Bottom RedOx Model
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BROM consists of a transport module (BROM-transport) and biogeochemical
module (FABM compartible BROM-biogeochemistry), allowing independent
coupling to hydrophysical models in 1-D, 2-D, or 3-D.
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https://github.com/BottomRedoxModel/brom-git

Being a component of the Framework for the Aquatic Biogeochemical Models (FABM),
BROM is divided into several modules (i.e. BROM-bio, BROM-nut, BROM-carb, BROM-S,
Brom- Mn, BROM_Fe, BROM-bact etc.) that can be independently combined with a wide
range of the existing and planning modules
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Framework for Aquatic Biogeochemical Models (FABM)
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Bruggeman, J. and Bolding, K.: A general framework for aquatic biogeochemical models,

Environ. Model. Softw., doi:10.1016/j.envsoft.2014.04.002, 2014.
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BROM Biogechemistry

c)

/

BROM considers interconnected transformations of species of N, P, Si, C, O, S, Mn, and Fe. OM dynamics
include parameterizations of OM production (via photosynthesis and chemosynthesis) and OM decay via oxic
mineralization, denitrification, metal reduction, sulfate reduction, and methanogenesis.
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Modeling influence of a fish
farm at water column and




Objectives:

Develop and configure a model to simulate the
effects of fish farm organic loadings in a 10 m —
100 m horizontal scale

Optimize model using experimental results and
archive data.

Quantify the effects of organic loading from fish
farming on water column and sediment

biogeochemistry.
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Model domain
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2-Dimensional Benthic Pelagic Model 2DBP
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The vertical 2-Dimensional
Benthic-Pelagic model 2DBP aims
to study small scale horizontal
effects in the water column and the
sediments biogeochemistry (Fig.).
This model domain covers water
column and upper cms of the
sediments with the changeable
vertical resolution. The processes
of horizontal advection, horizontal
turbulence, vertical turbulence,
sinking of particles and burying are
parameterized. The model can be
relaxated to the data from a data
base or another model.

In this work the 2DBP was forced
by results of calculations of the
seasonal variability of temperature,
salinity,
vertical turbulence, irradiance and
advection components calculated
with ROMS. We parameterized
horizontally uniform rate of current

the transect, and the le
boundary of the model domain was
linked to the right boundary.
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k  z[k] dz[k] hz[K]
1 0.0000 o_ 3.0000

1=== 3.0000 ===
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3 10.0000 o_  6.0000
3=== 50000 ===
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7 75.0000 o0_ 25.0000
7 === 25.0000 ===
8100.0000 _o_ 37.5000
§=== 50.0000 ===
9150.0000 o_ 50.0000
9=== 50.0000 ===

10 200.0000 _o_ 50.0000
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OBSERVATIONS

Sediments

Fe, uM
0 200 400 600 800
| S S N S——

S, PSU Alk, TIC, pmol/l ; fCO,, natm
3525 312‘330 '4600 0 lqgs'jﬁ'ﬁ“g,qg 400 ¢ g M 4000 8000 12000
T, oC pH (Tot) PO4, UM 40000
) . NOj3, M Q.
78 $6668707274 o 10 30 30 40 o 10 3030 40 0 P
O — — — — — — — — — - . T T T T L T T T T T T =
7 pH calculated
24 |- - - - L - LM
£ Ff POy
=]
ES7N E I I A ) S
g4 X
2
a .
64 — o A8
5
S, PSU Alk, TIC, pmol/l Si. uM N M fCO,, patm Fe, uM
35 ssas “Sho’ 4B 0 100300300 400 0 4o §0 120 4000 "5000 12000 pocy 400 600 500
40000 sbooo Mu, M
0 100 200 300 400

T,oC pH (Tot) POy, LM NO3, uM o
$ 6668707274 o 10 30 30 40 o 10 3030 40 0 i

30m
from
Farm



Sediments

8, PsSU Alk, TIC, junol/l ; fCO,, Llatm Fe, uM
35,25 312‘330 4000 o 100300300 400 o a0 k™20 4000 8000 12000 0 200 400 600 800
L i i i n L " L M - DOC, uM
T,oC pH (Tot) POy, M NO1. 1M o 40000
6 86668707274 o 10 %0 30 40 o 10 30 %0 40 0 M,
0- — — — — — — — - — — ¥~~~ - - Y Y e, - - - - -
2 - - - L ___ N ___Y___ /S |- __ Ve S
E I
44 — e
g X ‘
p‘ﬁ Observations:
. A DOC = +30000 pM :
A NH,= +15 pM
A PO, = +30 uM
A TIC = +200 uM
S, PSU Alk, TIC, mol/l , uat Fe, uM
35 3525 3500 4000 o 1od 5000 12000 0 200 400 600 S00
' ' * * e g —_ DOC, uM e
T, oC pH (Tot) AN oLy 3 o 40000 80000 M, (M
76 86668707274 ¢ 10 A, —————— 0 100 200 300 400
J SN RN S W S T

—= A NO, = -30 uM —

OBSERVATIONS

500 m
from
Farm

30m
from
Farm



MODELING

1. Baseline seasonality («Spin-up period»)
2. Validation against the observarions data.

3. Numerical experiments
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1. Spin-up RESULTS
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2-Dimensional Benthic Pelagic Model 2DBP
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3. Experiments:
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3. Experiments: RESULTS

Natural variability
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3. Experiments:

Natural variability
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oo 3. Numerical Experiments RESULTS
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3. Experiments: 1 X farm RESULTS
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3. Experiments: 1 X farm RESULTS
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2-Dimensional Benthic Pelagic Model 2DBP R ES U LTS

Experiments: 1 X
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1X
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5 X
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CONCLUSIONS

 Model satisfactory reproduces the mechanism of
changes in pelagic and benthic biogeochemistry due to
an injection of OM from a fishfarm.

« Model allows to analyse consequences of the OM
Injection changes, i.e. to predict:
o Vvolume of water affected;
o area of the bottom affected;
0 extreme concentrations of substances in relation to
the allowed permitable level.

« Model can be an effective instrument of estimating of
the carrying capacity of the water bodies.
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