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1.1 Structure of the flux Subroutines
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2 Derived-Type Hierarchy

et:group

bac:bacteria bacpla(:)

bac:dom doma(:)

det:detritus detrit(:)

cmo:phycmo phypla(1)

phypla(nphy)

cfo:zoocfo zoopla(1)

zoopla(nzoo)

fungrp(:)%var

⋮

⋮

individual
functional-type

modules

individual
functional-type

arrays

plankton community
functional-type

array

common components
of individual

functional types

plankton module

These components are available in all elements of the fungrp(:)%var array.
CHARACTER :: name,& ! of the group

names, units ! of state variables
constituents ! of the group

...
REAL :: Q0(:) ! subsistence quotas -> envir%Q0
REAL :: QN, QP,& ! quotas: N:C, P:C ratios => envir%quotas(2:3,:)

stick,& ! stickiness => envir%sticky(:)
...
vv(:),& ! vertical velocities => envir%vvs

...
PROCEDURE :: read,& ! group-specific namelist(s)

set,& ! connections among groups and with et:local :: envir
flux ! set group-specific fluxes in source matrix soma

community composition, defined in namelist coco
in subroutine plankton_init, module plankton

(see Table 9 in manual.pdf)
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3 The Source Matrix soma

A local source matrix, box(n)%soma = 𝑆𝑛, is defined as a pointer to each level 𝑛 of the global source
matrix envir%soma in subroutine plankton_init: box(n)%soma => envir%soma(:,:,n). The ele-
ments of 𝑆𝑛 are set in the fungrp(nfg)%var%flux subroutines of the individual functional groups
fungrp(nfg)%var:

𝑆𝑛 =

⎛⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜
⎝

DIC ⋯ DIN ⋯ phyt_C phyt_N ⋯

0 ⋯ 0 ⋯ − (aggregation
→phyt_C+ ) − (aggregation

→phyt_N ) ⋯
aggre-
gation

0 ⋯ 0 ⋯ DIC→phyt_C 0 ⋯ DIC
⋮ ⋱ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮

0 ⋯ 0 ⋯ 0
−(phyt_N→DIN)

− phyt∗%𝑄N
0 ⋅ ( DIC→

phyt_C) ⋯ DIN

⋮ ⋱ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮

− ( DIC→
phyt_C) ⋯ 0 ⋯ 0 0 ⋯ phyt_C

0 ⋯ phyt_N
→DIN

⋯ 0 0 ⋯ phyt_N

⋮ ⋱ ⋮ ⋱ ⋮ ⋮ ⋱ ⋮

𝜕DIC
𝜕𝑡 ⋯

𝜕DIN
𝜕𝑡 ⋯

𝜕phyt_C
𝜕𝑡

𝜕phyt_N
𝜕𝑡 ⋯ ∑

⎞⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟
⎠

+ The names aggregation→phyt_C, DIC→phyt_C, etc. are stored in the dimension variable sms in
the output file, and are used as column names when reading the soma matrix in R.

∗ The name phyt is provided as an element of cmo in namelist coco, matching an entry species
in one of the cmo namelists. This applies analogously also to the names DIC and DIN. What is
shown here as phyt%𝑄N

0 is referred to as grp%Q0N in subroutine cmo:cmo_flux and as phy%Q0N
in subroutine cmo:grow.

The elements of the 𝑆𝑛 are set in the flux subroutines of the functional-group modules, which are
called from the inner loop of subroutine plankton_ode. The column-sums of 𝑆𝑛 are the local (par-
tial) time-derivatives of all the state variables, which are added to the vertical fluxes at the end of
subroutine plankton_ode.
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4 Flowcharts

4.1 Main Program oppla (src/oppla.F90)

USE statements
IMPLICIT NONE

parameter and variable declarations

CALL getopt ()
process command-line optionsclops

CALL plankton_init ()
initialise all modules

plankton

end of simulation
reached?

CALL states%write ()
write output fileonf

determine singular points
print model date

set time step

time step complete?

CALL VODE_F90
(plankton_ode, ...)

integrate

dvode

plankton

close output file
print time consumed

no

yes

no

yes
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4.2 Module plankton

4.2.1 Subroutine plankton_init

IMPLICIT NONE
declare arguments, local

variables, namelists
etfudu ← et

initialise UDUNITS2; read
namelist files; pro-

cess command-line op-
tions for namelist files

etfudu ← et

CALL states%open()onf

onf:innf(): initialise
NetCDF; read and
process namelists
start, physics

CALL set_community():
read namelist coco;

CALL fungrp(:)%var%read();
set traits, aggregation, etc.

et

onf

fudu ← et

bac
cmo

cfo
det

fungrp(:)%var%read():
initialise functional-

group modules, stage I

CALL set_environment()et
read namelist envi; set
boundary conditions

CALL set_timing()et
read namelist timing;
set start, end, time step

CALL states%info()onf onf:nf90info()
read initial-condition info

CALL phys%info()onf
onf:nf90info()

read physical-forcing info

read namelist fluxes; define
which fluxes to write out

initialise functional-
group modules, stage II

CALL fungrp(n)%var%set()
associate states with names, etc.

et

fudu ← et

bac
cmo

cfo
det

fungrp(:)%var%set()
define relations with

other groups

CALL parode%read()dvode dvode:read_ode()
read namelist vode

read initial conditions and
physical forcing; initialise
output, DIC system; set

mixing, advection, light cycle

et

onf

dic

brock81

modules involved
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4.2.2 Subroutine plankton_ode

IMPLICIT NONE
declare arguments, local

variables, namelists

read boundary conditions
(mixing, light, temperature, …)

et

onf

brock81

dic

CALL fungrp(:)%var%flux()
calculate rates of change

bac
cmo

cfo
det

fungrp(:)%var%flux()
calculate fluxes,

set source matrix soma
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