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local
PC/Mac

Start (/stop) model experiments
Edit (configuration) files
  (SciTE/other editor)
Visualize results (Panoply)

A Practical Introduction to Earth System / Ecological Modelling 



local
PC/Mac

commands
(PuTTY terminal

window)
results files

(WinSCP file transfer 
window)

cluster
(domino)

A Practical Introduction to Earth System / Ecological Modelling 



local
PC/Mac

Works in groups of 2s / 3s
domino cluster account names:

muffin_11, muffin_12, muffin_13, 
... muffin_19

Password: ******** (the same for all)

cluster
(domino)



local
PC/Mac

GitHub

get model
code
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local
PC/Mac

website
(seao2.org)

get pre-run
experiments
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GitHub

cluster
(domino)



biogem_main.f90
mains.f

var.cmn parm.cmn

co.f
diag.f
diag2.f
inm.f
invert.f
jbar.f
outm.f
ubarsolv.f
relc.f
wind.f

biogem_*.f90

biogem_lib.f90

biogem_format.cmn

biogem_data.f90

gset.f

tste2.f

[unnamed] – Just 2 science modules ... 
a (3D) ocean circulation model and an 
ocean (-atmosphere) biogeochemistry 
model.

f77 mains.f with a mix of f77 

(GOLDTSEIn) and f90 (BIOGEM).

Muffins, cupcakes, and other numerical devices 1998-2005



mains

define local variables

I/O: GOLDSTEIn setup

further initialization

imn

invert

ubarsolv

wind

ubarsolv

biogem_init_goldstein_mains

biogem_init

initialization

gset

main program
istep=1:nsteps loop

I/O: data saving

biogem_end

biogem_init_
goldstein_gset

jbar

ubarsolv

initialization

k,j,i,l loop

convection

array update

diag

diag2

outm

tstep

co

biogem_update

I/O

START

END

Muffins, cupcakes, and other numerical devices 1998-2005



First steps in coupled model development – numerical tracers of ocean 
circulation.

(Some things have not changed much in >10 years ... MATLAB plotting ...)
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Add air-sea gas transfer ...
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air-sea DpCO  (matm)2

... and an abiotic carbon cycle.
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A biotic carbon cycle!

And challenges of model-data analysis.
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GENIE
Grid ENabled Integrated Earth system model

www.genie.ac.uk



goldstein

EMBM

sea-ice

atchem

biogem

sedgem

sedgem_main.f90
sedgem_box.f90
sedgem_data.f90
sedgem_lib.f90

biogem_main.f90
biogem_box.f90
biogem_data.f90
biogem_lib.f90

atchem_main.f90
atchem_box.f90
atchem_data.f90
atchem_lib.f90

cpl_comp_atchem.f90
cpl_comp_sedgem.f90
cpl_flux_atchem.f90
cpl_flux_sedgem.f90
gem_carbchem.f90
gem_cmn.f90
gem_util.f90
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GENIE
Grid ENabled Integrated Earth system model

www.genie.ac.uk



genie-main

genie-embm

genie-
seaice

genie-
goldstein

genie-
...

genie-
...

genie-
...

GENIE
Grid ENabled Integrated Earth system model

www.genie.ac.uk

Modular, Hierarchical
•  Communication via 

argument passing

•  Science in the models, 
coupling logic in genie-main

•  Run-time settings read from 
model specific namelists

BASH, Python
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genie-main

genie-embm
genie-

goldstein

genie-
atchem

genie-
biogem

genie-
...

GENIE
Grid ENabled Integrated Earth system model

www.genie.ac.uk

Modular, Hierarchical
•  Communication via 

argument passing

•  Science in the models, 
coupling logic in genie-main

•  Run-time settings read from 
model specific namelists

genie-
seaice



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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cGENIE
Carbon-GENIE

www.seao2.org

Muffins, cupcakes, and other numerical devices 2010-2015



pCO2(g) m
e

ta
m

o
rp

h
is

m
,

v
o

lc
a

n
is

m
 (

0
.1

)

s
il

ic
a

te
w

e
a

th
e

ri
n

g
 (

0
.1

)

s
h

a
ll

o
w

 w
a

te
r

C
 b

u
ri

a
l 

(0
.1

)
o

rg

carbonate (0.1),  
kerogen (0.1)

weathering

calcification (1.1)net CO  fixation2

(10)

CaCO  dissolution (0.4)3

C  oxidation (9.9)org

C  oxidation (0.1)org

      deep sea 
CaCO  burial (0.1)3

v
o

lc
a

n
is

m

low-temperature
basaltic alteration

CO  emissions2

ocean [38000]

terrestrial biosphere [2000]

CaCO  dissolution (0.6)3

s
h

a
ll

o
w

 w
a

te
r

C
a

C
O

 b
u

ri
a

l 
(0

.1
)

3

atmosphere [560]

Muffins, cupcakes, and other numerical devices 2010-2015



Muffins, cupcakes, and other numerical devices 2016-2019



#1 #2 #3 #4 #n#5 .......

terrestrial
weathering

terrestrial
biosphere

s
e

d
im

e
n

t
b

u
ri

a
l3D ocean

circulation

sea-ice

ECOGEM

Muffins, cupcakes, and other numerical devices 2016-2019



Muffins, cupcakes, and other numerical devices 2020-202?
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