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Plan

- Part 1:
* What are these practical sessions for?
* What code will we be using” Isca
 What is Isca - components, options?
- Part 2:
* How do we run Isca / configure it / modify it?
 How do we analyse the output?

- Part 3:

* A brief introduction to each project




What are these practical sessions for?

Supplement to the lectures - apply ideas you've learned

Climate science relies heavily on collaborations - working in
teams with diverse set of skills

Chance to do meaningful science - all projects have scope to
do new things

Do something different to your PhD / postdoc projects - |
would encourage you to do something different to what you
normally do.




What code will we be using?
Isca [is-ka |

1. a former Roman city located
where present day Exeter is,

2. the Latinized Celtic word for
running water, and

‘-fma (8 .
: L ~

-1

Useful contacts:

e Me (at ICTP this
week)

e Geoff Vallis (here
both weeks)

3. a modelling framework.

K James Penn (emall
support)

e Penny Maher and
Ruth Geen (at the

Front (L-R): Greg Cclyer, Martin Jucker, Penelope Maher, Ruth Geen, Marianne Pietschnig, WOrkShOp ﬂeXt
Back (L-R): Alexander Paterson, Stephen Thomson, Geoffrey Vallis, James Penn.




What Is @Ca [ Complicated

* |scais a framework within which a wide variety of different
model types can be configured

o Atthe heart of Isca is a GCM (based on GFDL's FMS)
« GCM:
 General Circulation Model

e Global Climate Model

e GCM part is written in Fortran - configured and run using
Python Simple

 The key to Isca is that it can be configured to create models that
are simple, and models that are more complicated - a model
‘hierarchy’




What science has been done with @a ?
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What is a GCM?

By adding things, you
turn a dynamical core
into a GCM

Radiative
transfer

Dynamical
Core
(fluid egs)

Newtonian
Cooling

Aerosols
Dynamical / Carbon
Core Cycle
(fluid egs)

Range of possibilities
IN-between
Isca allows us to create a range of models between these two
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What is Isca 7
When creating a GCM with Isca, the first question to ask is...

What kind of additional physics will we add to
our dynamical core?

— T

1. Newtonian Relaxation 2. ‘Full’-physics
(Moist model)

Newtonian Surf Radiative
relaxation to Urace transfer
prescribed

femperatures

Dynamical
Core

Convectio (fluid egs)

Dynamical
Core
(fluid eqgs)



Configuring Isca with Newtonian

Newtonian Relaxation

relaxation to
prescribed
temperatures

e This is (arguably) the
simplest global model of the
atmosphere

Dynamical
Core
(fluid eqgs)

e ‘Held-Suarez’ model of 1994
IS setup In this way

JRA-55 Ubar

0 _
20000 A '
40000 ~

60000 A

Inputs are the equilibrium
temperatures (T_eq) and the
associated timescales (k_T)

Sometimes referred to as a
'dry’ model, as it doesn't
directly include moisture (is
iIncluded implicitly in Held-
Suarez)
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What is Isca ?

What kind of additional physics will
we add to our dynamical core”?

— T

1. Newtonian Relaxation 2. ‘Full’-physics

Newtonian Surf Radiative
relaxation to Urace transfer
prescribed

femperatures

Dynamical
Core

Convectio (fluid egs)

Dynamical
Core
(fluid eqgs)




Configuring Isca with ‘full-physics’

Pressure (hPa)

In its most complex form, it can get
oretty close to the real atmosphere
Convectic (Thomson & Vallis, 2018a) complex

ns for each of

convection

e There is a hierarchy of complexity within each
of these processes




What is Isca?

* When creating a GCM with |ots of choices about the complexity of
each process, deciding whether the whole GCM is ‘simple’ or
‘complicated’ is ambiguous

gomplicateg

\_
-
(
A
on

) be more
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Radiation

Convection

Land surface




What is Isca”
CMIP6 model Held-Suarez model
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What is Isca”
CMIP6 model Held-Suarez model
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 The advantage of Isca is that it has many options for all of the different
model components

e This means you can compare results with different schemes

e This can be useful when considering science guestions




An example...

 Hypothesis - ‘the increase in long-wave optical depth due
to increased water vapour is important for understand
surface temperature responses to climate change’

PhD project is
related to this - speak to
him if you're interested

Model with simple radiation Model with complex radiation
scheme that doesn’t include scheme that does include
water-vapour feedback water-vapour feedback




What kind of model is Isca” - Summary

* |sca is framework containing a GCM, which has many options for its
different components

 This means it can be used to run simple and complex models, as the
user chooses

o Although it’s difficult to measure complexity in absolute terms

Two big questions:

 What options are there for each of the components?

 How do | configure the model to use those different options?




What options are there for the different components”
Which type of model are we using”

1. Newtonian Relaxation 2. Full-physics

Newtonian Surf Radiative
relaxation to Urace transfer
prescribed

femperatures

Dynamical
Core

Convectio (fluid egs)

Dynamical
Core
(fluid eqgs)




What options are there for the different components”
Which type of model are we using”

1. Newtonian Relaxation 2. Full-physics

Newtonian Surf Radiative
relaxation to Urace transfer
prescribed

femperatures

Dynamical
Core

Convectio (fluid egs)

— DynamICal
Core
(fluid eqgs)




What options are there for the different components”
Newtonian Relaxation of temperature

Complicated

- Radiative-convective equilibrium
temperatures with seasons

(If you want references for all
of these, they are in the Isca
paper - Vallis et al 2018)

Held Suarez




What options are there for the different components”
Which type of model are we using”

1. Newtonian Relaxation 2. Full-physics

Newtonian Surf Radiative
relaxation to Urace transfer
prescribed

femperatures

Dynamical
Core

Convectio (fluid egs)

Dynamical
Core
(fluid eqgs)




What options are there for the different components”
Radiative transfer

Complicated

- Socrates (ask me...!)

ARTM Relevant Fortran files:
‘iIdealized_moist_phys.F90’
‘two_stream_gray_rad.F90’

‘rrtm_radiation.f90’

Geen

Byrne & O'Gorman
(Schneider & Liu)

Frierson




What options are there for the different components”
Orbital Parameters

Complicated

— Obliquity, eccentricity and diurnal cycle

Relevant Fortran files:
‘astronomy.f90’

Zero obliquity, circular orbit with no diurnal cycle

Simple




What options are there for the different components”
Convection scheme

Complicated

= Relaxed Arakawa-Schubert

Relevant Fortran files:
‘Eull’ Betts-Miller ‘idealized_moist_phys.F90’
‘ras.fo0’
‘betts_miller.f90’
‘qge_moist_convection.F90’
‘dry_convection.f90’

Simple Betts-Miller

Dry Convection




What options are there for the different components”
Ocean

Complicated

Full dynamical ocean (don’t have this)

Mixed-layer ocean with empirical g-fluxes

Mixed-layer ocean with analytic g-fluxes

Mixed-layer ocean with no horizontal heat

transfer Relevant Fortran files:
‘mixed_layer.f90’




What options are there for the different components”
Land surface

Complicated

Bucket hydrology (finite evaporation from land)

Land-sea contrast (contrast in albedo,
heat-capacity, surface roughness)

No land (aguaplanet)
Relevant Fortran files:




What options are there for the different components”
Primitive equation dynamical core

Complicated

Full 3D dynamics with variable horizontal
and vertical resolution

Zonally-symmetric dynamics (no eddies)
Relevant Fortran files:




What options are there for the different components”
Clouds...

Complicated

There are no clouds in Isca,
because we never have any clouds in the UK...




How can | find these different options within the fortran®?

Let’s explore Isca on GitHub (what is GitHub?)
Can you find some of the options discussed above?
https://github.com/ExeClim/Isca/tree/pre_ictp_mods

nttps://bit.ly/21sYojA
'FIND FILE’ -> ‘idealized_moist_phys.FOO’

a & O bz ez b preictpmeds « S X

Sogphon

= C (r | = GitHug, Inc. [US] | kttps:figithub.comfExetlim/Iscaftreefpre_ictp_madsfsre wdl I Ei'ﬂ

S5 Anps CToole T Fost Ape 20°4 [ Thesis Quotes 4 Fditorial Manager® ) Woalsang Wich 5% 0 SIS epa T‘m ifeer Filees | Fxnt u Faxeter el ¢ o » [ 0her Beakrie ks

Pull requasts Issuss Marketplace Explors

ExeClim /lIsca ® Unwatch > 158 * Star ‘4 Fork 17

<¥ Coce lssues 2 Pall requests ¢ Projects 0 Wiki nsighws Settings

Branc. pre_cto_mods - | Isca/erc/ Createnew sile  Upoadtles Findlila History

This branch Is 26 commits ahead of master. 1 Full request [I1 Compare

m sit23 Wake gcaling prassure & namalist varleale In ha-forc »e. Latest commit 85,2458 3 hours ago

s atmcs_param
B atmcs_shares
i atmcs_solo

B atmos _spectral

BB counler

Make scalng oressure a name!ist variable in hs-fc-cirg 3 hours aga

Added note 10 interpclater when us'ng ar Iraut file with ns time axls... 2years ago

Merge pull request 20 from amespy/exoplan 2 years ago

Making optlon far large acale candensation 1o be turnad or and off in. S days aga
{ . ¥&ag

Another tweak to call new prefactor lano_svap_prefactor far clarity / months aga




Part 2: How do | run and configure the model?

Need to supply
two sets of inputs [ ‘Namelist’

options

List of
diagnostics
to save

A list of
options
e.g. vvant.to save / Supplied tO
zonal-wind as | — the model to
monthly . change its
averages Radiative -y b aviour,
transfer without
needing to

| recompile
Dynamical P

Core
(fluid eqgs) What do

namelists
look like?




What do namelists look like in the Fortran®

® < () a3/ dealized_molat_phys.ra x

- C {) | & GitHud, Inc. [US] | kttps://github.com/ExeClim/1scalblob/pre_ictp_mods/sra/atn Near the top Of the Fortran flleS -

= Apps T old B3 Post Ao 2':=14'[::1[Th._'lls ::?f:: Lﬂ;qd!.zijitirlailﬂ?*oqcf* @ \Whastop Weo % there Wl” be a SeCthn headed (5
aracese(lmszs) 1 e oo = ‘0’ ‘namelist’. This is a list of all the
a1 156 - o Fsld e - Fortran variables that can be

e+ ket =l changed via an input file. E.Q.

touical -

crsracter({len-256} land ficld nane - “land rac<’

irtege~ :: “uture

L s e kg = . | et g 1 the choice of convection
scheme ‘convection scheme’

resl :: max bucket depth land - 8.15 | default frcom Manabs 1969
rcsl i@ orozcert_buccet - U134 defa.lt r~obert cocefficicnt for tu

renl iz raw_bucket - .57 | default raw corfiicient for hurk

el RG Add buckel

nerelisT o adealizod_neisat_phys_nal ) ~urh, lwet_roanvoction, do_fe, co_ras, rouginess_hes
wu_slrzan_wiray, do_irle_redialion, do_danzing &8
rixed lsver bc, do simple,
roughness_acist, ro.ghness_rom, do
lanc_optian, Tand_file_name, land H P} antar ar idealises
lane ru_ghie
gp_zurfsce

kucket, 1m

nax_buccul_Cwepl_Zcd,

do lscale cond

‘rtege=, naranser rum_t nar_leve s - 7 IRG Add hucket - nurher of Time Iruerls added to allow timsstepring “n ~hits module
reel, allocaleble, dinensiond:,:,:) o budkzl depth | RE Add buck=zL
resl, allocatzble, dimension(:,: o1 cT_bucket, £1lt | R6 Md buckst

“ | How do | set these

t_surf, :urface temporature - -
n_surf, wurface noisture namellst Optlonso
u surf, surface U wind -
'_surf, surface ¥V wind

raugh_moa, none~Tun roughness lengt= In~ su="ace_Tlux

ruugh_lweal, eal roughmess lsnglh for surface_flux

rough molst, mo_sture rouzhness langt" for sL"<ace flux

L T T

depth_chonge_lh, tendancy in suckeT depth due To latent neat Transfer iG Acd ducket
depth_change_-anz, tendency in cuckes= depth dur o condensatinn rain G Acd hucket
deplh chenge —ouny, Lemdzney Ln twucks. deplh due 0 convecllion rain 6 Aud buckel



Part 2: How do | run and configure the model?

Need to supply
WO &

List of
diagnostics
to save

S [ ‘Namelist

options

A list of

e.g. want to save options
o supplied to

zonal-wind as the model to
monthly |
o change its
averages Radiative behaviour

* Normally with GCMs, the namelist options Wit|_10Ut
and list of diagnostics would go in separate eedlng_to
files, and it gets complicated and messy... |recomplile

 With Isca, all the configuration can be done

What do

from a single python script...

namelists




Configuring Isca using Python

https://github.com/ExeClim/ictp-isca-workshop-2018/blob/
master/experiments/initial_examples/held_suarez.py

https://bit.ly/2Imwyls

@ _ @ C) 1sca/giant_planet_test_case pn X () ictp-isca-workshop-2018,hel X Stegher
= - ﬁr 8 GitHub, Inc. [LUS] | https://github.com/ExeCl mfictp-isca-workshop-2018/blob/master/exparments/nitizl_examples/... vr ;
25 Apps [Jole [ Post Apnil 2014 ] Thesis Quoles A Fritorial Manzger® 8 WhalsApp Web 4% O Isca repn E Tizrsf= Filss | Fyxel.  » [ Other Rookmarks

Pull requests Issues Marketplace Explore

|dentifies where the Fortran code is
Selects the diagnostics we want as output

Specifies the namelist options
_ Compiles the Fortran
'5 Setup the experiment object, including name
Runs the fortran code

—nport numgy as np

i isce dmporl Iscalude3as=, DiagTab e, Eaperimenl, Namelisl, GFDL BASE

from i
M| \N"—
base_dir - cs.path.dirman=(os.path.realpath(__file_ )) E‘
o




How do | run Isca at ICTP?

 We will be running all our experiments on ICTP’s supercomputer
'‘Argo’

 We have ~150 cores reserved between now and Saturday evening
(30th June)

* Jorun an experiment on Argo we can’t just run the python script,
we have to submit it to the queuing system using a submission
script (e.g. run_example_hs)

® O ® ™ ictp-sca-workshop-2018/helc x ¢ () cip-lsca-worksnop-2018/run X Stecher
<« C 1) | & GitHub, Inc. [US] | https://github.com/ExzClim/ictp-isca-worksnop-2018/blob/masterfexperiments/initizl_exampls e

27 Apos Told i Post Apri 2014 7 1nesis Quotes A =ditorial Manager® (% Whatsasp wWeb 4% €)1sca ropo [ Ircnater Riles | Exet. » 1 Other 2ockmarks

Pull requests Issues Marketplace Explore

.- ExeClim /letp-isca-workshop-2018 ®Unwatch~ 9  &Ster 0  Fork 2
<> Code SsUes 0 Pull requesis © Prcjects 0 Wiki nsigh:s Settings
Rranch: master »  ictp-isca-workshop-2018 | experiments / init al_examplz2s / run_example_hs Firdfila  Copy path
sltza Updated examgle submission sc~ pte. b¥az+al 4 houre azo

1 cortnbutor

- 3¢ linas (33 sloc) €23 Bytes Raw Blame Hisicry (S TT|
& e mtdibhaacsk



https://github.com/sit23/ictp-isca-workshop-2018/blob/master/experiments/initial_examples/grey_rad.py

Let's get onto Argo

At this point, please sit in your project groups
e 9 groups, each of which have 1 account on Argo

e TJo access Argo, open a terminal on your machine (easy on linux or mac, if you're
using Windows you'll need to install Putty (https://www.putty.org/ ) or similar)

e (From now on, all commands you should execute will be in bold)
| will now switch to a PDF document that | will scroll through.
e This PDF is part of the ictp-isca-workshop-2018 repo:

e hittps://aithub.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments
getting_onto_argo.pdf

e An alternative guide, written by an Exeter student (Neil Lewis) is also available
for reference:

o https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/
iIsca_help_ictp.pdf



https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/getting_onto_argo.pdf
https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/getting_onto_argo.pdf
https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/isca_help_ictp.pdf
https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/isca_help_ictp.pdf

Part 3: Introducing the projects

* At this point, I'd like to go through the individual projects, and
discuss the example experiments we have put together for each

 Good for you to listen to all of the project descriptions, as then
you'll have an idea of who to ask if you want to e.g. change the
rotation rate, or add land, etc.

 We have put together a short list of papers related to each project -
might be a good idea to start reading some of them:

e https://github.com/ExeClim/ictp-isca-workshop-2018/blob/
master/experiments/ictp_project reading.pdf



https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/ictp_project_reading.pdf
https://github.com/ExeClim/ictp-isca-workshop-2018/blob/master/experiments/ictp_project_reading.pdf

Introducing the projects
Project 1: Climate Sensitivity and climate variability

Goal - How climate sensitivity and natural variability are related, and how robust this is
across different model formulations.

Experiments to do:
e Run two or more versions of the models with different radiation or convection schemes
« Compare their natural variability and their response to increased CO»

Analysis to do:
« Climate sensitivity seasonal variability, jet latitudes, tropopause height, etc

Example experiments provided:

* Aquaplanet with grey radiation, shallow mixed layer and CO> 350, 700 and 1400ppmv

« Aquaplanet with RRTM radiation, shallow mixed layer with CO2 350, 700 and
1400ppmv




Introducing the projects
Project 2: Hadley Cell, Moisture and Eddies
 Goal - Understand how the Hadley Cell is affected by moisture and eddies.
* Experiments to do:

o Simple moist model with fully 3D dynamics and compare with zonally-symmetric dynamics
(no eddies)

e The same but with a ‘dry’ model
* Analysis to do:

 (Changes in strength and width of the Hadley Cell with and without moisture and with and
without eddies.

 Example experiments provided:

* Aqguaplanet with grey radiation, shallow mixed layer with 3D and zonally-symmetric
dynamics

e Held-Suarez model with 3D and zonally-symmetric dynamics




Introducing the projects

Project 3: Storm tracks, continents and reversed rotation

* Goal - Understand how the location of the storm tracks depends on the location of
continents, and how they would change if rotation was reversed.

* Experiments to do:
* Moist model with full radiation scheme and realistic continents
* Reverse the rotation and run to equilibrium

* Analysis to do:
e Storm track diagnostics, jet position

* Example experiments provided:

e Earth-like planet with continents and topography, with RRTM radiation, and
normal and reversed rotation.




Introducing the projects

Project 4: Seasonal cycle, hysteresis and mixed-layer depth

 (Goal - Understand how seasonal lags are affected by continents, mixed-
layer depth, length of season.

e EXxperiments to do:

» (Configure the moist model with two different arrangements of idealized
continents and mixed layer depths

* Analysis to do:
» Seasonal amplitude, lag with respect to insolation

 Example experiments provided:

 Aquaplanet with RRTM radiation and a seasonal cycle, with mixed-layer
depths of 20 metres and 5 meters.




Introducing the projects

Project 5: Oceanic heat transport effects on atmospheric circulation

* Goal - Understand if and how the atmospheric circulation is affected by ocean heat transport (Q-fluxes),
with and without continents, with and without seasons.

* Experiments to do:
e |ots of different ones...

* Easiest thing - ook at the effect of ocean heat transport on an aquaplanet, change the spatial form,
amplitudes, etc.

* Analysis to do:
 Atmospheric heat transport vs oceanic heat transport

* Hadley cell strength, ITCZ position, etc

Example experiments provided:

* Aquaplanet with RRTM radiation with perpetual equinox radiation, run with and without a g-flux,
which is read from an input file.

e Python script provided to create g-flux input files from analytic form.




Introducing the projects

Project 6: Obliquity changes

* (Goal - Understand how the climate would change at higher or lower
obliquity, varying from small (realistic) changes to large idealized changes.

e EXxperiments to do:

o Control aguaplanet experiment at Earth-like obliquity, then at higher and
lower obliquities

 Analysis to do:
« Temperature distribution, heat transport, Hadley Cell strength, etc

 Example experiments provided:

 Aqguaplanet with RRTM radiation with seasonal cycle, shallow mixed-layer
depth, and two obliquity values, Earth and double Earth.




Introducing the projects

Project 7: Ice-albedo feedback and snowball Earth

Goal - Explore the effects of ice-albedo feedback on the climate of the model, with and
without continents and seasons. Note, this experiment will require the user to make
changes in the Fortran code.

Experiments to do:
 Implement a temperature dependent surface albedo in the model (mixed_layer.f90)

« (Obtain stable climate, then change the solar constant / CO2 levels to see what you
need to push it for a snowball Earth.

Analysis to do:
e Surface temperature as a function of albedo, etc.

Example experiments provided:

* Aqguaplanet with RRTM radiation with perpetual equinox, without ice-albedo feedback




Introducing the projects

Project P1:Effects of rotation rate and size of the planet

* (Goal - Understand the basic effects of changing planetary parameters and
the power of non-dimensionalization.

e Experiments to do:

 Change one or more of the rotation rate, radius, surface pressure with
simple and more complex models

* Analysis to do:

e /onal winds, angular momentum, etc

 Example experiments provided:

 Held-Suarez experiment with Earth-like rotation rate, then double and half
the rotation rate




Introducing the projects

Project P2:Effects of gravity in dry and moist atmospheres.
* (Goal - Understand how gravity changes an atmosphere (or not) with and without moisture
* Experiments to do:

 Run a model without moisture with 1 and 2 * Earth gravity

 Run a model with moisture with 1 and 2 * Earth gravity
e Analysis to do:

 Demonstrate the truth of the premise that g does not affect a dry model, but that it
does affect a moist model

* Example experiments provided:

* Held-Suarez experiment with 1 and 2 * g

* Aquaplanet with grey radiation without a seasonal cycle with 1 and 2 * g.




Introducing the projects

These projects are for you to make your own - start with our suggestions, but think up your own
iIdeas and experiments

Talk to me and the other lecturers, as they will be happy to help with discussing experiment and
analysis ideas

It you want to compare with reanalysis - monthly JRA-55 data is on Argo, and an example
script is available in the analysis folder. The same is true for the HadISST dataset.

Before you leave today, make sure somebody runs your group’s example experiments.
Then you’ll have something to analyse tomorrow.

Split up the work within your group:
 Who wants to run the model first?

 Who wants to do some analysis of my example experiments so that they are ready for the
real results later?

 Who wants to read a related paper?

Make sure you have a go at a variety of tasks - good opportunity to do that!




