homework and reading

	Single Column Model
	Homework and reading

	Reaction-Diffusion Model
	Homework and reading

	Agent-based Model
	Homework and reading


	Dynamical Models
	Cartesian Shallow Water Model
	Newton's mechanics
	Newton's laws (equations) of motion
	Examples of Forces
	Uniform circular motion

	Equation of motion in the atmosphere
	Pressure gradient force
	Coriolis effect or `force'
	Acceleration of fluid

	Balanced flow
	Geostrophic wind
	Gradient wind

	Vorticity
	Waves in the atmosphere
	Gravity waves / Tsunamis
	Waves associated with jets
	Rossby waves
	Equatorial waves

	Questions to go through in class
	Equations of motion in the atmosphere
	Balanced flow
	Vorticity
	Waves

	Answers to questions
	Balanced flow
	Vorticity
	Waves
	Homework and reading

	Shallow water model on a sphere: Saturn's Hexagon
	Homework and reading

	Large Eddy Simulation
	Equation of Motion
	Pressure equation
	The sub-grid
	Homework and reading



	II Appendices
	Units and conversions
	Prefixes

	Assessment for this course
	References
	List of symbols


