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cGENIE WORKSHOP:
A Hitchhikers Guide to the Black Arts of Earth system modelling 

& Ocean Acidification

 

(‘or why you should not want know what is in a sausage’)

 

11th-12th September 2012; University of Bristol

 

 
 

Day 1 (Tuesday 11 th September) – Earth system modelling for ‘newbies’* 
 
START (ca. 11 am) 

 

COFFEE

 
 

Presentation – Introduction to (Earth system) modelling and cGENIE

 

Introduction to numerical and Earth system modelling. 
Presentation on the cGENIE model structure, science components, 
nomenclature, accessibility to source code, etc. 

 

Session I – Getting started 
Accessing the computing cluster; installing and compiling cGENIE; cGENIE 
directory structure (‘where everything is’). 
Command-line operation; how to submit jobs to a cluster queue. 
Concept of a ‘restart’; experiment started from ‘cold’ vs. from end of previous run. 
Time-series, time-slice (2D and 3D) output; integration intervals and specification 
of frequency of data saving. Panoply and MATLAB visualization resources.  

 

LUNCH (ca. 1-2 pm)

 
 

Session

 

II – A ‘real’(!) experiment 
Setting up experiments: configuration files and setting parameter values. 
Exploring the behaviour of the Earth system: Snowball Earth.  

END (ca. 5 pm) (+ pub)
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Day 2 (Wednesday 12th September) – Getting your hands dirty 

 

START (ca. 9:30 am)

  
 

Session

 

III – ‘Poking the climate beast’

 

Geochemical ‘forcings’ of cGENIE and tracing ocean circulation. 
Exploring the stability of the Atlantic meridional overturning circulation (AMOC). 

 

COFFEE (ca. 11 am) 

 

Session

 

IV – Poking the carbon cycle

 

CO2 emissions and future ocean acidification. Pelagic calcification and carbon-
climate feedbacks. 

 

LUNCH (ca. 1-2 pm) 

 

Session V – How long is forever? 
Long-term controls on atmospheric pCO2 and ocean carbonate chemistry. 

END (ca. 4 pm) 
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 Numerical modeling is not just some form of
deviant alien sexual activity.

 Garbage in(side), garbage out.

 You can put lipstick on a pig, but it’s still a 
pig.

 Models are not the real World.

 All models are wrong.
(Some models are less wrong than others.)

 Models are a numerical encapsulation of your 
preconceptions.

 You learn little when a model ‘fits’ the data.

 You can only judge what a model cannot 
appropriately be applied to.

The 1000 Laws of Numerical Modelling



Modern global estimates

what are models for?
(i) mechanistic ‘interpolation’ of data, estimating 

global budgets

model



Global dust (and hence Fe = nutrient) deposition to the ocean
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Future/past predictionsPerturbation

what are models for?
(ii) predicting future and past responses to 

perturbation

model



PredictionHypothesis

what are models for?
(iii) testing hypotheses

model



what are models for?
(iv) playing, exploring, & understanding;

asking: ‘what if?’ questions

model
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GENIE configuration
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PRE-DEFINED
RELATIONSHIPS

atmospheric tracers (gases)
solid tracers (particulates)

dissolved tracers

solubility coefficient   
Schmidt number e.g., Redfield ratios

CO2

O2

CFC-11
13C

ALKDIC

13CDIC

CFC-11

O2

NO3

PO4

POC

DOCDOP
13CDOC

POP
13CPOC

CaCO3

13CCaCO3

PON

biogeochemistry
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Using cGENIE
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CO  chemistry2

in seawater

From: Barker and Ridgwell [2012]
http://www.nature.com/scitable/knowledge/library/

ocean-acidification-25822734 
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So ... when  dissolves in 
seawater, the complex 
equilibrium distribution of 
dissolved carbon between 

, , and , is 
perturbed.

While there is more total 
dissolved carbon, carbonate 
ion ( ) concentrations do 
not increase because the 
hydrogen ion ( ) equilibrium is 
also perturbed. 

To a first approximation, the 
net outcome can be written:

(However, a small part of the 
- 2-resulting HCO  dissociates into CO  3 3

+and H , which is where the 
‘acidification’ in ocean acidification 
comes from.)

CO2

- 2-
CO HCO CO2(aq) 3 3

2-CO3

+H

2- -
CO  + CO  + H O ® 2HCO2(aq) 3 2 3

CO2

‘DIC’ (dissolved inorganic carbon)
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Aragonite: 
orthorhombic polymorph (e.g., 
many corals, pteropods)

less stable

Calcite: 
(and more abundant)
trigonal polymorph (e.g., 
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more stable

calcium
carbonate
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surface
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The addition of (fossil fuel)  

to seawater results in a 
decrease in carbonate ion 
( ) concentration and 
‘ ’
ocean acidification . A 
decrease in , in turn, 

suppresses the stability of 
, defined by its 

saturation state:

CO2

2-CO3

2-CO3

CaCO3

2+ 2-  
W = [Ca ]´[CO ]/k3

2-
CaCO [CO ]3 3

Þ The thermodynamic 
efficiency of precipitating 

 is a function of  

(and carbonate ‘saturation’).

CO  chemistry2

& mineral phases
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decreasing pH, saturation

Ocean biological consequences(?)
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SEM micrographs of coccolithophorids under different CO  conditions2

Riebesell et al. [2000] (Nature 407)

low CO  (high pH)2

high CO  (low pH)2

Ocean biological consequences(?)
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