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In Short

• Increasing atmospheric CO2 concentrations leads
to a rise in global temperatures. According to the
Paris Agreement 2015, the average global temper-
ature should be well below 2◦C.

• In order to achieve the above goal, various carbon
dioxide removal methods are being explored. In
this project we will assess the Ocean Alkalinity
Enhancement (OAE) method to sequester more
CO2 into the oceans.

• We assess the efficiency of OAE achieved by
olivine dissolution in global as well as regional
applications. Regions where deep and bottom wa-
ter formation occurs will be in the focus for regional
OAE, as the waters here will possibly sequester
CO2 any additional CO2 uptake on a multi-decadal
to centennial time-scale.

• For this, we plan to carry out model simulations
for OAE in the 21st century using the ocean cir-
culation model FESOM2, which is coupled to the
biogeochemistry model REcoM2.

• All the simulations will be carried out on a BOLD
mesh, which has a high resolution (∼10km) in the
regions with higher dynamical variability; that is in
the Southern Oceans and North Atlantic, where
deep and bottom water formation occurs.

The oceans have played a very important role in
sequestering the anthropogenic CO2 from the atmo-
sphere and in turn help regulate the global temper-
ature in past centuries. But the natural process of
CO2 drawdown of the oceans is too slow compared
to the current rate of emission [1]. Hence, in order
to keep the CO2 concentration at level which will
not lead to rise in global temperature above 2◦C by
the end of this century, we study the carbon dioxide
removal (CDR) method: Ocean Alkalinity Enhance-
ment (OAE).

Alkalinity is the excess of proton acceptors over
proton donors and higher alkalinity leads to more
CO2 uptake. OAE is one of the CDR methods
in which we artificially increase the alkalinity in

the oceans by dissolution of alkaline minerals e.g.
olivine [2,3]. Hence, as a response to OAE, the equi-
librium of the carbonate system is shifted towards
formation of bicarbonates, thereby reducing surface
ocean partial pressure of CO2 which increases the
flux of CO2 from the atmosphere into the oceans
[1]. This method can help sequester anthropogenic
CO2 in the ocean interior for a decadal to centen-
nial time-scale. Along with the increased influx of
CO2, enhanced alkalinity may also increase the pH
by consuming hydrogen ions. Hence if studied in
detail, it could prove as a method which could aid
the current climate change situation.

In this project, we aim to assess the potential,
feasibility, CO2 sequestration time and possible bio-
geochemical feedbacks of OAE in global vs regional
deposition of olivine in the 21st century using the high
emission scenario SSP3-7.0. For the regional appli-
cation of OAE, the focus will be on the regions where
deep and bottom water formation occurs, especially
in the Southern Ocean and North Atlantic. The idea
behind this is, if alkalinity is enhanced in these deep
and bottom water formation regions of the oceans,
waters with enhanced carbon content can be taken
to deep oceans where it can be sequestered for a
decadal time-scale. The subduction/downwelling
regions where olivine will be deposited are identi-
fied using the Water Mass Transformation (WMT)
framework [4,5].

In the WMT analysis, the contribution of surface
buoyancy fluxes like heat fluxes and freshwater
fluxes decomposed into sea ice and Evaporation-
Precipitation (E-P) components to the transforma-
tion of water masses in the given density bins is
quantified. Fig. 1b shows the subduction and down-
welling regions (red regions) in the Southern Oceans
south of 40◦S. The isopycnal outcrops in Fig. 1b
were obtained from WMT analysis and they repre-
sent that the waters with density (>36.9 kg m-3) and
(<36.1 kg m-3) are downwelled/subducted into the
ocean interior due to the surface buoyancy fluxes.
Similar analysis is done to identify the downwelling
regions in North Atlantic as well as global ocean
basins (not shown) for OAE experiments. Addition of
olivine is accompanied by iron and silicic acid fertil-
ization, potentially increasing net primary production
and export production [2]. Hence, we study the ef-
fect of nutrients on the CO2 uptake in the global and
regional application of OAE, and their interactions
between the ocean circulation, ecology and carbon
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Figure 1: a The horizontal grid resolution in km in the BOLD mesh which will be used for the OAE simulations proposed
here. b Outcrop of the isopycnals 36.9 kg m-3 (solid black line) and 36.1 kg m-3 (dashed black line), separating the
subduction (red regions) and upwelling (blue region) in the Southern Oceans south of 40◦S.

cycling.

In order to carry out this study, we use the global
ocean circulation model FESOM2 which is coupled
to a biogeochemical model REcoM2. We propose
to carry out a set of four model simulations. First a
historical simulation will be performed from 1950 to
2014. We will conduct a control simulation from 2015
to 2100 without OAE. For the third model simulation
of global OAE with nutrients, we do a uniform global
deposition of 3 Pg olivine per year[2,3]. Lastly, in the
fourth simulation for regional OAE where the deep
and bottom water formation occurs, we scale down
the amount of olivine deposited depending on the re-
gions under consideration. The last two simulations
will be carried out over the period 2030-2100, where
2030 marks the start of olivine deposition. As in [5],
all the planned model simulations are forced with
atmospheric output from the AWI Climate Model.

The model simulations will be run on the BOLD
mesh (Fig. 1a) [6].It has an elevated resolution of
(∼10 km) in the regions with high dynamical vari-
ability like in the Southern Oceans and in the North
Atlantic, which are of our interest for the regional
OAE. Owing to this fine resolution, BOLD mesh can
resolve the eddies which are responsible for lateral
transport of heat, salt and biogeochemical tracers,
thus it is useful for the understanding of the ocean
dynamics in these regions for the OAE experiments
[6].

This set of model simulations could help examine
the response of the oceans globally as well as re-
gionally with respect to CO2 drawdown in the coming
21st century, and will allow to study the associated
biogeochemical feedbacks with OAE.
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